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ABSTRACT 

A workshop was held to review new 
remote sensing technology being applied to 
forestry by private, provincial, and federal 
agencies in Canada. Papers were presented on 
satellite image classification, large-scale photo 
sampling, sampling designs, computer applica
tions in mapping and information systems, 
and the problems of technology transfer. In 
addition, a joint meeting was held by Cana
dian Institute of Forestry working groups for 
remote sensing, forest inventory, and biomet
rics, and two papers contributed at this ses
sion are included in the proceedings. 
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RESUME 

Un atelier a eu lieu afin d'etudier la 
nouvelle technologie de Mledetection a appli
quer en foresterie par les organismes prives, 
provinciaux et federaux au Canada. Des 
documents ont eM presentes sur la classifica
tion des images satellites, l'echantillonnage 
des photos a grande echelle, les plans d'echan
tillonnage, des applications mecanographiques 
en cartographie et dans les systemes d'infor
matiques, puis des problemes touchant Ie 
transfert de la technologie. De plus, une 
reunion conjointe a eM tenue par des groupes 
de travail, de l'Institute canadien des forets 

. sur la teIedetection, l'inventaire forestier et la 
biometrie; et deux contributions a cette ses
sion ont ete inserees dans les comptes rendus. 



PREFACE 

This workshop was organized to provide a 
forum for the exchange of ideas and informa
tion with emphasis on the practical applica
tion of remote sensing to timber inventory for 
forest managers. There were four main objec
tives that it was hoped would be (and were) 
addressed by those presenting papers: 

1. to present recent developments in forest 
timber inventory approaches; 

2. to review the state of the art; 

3. to illustrate how certain techniques 
should be applied to provide maximum 
benefit for the user; and 

4. to identify research and development 
necessary to realize the full potential of 
recent developments in remote sensing 
and sampling techniques for intensive and 
extensive timber management. 

Other members of the program committee 
who worked hard to make the workshop a 
success were: 

C.V. Smyth, Faculty of Extension, University 
of Alberta, Edmonton 

C. Bricker, Alberta Environment, Remote 
Sensing Center, Edmonton 
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Dr. J. Cihlar, Canada Centre for Remote 
Sensing, Ottawa 

D.H. Fregren, Alberta Energy and Natural 
Resources, Edmonton 

J. Lowe, Alberta Energy and Natural Re
sources, Edmonton. 

The compilers of these workshop proceedings 
would also like to thank the following spon
soring organizations for their support: 

Faculty of Extension; University of Alberta, 
Edmonton 

Alberta Forest Service; Alberta Energy and 
Natural Resources 

Alberta Remote Sensing Center; Alberta 
Environment 

Canada Centre for Remote Sensing; Energy, 
Mines and Resources Canada 

Northern Forest Research Centre; Environ
ment Canada. 

C.L. Kirby 
R.J. Hall 
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1 
WORKSHOP 

PRACTICAL APPLICATIONS OF REMOTE SENSING 
TO TIMBER INVENTORY 

Keynote Addres s :  J. A. Brennan 
Theme Addres s :  K .  A. Armson 

NEED FOR FOREST INVE .NTO�Y 

J .  A. Brennan 
As sistant Deputy Minister 

Alberta Fores t Service 
Department of Energy and Natural Resources 

Edmonton, Alberta 

About 3 years ago all the 
provinces and the federal government 
were asked to participate in a review 
o f  for e s t  po l i c i e s ,  which wa s a 
survey conducted by a task force o f  
the CCREM . The resultant report , 
entitled "Forest Policies in Canada�' 
(not to be confused with "Forestry 
Imperatives for Canada" ) ,  was three 
volumes , and · . un fortunately like mos t  
reports o f  this type i t  was accepted 
by . all. the pro vinces and the federal 
go vernment and: was filed for future  

reference . 
mo re  than 
because I 
it . 

I have used that report 
mo s t  peop l e , pe rhap s 

was directly involved in 

O n e  o f  t h e  in t ere s t i n g  
a s  p e c  t s o f  t h e  r e p o r t  w a  s t h e  
r es pons e s  t o  the que s t ion� each 
government jur isdiction was asked . 
C F S r e s p o n d e d  fo r t h e  fe d e r a l  
government , the Department o f  Indian 
and Northern Affairs responded fo r 
the Northwes t  Territories , and each 
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province responded independently. On 
the sub j ect o f  fores t inventory,  each 
jurisdict�on was asked to s tate the 
objectives o f  fores t inventory . O f  
the 1 2  responses , only one province 
and the federal government related 
the objectives o f  fores t inventories 
to the social and economical benefi ts 
o f  people ; even more surprisingly, 
only four jurisdictions ( including 
t he p r e v i o u s  two ) r e l a t e d t h e  
objectives o f  fores t inventories to 
the planning and management o f  the 
forest resource . Eight responses 
appeared to imply the answer to the 
que s t ion wa s 'se l f-evident---the 
objective o f  fores t inventory was to 
measure the fores t resources , etc . 

Therein lies a fundamental 
problem which should conc e rn al l 
senior government employees : highly 
technical and sophisticated programs 
can lose sight of the basic objective 
o f  providing a social and/or economic 
service to people . What makes this 
so critical to fores try is that the 
planning horizon is  so far away that 
the bene ficiaries , people , can be 
forgotten in a technical maze o f  
problems . Remote sensing for forest 
invent o ry brings toge ther thr ee  
highly innovative and sophisticated 
technologies : satellite and high
level imagery, photogrammetry, and 
computer technology . Unles s  fores t 
managers and field foresters become 
involved in the application o f  these 
technologies , there is a danger that 
the specialists  will  become overly 
c o n c e r n e d  w i t h  t e c h n i qu e  a n d  
procedure and thus will lose sight of 
the basic objective o f  the program.  

I ho pe that my c omments  
will  emphasize . that there mus t  be  a 
need for the in formation generated , 
which mus t  be generated in a way in 
which it can be used . . Nei ther remote 
s ensing or forest inventory or a 
forest plan is·  an end in itsel f. 
They  are means to an end , and that 
end , I might suggest ,  is a managed 
f o r e s t  w h i c h  w i ll p r o v i d e  a 
continuous supply o f  social  and 

economic bene fit s  to Canadians . 

Our fores t invento ry has 
become more and more complex , not 
because of the deliberate effort o f  
some scientists  t o  confuse u s  wi th 
technical jargon ( as some may feel 
I ' ve implied in these comments )  but 
because our info rmation needs are 
c h a n g i n g  r a p i d l y . The  fo r e s t 
manager , the senior bureaucrat , the 
company president , and the po Ii tician 
a r e  demand ing mo re  accur a t e  and 
speedy res ponses  to their resource 
que s tions : How much should we cut ? 
What i f  we change our utilization 
standards ?  What is  the effect o f  
E a s tern S l ope s po licy o n  fo res t 
development policy, or recreation on 
timber harves ting? Can the Berland
Fox Creek timber support sawmil ls and 
pulp and paper mills , and in what 
combination? These are examples o f  
s om e  o f  t h e  qu e s t i o n s  n e e d i n g  
answers , and very o ften there are 
only hours or days to provide them. 

A sophisticated management 
plan needs sophisticated inventory 
d a t a . An intens ive management 
program needs more intensive data . 
C r i t i c a l r e s o u r c e  m a n a g e m e n t  
d e c i s ions r e qui r e  ac cur a t e  data . 
Gone are the days when fores ters can 
only be concerned wi th t imber . 
W i l d l i fe and c a t t l e  fo rage da ta , 
recreation and wilderness data , site 
and s o i l  d a t a ,  wa t e r s h e d  and 
envir onmental data---a l l  o f  this 
i n fo rm a t i o n and more i s  b e i n g  
expected and demanded from fo rest 
inventory, and we obviously can ' t  be 
expected to generate this information 
from the old tally sheets we used 25 
years ago . 

One o f  the mos t  important 
s kills  o f  a good fo res t e r  i s  a 
t h o r o u g h  u n d e r s t a n d i n g a n d  
appreciation o f  the fores t inventory 
he  i s  expec t ed to apply . As I 
previously inferred , this is  becoming 
more and more di fficult to achieve 
because o f  the complexity o f  the 
modern fores t inventory . Many [o f  the 
fo r e s t e r s  o f  my genera t i on s pent 



years timber crulS lng . Not only were 
we involved in the fieldwork but we 
often had to see it to completion, to 
mapping and stand volume tables and 
p e rhaps even to laying out the 
harvesting operation . Today if the 
foresters in training are exposed at 
all to forest inventory,  it  is often 
t o  only a sma l l  element of the 
inventory sys tem and more often than 
not with very little appreciation and 
u n d e r s t a n d i n g o f  t h e  d e s i g n , 
operation,  and application of the 
inventory . Unless the organization 
make s a concen t r a t e d  e f f o r t  to 
overcome this problem,  the end result 
is that the field forester is using 
an inventory in which he has little 
faith , and as he encounters errors in 
i nven t o ry , i t  only confirms h i s  
original belief that the inventory i s  
t o o  technical to be of pract ical 
value . 

I don ' t  sugges t  that we go 
back to the old strip crui se sys tem 
t o  s a t i s fy our t o t al inven t o ry 
requirements (I  don ' t  recall that 
statistical reliability ,  allowable 
error at a percent probability ,  was 
even part of our jargon then) , but we 
have to expose our foresters to our 
forest inventory in such a manner 
that they can have confidence in the 
sys tem .  

I n  Alberta we were aware of 
t h i s  p r o b l em a s  t h e  P ha s e  I I I  
inventory was designed . One of the 
things we did was to involve field 
s t a f f  in g r o u n d  t r u t h i n g  t h e  
photo interpretation results o f  the 
Edmonton s taff . This technique of 
having the field staff check the 
photo interpr etation for their area 
has worked extremely well  and has 
g i v e n  t h e  s t a f f  a b e t t e r  
u n d e r s t an d i n g  o f  t h e  i nv en t o ry 
sys t em .  Thi s  i s  not the t o t al 
answer . Much more needs to be done 
in seminars and workshops to bridge 
t he gap between s p e c i al i s t s  in  
forestry inventory and the forest 
manager  in the f i el d .  In thi s 
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regard , I am pJ,eased to see that we 
have a good mixture of field and 
head quarters s taff at this seminar . 

Let me conc lude my comments 
by expressing some concern about the 
sort of information needed and how it 
is  used . As I mentioned information 
needs are more and more complex . 
Jus t  knowing the volume of saw t imber 
on a tract of land is no longer 
ade qua te .  On the other hand the 
fores t manager mus t  recognize that 
the collection of enormous amount s  of 
detailed data does not automatically 
solve his problems and very wel l  may 
c re a t e  b i g ger  pr o blems in  data 
handling . 

Flexible , cos t-efficient , 
and timely techniques are required . 
I nformation, no matter how accurate 
and sophisticated , is useless if it 
c an be provided only af t e r  the 
management decision has been made . 

It is critical therefore , 
t ha t  f o r e s t manage r s  ins i s t  on 
inventories providing information of 
the type , accuracy , and detail needed 
f o r  management . It i s  e qua l ly 
critical that inventory and remote 
s ensing specialists ins i s t  that the 
mana g e r s  ad e qua t ely define  their 
information requirements .  

I n  Al b e r t a  we a r e  now 
p r o du c i ng our t h i r d  p h a s e  o f  
m a n a g e m e n t  i n v e n t o r y a n d  a r e 
c on t i nu i ng to produce s pe ci a l i z e d  
inventories such a s  preoperational 
crui ses . Each phase of invento ry has 
been necessary because of changes in 
the fores t  and man ' s  intensifying 
needs in management . Our present 
i nven t o ry i s  geared to wh a t  we 
consider to be management ' s - needs for 
the next 10  years and to the funds 
a n d  t a l e n t s  av a i l a b l e  t o  u s . 
Cont inui ty betwe en invent o r i e s  i s  
important both for human reasons and 
because it  takes years for one phase 
to replace the previous inventories"  
in all areas . 'Our inventory has 
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features which may not be applicable 
t o  o t h e r  j u r i s d i c t i o n s . W i  t h  
hindsight we know of improvements 
which could have been made . 

The r e  i s  one maj o r  need 
which Canadian inventories in general 
have not been able to satisfy in the 
p a s t , and that i s  the need to 
s u m m a r i z e  i n v e n t o r y m a p s  a n d  
s tatistics quickly and conveniently. 
We have great volumes of detailed 
i n f o rmat io n  of var ious ages but 
l i t t l e ab l ility to summa r i z e  i t  
effectively and efficiently . In my 
p o s i t i o n  I n e e d  u p - t o - d a t e  
information summarized preferrably on 
one page or on one map sheet so that 
I can use it rapidly . I accept as an 
a r ti c l e o f  f a i t h  t h a t  mo d e r n  
technology can greatly assist  the 
collection and storage of data . I 
t h e r e f o r e  a s s um e  t h a t s im i l a r  
t echno logy can analyze and deliver 
the data in a manner that the user 
can digest . 

Canadian fores try is  in the 
f o r e f r ont of the us e of remo t e  
s ens ing f o r  t imber invento r i e s . 
Meetings such as this are extremely 
important to keep the techniques and 
the needs in touch as they develop in 
our rapidly changing society . 
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TECHNOLOGY , FORESTS , AND FORESTERS 

K. A. Armso n ,  R. P . F .  
Ontario Minis try of Natural Resources 

Toronto , Ontario 

Within the pas t  few years 
there has been a renewed interest in 
forest ry inventory and the related 
methodology . This  is evidenced by 
the activi ty of the Canadian Fores t 
Inventory Committee and other groups 
which have sponsored workshops such 
as that in 1975  on Canadian fores t 
inventory methods (Smith and Aird 
1 97 5 ) .  As a f o r e s t e r  I am not 
d i r e c t ly engaged in e i ther the 
development of inventory techni ques 
or  their immediate application, ye t I 
am still very much concerned wi th 
forest management , and I mos t  likely 
have a pe r s p e c t ive about f o r e s t 
inventory which is different from 
t h a t  o f  b o t h  t h e  d e v e l o p e r  o f  
techni ques and the day-to-day use r .  

We often hear the blanket 
s t a t  em e n t , " W e  n e e  d b e t  t e r 
inventories " • Such statements really 
are begging the que s t ion.  We should 
ask the simple ques tion, "Why is  it  
n ece s s a r y  t o  h a v e  a t i m b e r  
inventory? "  While this may sound 
like both a simple and to many o f  you 
a naive que stion,  I think it does 
bring us back to the matter of first  
principles . The ques tion cannot be 
answered immediately unles s  we are 
given some qualifying information . 
Is the ques tion being asked about a 
w o r l d , n a t i o n a l , r e g i o n a l  o r  
provinc ial, company or management 
unit ,  working or operating plan area, 
o r  annual plan area invent o ry ? 
Consider this question now in the 
l ight o f  the basi c  nature of an 

invento ry ,  which is a s tatement about 
the quantity and / or the quality of 
f o r e s t  t r e e s  ( Le . ,  a de t a i l ed 
l i s t i n g  o f  a r b i t r a r i l y c h o s e n  
attr ibutes ) .  These attributes exis t  
only a t  one ins tant i n  time and are 
f inite spacial ly .  Further , the list 
o f  a t t r ibut e s  in  i t se l f  has no 
intrinsic value . 

The only value an inventory 
has is that which is given to i t  by 
the user or which exists  in the eye 
of the beho lder . Le t me illustrate 
wi th two contrasting examples . At 
the operational level , a knowledge of 
the composition and the dimens ions of 
t he f o r e s t s  t o  b e  man a g e d  by 
h a r v e s t i n g  o r  s o m e o t h e r  
s i lvicul tur al trea tment wi l l  mor e  
likely ensure that these act ivities 
wil l  be undertaken effectively and 
economically each year . The value of 
the fores t data can be expres sed 
f inancially ,  and its accuracy and up
t o - d a t e  n a t u r e i s  o f  c ru c i a l 
impor tance . 

F o r  my s e c o n d  e x a m p l e  
consider that a statement of Canada ' s  
forest extent at the national level 
provides ,  in addition to work fo r the 
c o m p i l e r s  a n d  c o n s i d e r a b l e  
frus t r a t i o n ,  numbers  tha t can be 
printed in papers and books that 
s erve a multitude of purposes , mos t  
of which remain unknown or may only 
be sur mized . These da ta may give a 
s ense of pride to certain individuals 
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who at international or other levels  
are asked for the fores t statistics 
pertaining to/ the country as a whole . 
The data also may be ci ted by senior 
admin i s t r a to r s , p o l i t i c ians , and 
others to demonstrate or to prove a 
par t i cular point . In Canad a , a 
national inventory has not provided 
or could not provide for planning and 
policy-making purposes at that level . 
The value at planning and policy 
making levels is being fulfilled in 
Canada only at the provincial level . 
I am not stating that there should 
not or cannot be a national forestry 
data base , but a call for an up-to
date national forest inventory is  
unnecessary for its development . I 
w o u l d  emph a s i z e  t h e  n e e d  f o r  
provincial inventory data that is  
compatible or translatable so  that i t  
can be aggregated for the country as 
a who le . 

Let me return now to the 
initial question I posed , why do we 
need a· timber inventory ?  For the 
operational and annual plan level I 
have already given the justification . 
When we consider the management uni t  
o r  wo r k i n g  c i r c l e l e v e l , t h e  
inventory is  primarily o f  use in 
determining the annual allowable cut 
(AA C )  and the extent and amount of 
the fores t growing stock. It is  
t h e s e  b a s i c  d a t a  a n d  o t h e r  
i n f o rma t i o n  from the f o r e s t  that 
enable forest management planning to 
proceed . The value again is one that 
c a n  b e  e x p r e s s e d i n  d e f i n i t e  
financial terms , but over more than 1 
year and usually 5 to 2 0  years . The 
relevancy of the inventory data is  
i mp o r t a n t , b u t  a n um b e r  of".. 
a l t e r na t i v e p r o c e d ur e s  may b e  I 
employed to keep it updated . 

At t h e  r e g i o n a l  o r  
provincial level the basic inventory 
i s  an aggregation of the information 
from management unit s . Its  value 
l i e s  e x c lu s i v e ly i n  p r ovi d i n g  
background data for both policies and 
rationales in the disposition and 

utilization of the fores t and for its  
overal l management . The level of 
accuracy and confidence limi t s  are 
c o n s i d e r ab ly d i f fe rent f r om tho s e  
neces sary i n  an operational o r  annual 
plan invento ry . Thi s pr ovincial 
level is really analogous to  that 
which in many other countries would 
be the national level of invento ry 
use . 

I w o u l d  l i k e n o w  t o  
cons ider the manner in which we go 
about doing our invento ries . In 
Canada we often attempt either to 
make inventories serve· purposes for 
which they are not intended ( as , for 
examp l e , whe n  we us e provincial 
i n v e n t o r i e s  f o r  o p e r a t i o n a l  
purposes ) ,  or we expect that all 
inventories of a similar type should 
have the same data . It seems to me 
that Canadian fores ters have never 
qui te overcome their first flush of 
succes s from the 194 0 ' s  in using 
black-and-white aerial photos and , 
allied to their use for fores t type 
mapping , certain conventional ground 
sampling procedures . 

The basic nature of many 
provincial inventories was set 20 or  
more years ago . From my own limited 
observations and more particularly 
the statements given in the 1 9 7 5  
workshop o n  Canadian fores t inventory 
me tho d s , I can pe r c e ive li t tl e  
e v i d e n c e  o f  i n n o v a t i o n  i n  t h e  
application o f  new technique s , many 
of which have developed using remote 
s ensing . 

This  is/ .. �ot to suggest  that 
n ew t e c h n i q ues" h a v e  no t b e e n  
developed . Rather ,'there has been a 
limitation in the transfer of new 
t echnology to the applicato r .  The 
forest manager using an inventory 
t echnique he learned as a s tudent , 
and a procedure that the organization 

,he works for (usually a government or 
la r g e c o m p a n y ) r e g a r d s  a s  
satisfactory ,  is  loathe to push for 
the adopt ion of new procedur es or 



techniques . There are , after al l ,  
vested interests against change in 
every organization. Furthermore , the 
i nnovat o r s  or  develope r s  of such 
techniques are suspect . They are 
o f t en r e s e ar ch e r s  and therefo re  
impractical! Sometimes they become 
so enthused wi th their innovations 
tha t  they a s c r ib e  qua l i t i e s  and 
applications to them which cannot be 
achieved , at least not in their first 
u s e . Th i s  r e a d i l y c r e a t e s  a 
credibility gap between the forest 
manager and the innovator .  

I wil l  return to the matter 
of technology transfer later , but I 
would now like to speak on an item 
that both literal ly and figuratively 
is described by the term "point of 
view" • 

Mos t  forest managers have 
their feet firmly on the ground . It 
i s  from this vantage point that they 
view their fores t s . Although they 
use aerial pho tographs to delineate 
s tand s ,  map cut-overs , and so on, 
t h e y  s e e  t h i s  p r i m a r i l y a s  
supplemental to ground observations 
o r  s u r v e y s . T h i s  h a s  g r a v e  
imp l i c a t ions  for  tho se who are 
presenting remote sensing imagery as 
the prime data base that may have 
some form of complementary ground 
s ampl ing as suppo r t---so -ca1 1ed 
g r o u n d t r u t hi n g . I t h i nk i t  
unfo rtun a t e  that the t e rm· ground 
truth implies that ground sampling is 
more ac cura t e  than sampl i ng done 
using remote sensing . I am sure many 
of us are aware that ground sampling 
may b e  e q ua l ly a s  a c c ur a t e  o r  
inaccurate as sampling using remote 
s ensing . 

This  difference in point of 
view was brought home to me recently 
whe n ,  whi l e  s e t t ing up cand i d a t e  
Forest Management Agreement areas in 
Ontario , we und e r t o ok wi th local 
government and company foresters a 
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s u r v e y  o f  n o t s a t i s f a c t o r i l y 
r e g e n e r a t e d  ( N S R ) l a nd s . The  
objective was to  place these lands 
i n t o  f i v e  c a t e g o r i e s , a n d  t h e  
procedure was to use a helicopter and 
visual imagery together wi th base 
maps . Any ground sampling was to 
c omplement the imagery , ye t many 
f o r e s t ers w a n t e d  t o  u s e t h e  
h e l i c o p t e r  f o r  " checking out the 
g r o u n d  s amp l i ng " a p e r v e r s e  
approach to what we had intended . 

I would ad d that these 
s u r v e y s  a l s o  b r o u g h t  o u t  t h e  
i mp o r t a n c e  o f  r e c o g n i z i ng t h e  
appropriateness of scale and cos t .  
Fores ters accustomed to earthbound 
procedures often look askance at what 
seem to be high-cos t techniques such 
as the use of the helicopter at $300 
pe;- hour . Yet it is , to quote the 
bus in e s sman ' s  cur rent phr a s e , the 
bottom line which counts . If the 
high apparent cost translates into a 
low cost per unit area fo r surveys 
that may delineate lands where the 
fores t manager would have spent many 
hundreds of dollars fo r silviculture 
treatments , then I think our cos t of 
inventory is  wel l  spent . In the 
example I have quoted , a survey cos t 
o f  about 7 5 ¢ per  hec t a r e  may be 
compared wi th a pos s ib le treatment 
cos t of $200 per hectare . 

To return to the matter of 
research technology and the transfer 
of research findings , I cannot help 
but recal l what an old friend and 
retired forester , Philip C .  Wakeley , 
quotes as a research text . It is 
t a k e n  f r o m  M c C a u 1 a y ' s p o e m 
" Horatius " .  

Now while the three were tightening 
Their harness on their backs 

The counsel was the foremo s t  man 
To take in hand an axe 

And the Fathers mixed wi th Commons 
Seized hatchet bar and crow 

And smote upon the planks above 
And loosed the props below.  
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Those who smote upon the planks made 
a great din and racke t ,  but planks 
were laid to be smote upon,  and it 
was the few who loosed the props who 
brought down the bridge and saved 
Rome from the Tuscans . Much research 
i s  plank-smiting ; what is  important 
are tho se endeavors which loose the 
props . But keep in mind that the 
idea of loosening the props to stop 
the Tuscans was of no benefi t  until 
carried out , when all could see its 
success .  

There i s  a greater need 
than ever before for professionals 
and scientists to become committed to 
a s s i s ting the f o r e s t  manager by 
bringing to him the applications of 
science . Dr . Gordon Baskervil le has 
commented recently on the lack of 
the s e  " go-betwe ens " in Canad i an 
fores try . Much of what pas ses for 
applied  r e s e arch i s  mere  plank
smiting . We delude ourselves and 
others if we call it research . 

T h o s e  w h o a r e  t r u l y  
i nvolved in  r e s e ar ch may qui t e  
properly be accused of not being 
p r a c t i c a l  and not making the i r  
research applicable to the manager , 
but I believe they should stand their 
ground f i rmly . The t r ans f e r  of 
knowledge and technology is not their 
responsibility , and if they engage in 
i t  they may do both themselves and 
their discipline a disservice . I am 
not suggesting that research finding s  
need not have any immediate practical 
application . They may well  have 
application , but that should not be 
the raison d ' etre of the research 
scientist . Similarly , the fores t 
manager is a profes sional , and while 
he is a decision-maker ,  he cannot be 
e xp e c t e d  t o  ke e p  u p  wi t h  t h e  
scientific world . To return to my 
p o e t i c  analogy , he i s  o f t en s o  
deafened by the din o f  the plank
smiter that he does not hear the rasp 
of the saw or chop of the axe 
destroying the props beneath. 

This  meeting is attempting 
to bring together both the scientist  
and the manager , but I suspect that 
w h a t  i s  l a c k i n g  i s  a s t r o n g  
contingent of the middle man---the 
go-betweens between the manager on 
one hand and the scientist on the 
other . These go-betweens in effect 
are catalys t s  who enter into the 
a c t i o n  a n d  eme r g e , p r e s umab l y  
uns c a thed , having ful f i l le d  the 
objective of bringing two elements 
together . 

There are occasions when a 
sci entist  can undertake his research 
right in front of the manager , and 
the studies can be highly relevant to 
t he imme d i a t e  p r o b l e m s  o f  t h e  
manag e r . In my own expe r i enc e , 
s tudies on nutrient uptake of nursery 
s e e d l i n g s  w e r e  u n d e r t a k e n i n  
o p e r a t io nal nur s e r i e s  whe r e  the 
result s could be and were interpreted 
and applied to the ongoing nursery 
soil management program .  The go
between or catalys t was not needed . 
B u t  t h i s t y p e  o f  r e s e a r c h a n d  
arrangement requires that the manager 
and the r e s e ar ch wo rke r j o i ntly 
define the problem and collaborate in 
the s t u d y  p a r t i c u l a r l y  in the 
interpretations of  result s and the 
a p p l i c a t i o n  t o  t h e  man a g e m e n t  
problem. This  type of arrangement , 
where there is  no need for a go
between , is probably the exception 
rather than the rule . 

You may ask what this has 
to do wi th fores t  inventories and 
remote sensing . It is  thi s : wi th the 
r ate  of techn i c a l  devel opment i n  
r emo t e  s e n s i n g  a n d  e l e c t r o n i c  
processing of data,  there i s  a great 
l i k e l i h o o d  t h a t  p r a c t i c a l  
applications wil l  fall  behind . It 
has become increasingly difficult fo r 
the manager to comprehend certain of 
t he b a s i c  a p p l i c a t i o n s wi t h o u t  
becoming inundated in the technical 
j argon of the developer of whatever 
electronic gadgetry is being so l d .  



In add it ion,  bec ause of the 
r ate of development of both h ard ware  
and soft ware  in th is bus iness ,  the 
m an ag e r  who o f t en wo rks f o r  the 
government or a l arge comp any is 
reluct ant to purch ase equ ipment th at 
may be out of d at e ,  a result of the 
long t ime bet ween pl ac ing an order 
and del ivery . 

F u r t h e r ,  o f t e n t h e  
adv an t ag e s  of  remo t e  sens ing in 
inven t o ry h ave been m is s t at ed o r  
oversold . For ex ample , there are 
m any s itu at ions in wh ich r emo t e  
s ens ing employ ing el abor ate equ ipment 
and spec ial ized interpr e t at ions was 
used to detect tree mort al ity that 
c o u l d  h av e  b e e n  d e t e c t e d  by a 
forester kno wledge able of h is are a  
m ak in g  r o u t in e ae r i al v is u al 
inspect ions , wh ich may be documented 
by supplement al aer ial photogr aphy . 

T o t h e p r e  s e n  t , 
appl ic at ions of and ne w techn iques 
for forest inventory h ave been of 
m ajor bene f it in as s e s sment s  of 
r emo t e  are as ,  and th is is as it 
should be . I bel ieve th at it is in 
the are a  of spec if ic appl ic at ions to 
m an ag e d  f o r e s t s  t h at t he r e  is 
inc r e as ing need not  so much f o r  
innov at ion but for the tr ansfer of 
technology . 

Cons ider ab le work h as gone 
on in the use of l arge-sc ale imagery, 
yet with one or t wo except ions it has 
not rece ived the amount of emph as is 
or the appl ic at ion it deserves . In 
p art icul ar ,  I t h ink that l arge-sc ale 
in v e n t o r y h as a v e r y  p o t e n t  
app l ic at ion in con jun c t io n  wi t h  
g r o u n d  p r o c e d u r e s  s u c h  a s  3 P  
s ampl ing . 

Another are a  of part icul ar 
concern is the use of color infr ared 
pho t o g r aphy in the as s e s sment of 
con ifer regener at ion.  Bas ic ally , the 
t echn ic al fe atures h ave been around 
f o r  s ome t ime , y e t  it s use  to 
pres tr at ify and assess regener at ion 
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is jus t  develop ing . 

The use of remote sens ing 
t o  q u an t if y and e v al u at e  s u c h  
p r ac t ic e s  as s i te pr e p ar at io n ,  
precommerc ia1 thinning , fert il iz a
t ion,  herbic ide appl ic at ion,  etc . are 
m in imal , to my kno wledge . Ye t in 
these oper at ions l arge amount s  of 
money ar e be ing in ve s t ed by t he 
fores t man ager . 

I c an he ar some of you 
s ay ing , "We c an do these things no w; 
we don 't need ne w technology . "  Th at 
may wel l  be so , but remote sens ing 
and even the int e r pr e t at io n  of  
invento ry is only one part  of the 
p ic tur e .  I t  is when that imagery or 
it s in t e r p r e t at io n  is �ad e an 
e f f e c t iv e  p ar t  o f  t h e  ov e r al l  
d o c u m e n t at io n ,  inv e n t o ry , and 
info rm at ion sys t em th at a fo r e s t  
man ager should h ave if he is go ing to 
be  truly effect ive that we h ave the 
g r e at e s t  b e n e f it . I t  is t h is 
ch al lenge th at I t h ink we should f ace  
today .  

I t  is c ommon t o  he ar 
fores ters ple ad th at to improve and 
m an age our fores t s  effect ively there 
s h o u l d  b e  m o r e  f o r e s t e r s  in 
man agement or th at the number  of 
fores ters per un it of fo res t are a  
s ho u l d  be inc r e as e d . The r e  are 
those , c it ing Europe an fo restry , who 
would l ike to see a fores ter fo r 
every 1 0 , 0 0 0  t o  5 0 , 0 0 0  h e c t ar e s . 
Much as it may sound heret ic al ,  I 
would turn a de af e ar to th is s iren 
song . 

T h e  f o r e s t s  o f  E u r o p e , 
mos t  of wh ich are 1 9th century or 
o l d e r  in t h e ir o r ig in s , we r e  
est abl ished in rel at ion to tr avel on 
f o o t  o r  b y  h o r s e , an d al l 
p r o f e s s io n al as s e s s m e n t  an d 
document at ion was b ased on ground 
s ampl ing . In C an ad a  tod ay ,  mos t  of 
our access is by motor veh ic le ,  and a 
fores ter 's act iv it ies and much of our 
asses sments  are ground based . A 
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m an agement un it tends to be 1 00 , 000 
to 500, 000 hect ares or gre ater . If 
the problem is th at our forest s  are '  
too large ,  we mus t  re al ize  that they 
are only too large if our fores ters 
use 19th century procedures and e arly 
20th century tr ansport at ion to c arry 
out the ir act iv it ies . The use of 
2 0t h  century pro cedur e s , such as 
remote sens ing , app lied to present 
d ay m an ag em e n t  ac t iv it ie s f o r  
foresters us ing modern tr ansport at ion 
c an ap p r e c i ab l y im p r o v e  t h e  
e ffec tiveness of our man agement and 
ensure th at t he h ighest  profess ional 
s kills and expert ise are app lied to 
our f or e s t  e s t at e . It does  not 
necess ar il y  req uire  that we have a 
l ar g e  inc r e as e  in the numbe r  of  
foresters per un it are a  of forest 
l and man aged . 
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ABSTRACT 

L AND SAT imagery h as pl ac ed 
a ne w too l ,  wh ich c an be used in 
forest cl ass if ic at ion, in the h ands 
of foresters . It c an be used as a 
supplement to aer ial photogr aphy or 
in pl ace of aerial photogr aphy where 
lo w resolut ion d at a  are accept able . 
The advent of LANDSAT imagery is mos t  
t imely , as its incorpor at ion into 
convent ion al forest inventor ies  c an 
d o  mu c h  t o  al l ev iat e c ur r e n t  
d e f ic ienc ie s  and improve  futur e 

forest inventory s t at ist ic s .  

Satel l ite d at a  and d igit al 
im age an alys is sys tems are desc r ibed , 
p r ac t ic al app l ic at ions of  LAND SAT 
d at a  ar e d is cus s e d , and s e le c t ed 
e x amp l e s  o f  it s u s e in f o r e s t  
m an ag em e n t  and inv e n t or ie s ar e 
presented . These include l arge are a  
p l an n in g , u p d at in g  e x is t in g  
inventor ies  to reflect h arves t ing , 
f o r e s t  f ir e s , and n e w r o ad s , 
r econn ais s ance inventor ies , fo rest 
inventory , forest f ir e  man agement ,  
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and detection of forest insect and 
disease damage .  

As digital image analys is  
and satellite technology advances and 
their use becomes more widespread , we 
can expect significant imp rovements 
in and new applications of satellite 
data in forest inventory . 

INTRODUCTION 

The management of Canada 's 
f o r e s t  re s o u r c e  depend s on the 
ava i l ab i l i ty o f  curr ent  inven to ry 
statistics which are unbiased and 
appropriate for the required level of 
decision making . The magnitude of 
Canada 's forests , an estimated land 
area of 3 . 1 4  million km2 ( 1 ) ,  results 
in very real problems in maintaining 
c ur r e n t  i n v en t o r y s t a t i s t i c s .  
Recognizing the importance of the 
forest to the economy of Canada ,  our 
f o r e s t  s t a t i s t i c s  ar e generally  
inadequate , and in many instances 
even elementary forest measures are 
not reported ( 2 ) .  

To improve our f o r e s t r y  
s tatistics we must l ook a t  ho w forest 
inventory information is obtained . 
Forest inventory normally entails 
t h r e e  p r o c e d u r e s: 1 .  f o r e s t  
classificatio n based on vertical air 
pho tographs at a variety of scales 
which are used to delineate forest 
t yp e s  b a s e d  o n  a i r  and g r o un d  
surveys ; 2 .  f o r e s t  sampl ing to 
obtain a)  gross  volume , b )  decay , 
wa s t e , and breaka g e  fac t o r s  to 
determine net volume , and c )  growth 
and yi e l d  e s t ima t e s  f o r  immature  
stand s ; and 3 .  compilation to  merge 
forest type a rea information wi th 
samp ling data to determine net volume 
per acre by spec ies  and mean annual 
increment for immatu re stands ( 3 ) .  

LAND SA T  i m a g e r y  h a s  a 
pr o v e n ·p o t e n t i a l  i n  f o r e s t  
classification, an d its incorporation 
into forest inventories can do much 

to alleviate current deficiencies and 
improve future invento ry statistic s .  
LANDSAT can b e  inc o r p o r a t e d  into 
f o r e s t  management and ope r a t ional  
invento ries . It can be used as a 
supplement to aerial pho tography when 
pho tographs are available or in place  
o f  p h o t o g r a ph y  wh e n  it  is  no t 
a v a i l ab l e  o r  wh e n  t h e  c o s t  o f  
o b t a ining new pho t o g r aphy i s  no t 
j u s t i f i a b l e . T h e  p r i n c i p a l  
app l i c a t i o ns o f  LANDSAT d a t a  in 
operational fo rest management include 
broad area planning , detection of 
changes  which may be mapped either 
directly or by dispatching aircraft 
to pho tograph the changes at high 
r e s o l ut i o n ,  r e c o nna i s sance inven 
tories , forest inventories , and fo r 
forest fire management and detection 
o f  insect and disease damage . The 
major advantage of . LANDSAT data over 
vertical air pho tographs is its  low 
c os t ,  and except whe r e  adve r s e  
w e a t h e r  c o nd i t i o n s  d i c t a t e , i t  
reflects the current state of the 
land sur f ac e .  The LANDSAT satel lites 
p r o v i d e  comp l e t e  low-r e s o lu t i o n  
coverage of Canada every 18 days ; 
wi th both LANDSAT-2 and LANDSAT-3 
operational , coverage is  available 
twice  e very 18 days . 

LANDSAT DATA 

Resource-oriented satel lite 
data first became widely available 
wi th the launching of LANDSAT-l 
( fo rmerly ERTS-l ) by NASA (National 
Aeronautics and Space Administration) 
in July 1 9 72 .  LANDSAT-2 f ollowed in 
Apr il 1 9 75 and LANDSAT-3 in March 
1 9 78 .  LANDSAT-l lost its  integrity 
in late 1 9 77 and was deactivated in 
January 1 9 78 .  

T h e  LAND SAT s e r i e s  o f  
satellites are in a sun-synchr onous , 
near pola r orbit tracking north to 
south . The net effect of thi s orbit 
i s  to offset the flight path from 
true nort h. For exampl e ,  flight pa th 



number 46 , pa s s ing over we s t ern 
Alberta and eastern British Columbia , 
has a deviation of 1 6 °E at  latitude 
SOoN and a deviation of 2 0 0E a t  lati 
tude 60oN . This results in the need 
for geometric correction, which will 
be discus sed later . 

LAN D S A T  h a s  two s e n s o r  
s ys tems : RBV (Re turn Beam Vidicon ) 
came r a s  and MSS  (Mu l ti - S p e c tral  
S c an n e r ) s e n s o r s  ( 4 ) ;  d u e  to  
technical problems , however , only the 
MSS data is continuous . The MSS 
sensors record reflected radiance in 
four bands in the visible and near 
infrared regions . Band 4 ( 0 . 5-0 . 6 
,um) approximates green light, band 5 
(0 . 6-0 . 7 ,um) approximates red light , 
bands 6 ( 0 . 7-0 . 8  ,um) and 7 ( 0. 8- LO 
,um) appro ximate reflected infrared 
ligh t.  

As the satellite passes  
overhead , it  scans in a s wath at 
r ight angles to its flight path . 
Each s c an lin e  ha s appr oxima t e l y  
3 2 00 p i c tu r e  el emen t s  o r  pixel s . 
Pixel size is approximately 59  by 79 
m .  A LANDSAT imag e ,  approximately 
1 85 by 1 85 km, has 2286 scan lines . 
There  are six sensors for each band , 
a n d  d i f f e r e n c e s  i n  s e n s o r  
characteristics may be large enough 
to cause " striping " . Radiometr ic 
correction can be used to remove 
striping . 

In Canada,  LANDSAT data are 
r ec e ived and r ec o rd e d  at Prince 
Albert (Saskatchewan) and Shoe Cove 
(Newfoundland ) satellite stations . 
All L ANDSAT imagery that has been 
received to date has been placed in 
archives and is availa ble through 
I S I S  ( I n t e g r a t e d  S a t e l l i t e  
Information Services Ltd . ) .  

Th e p r o d u c t s  a v a i l ab l e  
include :  

a )  Pho to products 
Black and whi te 

- paper prints 
- film transparencies * 
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Color 
- contact prints 
- f ilm transparencies * 

Mosaic s  
- color and black-and-white 

prints 
b )  Computer compatible tape s ( CCTs )  
c )  IS ISFICHE 
* No longer listed on order form . 

SELECTION OF LANDSAT IMA GERY 

T h e  s e l e c t i o n  o f  g o o d  
imagery i s  a major fac to r  in the 
s uc c e s s ful app l i c a t i o n  of  LANDSAT 
data . As previously mentioned , all 
imagery has been archived ; therefore , 
the user may order imagery back to 
July 1 9 72. 

The procedure for selecting 
imagery is  as follows : 

1 . De t e rmine flight path ( s )  and 
i ma g e  c en t e r ( s )  o f  r e qu i r e d 
imagery from the L ANDSAT Index 
map of Canada , produced by the 
S u r v e y s  a n d  Ma p p i n g  Br a n c h , 
Department of Energy , Mines and 
Resources . 

2 .  Use the IIS S (LANDSAT Image 
Invent o ry S e ar c h  and Summary 
Program) sys tem or the LANDSAT 
image ry catalogue s to select the 
best apparent images . 

3 .  View the IS ISFICHE to determine 
t he l o c a t i o n  o f  c loud cov er , 
p r e s en c e  o f  light cl oud , and 
general quality of the image . 

4. Select the image ( s ) , paying 
particular attention to the date 
o f  the imagery . I magery in 
northern and mountainous areas 
should be taken as c lose to the 
summer solstice as possi ble to 
minimize the amount of shadow . 
S ince snow is often present i n  
J u l y , h o w e v e r , i t m a y  b e  
desirable to select imagery taken 
l a t e r  i n  t h e  y e a r . Wh e n  
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s e l e c t i n g ima g e s  f o r  c h a n g e  
d e t e c t i o n ,  i t  i s  e x t r eme l y  
important to select images from 
as close to the same date as 
possible to e liminate different 
shadowing appearing as changes in 
vegetation cover . 

Users would also be well  
advised to  check CCTs very closely , 
as there are frequently problems wi th 
data . 

GEOMETRIC CORRECTION 
OF L AND SAT IMAGERY 

The easterly de viation of 
LAND SAT's orbits results in a problem 
i n  o v e r  l a y i  n g  o r  i n c  o r p o  r a  t i  n g  
s a t e l l i t e  i n f o r m a t i o n  w i t h  
inventories based on NT S (Canadian 
National Topographic Series ) maps . 
Th e C C R S  D I C S ( D i g i t a l  Imag e 
Correc t i o n  Sys t em ) , bas e d  on PDP 
1 1 / 70 m in i c om p u t e r s  a n d  a 
reprogramab le geometric corrector ,  
each day can produce about five high
qua l i  t y  c o r r ec ted  d i g i t a l  imag e s , 
resampled , rotated , and framed to be 
compatible wi th NT S map sheets ( 5 ) .  
Agencies anticipating the operational 
use of LAND SA T  data should evaluate 
t h e  a d v a n t a g e s  o f  g e o m e t r i c  
c o r r e c t i o n  a n d  s h o u l d  u s e 
geometrical ly corrected imager y. 

ANALY SI S  TECHNIQUE S 

Si n c e  LAND SAT d a t a  ar e 
a v a i l a b l e  a s  p a p e r  p r i n t s , 
transparencies , mosaic s ,  and CCTs , a 
number of anal ys i s  techniques can be 
u s e d. The se techniqu e s  include 
v i s ua l  in t e r pr e t a t i on and mapping 
from black-and-white or color prints 
and mosaic s ,  color additive v iewing , 
and digital image analysi s .  Color 
addit ive viewing is not discus sed in 
this paper because of the author 's 
unfamil iarity wi th the procedure . 

VI SUAL INTERPRETATION OF 
PAPER PRINT S AND MO SAIC S 

Paper prints and mosaics 
can be used for broad-scale planning 
and for identifying major features 
s u c h  a s  f o r e s t , g r a s s l a n d , 
agricul tural land , alpine , s now , 
w a t e r , l o g g i n g , a n d  b u r n s . 
Multitemporal prints and mosaics can 
be used to identify new logging , 
burns , and other major disturbances . 

T h i s i s  a f a s t  a n d  
i n e x p e n s i v e  p r o c e d ur e  t h a t  c a n  
provide current information;  however , 
t he r e  a r e  a numb e r  o f  s e r i o u s  
limitations : 1 .  pr ints are not 
usually geometrically correc ted : 2 .  
data are difficult t o  transfer to 
map s ; 3. the proc edur e i s  not 
sui table for classification of forest 
t y p e s ,  l o c a t i o n  o f  r o a d s , o r  
d e t e c t i o n  o f  ins e c t  and d i s e a s e  
outbreaks ; and 4. there is high loss 
of  resolution as compared to digital 
d a t a . P r i n t s  a n d  mo s a i c s  a r e  
nevertheless a useful tool not to be 
overlooked . 

DI GITAL IMA GE ANALYSI S  TECHNIQUE S 

The analys i s  o f  d i g i tal 
LANDSAT data requires access to a 
digi t al image analys i s  sys tem .  Two 
alternatives are available : use of 
an existing facility or acqui si tion 
o f  a s y s t e m o r  t h e  n e c e s s a r y  
c omponen t s . The app l i c a t i o n  o f  
d i g i t a l  i m a g e  a n a l y s i s  o n  a 
provincial scale will require an in
house syst em; however , feas ibility 
s tudies should be carried out on an 
existing facility . 

Sys t ems currently available 
for feasibility studies include : l
CCRS CIA S sys tem, Ot tawa , Ontario ; 2 .  
N F l ( N a t i o n a l  F o r e s t r y 
I ns t i tut e )  ARIE S Sys t em ,  Ot t awa , 
O n t a r i o; 3 .  MDA ( Ma c D o na l d ,  
De t twi l er and As s o c ia te s )  Sys t e m ,  
Vanc ouver , B . C ;  and 4. OVAAC 8 



System, Toronto , Ontario . There are 
a number o f  other operational sys tems 
in Canada ;  however , av ailability o f  
the s e  sys t ems i s , a t  thi s t ime , 
uncer tain ( 6 ) .  

The cost o f  digital image 
�nalysis systems ranges from under 
$ 100 , 000 for small so ftware-oriented 
s ys t ems to b e twe en $ 3 75 , 000 t o  
$ 6 0 0 , 0 00 fo r h a r d wa r e - o r ie n t e d  
s y st e ms  c a p a b l e  of l ar g e - s c a l e  
operational applications . 

D i g i t a l  ima g e  a n a l y s i s  
systems typically consist o f: 1 .  a 
h o s t  c om p u t e r , t a p e  d r i v e ( s ) ,  
d i s c (s ) , a n d  a l p h a n u m e r i c  
terminal ( s ) ;  2 .  an image display 
system; 3 .  . image analys is so ftware ; 
and 4 .  some s ys tem to provide the 
output product . 

A number o f  accessories can 
be added to s igni ficantly increase 
t h e  s p e e d  o f  p r o c e s s i n g , t o  
geometrically correct i mage data , and 
t o  p r o v i d e  h i g h- q u a l i t y o u t p u t  
products .  These inc lude speci fical ly 
d e s i gned image array pro c es s o r s ; 
general array processors ; hardware 
geometric correctors ; microcomputers 
in the image display sys tem; m Ultiple 
image display terminals ;  and binary 
t h e m e  p r i n t e r s ,  c o l o r  i m a g e  
recorders , and line plotters . The 
princ ipal Canadian s up p l i e r s o f  
digital image analysi s  sys tems and 
image display sys tems are DIPIX, MDA, 
NORPAC , and OVAAC 8 (Append ix ) . 

Image analys is  sys tems 
normal ly support capabilities such as 
rad iometric and spectral enhancement ,  
geometric co rrection and supervised , 
ma ximum l ikelihood , and unsupervised 
spectral classi fication. The speed 
wi th whi c h  the s e  ope r at ions ar e .  
carried out depends on the speed o f  
the host computer and the presence of 
image or general array processors . 
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Radiometr ic Enhancement :  

Radiometric enhancement 
allows adjus tment o f  the radiometric 
intensi ties o f  an image to increase 
the vi sua l  r e p r e s e n t a t i o n  o f  the 
image .  The radiometric val ue s  may be 
de fined arbitrarily or as linear , 
exponen t ia l ,  log ar i thmic , s quar e  
r o o t ,  o r  s q u a r e d fu n c t i o n s . 
Principal component enhancement ( 7) 
maximizes  the radiometric in formation 
displayed in three pr imary colors . 

Spatial Enhancement : 

Spatial enhancement allows 
u s e  o f  va r i o us fo r m s  o f  i ma g e 
filtering to enhance boundaries and 
linear and other spa tial featur es .  
This  procedure may be used to de fine 
"pu r e "  p i x e l s  o r  r e g i o n s  o f  
homogeneity . 

Geometr ic Correct ion:  

Geometr ic correction can be 
used to overlay an image to match a 
map or to fi t another image . Ground 
control points are selected , and the 
image is resampled and reconstructed 
t o  fi t e i ther a map o r  ano ther 
image . 

Supervised Classi fication: 

Supervised classi fication 
allows the user to de fine training 
sites o f  known types .  The statistic s  
o n  training sites are computed , and 
a r e a s  w i t h  s i m i l a r  s p e c t r a l  
statistics are classi fied as that 
type . This  procedure may result in 
two or more type s  of overlapping . 

Maximum Likel ihood Classi fication:  

Maximum likelihood classi 
fi c a t i o n  t a k e s t h e  s p e c t r a l  
s t a t i s t i c s  o f  s u p e r vi s e d  
classi fication types and , based on 
the se statist ic s ,  assigns overlapped 
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a r e a s  to one or o t h e r  o f  t h e  
classes . 

Unsupe rvised Classification: 

Unsupervised classification 
examines the scene s tatistics and , 
through a migrating means techni que , 
i d en t i f i e s  s pe c t r al l y  s e pa r ab l e  
f e a tur e s . The number  o f  t ype s 
d e s i r e d  can be pr e s p �c i f i ed or  
c omput e d . Ty pe s  can be fur ther 
combined or separated . 

These capabili ties provide 
the framework wi thin which digital 
image analysi s  is performed . The 
s e l ec t i o n  o f  the c la s s i f i c at i o n  
method depends on the aim o f  the 
c l a s s i f i c a t i o n  and t h e  u s e r 's 
knowledge and experience . Agencies 
c o n t e mp l a t i n g  the u s e o f  t h i s 
technology should exercise extreme 
care in the choice of  image analys i s  
s ys t ems t o  ensure that the sys tem 
meets their particular requirements . 
The training of operators is  critical 
to the success of the application.  
C l a s s i f i c a t i o n  r e s ul t s  wi l l  be  
obtained regardless of the care or 
kno wledge of the user . I strongly 
recommend that po tential users of the 
sys tem attend the training courses 
c o n d u c t e d  b y  t h e  Ap p l i c a t i o n s  
Division o f  Canada Centre for Remote 
S e n s i n g  ( 8 ) .  I t s c o n t e n t  i s  
excellent and will  provide users wi th 
a strong foundation in the use of the 
LANDSAT data  and d i g i t a l  image 
analys i s  s ys t ems . 

OPERAT IONAL APP LICATIONS O F  
LANDSA T DATA IN FOREST INVENTORY 

A s  pr e v i o u s l y  s t a t e d , 
LANDSAT data can be used in place of 
o r  to s up p l em e n t  v e r t ic a l  a i r  
pho tograph y when its low resolution 
is no t - a c ons t r a in t  or is l e s s  
i mp o r t a n t  th a n  h a v i n g  c u r r e n t  
information . Why then has i t  not been 
u s e d  more  wi d e l y  in ope r a t i onal 
f o r e s t  inven t o r y ?  The principal  

reasons are the lack of available 
image anal ysi s  sys tems , the newness 
and r e l a t i v e  compl exi t y  of the 
t e c h n o l o g y , a n d  t h e  g e n e r a l 
inadequacy of output produc t s . Wi th 
the advent of numerous sys tems and 
training course s , the only cons traint 
rema ln lng is out put produc t s . I 
believe that LANDSAT data will  beome 
an in tegral part of fo rest invento ry 
a s  soon as the capabili ty to produce 
g eome tr ic a l l y  c o r r e c t  s c al ed line 
maps or vecto r files , which can be 
incorporated directly into invento ry 
maps , i s  generally available . 

Despi te these limitations 
t h e r e  h a v e  b e e n a n u m b e r  o f  
s uc c e s s f u l  appl i c a t i o ns i n  both 
Canada and the United States , and 
numerous potential applications have 
b een demons t r a t e d  in smal l - s c al e , 
r esearch-oriented studies . 

Use of Paper Products  and Mosaics : 

Black-and-whi te and color 
LAN D S A T  p r i n t s ha v e  b e e n  u s e d  
e x t e n s i v e l y  b y  d i v i s i on a l  and 
regional foresters to  provide current 
information for overall planning and 
to de lineate harvesting and burns 
whe r e  inven t o ry map s  ar e in the 
process of or awaiting revision . For 
example , in early 1 9 79,  the Bri tish 
C ol umb i a  Mi n i s t r y  o f  F o r e s t s ,  
Inventory Di vi sion, in cooperation 
wi th the . Pac i f i c  F o r e s t  Re s e ar c h  
Centr e ,  Canadian Forestr y Service ,  
undertook the construction of a co lor 
LANDSAT mosaic of British Columbia 
us ing the mo s t  recent  c l o ud - f r ee 
imager y. The s �l ec tion of imager y 
was done by the Inventory Divi sion 
and the Pac i f i c  F o r e s t  Re s e a r ch 
C e n tr e ; CCRS pr o d uc ed the col o r  
contact prints ( bands 4 ,  5 ,  and 7); 
and NAPL (National Air Pho to Library) 
c ons t r u c t e d  and pho t o g raphed the 
mosaic . The mosaic was pho tographed 
by NTS sheets  and by forest regions . 
The prints are available in both 
col or and black-and-whi te and are 



accompanied by a list of the image 
centers and the date of imager y ( 9 ) .  

This  simple and inexpensive 
p r o c edur e ha s provided regi onal 
foresters with otherwise extremely 
costly or unobtainable information on 
the current state of the .forests . 
The response has been very good , wi th 
some 200 prints ordered since July . 
With the 1 9 75 B. C .  mosaic and the 
construction of future  mos aics ,  it  
wil l  be possible to rapidly assess  
the location and extent of . activity 
and fires . While · this info rmation 
may ex i s t  i n  o t h e r  f o rm s , i t s  
c o l l a t i o n  i s  d i f f i cult  and t ime 
consuming . In the northern areas of 
Canad a ,  the Yukon and No r thwe s t  
Ter r i  t o r ie s ,  thi s pro c ed ur e  may 
provide the only source of current 
information over large areas . 

Change Detection: 

The ability to detect and 
map changes in vegetation cover will  
pro bably be  the mo s t  s i gni f i c ant  
c ontr i bu t i o n  o f  LANDSAT d a t a  to  
forest inventory . The procedures 
inv olved ar e s imp l e  and can be 
rapidly executed to provide much of 
the information required to update 
forest type boundaries . The steps 
involved in this procedure are as 
follows : 

1 .  Two images taken at different 
t imes ar e r e g i s t e r ed by the 
s e l e c t i o n  and acqui s i t i o n  by 
pairs of GCPs (gr ound control 
points )  representing the same 
l o c a t i o n s o n  b o t h  i m a g e s . 
Typical l y, 50 GPCs are required 
for full images . Thi s  procedure 
takes approximately 1 hour . 

2 .  Transformation coefficient s are 
cal culated . 

3 .  The imllge to be corrected is then 
resampled and rewritten using the 
transformation coefficients . It 
usua l ly i s  nec e s sary only to 
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resample bands 5 and 7. This  
p r o cedure  take s 2 t o  3 h o ur s 
u s i n g  a P D P 1 1 / 7 0 a n d  
approximately 15  to 2 0  minutes 
using a hardware  corrector .  

4. Change s  ar e then de t e c te d  by 
rad iometr ic enhancement ,  i . e . ,  
ratioing or differencing bands 5 
and 7 of the two images . The 
r esultant image will  show the 
location and area of change . 

Thi s  procedur e will  show 
b o t h c l e a r - c u t  a n d  s e l e c t i v e  
harvesting , fires , the location of 
most new road s , cleared rights-of 
way , moderate t.o severe defoliation , 
c a t a s t r ophi c  d i s turbanc e , and an y 
o ther disturbance that significantly 
alters reflected radiation . 

The info rmation can be used 
directly,  or it can be used to define 
areas where low-level pho tography is  
d e s i r e d  to mor e  clearly  d e f ine 
boundaries , to determine the nature 
of the disturbanc e ,  or in conjunction 
wi th ground sampling to determine 
s u c h  p a r ame t e r s  a s  v o l u m e  o f  
wind throw , vo lume of residual trees , 
extent of pes t  damage ,  environmental 
impact s ,  and other factors . 

Applicati on of LANDSAT Data in Forest 
Classification: 

A review of the li terature 
ind ic ates that attempt s to classify 
forest types have met wi th varying 
degrees of success . A large number 
of factors affect reflected rad iation 
and unl e s s  the y a r e  taken into 
a c c ount ,  pr ob lems wi l l  cont inue . 
The se fac t o r s  include slope and 
aspect ; species composition , L e . , 
hardwo o d  and s o f two od compo nent ; 
s t a n d  a g e  a n d  d e n s i t y ;  a n d  
atmospheric inference . In addition, 
the sel ection of training sites used 
in gather ing s t a t i s t ic s  f o r  both 
s u p e r v i s e d  a n d  un s u p e r v i s e d 
c l a s s i f i c a t i o n  i s  c r i t i c a l t o  
successful classification . 
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Mu c h  c a n b e  d o n e  t o  
eliminate these problems . Images 
should be s t r a t i f i e d  by t e r rain 
(aspect , slope , and elevation) and by 
major ecotypes . Only good images 
should be used . Training or sampling 
s i t e s  s h o u l d  b e  r e s t r i c t e d  t o  
homo g enous regions  b y  applying a 
homogeneity filter and thresholding 
to eliminate nonhomogenous ( or edge ) 
a r e a s . If the s e  procedur e s  a r e  
followed , mos t  o f  the problems in 
classification will be overcome . 

Reconnais sance Inventories : 

Reconnaissance inventories 
a r e  extensiv� expl o r a t o ry f o r e s t  
inventories which are based on forest 
classification and do not generally 
provide estimates of volume or mean 
annual increment ( 1 0) . LANDSAT data 
are probably the best sources for 
reconnaissance inventories in that 
they are inexpensi ve ,  current , and 
cover al l o f  Canad a on a broad 
scale . 

Th e p a r t i c ul a r me t ho d  
employed to classify broad forest 
types depends on the amount of ground 
s ampl ing data availab l e . Whe r e  
considerable ground sample data are 
available , supervised classification 
is  probably the bes t  methodology . 
Where little ground sample data are 
available ,  unsupervised classifica 
tion is more appropriate . 

T h e l a r g e s t  c u r r e n t  
Canadian operational application of 
LAND SAT d a t a  in  r e c o nna i s s an c e  
invento r y  i s  being undertaken by the 
Pac i f i c  Fo r e s t  Re s e ar ch Centr e , 
C a n a d i a n  F o r e s t r y Se r v i c e ,  i n  
cooperation wi t h  the Yukon Lands and 
Forest Service ,  the Department of 
Ind ian and Nor thern Af f a ir s , and 
CCR S. The primary purpose of the 
inventory is to obtain info rmation on 
t h e  v e g e t a t i o n  o f  t h e  Yu ko n , 
inc lud ing vegeta t i o n  pa t terns  and 

forest stratification . 
classif ication will  be 
method of analys i s . 

Supervised 
the primary 

Forest Inventory : 

F o r e s t  i n v e n t o r i e s , a s  
o p p o s e d  t o  r e c o n n a i s s a n c e  
i n v e n t o r i e s , a r e  d e s i g n e d  t o  
d e t e rm i n e  s u c h  d a t a  a s  a r e a , 
c o nd i t i o n ,  t i m b e r , v o l ume , a n d  
s pecies for specific purposes  such a s  
p l anning , purcha s e , evalua tion , 
management ,  or harvest ing ( 1 0 ) .  In 
using LANDSAT data to define fo rest 
types for use in forest inventories , 
t he c l a s s i f i c a ti o n  o f  type s and 
definition of their boundaries is 
critic a l ,  since the results wil l  be 
used to determine net volume per 
acre . The degree of accuracy depend s  
to a large extent o n  the amount of 
ground sample information,  terrain , 
s tr a t i f i c at i o n  o f  e c o type s ,  image 
qua l i t y , and s e l ec t io n  o f  good  
training sites . 

The largest app lication of 
LAND SAT data to f(Jrest inventory in 
the Pacific northwest was undertaken 
b y  t h e  D e p a r t m e n t  o f  Na t ur a l  
Resources , State o f  Washington ( 1 1 ) .  
LANDSAT data were used in one segment 
o f  a multistage sampling plan to 
produce  typi c al f o r e s t  invent o r y  
information . As a result of  the 
s tudy , the autho rs found tha t 
LAND SAT data 

1 .  

2 .  

3 .  

ar e c o s t - e f f e c t i ve 
operat ional basis ,  

o n  a n  

pr o v i d e  a 
b a s e  f o r  
sampling , 

s t a t i s t ic al ly . va l id 
pho t o  a n d  g r o un d  

are more sensitive to spectral 
differences in cover type and 
yield more detail than a photo 
i n t e r pr e t e r  wo rking on lar g e 
scale ( 1 : 12 000 )  photos (I  f e el 
this claim may be somewhat over
optimistic , although the autho rs 



4 .  

5 .  

6 .  

d o  i n d i c a t e  t h a t p h o t o  
interpreters can determine tree 
c h a r a c t e r i s t ic s  wh i c h  a r e  
obvious ly no t i d en t i f i ab l e  on 
LANDSAT data ) ,  

re q u i r e  s t r a t i f i c a t i o n  
t e r rain , environmental , 
quality , and cultural data 
t r a ining on "pur e "  s i t e s  
i m p r o v e  a c c u r a c y  
classification , 

b y  
s i t e  

and 
to 

o f 

ar e immed i a t e l y  app l i c ab l e  in 
over a l l  planning , f o r e s t  f i r e  
control ,  and taxation (based on 
d e t e c t i o n  o f  h a r v e s t i n g  and 
subsequent site  management ) ,  and 

make i t  po s s ib l e  to s t r a t i f y  
f o r e s t  r e s o u r c e  p o pu l a t i o n s  
e f f e c tively , ther eby a l l owing 
improved survey design as wel l  as 
the opportunity to mlnlmlze the 
n e e d  f o r  c o s t l y d i r e c t  
measurement . 

No large-scale operational 
t e s t  o f  LANDSAT d a t a  f o r  f o r e s t  
i nvent o ry ha s been und er taken in 
Canada at this time . I believe that 
LANDSAT offers a real opportunity and 
s ho u l d  be evalua t e d  by ag enc i e s  
responsible for the resource . 

Fire Control Management : 

Th e Na t i o n a l  F o r e s t r y  
Institute , formerly t he Forest Fire 
Research Institute of the Canadian 
Fores try Service ,  has undertaken the 
d ev e l o pment o f  a f i r e  management 
decision-making sys tem using LANDSAT 
as the primary data source ( 1 2 ) .  
T h i s  s y s t e m ,  d e v e l o p e d  u n d e r  
the leadership of Dr . P . R .  Kourtz , 
has been o ne of the most successful 
app l ic a t i on s  o f  LANDSAT data  in 
forest management . 

LANDSAT data were used to 
c o n s t r u c t  f o r e s t  f i r e  fue l maps  
showing veg e t a t i o n  c l a s s e s  that  
exhibit similar fire behavio r ,  major 
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new disturbances such as clear-cuts ,  
burned areas , insect- and disease 
k i l le d  timber , road s , and wa ter  
bodies . These types were displayed 
through a Taylor enhancement that 
r esulted in a color print resembling 
color aerial pho tography . These maps 
are used to determine the speed and 
strength of initial attack based on 
the combustibility of fuel at or near 
the fire and , in the case of large 
f i r e s , to  d e t ermine suppr e s s io n  
strategy . 

I nsect and Disease Damage : 

The detection of insect and 
d i s e a s e  d am a g e t o  f o r e s t s  i s  
d ependent o n  the at tacked t r e e s  
demonstrating a stressed cond ition . 
If LANDSAT data are to be useful , the 
e x h i b i t i o n  o f  s t r e s s  mu s t  b e  
s u f f i c i e n t  t o  a l t e r  r e f l e c t e d  
rad i a t i o n  t o  the p o int  whe r e  a 
spectral signature of the damage can 
be acquired or where the damage can 
b e  d e t e c t e d  u s i n g  t e m p o r a l  
class i fication . 

Several studies have been 
undertaken using LANDSAT data in an 
a t t empt to d i s c riminate be tween 
healthy and damag ed s t and s ,  wi th 
varying degrees of success ( 1 2 , 13 ,  
1 4, and 1 5 ) .  In general , damage is 
identifiable where canopies have been 
denuded , provided that stand densi ty 
i s  high , o r  whe r e  marked c o l o r  
changes i n  foliage occur , as i n  red 
belt damage . 

Based on these studies , the 
application of LANDSAT data does not 
appear to be extremely promls lng ; 
however ,  it  is  useful for broad-scale 
planning of pest surveys and , wi th 
hi gher r e s o lut i o n  s a t e l l it e s , i s  
l ikely to be more applicable fo r 
damage apprais al ( 16 ) . 

CONCLUS IONS 

LAND S AT d a  t a  h a v e  b e en 



20 

shown to be applicable in forest 
management and fores t inventory and , 
w i t h o u t  d o u b t , w i l l  b e  u s e d  
e xt e n s i v e l y  in the futur e .  The 
success of  individual applications 
will  be determined by the use r 's 
knowledge and appropriate use of both 
the algorithms and the data . LAND SAT 
data are most applicable where large 
sca le ,  current , and low-resolut ion 
data are required .  Users who attempt 
to use it as a replacement for low 
level aerial pho tography or to obtain 
detailed inventory information will  
certainly fail . Used · as a component 
in mul t i s t a g e  samp l ing and a s  a 
me thod of updating change ,  it offers 
unparalleled opportunitie s , and wi th 
the advent of new high-resolution 
s a te l l i t e s  it s app l i c a t i o n  wi l l  
become even more attractive . 
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ABSTRACT 

Thi s  pap e r  reviews the 
s tate of the art in applications of 
c o l o r  i n f r a r e d ( C I R )  a e r i a l 
pho tography to problems in forest 
inven tory and management .  The CIR 
film characteristics , acquisition, 
and processing are briefly reviewed , 
and a list of  Canadian air pho to 
c o m p a n i e s  wh i c h a c q u i r e  CI R 
pho tography is  presented . Previous 
applications to timber inventory , 
f ire burns mapping , and to forest 
damage assessment are reviewed with 
emphasis  on the use of small-scale 
pho t o g r aphy . The c o s t s  o f  C I R ,  
normal colo r ,  and black-and-white 
photographs for a unit-area coverage 
are compared . 

INTRODUCTION 

Black-and-wh i t e  ( B&W )  
aeria l photograph y has been used by 
fo rest ers for a number of year s .  
I t s  applications t o  forest stand and 
t y p e  c l a s s i f i c a t i o n , v o l u m e  
inventory , timberland appraisals , 
sale and exchange of timber , forest 
roads , soils , damage assessment , and 
o ther areas have been comprehen 
s ively reviewed in the Manual of 
Photographic Interpretation (Wilson 

1960 ) . Since 1 9 60 , the use of color 
aerial photography by foresters has 
increased for both experimentation 
and operations . The basic reason 
f o r  in t e r e s t  in c o l o r  a e r i a l  
photographs is the greater amount of 
information displayed , which allows 
e x t r a c t io n  o f  mo r e  f o r e s t  dat a . 
This is especially desirable because 
of the steadily increasing cost of 
f ieldwork . 

Two basic types of color 
films have been used extensively in 
forestry proj ec t s . "Normal color"  
film is sensitive to the same light 
energy as the human eye and allows 
for clo se reproduction of the colors 
of  the o r i g inal s c ene . Co l o r  
infrared ( or "false color" ) film is 
sensitive to the infrared radiation , 
i . e . , light beyond the sensitivity 
range o f  the eye , as well as to the 
green to red regions ( but not blue ) 
of  the visible spectrum. Radiation 
in the infrared region is especially 
sensitive to the amount and cond i 
dition of the living plant material . 
To reproduce the original scene in 
what has now become a conventional 
manner using color infrared ( CIR) 
f i lm s , mo r e  c a r e  in s t o r a g e , 
handling , exposure,  and proces sing 
i s  nee d e d  t han f o r  normal c o l o r  
films . 
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COLOR INFRARED FILM CHARACTERISTICS 

The CIR film mos t  often 
used in North America is the Kodak 
Aerochrome Infrared Film 2443 with 
an ESTAR Bas e .  The same film is 
a l s o  ava i l a b l e  wi t h  a t h i n n e r  
emulsion layer a s  Kodak No . 3443 
(Fritz 1 9 76 ) . As in other color 
f ilms , the emul s i on cons i s t s  o f  
three layers sensi tive t o  different 
wavelengths of light energy . The 
unique feature of CIR films is  the 
pre sence  o f  an infrared light
sensitive layer and a corresponding 
absence of a blue-sensitive layer 
( F igur e 1 )  • The remaining two 
layers are senstive to red and green 
light . 

Since the infrared light 
( wa v e l e n g t h s  g r e a t e r  t h a n  7 0 0  
n anome t ers ) i s  invi s ib l e  to the 
human eye , it  must be reproduced in 
some other color . The universally 
accepted approach has been to show 
the infrared radiation as red , the 
r ed rad i a t i on a s  gre e n ,  and the 
g reen radi a t i on a s  blue on the 
p ro c e s s ed f ilm . Al though each 
emulsion layer is primarily affected 
by one type of radiation (green , 
red , or infrared ) ,  it  also has some 
s en s i t ivi ty to the o ther s .  In 
a dd i tion , a ll thr e e  l aye r s  are 
sensitive to  blue light ( F igure 2 ) , 
which must therefore be eliminated 
before it reaches the film .  This  is 
accomplished by using a sharp-cutoff 
Wratten Filter No . 12 ( Figure 2 )  in 
front of the camera (Fritz 1 97 7 ) . 
The CIR film is a " reversal" film, 
meaning that the processed film is a 
positive transparency rather than a 
nega t ive . The theory of c o l o r  
r e p r oduc t ion and reve r s a l  f i lm 
proces sing has been di scussed by 
Smi th ( 1 9 6 8 ) ,  F r i t z  ( 1 9 7 7 ) ,  and 
other authors . 

ACQUISITION AND PROCESSING OF CIR 
PHOTOGRAPHY 

Color infrared photographs 
in various formats ( 23 cm X 23 cm, 

70 mm ,  35 mm) can be obtained us ing 
t he Ko d ak 2 4 4 3  f i l m ( A i r b o r n e  
O p e r a t i ons  S e c t i on 1 9 7 7 , Reed 
1979 ) .  While various camera lenses 
may be us ed for acqu i r ing C IR 
pho tog raph s , s ome type s such as 
those used on metric cameras are not 
optimized for this purpose . Wide
angle and superwi d e-angle camera 
l e n s e s  have been o p t im i z e d  for  
resolution and geometric accuracy at 
the expense of the lens speed and 
uni formi ty o f  f i lm il lumina t i on . 
Thus , for a wide-angle lens , the 
illumination in the corners of the 
frame is about one-fifth that in the 
c e n t e r  ( F l e m i n g  1 9 7 8 ) . T o  
c ou n t e r a c t  t h e s e  v a r i a t i o n s , 
vignetting filters that are dense in 
the center and transparent at the 
p e r ime t e r  may be u s e d . Bec aus e 
these reduce the to tal amount of 
light available to expose the film 
and consequently limit the season 
a nd t ime of day when ac ceptable  
photography may be  acquired , they 
are not normally recommended for CIR 
pho tographic missions . On the other 
hand , the cons ide rably reduced 
number of frames required to cover a 
g i v e n  a r e a  c o u l d  o f f s e t  t h e  
d i s a d v a n t a g e s  o f  w i d e - a n d  
s up e rwi de-angle len s e s  f o r  s ome 
pro jec t s .  

Filters play a fundamental 
r o l e  in the acqui s i t ion of CIR 
p h o t o g r a ph y . In  a d d i t i o n  to  a 
"minus-blue " filter such as Wratten 
No . 1 2  ( F i gu r e  2 ) , a d d i t i o n a l  
filters often ar� used to record the 
important scene information in an 
appropria te , d i s t inc t ive manner . 
Since a large proportion ( 50% or 
more in some cases)  of  the infrared 
s unlight  incident  on plan t s  i s  
reflected , CIR film i s  constructed 
wi th the infrared emulsion layer 
being less sensi ti ve than the other 
t wo ( F i g u r e  3 ) .  Whi l e  t h i s 
arrangement produces a satisfactory 
c o l o r  balance o r  overall c o l o r  
app e arance when a pho to g raph i s  
exposed from a low altitude , a t  high 
altitudes the amount of infrared 



r a d i a t i o n  i s  r e d u c e d  t h r ou g h  
a tmo s ph e r i c  ab s o r p t i o n  whi le the 
g r e en a n d  r e d  c o mp o n e n t s  a r e  
i n t e n s i f i e d  b y  a t mo s p h e r i c  
scattering (Pease and Bowden 1969 ) . 
T h u s , f o r  h i g h  a l t i t u d e  
applications , the sensitivity of the 
red and green emulsion layers must 
be r educ ed in  relat i on to the 
infrared layer so that the three 
curves in F igure 3 can be brought 
clo ser together . Such ad justment 
c a n  be accompl i shed by p l a c ing 
a pprop r i a t e  f i l t e r s  before  the 
c amera ( P e a s e  and Bowden 1 9 6 9 , 
Fleming 1978 ) , however ,  this reduces 
the effective speed of the film and 
i n c r e a s e s  t he ex p o s u r e  l e n g t h  
required . A preferable approach 
suggested by Fleming ( 1 9 7 8 )  is to 
test each CIR film prior to the 
photographic mission , and reserve 
films with high infrared emuls ion 
s e n s i t i v i t y  f o r  h i gh a l t i t ud e  
flight s .  

The s en s i t ivi ty o f  the 
infrared emulsion layer also tends 
to decrease with time , particularly 
i f  t h e f i l m i s  s t o r e d  a t  
temperatures above -18 ° C .  To obtain 
the proper color balance even at low 
a l t i t u d e s , t h e  r e l a t i v e  
sens itivities of the three layers  
mu s t  a g a i n  b e  b r o u g h t  c l o s e r 
t o g e t h e r  b y  u s i n g a p p r o p r i a t e  
filters . Filters can also be used 
t o  de l i b e r ately shi f t  the c o l o r  
balance o f  CIR photographs in order 
to emphasize particular features of 
interest ( Fritz 1977 ) . 

V a r i ou s  s our c e s  o f  CIR 
aerial photography exi st in Canada . 
All photography previously flown for 
or by federal government agencies is 
s tored by the National Air Photo 
Library ( NAPL) .  New photography is 
a cqui red by var ious provin c i a l  
agencies a s  well a s  b y  the air photo 
industry . From Table 1 ,  a recent 
list of companies that acquire CIR 
photography under contract ,  it is 
evident tha t CIR pho tographs at 
various scales can be acquired for 
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all regions of Canada . Note that 
s o me c o mp a n i e s l i s t e d  a r e  no t 
r e g i s t ered  with the I n t e r agency 
Commit tee on Aerial Surveys . 

The Kodak 2443 film in all 
formats is processed by NAPL , the 
minimum charge being equivalent to 
proces sing 25 f t .  of film; 35-mm 
film can al so be processed by Kodak . 
Continuous (roll) transparencies , 
ind ivi dua l fr ame transparenc ie s , 
paper prints , and other products can 
be produced ,  although interpretation 
results from original transparencies 
are usually more reliable than those 
from duplicate transparencies , which 
in turn are preferable to result s  
from paper prints  (Murtha 1 9 7 6 ) .  

CIR PHOTOGRAPHY INTERPRETATION 

E x c e p t  f o r  i t s  c o l o r  
dimensions , interpretation o f  CIR 
aerial photography is similar to 
that of B&W pho tos . Size , sha pe ,  
t extur e , pa t t ern , shadows , and 
surroundings provide important clues 
to the detection , identification , 
and description of objects observed 
in the scene . The use of color in 
presenting the photographed scene 
g r e a  t ly e x p a n d s  t h e  numb e r 0 f 
d i s t i n c t s h a d e s  t h a t c a n  b e  
r e c o gn i z e d  b y  t h e  huma n  e y e , 
however , and consequently increases 
the information content of the film .  
Thi s  i s  further enhanced b y  the 
film ' s sensi tivity to the infrared 
l i ght , a l t hough the us e of red , 
green, and blue colors to represent 
infrared , red , and green light of 
t he o r i g inal s cene introduce s a 
c ol o r  d i s t o r t io n  whi ch mus t  be 
understood and accounted for by the 
i n t e r p r e te r .  F o r  examp l e , the 
normally reddish bare soils will be 
displayed in shades of green; green 
vegetation ,  which is more reflective 
in the infrared than in the green , 
w i l l  a p p e a r  r e d ; whi l e  d e a d  
vegetation will be shown in gray or 
greenish tones , since the infrared 
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reflectance is lower than that from 
living plants . The interpreter may 
also have to make allowance for a 
suboptimum color balance resulting 
from improper filtering . 

APPLICATIONS 

Although previous forestry 
projects involving CIR photography 
have been primarily experimental , 
s ev e r a l  s uc c e s s f u l  o p e r a t i o n a l  
a p p l i c a t i o n s  h a v e  a l s o  b e e n 
und e r t ake n . Inc ons i s t e n t  image  
quality caused by film variability 
and filtration have hampered the 
systematic use of this film in the 
p a s t  but can be e limina ted  now 
through procedures such as those 
descr ibed by Fleming ( 1 978 ) . 

S ome studie s have shown 
that forest stands can be accurately 
d e l i n e a t e d  o n  sma l l - s c a l e  C I R  
photos . For ins tance , Hegg ( 1 97 8 )  
delineated  eight f o r e s t  volume 
s trata ( three for hardwood , three 
f o r  whi t e  spruc e , two for  black 
s pruce)  using CIR photographs at 
1 :  110 000 . Similarly , Carter et al e 
( 1 9 7 9 )  i d e n t i f ied 1 2  veg e t a t i on 
categories ( including five forested 
wetland classes )  using both canopy 
and unders tory components from CIR 
pho tos of 1 :  130 000 and mapped them 
a t  1 : 2 4 0 0 0 . Demp s t e r  ( 1 9 7 7 )  
described an operational inventory 
of a 2 000 s q .  mi . forest management 
area in Alberta using 1 :  50 000 CIR 
t ranspa renci e s . F o r  produc tive 
forest mapping units , the following 
s t a n d  v a r i a b l e s  w e r e  a l s o  
i n t erpr e ted from the sma l l-s ca l e  
i m a g e s :  d e n s i t y , h e i g h t , 
c om p o s i t i o n  ( ma x imum o f  f o u r  
species ) ,  origin , disturbance ( if 
rel evant ) ,  and s t e e p  s l o p e  ( if 
relevant) . As part of a spruce 
budwo rm mapping pro j e c t  in Nova 
S c o t i a ,  s e v e r a l  f o r e s t  s t a n d  
characteristics were successfully 
mapped in only 2 weeks from 1 : 50 000 

CIR photography over a large area 
(McAuley 1978) , including species 
type ( six categories ) , crown closure 
( f i v e ) , h e i g h t  ( f i v e ) , l a n d  
c a p a b i l i t y  ( f i v e ) , t o p o g ra p h i c  
operability ( two ) , and defoliation 
( f our c la s s e s ) .  At a s c a l e  of 
1 : 1 60 000 , Ni e l s o n  and Wightman 
( 1 971 ) were able to identi fy major 
f o r e s t  spec i e s  a s s oc i a t i ons in  
northern Ontario . 

T h e  u s e f u l n e s s  o f  C I R  
photographs a t  various scales for 
identifying individual species has 
also been evaluated . Although some 
s p e c i e s i d e n t i f i c a t i o n a n d  
evaluation of a species proportion 
in a complex area is possible from 
small-scale photos ( Beaubien 1975 ) , 
relatively large scales ( 1 : 2  000) 
are requi red  for a d i r e c t and 
consistently accurate identification 
of individual trees (Heller 1 971 , 
Myers 1 974 , Lauer 1 968 ) , because 
pho to color mus t  be supplemented by 
m o r ph o l o g i c a l  i n f o rma t i o n f o r  
individual species . For example , 
Heller ( 1971 ) identified 14 species 
with an accuracy of 95% f rom C IR 
photography at 1 : 1  600 . 

Smal l- s cale CIR pho to-
graphy proved useful for mapping 
f o r e s t  b u r n s  a n d  r e g en e r a t i o n  
( B r a d s haw 1 9 7 1 , G i g n a c  1 9 7 9 ) . 
G i g n a c  ( 1 9 7 9 )  d e v e l o p e d  a n  
operational methodology for mapping 
par tial and total burns from 1 :  1 20-
000 CIR pho tography at a scale of 
1 : 20 000 using a stereo transfer
scope . Due to regeneration changes , 
older burns were also identified at 
this photographic scale . Adrich 
( 1 97 5 )  demonstrated the usefulness 
of sma l l- s ca l e  ( 1 : 1 2 0  000 ) C IR 
p h o t o g r a p h y  f o r  a c c u r a t e l y  
i d en ti f ying and mapping var i ous 
f o r e s t  d i s t u r b a n c e s  s u c h  a s  
harve s t i n g , s i lvicul tural treat
ments ,  land clearing , insec t  and 
disease . damage , wildfire , flooding , 
and regeneration . He proposed that 



CORRECTION 

"Practical applications of  remo te sens ing to timber 
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small-scale imagery should be used 
for a more frequent update of forest 
inventory data . 

Over the years , there has 
been considerable interest in using 
erR films for detecting tree stress 
before it becomes visually evident . 
Thi s  was thought pos sible because 
the infrared light is  reflected by 
plant cell walls and at discontin
uities between cell walls , water , 
and intercellular air spaces , and 
b ec aus e the amount o f  r e f l e c t e d  
l ight depends on t h e  amount and 
condition of · the se discontinuitie s . 
T h e  a b i l i t y o f  e r R  f i lms  t o  
" previsually" detect stress has not 
b een conc lus ive ly d emo n s t r a t e d , 
however (Heller 1 9 7 1 , Murtha 1978 ) . 
There is  some evidence ( Heller and 
Wear 1 969 , Harris  1 97 1 )  that while 
the erR f i lm d o e s  no t provid e  
" pr evi s ua l "  s t r e s s  d e t e c t i o n ,  i t  
does show stress more distinctly 
than does normal color film. 

Various studies have been 
undertaken to determine the role of 
erR film in forest damage assess
ment . Mur tha ( 1 97 4 )  demonstrated 
the usefulness  of small-scale ( 1 : 160 
0 0 0 )  erR imagery for mon i t o ring 
S02 damage . Beaubien ( 19 75 ) and Beau
b ien and S imard ( 1 9 7 9 )  u s e d  e r R  
s p r i n g  ima g e r y  t o  a c c u r a t e ly 
d el inea t e  several spruce budwo rm 
mortality classes ( five classes at 
1 : 60 000 , three classes at 1 : 110-
0 0 0 ) .  E a c h  mort a l i t y  c l a s s  
contained a certain proportion of 
dead trees ( e . g .  0-5 , 5-25 , 2 5-50 , 
5 0- 7 5 , 7 5-1 00% ) ;  however ,  d e t e r
mining the extent of damage to live 
trees was fairly difficult . Result s  
of work by Beaubien (1975 , 1 9 7 9 )  
indicate that locating individual 
trees with 25-100% defoliation is 
not f e a s ib l e  on sma l l - s c a l e  erR 
imagery . At larger scales , normal 
color film can often provide more 
i n f o rma t i o n  on var i ous typ e s  of 
insect damage than erR film (Heller 
1 97 1 ,  Bous field 1973 ) . 

2 7  

COST 

C o l o r  aerial  f i lms are  
generally more expensive than B&W 
f ilms . On the other hand , they also 
p r o v i d e  m o r e  i n f o r m a t i o n  a t  
identical scales or,  equivalently , 
comparable information at smaller 
s c a l e s . F o r  examp l e , Demp s t e r  
( 1 97 7 )  found that small-scale erR 
photography permitted a reduction in 
l in e  mi le s , flying t ime , inter
pretation time , and forest stand 
measuremen t co s t s  b e caus e s t and 
areas could b� planimetered directly 
f r o m  t h e  p h o t o g r a ph s  w i t h  a 
reasonable accuracy . To assess the 
scale/ cost trade-off , a formula was 
derived by computing the number of 
frames required to photograph an 
a r e a  o f  a g iv e n  s i z e  a t  two 
d i f ferent  al t i  tud e s  ( and pho t o  
scales ) .  Since for a given camera 
len s  the coverage per fr ame i s  
proportional t o  altitude squared , a 
r el a t io n s h i p  exi s t s  be tween the 
altitude ( or photographic scale) and 
t he c o s t  o f  t o t a l  c o ve r a g e . 
Assuming that a more expensive film 
i s  flown at the higher altitude , the 
costs per uni t  area coverge ( e . g . , 1 
km2 ) will be equal if the scale 
f ac tors and cost s  of the two films 
are related as follows : 

Scale F actor ( higher altitude )  = 

S cale Factor ( lower altitude )  

F rame cost f ilm Y ( higher altitude)  
Frame cost  film X ( lower altitude) 

The total price per foot 
( f i lm p u r c ha s e  + p r o c e s s i n g  + 
continuous contact duplicating if 
applicable ) of various film products 
as  given by NAPL for 1 97 9  was used 
in this formula . 

Table 2 shows the results 
for five different films . It was 
assumed that negative films would be 
reproduced as prints and reversal 
films would be used as originals or 
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duplicated as transparencies .  Thus 
original CIR photography ( film type 
2443 ) at , a  scale of 1 :  16 000 would 
cost the same as B&W. prints (2405 ) 
at  1 : 10 000 . CIR photography flown 
a t  1 :  18  000 wou'ld be cheaper , 
therefore , than B&W photos at 1 :  10-
0 00 . Given the high in f o rma t i on 
c ontent o f  c o l o r  pho to g raphs at 
small scales , this trade-off appears 
attractive .. If the CIR film is 
d u p l i c a t e d , i t s  c o s t  b e c om e s 
equivalent at 1 : 20 000 (Table 2 ) . 
The table ' also shows that it is  
c he a p e r t o  use  o r i g i n a l  C I R  
t ransparen c i e s  than normal .co1 0 r 
prints at the ' same scale . .  It must 
be noted that total cos t of a given 
flight mission includes items not 
c on s i d ered her e ;  ther e f o re,  the 
r e s ult s in Table . 2 . wi ll  no t be 
universally valid . Nevertheless , 
they show that the informa t io n  
content and ease o f  use of color 
f ilms render  them c o s t - e f f e c tive 
when compared to B&W films . 

SUMMARY 

C o l o r  i n f r a r e d a e r i a l  
photography has been found to be a 
v a l u a b l e  t o o l  f o r  f o r e s t r y 
a p p l i c a t i o n s . A d v a n c e s  i n  
acqui s i t i o n  and pro c e s sing  have 
increased the' quality , consistency , 
and sui tab�1ity. of CIR photos for 
forestry . Both experimental and 
operational projects have shown that 
s u c h  p h o t o g r a p h y  p r o v i d e s  
i nf o rma t i o n  o n  t h a  t yp e s  a n d  
condi tions of forest stands . Since 
CIR small-scale photos contain more 
i nfo rma t i o n  than compar abl e B&W 
photographs taken at .1arger scales , 
th . operational use of CIR can also  
be . more cost-effective . For these 
reasons , CIR photography deserves 
serious consideration in current and 
f u t u r e  f o r e s t  i n v e n t o r y a n d  
management operations . 
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I nfrared - sens i t ive Cyan pos i t ive i mage 

G reen - sens i t i ve Ye l low pos i t i ve i mage 

Red - se ns i t i ve Magenta pos i t i ve i mage 

Figure 1 .  Composition o f  color infrared f i lm . 
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TABLE 1 .  SUMMARY OF AIR SURVEY COMPANIES ACTIVE IN REMOTE SENSING 

Company 

Aero Photo 
1 9 75 Quest 
Charest 
Ste-Foy Que . 
G1N 2E6 

Airquest 
Surveys'  Ltd . 
1 54 0  Gamble 
Winnipeg ,  
Manitoba 
R3T 1N6 

Atlantic Air 
Survey L t d .  
( owned by 
Northway) 
P . O .  Box 187 
630 Windmill 
Dartmouth , N . S .  
B 2Y 3Y3 

Sensors 
available 

5-9X9 WILD 

Bendix thermal 
scanner 

1-9X9 WILD 
RC8 

Lenses 
available 

88 mm 
152 mm 

152 mm 

Film types 
available 

BW, NC+, NC-, CIR 

BW , NC+, NC-, CIR 

Oblique 
vertical 

Vertical 

Vertical 

1 : 50 000 
photography 

on 9" X 9 "  

Yes 

No 
(Yes in 

near future) 

See Northway Survey 

Lenses 
available 

for 1 : 50 000 

88 mm 

Number of camera 
ports for 

1 : 50 000 

2 

Active in 

East of Mani toba 
USA 
Overseas 

Saskatchewan , Man . 
N/W Ontario 
Office in Saskatoon, 
Saskatchewan 

w 
w 



TABLE 1 .  (cont . )  SUMMARY OF AIR SURVEY COMPANIES ACTIVE IN REMOTE SENSING 

Company 

Burnett 
Resource 
Surveys Ltd . 
2 973 Lake 
Cityway 
Burnaby , B . C .  
V5A 3A1 

Also - Burnett -
Whiffen 
Resource Surveys 

Capital Air 
Surveys Ltd . 
R .R .  116 

Sensors 
available 

2-9X9 WILD 
RC8 

1-70 mm 
Various 35 mm 

2-9X9 WILD 
11-9X9 Zeiss 
Various 7 0  mm 

Pembrooke , Ont o Vinten 
K8A 6W7 Thermal scanner 

GAR-X Air 
Survey Ltd .  
1 Place Lavel 
Suite 200 
Laval , Quebec 
H7N 1A1 

1-9X9 WILD 

Lenses 
available 

152 mm 

Film types 
available 

BW , NC+, NC-, CIR 

8 8 , 152 mm BW, NC+, NC-, CIR 
305 mm 
6 1 0  mm 

Various 
lenses 

for 70 mm 

88 , 1 52 mm BW, NC+, NC-, CIR 

Oblique 
vertical 

Vertical 

Oblique , 
vertical 

Vertical 

1 : 50 000 
photography 

on 9" X 9 "  

No 

Yes 
Also 

Lenses 
available 

for 1 : 50 000 

1 : 45 000 With 

88 mm 
152 mm 
305 mm 

Yes 88 mm 

Number of camera 
ports for 

1 : 50 000 

2 

Active in 

All of Canada 
Offices in Calgary, 
Alberta 
St . John ' s ,  
Newfoundland 

Worldwide 

Worldwide 

W 
.I::"-



TABLE 1 .  ( cont . )  SUMMARY OF AIR SURVEY COMPANIES ACTIVE IN REMOTE SENSING 

Company 

Geographic Air 
Survey Ltd .  
1 2851 - 1 48 S t .  
Edmonton, 
Alberta 
T5L 2H9 

Global Remote 
Sensing Inc . 
650 Woodlawn 
Road West 
Unit 6B 
Guelph, Ont o 
M1H lB6 

Integrated 
Resources 
Photography Ltd . 
P . O .  Box 2 2 7 8  
3 1 0  Water St . 
Vancouver , B . C. 
V6B- 3W5 

Sensors 
available 

1-9X9 WILD 
70 mm Vinten 

2-9X9 WILD 
RC 10 

1-9X9 WILD 
RC10 

3-70 mm 
Vinten 

Various 35 mm 
- Thermal 

scanner 
purchase under 

negotiation 

Lenses 
available 

153 mm 
1 2 "  

6 "  
3 "  

152 , 152 mm 

152 mm 

3 " ,  6 " ,  1 2 "  

Various 

Film types 
available 

BW , NC+, NC- , CIR 

BW , NC+, NC-, CIR 

BW, NC+, NC- , CIR 

Oblique 
vertical 

Vertical 

Oblique 
Vertical 

Oblique 
70 mm & 35 mm 

Vertical 
all 

1 : 50 000 
photography 

on 9" X 9 "  

Yes 
Near future 

No 
1 : 30 000 
or larger 

No 

Lenses 
available 

for 1 : 50 000 

88 mm 

152 mm 

Number of camera 
ports for 

1 : 50 000 Active in 

Western Canada ,  
Yukon, Northwes t 
Terri tories 

Worldwide 

Canada west of 
Manitoba & Yukon 

W 
l.Jl 



TABLE 1 .  (cont . )  SUMMARY OF AIR SURVEY COMPANIES ACTIVE IN REMOTE SENSING 

C ompany 

Intertech Remote 
Sensing Ltd . 
2 84 1  Riverside 
Ottawa , Ont o  
K1V 8N4 
Affiliates -
Intera Environ
mental Consul
tants 

Kenting Earth 
Sciences Ltd . 
380 Hunt Club 
Ottawa , Ont o 
KlG 3N3 

Norcor 
Engineering 
& Research 
P . O . Box 2 7 7  
Yellowknife 
N . W . T .  
XOE 1HO 

Sensors 
available 

1-70 mm 
Vinten 
1-35 mm 
Olympus 

I-I2S Multi
spectral camera 

I-Daedalus 
Thermal scanner 
2-closed circuit 

t . v .  cameras 

1O-9X9 WILD 
70 mm Vinten 

35 mm 

1-9X9 Fairchild 
4-70 mm 

Hasselblad 
1-35 mm 

-Low light level 
-t . v .  digitizer 
for data aquist . 

Lenses 
available 

1 . 7 5  X 3 "  

150 mm 

Film types 
available 

BW, NC+, NC- , CIR 

310 mm BW , NC+, NC-, CIR 
85 , 152 mm 

5 0 ,  80 mm 
28-50 mm 

150 mm 
40 , 100 , 
1 50 mm 

25-300 mm 

BW , NC+, NC-, CIR 

Oblique 
vertical 

Vertical 

Vertical 

Oblique , 
vertical 

1 : 50 000 
photography 

on 9" X 9 "  

No 

Yes 

Yes 

Lenses 
available 

for 1 : 50 000 

85 , 152 mm 

150 mm 

Number of camera 
ports for 

1 : 50 000 

2 in DC3 
A/C 

Active in 

. Worldwide , 
offices in 
Calgary, Alberta 
& Hous ton ,  Texas 

Worldwide , 
offices in 
Calgary, Alberta , 
Kano and Lagos 
Nigeria 

All of Canada 
especially Arctic , 
overseas 

W 
0'\ 



TABLE 1 .  ( cont . )  SUMMARY OF AIR SURVEY COMPANIES ACTIVE IN REMOTE SENSING 

Company 

Pacific Survey 
Corp . 
1409 West Pender 
Vancouver ,  B . C .  
V6G 2S4 

Photosur Inc . 
130 Que st 
Sherbrooke , 
Montreal , P . Q .  
H3A 2R5 

Sensors 
available 

2-9X9 Zeiss 

4-9X9 WILD 
RC1 0  
RC8 

35 mm 
Thermal scanner 

- Part of Proton magnetometer 
Lavalin Group 
( International) 

Northway -
Gestault 
Survey Corp . 
1 4 5 0  O ' Connor 
Toronto , · On t .  
M4B 2V2 
See Also 
Atlantic Survey 
Pacific Survey 

Various - 35 mm 
( Special) 

- Spectral data 
multi-spectral 

camera 

Lenses 
available 

1 53 mm 
305 mm 

88 , 1 5 2  mm 

N . A. 

85 , 1 52 mm 

Film types 
available 

BW , NC+, NC-, CIR 

BW , NC+, NC- CIR 

BW , NC+, NC-, CIR 

Oblique 
vertical 

Vertical 

1 : 50 000 
photography 

on 9" X 9 "  

No 

Lenses 
available 

for 1 : 50 000 

Number of camera 
ports for 

1 : 50 000 

See also Northway Survey 

Vertical 

Oblique , 
vertical 

Yes 

Yes 

88, 152 mm 2 

85 , 152 mm 2 

Active in 

Canad a ,  west of 
Saskatchewan 

Worldwide 

Worldwide 
if economical 

LV 
" 



TABLE 1 .  ( cont . )  SUMMARY OF AIR SURVEY COMPANIES ACTIVE IN REMOTE SENSING 

Company 

Northwest 
Survey' Corp'. 
Tnt,' l Ltd . 
1-72"(}3-l til:r- kYlC'�. 
Edmonton, Alta . 

Prairie 
Agriphoto Ltd. 
P . O ,  Box . 8 1 7  
Carman. Man . 
ROG OJO 

Terra Surveys 
2060- Walkley Rd . 
Ottawa, Ont o  
KIG 3P5 

Sensors 
available 

3-9X9 WILD 
RC-lO 
RC8 

Thermal'- scanner 

Various-7 0  mm 
Hasselblad 

2-9X9 WILIJ 
RC1 0  
RC9 

Various-35 mm 

Lenses 
available 

3 1 / 2 , 6 "  

40,  5 0 ,  80 
mm 

88 , 1 5 2  mm 

9-50 mm 

Film types 
available 

BW , NC+, NC- , CIR 

BW", NC+, NC- CIR 

BW, NC+, NC- ,  CIR 

Oblique 
vertical 

Oblique , 
vertical 

Oblique , 
vertical 

Vertical 

1 : 50 000 
photography 

on 9" X 9 "  

Yes 

No 

Yes 

Lenses 
available 

for 1 : 50 000 

3 1 / 2 , 6 "  

88 mm 

Number of camera 
ports for 

1 : 50 000 Active in 

2 Worldwide , 

2-IN DC3 
A/C 

offices in 
Whitehors e ,  Yukon, 
& Yellowknife , 
Northwest Territ
ories 

Manitoba 
Saskatchewan 

Worldwide , 
offices in U . S .A . , 
South Africa , 
Aus tralia , Guyana 

w 
00 



TABLE 2 .  SCALE FACTOR RATIOS BETWEEN HIGHER AND LOWER ALTITUDE AERIAL PHOTOGRAPHS1 

Lower 
alti tude 

Kodak 2405 

Kodak 2424 

Kodak 2 445  

Kodak 2448 
(original) 

Kodak 2 405 
B&W 

print 

1. 00 

Higher altitude 

Kodak 2424 
B&W/IR 

print 

1 . 26 

1 . 00 

Kodak 2445 
Col .  neg . 

print 

1 . 71 

1 . 36 

1 . 00 

Kodak 2448 
Col. pos . 

transparency 

Kodak 2443 
Col . IR 

transparency 

Original Duplicate Original Duplicate 

1 . 4 5  1 .  7 5  1 . 60 2 . 00 

1 . 1 6  1. 40 1 . 28 1 . 60 

0 . 85 1 . 11 0 . 94 1. 1 7  

1 . 00 1 . 30 1 . 10 1 . 38 

1The following costs have been included in the calculations : film purchase , processing , and reproduct ion 
( continuous contact duplicating) where applicable . All calculations are based on 1979  National Air Photo 
Library costs converted to a per foot basis . 

w 
'" 
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FORESTRY APPLICATIONS OF MEDIUM- AND SMALL-SCALE 
AERIAL PHOTOGRAPHS 

Philip Gimbarzevsky 
Petawawa National Forestry tnstitute 

Canadian Fores try Service 
Environment Canada 

Ot tawa , Ontario 

ABSTRACT 

The f o re s t  indus t ry ha s 
p l a y e d  a n  a c t i v e r o l e  i n  t h e  
d ev e l opme n t  o f  a i r b or n e  r e m o t e  
s e n s i n g  i n  C a n a d a , a n d  ae r i a l  
pho tography i s  now a widely accepted 
t e c h n o l o g i c a l  t o o l  f o r  t h e  
acquisi tion of forest resource data . 
I n  p r a c t i c a l  a p p l i c a t i o n  t h e  
s tereoscopic analysis of black-and
whi te and color aerial pho tographs is 
accepted as a rapid , accurate , and 
economic survey method to provide 
e s s en t i al informa ti on requ i r e d  in 
logging operations , reforestation , 
forest engineer ing , or environmental 
assessment . 

This paper describes the 
application of air photo analysis 
t e c h n i q u e s a n d  e x t r a c t i o n  o f  
q u a n t i t a t i v e  a n d  q u a l i t a t i v e  
information on forest cover , physical 
characteristics of forest land , water 
r e s our c e s , and s i g n i f i cant s i te
specific features associated with the 
operating area . Selected examples 
demonstrate the usefulness  of medium
and large-scale aerial photography 
i n  va r i ou s  p h a s e s  o f  f o r e s t ry 
operations . 

INTRODUCTION 

The year 1 9 7 9  marks an 
important anniversary in the history 
o f  aerial  pho tography in Canada . 
Exactly 60 years ago , in the summer 
o f  1 9 1 9 ,  E l lwo o d  Wi l s on , Chi e f  

F o re s t e r  o f  the Lauren t i an P aper 
Company , arranged through the St . 
Maurice Protective As sociation a loan 
of two Curtiss  HS-2L flying boats to 
assess their usefulness for forest 
fire patrols and to checl<. the spread 
of spruce budworm infestations . In 
addition to making notes and sketches 
o f  featur e s  o b s e rved during the 
flight , he used a hand-held camera . to 
obtain a number of photographs of the 
company ' s ·  limits . This  first attempt 
proved to be qui te succes s ful ; after 
s eeing the weal th of informa t i on 
c o n t a i n e d  i n  a s i n g l e  a e r i a l  
photography, Wilson became a mos t  
enthusiastic promoter o f  aircraft and 
aerial photography for forest surveys 
in Canada . 

The introduction of aerial 
pho tography and development of photo 
interpretation techniques produced 
d ra s t i c  c ha ng e s  i n  t r a d i t i o n. l  
" timber cruising" ,  which often was 
done by simply "walking" the area and 
o cularly e s t imat ing the ava i l ab l e  
timber . Since a reliable volume 
e s t i m a t e  w a s c o n s i d e r e d  a 
p r er equi s i t e  to succ e s s ful lumber 
operation, the aircraft and aerial 
photography soon were accepted as 
c o nveni ent invent o ry too l s . The 
practical use of aerial photography 
in Canadian forestry has progressed 
gradually from a substitute for the 
m�p and aerial sketching during the 
early 1 920 ' s to an important source 
of forestry information several years 
later . 



Thi s  pr e s en t a t i o n  i s  an 
overview of some practical uses of 
aerial photography , in the acqui sition 
of essential data for management of 
forest land . It includes a summary 
o f  the b a s i c  cha r a c �e r i s t i c s  of 
a e r ia l  p h o t o g r a p h s , a b r i e f  
description of photo interpretation 
procedures , and selected examples to 
illustrate the application of these 
p r o c e d u r e s  i n  r e c e n t  s u r v e y s  
c o n d u c t e d a t  va r i o u s  i n t en s i t y  
levels . 

AERIAL PHOTOGRAPHY 
AS A SOURCE OF INFORMATION 

Aerial photogaphy is tbe 
b e s t  known and mo s t  wi d e ly used  
produc t of  the photographic remote 
s ens ing s y s t em .  It pre s en t s  a 
s e gmen t  of the ear th ' s surface  
recorded on  a sensitized film via an 
o p t ic a l  s y s t em from an airborne 
platform. Basic characteristics of 
aerial photographs may be related to 
imaging sys tems , geome t ry ,  s c al e ,  
s pe ctral . band , season , and hard copy , 
a s  shown in Table 1 .  

Mo s t  c ommo n i n  f o r e s t  
surveys is the conventional ( 2 3  cm X 
2 3  cm) , vertical , medium- or small
s cale panchromatic photography flown 
during the late spring or summer at a 
s pecified scale . 

The scale of a photograph 
r e f e r s  t o  t h e . " r e p r e s en t a t i v e  
fraction" (RF ) , which indicates the 
ratio of a distance on the photograph 
to its corresponding distance on the 
ground . The RF is the relationship 
between the focal length of the lens 
and the height of the aircraft above 
the ground (RF = f ) . 

H 

By the i r  
f r ac t i o n" , aerial  
grouped into small , 
scales : 

,.. 

" r epre s en t a t ive 
pho t o graphs are 

medium, and large 
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Small scale : smaller than 1 : 30 000 
Medium scale : f rom 1 : 10 000 

to 1 : 30 000 
Large scale : larger than 1 : 10 000 

This grouping is arbi trary 
and quite subjective . Designations 
have changed several times with the 
increased working altitude of the 
a i r c r a f t  and devel o pment o f  new 
optical systems . Between 1 919  and 
1 9 2 8 ,  f o r  examp l e , the sma l l e s t  
a v a i l a b l e  s c a l e s  o f  a e r i a l  
pho tography , wi th an 8 .  25-inch focal 
length , were 1 :  9 000 and then 1 :  12-
000 . In 1 928 , with the introduction 
of Fairchild Seaplane , the smallest 
possible scale was extended to 1 :  14-
500 , and after 1 94 5 ,  wi th the 6-inch 
optical system, it was possible to 
obtain conventional photography at 
the scales of 1 : 31 680 , 1 : 40 000 , and 
1 : 50 000 . In the early 1 9 6 0 ' s ,  
l imi t ed coverage o f  the At l a n t i c  
coastal area a t  the scale o f  1 :  8 0  000 
was pho tographed by the RAF , and 
portions of Ontario and the eastern 
Arc tic were pho tographed by the U-2 
overflights .  These photographs were 
c o n f i d e n t i a l  or . had a re s t r i c ted 
dis tribution. In 1970 , for the first 
t ime , extensive coverage of over 2 
million km2 of wes tern Canada was 
obtained at the scale of 1 : 80 000 for 
the LIFT program, with a short focal 
length optical system (f = 80 mm) , 
and a year later for the Mackenzie 
pipeline corridor study . At the same 
time , as support for the experimental 
ERTS research projects , the Airborne 
Unit of CCRS provided pho to coverage 
at scales ranging from 1 :  100 000 to 
1 : 160 000 , using a multicamera system 
in CF-100 military aircraft . 

In view of these changes ,  a 
t e n t a t i v e  g r o u p i n g  o f  a e r i a l 
p h o t o g r a ph s  by s c a l e s  m a y  be  
presented as follows : 
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Ultrasmall scale : 

Small scale : 

Medium scale : 

Large scale : 

Very large or extra 

smaller than 
1 : 80 000 

from 1 : 30 000 
to 1 : 80 000 

from 1 : 10 000 
to 1 : 30 000 

from 1 : 2  000 
to 1 : 10 000 

large scales : larger than 
1 : 2  000 

Conventional small-scale 
photo coverage ( 1 : 40 000 or 1 : 60 000 ) 
now is available for all parts of 
Canada . A c ompl e te ( and o f t en 
repetitive ) coverage of forest areas 
is .available also at the scales of 
1 : 15 840 or 1 : 31 680 from flights for 
the provincial forest inventorie s . 

T h e  N a t i on a l  A i r  P h o t o  
Library ( NAPL) in  Ot tawa , officially 
e stablished in 192 5 ,  is the central 
d eposi tory for aerial photography in 
Canada . It maintains a complete 
record of photo coverage ( "A" serie s )  
o b t ained b y  the Canadian aerial  
surveying industry for  the federal 
government . The roll numbers usually 
identify the year of photography; for 
example , roll number "A 19384 "  means 
that the photography was obtained in 
1 96 6 .  The 1 9 7 9  photography s tarts 
with Roll No . 25086 . 

Some of the provinces , such 
a s  B r i t i s h  C o lumb i a , Al b e r t a ,  
O n t a r i o �  a n d  Q u e b e c , ma i n t a i n  
p r o vi n c i a l  p h o t o  l i b r a r i e s  a n d  
indexing systems . 

Na tural r e s ourc e  indus
tries , municipalitie s , educational 
i n s t i t u t i o n s , a n d  r e s e a r c h  
organizations of ten contract or take 
their own photography . 

A l m o s t  a l l  a e r i a l 
pho tography in Canada is  done by the 
aerial survey companie s ,  members of 
the Canadian Association of Aerial 
Surveyors , which have an excellent 
n a t i o n a l  a n d  i n t e r n a t i o n a l  

reputation . 

E x t r ac t i o n  o f  ess ential  
information from aerial photographs 
f o r  f o r e s t  s u r v e y s , r e s o u r c e  
inventories , or terrain analyses is 
performed by the trained professional 
and technical staff of the user or by 
the consulting indus try . 

EXTRACTION OF INFORMATION 
FROM AERIAL PHOTOGRAPHS 

In the early 1920 ' s ,  aerial 
pho tography came to be regarded not 
a s  a map sub s t i tu t e  but as an 
important source of information that 
can be measured , counted , described , 
and translated into a useable form 
for a specific purpose or can be 
i n t e r p r e t e d  e a s i l y . T h e 
interpretation of aerial photographs 
became an essential function of the 
p r a c t i c a l  app l i c a t i o n  o f  aer ial 
p h o t o g r a p h y  to p r o d u c e  u s e f u l  
information . The principal process 
of photo interpretation inc ludes the 
a n a l y s i s ,  m e a s u r e m e n t ,  a n d  
c l a s s i f i c a t i o n  of ob served ground 
f e a t u r e s  r e p r e s e n t e d  o n  t h e  
pho tographs as pat terns of grey tones 
o r  hue s o f  c o lor . I t  invo lves 
detection, recognition , and grouping 
o f  image e l emen t s  by d i a gno s t i c  
s i g n i f i c a n c e  f o r  p o s i t i v e  
i de n t i f i c a t i o n  o f  the ac tual or 
ground conditions they represent . 

In order to interpret an 
image and to extract the required 
i n f o rma t i o n ,  the imag e  c omponen t s  
mus t  b e  recognized and identified . 
The identification is a deductive 
process , which requires a systematic 
a n a l y s i s  o f  d e t e c t e d  i m a g e  
c ompone nt s . A thre e- d imen s i onal 
s tudy of individual pattern elements 
such as shape , size , tone , texture , 
shadow , and spa tial arrangement or 
t he i n t e r r e l a t i o n s h i p  o f  t h e s e  
e l e m e n t s  p r o v i d e s  d i a g n o s t i c  
c h a r a c t  e r i s t i c  s f o r  t h

"e 
identification of specific vegetation 



or terrain features . In actual air 
photo analysis , a single element or 
several elements may be listed as 
diagnostic features ; for example , the 
shape and size of an object at a 
known s c a l e  of pho t o graphy are 
u sually impo rtant ind i c a t o r s  for 
estimating the height of a forest 
s tand or the identi f i c a t i o n  of 
geomorphic land forms . Tone and 
color are also useful indicators for 
the r e c o gni t i on of f o r e s t  typ e s ,  
s pec ie s compo s i t i on , or drainage 
cond i t i o n s  of the land sur fac e . 
Textur e in an ae r i a l  pho tograph , 
created by the repetition of small 
objects such as individual trees , 
p r o v i d e s  rel iable clue s for  the 
i dent i f i ca t i on of coni ferous and 
deciduous forest types . Shadow is  
often an important element in  the 
rec o gni t i on of a par t i cular tree 
species . The spatial arrangement or 
relationship to other obj ects  forms a 
d i s t i n c t  p a t t e r n  o n  an a e r i a l  
photograph and often is used as a 
reliable indicator to determine the 
mo i s ture cond i t ions  of the land , 
shallow soils over bedrock, or to 
infer  the s p e c i e s  compo s i t io n  o f  
forest types . 

FORESTRY PHOTO INTERPRETATION 

In the development of photo 
interpretation techniques and aerial 
survey methodology best sui ted to 
Canad ian cond i t ions , the CF S has 
played a leading role from the very 
b e g i n n i n g . I t  p i o n e e r e d  t h e  
d e v e l o p m e n t  a n d  t e s t i n g o f  
s p e c i f i c a t i o n s  f o r  a e r i a l  
photography , instrumentation for the 
extraction of essential data from 
aerial photographs and transfer to 
the map , simplification of combined 
photo-field procedures , compilation 
o f  v o l um e t r i c  d a t a , a n d  t h e  
r e q u i r e m e n t  o f  s t e r e o s c o p i c  
e x am i n a t i o n  t e c hn i qu e s  f o r  t h e  
r e c o g n i t i o n  o f  t r e e  s p e c i e s , 
delineation of forest types , or basic 
characteristics of forest land (Seely 
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1 9 5 7 ,  Parry 1 973 ) .  

Two na t i o n-w i d e  f o r e s t  
r e s our c e  surveys car ried  out in 
Canada under the federal-provincial 
fores try agreements have contributed 
greatly to the advancement of remote 
sensing technology in forestry : the 
forest inventories of some 3 000 000 
km2 i n  1 94 9  and the Canad a Land 
Inven t o r y  Cla s s i f i c a t ion Program 
involving a 2 500 000-km2 area in 
1963 . Both surveys were conducted by . 
the CF S in coope r a t ion wi th the 
provin c e s  and were  based almo s t  
entirely on the application of aerial 
pho tography . These surveys provided 
an excellent opportunity for a large 
number of Canadian fo r e s t e r s  to 
p a r t i c i p a t e  i n  o p e r a t i o n a l  
application of remote sensing and to 
receive training in practical aspects 
of photo interpretation and resource 
mapping (Gimbarzevsky 1 972 ) .  

Fores try photo interpreta
t i o n  employs the image analys i s  
t e c hn ique s t o  provi d e  e s s e n tial 
information on tree species , height , 
d e n s i t y ,  a n d  o t h e r  p a r ame t e r s  
required for accurate determination 
of qual i t y , quan t i ty , and areal 
extent of the f o r e s t  resour c e . 
Although the working procedures at 
present employed in Canada may vary 
from region to region ,  the general 
me thod i s  e s s e n t i al ly the same , 
i n v o l v i n g  t h e  i d e n t i f i c a t i o n , 
measurement , and classification of 
forest resources from a sys tematic 
a n a l y s i s  o f  d i a g n o s t i c  
c h a r a c t e r i s t i c s  p o r t r ay e d  o n  a 
s t e r e o s c o p i c  mod e l  of the land 
surface . The end product of the 
forest appraisal process is usually a 
f o r e s t  map and quanti f i c a t i o n  of 
inventory data compiled according to 
the specific needs of the survey . 
T h e  s c a l e  a n d  t y p e  o f  a e r i a l  
p h o t o g r a p h y  u s e d  i n  p h o t o  
interpretation depend on the amount 
of required detail , size of the area 
t o  b e  s u r v e ye d , o r  ava i l ab l e  
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resources . The time frame for the 
acquisi tion of resource data is often 
a l s o  an impo rtant f a c t o r  in the 
selection of survey intensi ty level 
and app r o p r i a t e  s c al e  of aerial  
photography . 

!NTENSITY LEVELS OF FOREST SURVEYS 

The app r a i s a l  of f o r e s t  
r e s o u r c e s  m a y  be  c o nd u c t e d  a s  
r e c o n n a i s s a n c e , man a g emen t , o r  
operating  surveys , ind icating  the 
intensi ty level of presented resource 
data . In addition, there are special 
s u r v e y s , d e s i g n e d  t o  p r o v i d e  
i n f o rma t i o n  f o r  s o me s p e c i f i c  
problems . 

RECONNAIS SANCE AERIAL SURVEY 

T h e  r e c o n n a i s s a n c e  o r  
exploratory aerial surveys usually 
a r e  condu c t e d  to acqui r e  general 
r e s our c e  inf o rma t i o n  on extensive  
areas fo r broad initial planning or 
formulation of policy.  This  survey 
level is used also for design of more 
d e t a i led inven to r i e s . Ful l use 
general ly is  made of smal l - s c al e  
pho tography ( 1 : 40 000, 1 :  6 0  000 ) to 
d e l inea te  broad land s c ape uni t s , 
d i s t r ibut i o n  o f  f o r e s t  cover , or  
acces s for  field inves tigation.  A 
quick overview of a large area of ten 
i s  obtained by assembling al ternate 
photographs into a stapled mosaic and 
u s i n g  m a t c h i n g  p r i n t s f o r  
s t e r e o s c o p i c  viewing to del ineat e 
broad patterns of physiographic and 
vegetation features , as illustrated 
in Figure 1 .  

Figure 1 .  Stapled mosaic provides a quick overview of some 8 000 km2 area of 
d e l ineation o f  broad phys i o graphi c uni t s  and f o re s t  cover . 
Location : NTS 63F , Man .  



The survey level is based 
a l m o s t  e n t i r e l y o n  p h o t o  
interpretation techniques to provide 
suf fi c i en t  informa t i o n  for rough 
e s t i m a t e s  o f  m a j o r  r e s o u r c e  
characteristics , such as forested and 
nonforested areas , dominant .forest 
types ,  broad merchantibi1ity classes , 
burnt-over or logged areas , general 
p h y s i o g r a p h i c  f e a t u� e s , e t c . 
Usually , very little or no fieldwork 
is involved . 

MANAGEMENT AERIAL SURVEY LEVEL 

A e r i a l s u r v e y s  f o r  
management purposes are designed to 
p r o v i d e  d e t a i l e d  e s t im a t e s  a n d  
descriptions o f  major forest resource 
f e a t u r e s  t o  fac i l i t a t e  management 
decisions . The survey procedures 
involve a combined effort of photo 
inte r p r e t a t i o n  and f i e ldwork . A 
stereoscopic analysis  of medium-scale 
a e r i a l  pho to g raph s ( 1 : 1 5  840 o r  
smaller ) and stratification o f  the 
forest land into forest types or land 
productivity classes is based on the 
r e c o gni t i o n  of  tree s p e c i e s  and 
m e a s ur eme n t s  o r  e s t i ma t i o n  o f  
height s , crown diameter  o r  s tand 
density , topography , soil texture,  
and drainage conditions according to 
prearranged standards . Fieldwork or 
collection of "ground truth" is an 
essential and the most expensive part 
of  any aerial survey and requires 
proper planning and preparation.  As 
there is no substitute for field 
exper ienc e ,  the interpr e t er who 
w o r k e d  o n  t h e  p r e l i m i n a r y  
classification usually takes part  in 
f i e l d  v e r i f i c a t i o n  t o  c o n f i rm 
previous results or to make revisions 
or corrections , where necessary . 

T h e  f i n a l  r e s u l t s  a r e  
presented as forest cover types with 
or without indication of productivity 
c l a s s  o r  a s  l a n d  u n i t s  w i t h  
superimposed forest types .  Forest 
cover types are usually stratified by 
the spec i e s  or s p e c i e s  group s , 
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density of the stand , average height 
c l a s s e s , s t a n d  s t r u c t u r e  a n d  
condition classes . .  Product ivi ty of 
the forest type may be indicated as a 
s i  te class or classified by dominant 
phys ic al charac te r i s t ic s  of land 
unit.s . 

Figures 2 ,  3 ,  and 4 are 
e x amp l e s  of i n t e r p r e t e d  ae r i a l  
photographs illustrating a common use 
o f  a e r i a l  ph o t o g r a p h s a t  t h e  
management ' survey level . 

OPERATING AERIAL SURVEY LE VEL 

T h i s  s u r v  e y le v e l  i s 
intended to provide the de tailed , 
local data required to ' assess the 
quanti ty , quality , use sensiti vi ty , 
etc . , of the forest land resources 
and their treatment needs . Medium
scale · aerial photography ( 1 : 10 000 , 
1 : 1 2 000, or 1 : 15 840 )  is used for 
f ine s t r a t i f i c a t i o n  by ind ividua l  
s p e c i e s  or spe c i e s  compo s i t ion, 
height classes , densi ty ,  age cla s se s ,  
and volume per .hectare classes . The 
operational survey level ·. is used also 
f o r  del in e a t i o n  of f o r e s t  s i t e  
c 1 a s s  e s t  0 i n d i c a t e  a c t u a l  
productivity of map uni t s ,  sites wi th 
regeneration difficulties , natural ly 
infertile sites , sites susceptib 1� to 
erosion or cut t ing hazards ,  terrain 
units sui table for heavy�duty road 
c o n s t ruc t i o n · and summer log ging 
operations , or land units by terrain 
roughness., slopes , and obstacles for 
p l anning mechanical logging and 
planting (Figure 5 ) .  

SPECIAL AERIAL SURVEYS 

These surveys , cus tomarily 
d e s  i g n  e d f o r  s p e c i f i c s i n g  1 e 
purpose s , may be conducted at any 
intensity level and , in addition to 
conventional photo coverage , often 
r e q u i r e  c o m p l e m e n t a r y  a e r i a l  
p h o t o g r a p h y  b e s t  s ui t ed f o r  a 
par t i cular pro b l em .  The c o l o r  
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photography , color infrared , modified 
infrared , or a mu1tidate coverage , 
:for example , '  provide a practical tool 
for damage appraisal , monitoring and 
a s s e s s m e n t  o f  d e p l e t i o n ,  
d e t ermina t i o n  o f  nonconsump t ive 
value s o f  f o r e s t  land , ero s i o n  
.control ,  etc . 

CONCLUSION 

Aerial photography , since 
its introduction in 191 9 ,  has become 
a reliable , economical , and efficient 
technological tool in forest surveys . 
The photo interpretation technique 
b a s e d · on a c o m b i n e d  e f f o r t  o f  
fieldwork and stereoscopic analys is  
h a s  b e c o m e  a m e t h o d i c a l  a n d  
systematic data acquisi tion process :  
the work usually begins with the 
r e c o g n i t i o n  o f  known , g e n e r a l  
f ea ture s ,  and proceeds  gradua l ly 
toward identification, measurement , 
and classification of less  familiar 
complex conditions . 

A l t h o u g h  t h e  i n v en t o r y  
n e e d s  w i l l  c h a n g e  w i t h  t h e  
intensification of forest management 
and some mod i fi c a t ions  wi l l  be 
r e qu i r e d t o  t h e  p r e s e n t  pho t o  
i n t e r p r e t a t i o n  t e c h n i q u e s and 
m e t h o d s , c o n v e n t i o n a l  a e r i a l  
photography will continue to be the 
most dependable remote sensing tool 
in resource surveys , particularly in 
forest inventories at the operational 
level and to provide ground truth · for 
p r o c e s s i n g  i n f o r m a t i o n  f r o m  
nonphotographic sensors . 
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Table 1 .  Basic characteristics of aerial photography 

Imaging sys tems 
( cameras)  

- Conventional format:  
( 23  cm X 23 cm) 

- Small format : 
- 70 mm 
- 35 mm 

- Panoramic 

- Continuous s trip 

- Multicamera 

Geometry 

- Vertical 

- Oblique 
- low 
- high 

- Trimetrogon 

Scales 

- Ultrasmall 
« 1 :  80 000 ) 

- Small 
( 1 : 30 000 - 1 : 80 000 ) 

- Medium 
( 1 : 10 000 - 1 : 30 000 ) 

- Large 
( 1 : 2  000 - 1 : 10 000 ) 

- Very Large 
(>1 : 2  000 ) 

Spectral bands 

- Panchromat ic 

- Infrared 

- Color-true 

- Color IR 

- Multispectral 

Season of 
photography 

- Spring 

- Summer 

- Fall  

- Winter 

Hard copy 

Contact prints 
paper 

- trans parency 

- Enlargement 

- Reduct ion 

- Rectified pr ints 

- O ther pho tos 

- Enhanced pr ints 

+" 
--...J 
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Figure 2 .  Aerial photograph interpreted for a management survey . 



Figure 3 .  Aerial photograph interp reted for a management s urvey . 

49  



Figure 4 .  Aerial photograph interpreted for a management survey . 
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Figure 5 .  Aerial photograph interpreted for an opera
tional survey . 
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LARGE-SCALE PHOTOGRAPHY FOR FOREST INVENTORY: 

ABSTRACT 

PROBLEMS AND LIMITATIONS 

Andrew Jano 
Ontario Centre for Remote Sensing 

-Minis try of Natural Resources 
Toronto , Ontario 

Several inves tigators have 
d eveloped suc ce s s ful me tho d s  and 
sys t ems f o r  taking and analyzi ng 
large-scale photography for inventory 
purpo s e s . The me tho d o logy being 
developed by the Ontario Centre for 
Remo t e  Sens ing i s  s t i l l  in the 
research stage . The results so far 
i n d i c a t e  s p e c i f i c  a r e a s  wh e r e  

improvement i s  needed before practi
cal applications may be considered . 
Aside from photogrammetric problems , 
i t  seems that the parameters of the 
dbh es timator are s tand specific and 
vary considerab ly from plot to plot 
wi thin the same stand . Photographic 
and ground data collected during the 
p a s t  2 y e a r s a r e  a n a l y z e d  t o  
d e m o n s t r a t e  t h i s p r o b l e m a n d  
determine its extent . 



INTRODUCTION 

S i nc e  1 9 7 5 ,  the Ont a r i o  
C e n t r e  f o r  Remo t e  S e n s i ng i n  
cooperation wi th the Timber Sales 
Branch of the Ministry of Natural 
Resources has been involved in the 
development of a large-scale aerial 
pho to  samp l ing method that could 
c omp l em e n t  or p o s s i b ly r e p l a c e  
operational crui sing on the ground . 
This  method wil l ,  in essence , replace 
all inventory ground data wi th either 
measur eme n t s  or es t imat e s  of the 
r equi r ed var i ab l e s  based only on 
pho togrammetric measurement s .  

Th e r e  a r e  two e q u a l ly 
important aspects to this approach : 

1 .  The equipment and methods used to 
a c q u i r e  a n d  m e a s u r e  t h e  
photography mus t  be capable of 
producing accurate and precise 
measurements of the photographed 
o b j ec t s .  Thi s  i s  s t r i c t ly a 
photogrammetric problem, although 
an unconventional one . 

2 .  The variables measured on the 
photographs mus t  be sui table for 
estimating the variables required 
f o r  the par t i cular invento ry 
application . 

During the pas t  two years , 
enough data has been collected to 
evalua t e  the pe r f o rman c e  of the 
method in the above terms . It seems 
that improvement is needed in both 
a spects  before the method can be put 
t.o practical use .  

Before each of these topics 
i s  discussed , a brief description of 
the development of the equipment and 
method a t  pr e s e n t  being used i s  
required . 

DEVELOPMENT OF THE EQUIPMENT 
AND METHOD FOR LARGE-SCALE 

PHOTO SAMPLING 

5 3  

A t  the beginning o f  the 
aerial crui sing program, the emphasis  
was placed on  direct measurement of 
t h e  he i g h t s and d i ame t e r s  o f  
deciduous trees on winter photography 
( Zs ilinszky and Palabekiroglu 1 9 75 ) .  
First 3 5-mm, then 7 0-mm: photography 
w a s u s e d . Me a s ur eme n t s  we r e  
p e r f o r m e d  o n  a f i r s t - o r d e r  
stereoplotter . When the fut ili ty of 
a p p l y i n g  t h i s a p p r o a c h  t o  t h e  
measur ement of conifers was realized , 
i t  wa s ab a n d o n e d  i n  f a v o r o f  
measuring the heights and crown areas 
o f  i n d i v i d ua l  t r e e s  o n  s umme r 
photography . To handle the large 
number of points required for crown 
area measurement s ,  a digitizer and a 
programmable calculator were added to 
the plotter . 

To evaluate the feasibili ty 
of estimating dbh ( or volume ) via 
regres s::i-0n height and crown area , in 
the pas t  2 years 40 test sites have 
been photographed and measured on the 
ground and on the pho tographs . The 
t e s t  s i t e s  wer e  located in pur e 
s tands of the mos t  common boreal 
s pecies . 

Panchromatic photography of 
sho rt s trips transecting preselected 
s tands was taken wi th a 7 0-mm Vinten 
camera equipped wi th a 6-inch lens . 
The contact scale was approximately 
1 : 1500.  

More-or-less-rectangular 
plot s with an average of 0 . 1 ha were 
s elected on the ground . All trees 
wi thin the p l o t  bounda r i e s  wer e  
t a g ge d  a n d  i d e n t i f i e d  o n  t h e  
photographs . Diameter measurements 
we r e  t aken of a l l  the t r e e s  and 
height measurements of about one
third of the trees . 

The photo measur ements were 
taken wi th a Wild A-9 s tereoplot ter 
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i n t e r f a c e d  wi t h  a W i l d  E K- 2 2 
digitizer and a Hewlett-Packard 9 81 5A 
programmable calculator .  Positive 
contact transparencies of the stereo 
pair containing the plot were set up 
on the plotter . Relative orientation 
of the model was performed in the 
u s u a l  ma n n e r ,  f o l l ow e d  b y  a n  
approxima te  ab s o lu t e  o r i ent a t i o n . 
The contact scale of the model was 
determined from photo measurement of 
known ground d i s tanc e s . Then , 
horizontal and vertical scales were 
calculated . Tree heights and crown 
areas were produced by the calculator 
when the model coordinates of the 
treeto p ,  base , and points along the 
crown perimeter were supplied . 

ANALYSIS OF THE RESULTS 

Processing and analysi s  of 
the aerial cruise data , which is 
essential ly a listing by species , 
height , and crown area of all visible 
trees within a plot of known area , 
was done by Dr . J .A.  Mervart of the 
Timber Sales Branch , MNR .  

Wi t h  the requirements of 
operational crui sing in mind , one of 
the main concerns was how specific 
the regression estimators were wi th 
regard to indi vidual species and , 
mos t  of all ,  to individual stands of 
the same species . The other concern 
was how well  the aerial measurement 
t e chnique perfo rmed in t erms of 
accuracy . 

I n  v i ew o f  t h e  a b o v e  
concerns , the study was restricted 
for the time being to the following 
s imple model originally proposed by 
Aldred and Sayn-Wittgens tein ( 1 972 ) :  

A A 
dbh ( or vol )  = Bo + B 1 • HT veA 

Dbh is  the estimated diameter , HT i s  
the tree height , CA i s  the crown 
area , Bo and B1 are the regression 
parameters . 

I n  t h e  c o u r s e  o f  t h e  
analys i s , dbh distributions , basal 
areas , gross total volumes , and dbh
height curves were calculated fo r 
each plot from both the ground and 
aerial data . Some of the plot s in 
t h e  1 9 7 8  t r i a l s  we r e  me a s ur e d  
i n d e p e n d e n t l y  b y  t w o  p l o t t e r  
operators , giving two set s  of aerial 
data . 

Re s ul t s  of the analys i s  
regarding the preci sion of the aerial 
crui se and the specific i ty of the 
e s t ima t o r s  can be summa r i z ed a s  
f o l lows (J  . A .  Me rvart ,  pe r s o nal 
communication,  197 9 ) :  

L S t a n d a r d  e r r o r  a b o u t  t h e  
regress ion of dbh on HTvCA ranged 
between 5% and 15%  of the mean . 

2 .  Estimate of height appears to be 
the mos t  vulnerable part of the 
aerial crui se . 

3 .  The dbh es timato rs appear to be 
s p e c i e s  s p e c i f i c  a n d  s i t e  
s pecific . 

4 .  A comparison of the independent 
measurements indicates that the 
photo measurements are not free 
from personal bias . 

5 .  The e s t ima ted basal area pe r 
hectare figues were found to be 
wi t h i n  ± 3 %  o f  t h e  c o r r e c t  
value s . 

6 .  The volume per hectare figures 
were much les s  reliable due to 
t h e  i n f l u e n c e  o f  i n a c cur a t e  
height measurements . 

ACCURACY AND PRECISION OF THE PHOTO 
MEASUREMENTS 

Analys i s  of the aerial and 
g round data ind ic a t ed tha t the 
accuracy of height measurements is  
f ar from acceptable . There was a 
general tendency to overes timate the 



heights .  In some plot s , heights were 
overes tima ted by as much as 4 metres . 
A comparison of the aerial and ground 
dbh distributions indicated tha t ,  in 
a d d i t i o n t o  t h e  g e n e r a l  
overe s t imat io n  of height s ,  sma l l  
trees were overes timated more than 
tall trees . 

A comparison of the height 
.measuremen t s  of individual t r e e s  
taken by two independent operators 
showed an enormous scatter , while the 
crown area measurements of the two 
operators were in agreement . 

The difficulties encoun
tered in height measurements led to 
s everal conclu s ions . D i f f e r ences  
between independent measurements of 
the same trees can be associated with 
the measurement procedure .  While the 
treetop is usually clearly defined , 
the ground level i s  o f t en not ; 
the r e f o r e ,  the lack of adequa t e  
d e t a i l  n e a r  t h e  t r e e  b a s e - -
especially in dense stand s---make s 
the ground-level measur ement the 
s u s p e c t e d  c a u s e  o f  t h e  
discrepancies . 

As for the more or les s  
sys tematic overest imation of heights 
and dis tortions of the height-dbh 
curves , the problem appears to be 
r e l a t e d  to lack of t i p  and t i l t  
control i n  the photography and in the 
measurement procedure .  

Because o f  the smal l base
h e i ght  ratio of the pho t o g r aphy , 
differential Y-tilt errors have a 
s erious effect on the accuracy of 
m o d e l  h e i g h t  m e a s u r e m e n t s  b y  
distort ion o f  the photo base . The 
m o d e l  s c a l e s  d e t e r m i n e d  f r o m 
distances measured on the ground and 
from the pho to s are also influenced 
by differential tilt error.  The 
effects of the error on scale and 
model height are such that they tend 
to cancel each other when the actual 
heights are calculated . 
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Because the height is  cal
culated as the difference between the 
elevation of the tree base and the 
elevat ion of the treetop,  warping of 
the model caused by differential tilt 
error introduces an error similar to 
the one encoun tered when measur ing 
l e a n i n g  t r e e s  o n  t h e  g r o u n d . 
Depending on the direction of the 
t ilt , trees in the warped model wil l  
l e a n  i n w a r d  o r  o u t w a r d . A 
characteristic feature of the height 
measurement error due to differential 
tilt error is that the vert ical mod�l 
scale changes wi th the height above 
ground . Depending on the direction 
of the differential tilt , the scale 
changes directly ( convergent til t )  or 
inversely ( di vergent tilt ) wi th the 
height of the measured object s .  As a 
r e s  u 1 t , s m a l l  t r e e s w i  1 1  b e  
underes t imated relative to the tal l 
ones if the tilt is convergent , and 
t a l l  t r e e s  und e r e s t i ma t e d  wi t h  
respect to smal l ones in the case of 
di vergent tilt . Thi s  seems to be in 
agreement wi th the result s of the 
s tudy . 

The pr esence of a t i l t  
error resulting i n  height errors of 
s u c h  ma g n i t u d e  a f t e r r e l a t i v e  
o r i e n t a t i o n  h a s  a l r e a d y  b e e n  
performed is difficult to explain . 
In theory , it  is pos sible to perform 
relative orientation so lely on the 
basis  of paral lax di stribution in the 
mode l . As long a s  the rela t ive 
orientation is  accurate , and the tilt 
of the model does not exceed 50,  
accurate height measurement s  can be 
expected . 

It appears that to o much 
r e l i a n c e  o n  t h e  o p t i c a l  a n d  
mechanical procedures for clearing 
parallaxes in a stereo pair taken by 
a lens wi th unknown distort ions is  
r e s p o n s i b l e  f o r  t h i s  p r o b l e m . 
Although the Vinten lenses are not of 
p h o t o g r a m me t r i c  q u a l i t y , t h e  
dis tortions are probably not large . 
S t il l ,  since the Y-tilt ad justment is 
rather inef fective for clearing Y 
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parallaxes , elimination of a small 
a m o u n t  o f  p a r a l l a x  r e q u i r e s  
considerable change in differential 
tilt . 

In aerial sampling , tree 
height is usually the mos t  powerful 
var iable for  diame t e r  or vo lume 
e s t im a t i o n ;  c o n s e q u e n t l y , t h e  
reliabili ty o f  height measurements is 
absolutely critical for the success 
of the inventory project . 

The solut ion is to acquire 
accurate orientation data (altitude 
and tip and tilt ) independent of the 
photograph and to use it to orient 
the stereo model . On an analogue 
p l o t t e r  i t  wi l l  c r e a t e  v i s ua l  
problems throughout the model , making 
t h e m e a s u r e m e n t . p r o c e s s v e r y  
c u m b e r  s o m e • O n  a n a l y t i c a l  
ins truments ,  on the other hand , the 
presence of Y parallaxes does not 
create any difficulties because of 
the operating principle . 

LARGE-SCALE PHOTO SAMPLING 
FOR OPERATIONAL INVENTORY 

Regardles s  of the accuracy 
o f  t h e  va r i a b l e s  me a s u r e d  o r  
estimated from the photographs in 
terms of individual plot s ,  problems 
will be encountered when the aerial 
method is  used as an operational 
survey technique . The aerial method 
would be required to provide timber 
volume es timates of relatively high 
accuracy by individual . species and 
relatiyely narrow dbh classes . on an 
individual stand basis . 

According to our results ,  
h ow e v e r ,  t h e  d b h  e s t ima t o r  i s  
specific to both species and site ( or 
s tand ) . In some cases , est imators 
for ad jacent plots in the same stand 
s igni f i c an t l y  d i f fe red in the i r  
parame t e r s . Us ing the e s t imat o r  
derived for one plot in another stand 
would have serious consequences . The 
pooling of data is acceptable for 

es timat ing volume in a large block of 
s tand s ,  but applying it to individual 
s tands would lead to cons iderable 
errors . Naturally , if each s tand had 
to be ground sampled in order to 
d e r i v e  i t s  s p e c i f i c  r e g r e s s i o n  
estimato r ,  the aerial metho d could 
n e v e r  b e c o m e  o p e r a t i o n a l . 
Eliminating or at least minimizing 
the ground work is  one of the main 
prerequi sites for implementing aerial 
cruising on a larger scale . The 
f e a s ib i l i ty o f  the aerial me tho d 
therefore depends on finding a way to 
p r e d i c t  t h e  p a r a me t e r s  o f  t h e  
estimator fo r any species and fo r any 
s t a n d  o n  t h e  b a s i s  o f  s t a n d  
charac t e r i s t i c s  measurable o n  the 
photos .  

So far , the screening of 
available data did not reveal any 
c l o s e  a s s o c i a t i o n  b e twe e n  t h e  
parameters o f  the dbh es timato r and 
p a r ame t e r s  of the he ight curve , 
height-crown area ratio , and mean HT 
yeA fo r the gi ven stand . On some 
plot s ,  crown surface was measur ed as 
an addi tional variable . As may be 
expected , the crown surface and crown 
a r e a  a r e  h i g h l y  c o r r e l a t e d ; 
therefo re , inclusion of crown surface 
in the es timator would not greatly 
reduce the error . 

The search for additional 
s tand information appears promising . 
The aerial photo measurement method 
offers an opportunity to derive stand 
variables other than those used up 
until now, wi th relatively little 
a d d i t i o nal e f f o r t . The s pa t i a l  
d i s t r ibut i o n  of t r e e s  wi thin the 
p l o t , c rown clo s ur e ,  c ompe t i t i o n  
among neighboring trees , etc . , could 
be  easily determined as a by-product 
o f  the measur ement of the main 
variab les . 

I t  is qui t e  concei vab le 
that some of the differences found 
beteen the parameters of the dbh 
estimators of similar stands could be 
explained by the inaccuracy of the 



measurements .  For this reason,  the 
d evelopment and tes t i ng of new 
variables should commence only after 
the problems of obtaining accurate 
pho t o gramme t r i c  measur emen t s  have 
been satisfactorily solved . 
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ADAPTATION OF LARGE-SCALE PHOTOGRAPHY 
TO ALBERTA ' S  PROVINCIAL FOREST 

INVENTORY PROGRAM 

A . H .  Aldred 
Dendron Resource Surveys Ltd . 

Ottawa , Ontario 

ABSTRACT 

Following the demonstration 
of the capabilities of large-scale 
photography as an alternative means 
of collecting sample plot data for 
t imber inventory pur po s e s , the 
Alberta Fores t Service decided to 
integrate the new technology into its 
ongoing inven t o ry program .  The 

i n t e g r a t i o n  o f  t h e  t e c h n i q ue s 
r equi red  cons i d e r ab l e  e f f o r t  to  
clearly define the user need s ,  to 
accommodate and take advantage of 
existing data and data from other 
s o u r c e s , a n d  t o  a d a p t t h e  
p e cu l i ar i t i e s  of the large - s c a l e  
pho t o  a p p r o a c h  t o  t h e  c u r r e n t  
i n v e n t o r y  p r o c e d u r e s  a n d  
requirements of Alberta ' s  computer
based inventory compilation sys tem . 
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WING-TIP CAMERA FOR SAMPLING PHOTOGRAPHY 

P . G. Williams 
Integrated Resour ces Photography Ltd . 

Vancouver , B . C .  

ABSTRACT 

Integrated Resour ces Photo
graphy has developed a large-scale 
photography sys tem utilizing 70-mm 
Vinten cameras installed in the wing 
tips  of a light aircraf t .  Compared 
with single camera sys tems exposed 
s e q u e n t i a l l y , t h e  w i n g - t i p  
c o n f i g u r a t i o n  e x h i b i t s  s o m e  
advanta g e s  f o r  f o r e s t  invento ry 
s amp l ing . A d e s c rip t io n  o f  the 
s y s t em i s  p r e s e n t e d , and t h e  
p e r f o rman c e  charac t e r i s t i c s  are 
discussed . 

INTRODUCTION 

I am very pleased to have 
b e en i n v i t e d  t o  s pe ak t o  y o u  
c o n c e rn i n g  m y  f i rm ' s wo r k  i n  
ul tr alarge-s c al e  pho tography f o r  
f o r e s t  s amp l in g . T h e  f i rm I 
r epresent contracts  to produce aerial 
pho t o graphy and pho togramme t r ic 
s ervices , and one of our developments 
in aerial  pho tography may be of 
interest in forest inventory work . 

We placed ver tical-looking 
came r a s  on each wing tip  o f  our 
Cessna 1 80 aircraft and arranged to 
fire them simultaneously . This is a 
variation of the stereometric camera , 
which is about a century old and was 
first used in the air by Gene Avery 
in the late 1950 ' s .  It was then 
developed cons i d erably and turned 
into an operational tool by Hugh 

Lyons and Helmut Bradatsch of the 
B . C .  Min i s t ry of F o r e s t s  in the 
1960 ' s  and 7 0 ' s .  

QUALITY OF THE STEREO VIEW 

I think that the wing-tip 
c amera sys t em has mer i t , and I 
would like to discuss  some of its  
characteristics , s tarting with the 
quality of the stereo view. The 
quality of the stereo view can be 
discussed in terms of the base-to
height ratio or B/H ( base being the 
distance between exposur e  s tations ) 
and the depth of the obj ect field for 
which a single correlated s tereo view 
i s  r e q u i r e d . F o r  t h e  t w o  
illustrations I want to give , I would 
like to use the dis tance between a 
pair of eyes as B ,  roughly 3 inches . 

A s  a f i r s t  e x a m p l e , 
consider that you are ho lding a pen 
wi th the tip pointing toward you . 
Place the tip about 6 inches from 
your eye s . Ignore the eye s train , 
b ecause it is not relevant in the 
consideration of geometry . The B/H 
is approximately 1 / 2 ,  very similar to 
B/H for topographic photogrammetry 
us ing a s t andard 6-inch mapping 
camera. Notice  that you cannot see 
the entire depth of the pen in one 
s tereo view. The object field i s  too 
deep . You can look at the top 3 /4 
inch or so as one view , or the bot tom 
2 inches , but not the entire length 
of the pen .  This kind of viewing 
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geometry is neces sary for precision 
height measurements of about 1 /5000 
of the flying height ; approximately 
1 /1 000 of an inch in the case of the 
t ip of the pen .  It is the cause of 
the vertical exaggeration in normal 
aerial photography . 

Consider another example . 
As sume that we can look at a pe rson 
at leisure without being observed . 
She is about 5 feet away , so the B/H 
is  about 1 /2 0 .  How deep is the 
object field---about 6 inches ?  The 
depth of the obj ect field is then 
about 10% of the flying height . I 
think you will  agree that in mos t  
respect s ,  the quality o f  the stereo 
view that I have described is close 
to optimum. 

I f  w e  t r a n s l a t e  t h e  
parameters of B/H and depth of object 
f ield from this second example to the 
wing-tip camera sys tem, a B/H of 1/20 
results  in a flying height of  about 
225 metres . An object field wi th a 
depth of 10% of the flying height 
wi l l  be 2 2  met r e s  deep . The s e  
figures are obviously very close to 
what we find when taking large-scale 
forest sampling photography . The 
quali ty of the stereo view of 22-
metre-high trees from 225 metres wi th 
t h e  w i n g - t i p  c a m e r a  s y s t e m i s  
analogous to looking at a person 5 
feet away . 

EASE OF PRODUCTION AND USE 

I would like to leave the 
human eye analogy now and look at 
some of the characteristics of the 
wing-tip camera sys tem.  

1.  Producing the photography is 
easy . The cameras are always 
p e r f e c t ly al i gned . The t ime 
between exposures does not affect 
B/H or  the stereo view. The 
pilot can skid around corners or 
even put one wing up for low 

oblique views . The vehic le is an 
inexpensive , smal l,  fixed-wing 
aircraf t .  Ease of production and 
s m a l l ,  f i x e d -wi ng a i r c r a f t 
translate into low cos ts and low 
prices . 

2 .  Us ing the pho tography is  easy . 
The film is contact printed onto 
8 "  X 1 0 "  s h e e t s .  T h e  two 
negative rolls are simply spooled 
i n  t a n d e m  a n d  p r i n t e d . 
Transparencies are mounted into 
indi vidual stereogram cards ,  9 cm 
X 21 cm . It is not neces sary to 
baseline and rotate the photos 
because the cameras have been 
baselined . There is no n ang le 
to deal wi th, and this greatly 
improves the stereo view when the 
obj ect field is multilayered ; for 
example , when viewing both the 
tops of the trees and the ground 
in one correlated stereo view. 

3 .  The simultaneous exposur e  fr eezes 
d y n a m i c  s c e n e s . T h i s  i s  
impo rtant because the lower the 
flying height , the more movement 
there is in the object field; for 
e xample , swaying t r e e s , wa t e r  
surfaces , people , animals ,  and 
smoke . An interes ting example of 
t h e  a d v an t a g e s  o f  t h i s a r e  
s tereograms we have of sockeye 
s a l m o n  s p a w n i n g . T h e 
s imultaneous exposure creates one 
wa t e r  s u r f a c e  wh i c h  c a n  b e  
clearly seen in stereo , and i t  
s tops the fi sh a s  they swim, so 
they to o can be seen in stereo . 

4 .  As an interes ting aside , low
level wing-tip photography can be 
used to view power lines . The 
aircraft can fly parallel to the 
power line , and the conductor is 
s een in stereo above the ground . 
A s eque n ti a l ly expo s e d  s ing le 
camera mus t  fly acros s the power 
line to image the conductors in 
s tereo . 



5 .  Un l ik e  s i n g l e  cam e r a a e r i a l  
photography , i t  i s  pos sible to 
increase the photo scale simply 
by us ing long er fo cal leng th 
lenses . Because the n angle is 
r igidly controlled , there is  no 
amplificai ton of the misalignment 
o f  p r i n c i p a l  and c o n j ug a t e  
points .  

To review b r i e f ly ,  low
level wing-tip photography regularly 
produces an excellent stereo view , is 
inexpensi ve to produc e ,  easy to use , 
and freezes moving obj ect s .  The next 
consideration is measurement of the 
s ub j e c t  f i e l d , and  e s p e c i a l ly 
vertical measurements , using large
scale photos in general , and wing-tip 
photography in particular . 

MEASUREMENT CONSIDERATIONS 

Consider fir s t  the measurement 
pr e c i s ion that we may reasonab ly 
anticipate in photography wi th this 
kind of small base-to-height ratio . 
It is known from topographic mapping 
practice that heights may be measured 
with a precision of about 1 /5000 of 
the flying height when B/H i s  1 /2 .  
Thi s  t r an s l a t e s  into an angular 
resolution capability of the eye of 
about 1 / 2 2 0 of a degr e e . Thi s  
resolution i s  probably constant for 
any B/H ,  and if it  is  applied to the 
situation where B/H i s  1/20,  as with 
the wing - t i p  camera sys t em ,  the 
height precision works out to be 
about 1 /600 of the flying height . 
From 225  metres , therefore,  it is  
reasonable to  expect to  be able to 
measure the height of a 22-metre tree 
to a precision of about ± 0. 4 metres , 
roughly the same precision obtained 
b y  p r o d u c t i o n t e c hn i q u e s f o r  
m e a s ur i n g  t r e e  he i g h t s  o n  t h e  
ground . 

The type of measurements to 
be undertaken are ,  for example , tree 
height s , crown areas , and horizontal 
dimensions of sample plot s . For such 
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measurements an abso lute orientation 
of the photogrammetric model is not 
required , so long as the camera axes 
are ver t ical  wi thin ap pr oximat ely 
60 , a generous to lerance . We should 
not , however , entertain the hope that 
p r e c i s i o n  e n g i n e e r i n g  t y p e  
measur ements or contour mapping can 
b e  p e r f o r m e d  u s i n g  wi n g - t i p  
photography . 

The concept of measurement 
in terms of the photogrammetric model 
c an be u s e d  when talki ng about 
measurements made with a paral lax bar 
and the paral lax equations , or made 
in  an anal ogue plot t e r , or  made 
a n a l y t i c a l l y u s i n g  a s t .e r e o  
comparato r .  Res tricting ourselves 
for now to the two-dimens ion.al case , 
as  seen in the elevation view of Fig . 
1 ,  the fundamental requirement . for 
measuring or res t ituting wi th the 
p h o t o g r a m m e t r i c  m o d e l  i s  t h e  
knowledge of B ,  <P ,  f ,  and the plate 
coordinates where the rays pierce the 
photo plane . 

Normal topographic photo
gramme try solves for <P using the 
classical relative orientation and 
f o r  B f r om ground contr o l . The 
c l a s s i c al r e l a t i v e  o r i e n t a t i o n  
procedure starts to fail when B/H i s  
about 1 / 5 ,  and i t  b e c omes  very 
difficult at 1 / 1 0 .  When B/H is 1/20,  
the classical relative orientation 
procedure is totally useles s .  In 
addi t ion to this , ground control is  
not availab le because if  we have to 
visit each site , we might as wel l  
measure the trees while we are there.  

It is  my experience that 
low-level sampling photography wi th a 
B/H large enough for a good relative 
o r i e n t a t i o n  p r o d u c e s  a n  
unsatisfactory stereo view,  a bit 
like the pen held too close to the 
fac e .  The agencies in Canada doing 
large-scale photography wi th a single 
c ame r a  tend to favor the Vinten 
camera wi th a 280-mm lens . This  
combination at  60%  forward overlap 
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has a B/H of 1 / 1 2 ;  at  80% forward 
overlap , B / H  i s  about 1 /2 4 .  In 
neither case can a good relative 
orientation be performed to make the 
photogrammetric model. If you can 
n o t  d o  a c l a s s i c a l  - - r e l a t i v e  
orientation to solve for <1> ,  the use 
of a height measur ing ins trument 
alone such as a foliage penetrating 
radar altimeter is not sufficient to 
make a r i go rous pho togramme t r i c  
model , unless you simply assume a 
v a l u e  f o r  <1> .  F r o m t h e  
pho to g r amme t r i s t ' s  point o f  view , 
this is unsatisfactory . -

T h e N o r t h e r n  F o r e s t  
Research Centre,  one of our hos t s  for 
this workshop ,  has developed a photo 
sampling sys tem that uses  a single 
c am e r a  - an d  a r a d a r  al t ime t e r . 
Although this sys tem requires that <1> 
be assumed to be zero and therefore 
is not rigorous in a photogrammetric 
sense , the developers of this sys tem 
claim that the measurement results 
are qui te adequa te for the purpose of 
measuring forestry sample plot s .  I 
would not argue wi th this assertion, 
because the adequacy of a measuring 
sys t em for the intended application 
i s  m o r e  v a l i d  t h a n  t h e  
pho t o gramme t r i s t ' s  d e s i r e  fo r a 
rigorous photogrammetric solution. 

Th e F o r e s t  Ma n a g em e n t  
Institute (FMI ) in Ottawa has ,  in my 
op1n10n ,  obtained the first rigorous 
solution to the photogrammetric model 
using ultralarge-scale  photography by 
developing both a foliage penetrating 
radar altimeter to solve H for each 
expo sur e and a gyr o s c o p i c  t i l t  
i.ndicator that piggybacks on top of 
t he camera to give <1> f o r  each 
exposure . H and f are used to solve 
for B ' ;  and B ' , H, and <1> are used to 
solve for B .  They have all the 
r e q u i r e m e n t s  t o  m a k e  a 
photogrammetric model .  

I believe that the 
Forest Research Institute has 
the second rigorous solution. 

Swi s s  
found 

It 

mount ed a pa ir  of smal l camer a s  
r i g i d l y o n t o  t h e  f r a m e  o f  a 
helicopter . The base is about 8 
me t r e s  and i s  t r ansver s e· to the 
direction of the flight . 

I am somewhat uneasy about 
performing photogramme tric measur e
ments on pho tography produced using 
f o r e  and a f t  fixed-base came r a s  
mounted o n  a moving vehicle because 
of the difficulties in making both 
cameras fire simultaneously . Wi th a 
v e r y  s m a l l  B / H r a t  i 0 , s m a l l  
uncertainties in B amplify into very 
large uncertainties in the height or 
z scale of the model . The comments 
made above , however , also apply to 
fo r e  end a f t  fixed-base sampl i ng 
sys tems . If the results  prove to be 
adequa te for the application,  then 
the sys tem checks out , and it becomes 
a useful measurement tool . 

In agreeing , howeve r ,  that 
nonrigorous pho togrammetric solut ions 
may be ad equa t e  fo r par t icular 
applications , I feel compel led as a 
pho togrammetrist to call attention to 
a danger .  The use of large-scale 
pho t o graphy fo r f o r e s t invento ry 
i n v o l v e s  t h e  t e c h n o l o g y  o f  
pho t o g r amme try . Even though the 
measurement precisions requi red for 
photo sampling are extremely low when 
compared wi th - topographic mapping , 
the pho togrammetry is  still difficult 
and complex . Because of the small 
base-to-height ratios ,  the procedures 
mu s t  be d ev e l o p e d  f r om f i r s t  
principles .  

T h e t e c h n o l o g y o f  
pho togrammetry goes back more than 80  
years , and through hard knocks and 
experience gained at great expens e , 
c e r t a i n  f u n d ame n t a l  r u l e s  h a v e  
evolved . One o f  these rules is  that 
photogrammetric restitut ion should be 
performed in a manner that provides  
not not only simple answers but also 
s u f f i ci ent  inf o rmation to  al low 
precision limits  to be placed on 
those simple answers . 



P h o t o  s a m p l e  p l o t  
p r o c e d u r e s  t h a t  i g n o r e  t h i s 
fundamental concept should, in my 
view , receive very close scrutiny . 
If anyone were to ask my advice on 
the selection of an airborne camera 
s y s t e m f o r  i n v e n t o r y p l o t  
measurement , I would encourage the 
adopt ion of a system that satisfies 
the requir ements of photogrammetric 
rigor . 

Concerning the wing-t i p  
camera sys tem, we have mos t  of the 
r e q u i r e m e n t s  t o  m a k e  a 
pho t o g r amme t r i c  mod e l , wi t h  one 
exception. The wings flex regularly 
during flight and ¢ therefore is  
unknown . Thi s  flexing does  not 
impair the viewing quality of the 
photography but it does affect the 
photogrammetry . We are currently 
working on an instrument that will  
indicate ¢ directly for each pair of 
stereo exposures . 

A hybrid development of the 
wing - t i p  camera sys t em that wi l l  
produce a rigorous photogrammetric 
model would be to instal l  a radar 
a l t i m e t e r  a n d  l e a v e  ¢ a s  a 
mathema t ic a l  unknown . Us ing the 
knowns , B, f, and H ,  i t  will  be 
simple to calculate B ' . Knowing B ,  
B ' ,  and H ,  q, may be calculated , and 
we then have the requirements for a 
photogrammetr ic model . 

We anticipate that when the 
equipment for making photogrammetric 
m e a s u r e m e n t s f r o m  w i n g - t i p  
photography is  completed , the wing
t i p  c a m e r a  s y s t em wi l l  b e  an 
effective tool for the observation 
and measurement of small forestry 
sample plot s . 

6 3  



64 

NO TE " 

The t' ongle is the unintentionol 

de vio tion fro m the porollel 

o lignment tlf the co m e r o  oxes . 

/II is e x oggeroted in this diogrom 

for clority . 

H 

- B ' -_� 

Figure 1 .  S chematic drawing o f l . R . P . Ltd . wing-tip stereo photography . 
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ABSTRACT 

A d e s c r i p t i o n  a n d  
evalua t ion o f  a low-co s t  aerial 
c amera and interpr e ta t ion sys t em 
assembled at NFRC is presented . The 
camera sys tem consists  of a Honeywell 
radar al timete r ,  two 7 0-mm Vinten 
a e r i a l  c a m e r a s , a n d  a n  
intervalometer . Height of aircraft 
above ground is recorded digital ly on 
each exposure taken.  Studies have 
s h own t h a  t o n  t h e  ave r ag e  t h e  
a l t ime t e r  i s  wi thin ± 3 %  o f  true 
altitude in open and timbered areas 
combined for the 4 5-600 m altitudinal 
range . Over forested areas , timber 
bounce may occur , and calibration may 
b e  nec e s s ary to b e t t e r  e s t imat e  
desired parameters . 

The interpretation sys tem 
consists  of a Hewlett-Packard desk
top computer interfaced to a Carl 
Z e i s s -Jena I n t e rpre to sko p ,  wi t h  a 
p a r a l l ax me a s u r i n g  d e v i c e and  
digitizer . Computer programs have 
been written to facilitate spe edy 
compilation and summarization of the 
variables measured . The sys tem . has 
been applied to timber inventory in 
the measurement and estimation of 
tree heights ,  diameters , and volumes , 
and in the e s t imation of fo r e s t 
residues , regeneration s tocking , and 
woodpile volumes in millyards .  

INTRODUCTION 

A large-scale photo (LS P )  
sampling and interpretation sys tem 
(Fig . 1 )  has been developed at the 
N o r t he rn F o r e s t Re s ea r ch Cent r e  
( NF RC ) i n  Edmonto n .  The camera 
s ys tem consists  of a Honeywel l  radar 
altimeter with digital readout not 
p r ev i o u s  l y  t e s  t e d  f o  r f o  r e s  t r y  
applications , two 7 0-mm Vinten aerial 
r e c o n na i s s a n c e  c ame r a s , and a 
s pecial ly designed intervalometer fo r 
fores t sampling . The sys tem may be 
moun t e d  on fixed- o r  rotary-wi ng 
aircraf t . At present , it is the only 
sys tem that may be used at alt i tudes 
of 70 m or lower as requir ed for 
fores t regeneration sampling . In 
addi tion,  the sys tem has been used to 
o bt a in timber  vo lume e s t ima t e s , 
m i l l y a r d  l o g - p i l e  vo lume s ,  and  
volumes of  fores t residue lef t  after 
logging . 

EQUIPMENT 
Camera Mount 

The Vinten cameras may be 
mounted on a modified A-1 1-A camera 
mount , which requi res an aircraft 
hatch 45 em or larger in diame ter . 
Qui ck-r e l e a s e  s c r ews pe rmi t the 
cameras to be moved up or down or to 
be completely removed in flight when 



lens or filter changes are necessary . 
L-shaped brackets have been made at 
NFRC for the Vinten cameras when 
e x t e rnal moun t ing is nec e s s ary . 
These brackets have proved to be 
versatile and have been mounted on a 
numb e r  o f  d i f f e r e n t  t y p e s  o f  
helicopters . Vi bra tion wi th either 
mount is not a problem because of the 
high shut ter speeds of the cameras . 

Cameras 

Two types of 70-mm Vinten 
r e co nna i s s an c e  came r a s  are used : 
type 4 92 has a built-in secondary 
o p t i c a l  s y s t e m t h a t  p e r m i t s  
information on the alt imeter reading 
and time of exposure to 1 / 1 00 s to be 
recorded on the negative ; type 5 1 8  
h a s  o p t i o n a l  i m a g e  m o t i o n  
compensation and a higher framing 
rate of up to 1 2  frames per second if 
desired . The cameras have rotating 
f o ca l  p l ane shut t e r  blinds  that 
provide shut ter speeds of 1 /1 000 or 
1 /2 000 s ,  depending on the slit width 
and the cycling rate . Four different 
focal length lenses may be attached : 
44. 5 ,  7 7 . 5 ,  1 52 . 9 ,  and 281 . 9 mm. The 
mag a z i n e s  can be changed quickly 
and have a vacuum platen to hold the 
f ilm flat . They take a 30-m roll of 
7 0 -mm f i lm ,  whi c h  i s  enough fo r 
approximately 500 exposures . The 
vacuum for the camera is provided by 
a small pump . In addition,  larger 
capacity magazines may be obtained if 
required . The cameras are shown in 
Figs . 1B and 1C . 

Interva10meter 

The intervalome t e r  ( F i g . 
1C ) used to control the cameras was 
designed and built at NFRC ( van Eck 
and Bihuni ak 1 97 8 ) . It  has a 
s ampling feature that permit s  one 
c a m e r a  t o  g r o u p  a n u m b e r  o f  
photographs together , to regulate the 
t ime between exposures within the 
group , and to change the interval 
between groups . With this featur e ,  
both cameras can b e  used to provide 
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sampling photography . For example , 
i n  regene r a t i o n  a s s e s sment , one 
camera wi th a short 44.  5-mm or 7 7 . 5-
mm focal length lens photographs the 
track continuously, while the other 
c ame r a , equi pped wi th a 2 81 . 9 -mm 
f o ca l  length lens and us ing the 
s am p l i n g  f e a t ur e ,  t ak e s s t e r e o 
t r i p l e t s o r  l o n g e r  b u r s t s  
intermittently . These triple t s  or 
bursts , which have a scale seven or 
four times larger than the s trip 
photographs ( depending on the ratio 
of the focal lengths of the lenses 
used ) ,  can be used then as aerial 
s ample plot s and their pos i t ions can 
be located on the smaller-scale maps 
or  photographs wi th the aid of the 
continuous strip photography . 

Radar Altimeter 

T h e  H o n e y w e l l  r a d a r  
altimeter (model AN/APN-1 94 [v] ) i s  
composed of a receiver-transmit ter , 
two ant ennae , an anal og he i ght  
i nd ic a to r ,  and a dig i t al height 
d i s p l ay on light-emi t t ing dio de s . 
This display is  recorded on each 
pho t o g r aph thr ough the s e c ondary 
opt ic s  of one of the cameras . The 
radar altimeter is a lightweight ( 5  
kg ) ,  high resolution, short pulse 
sys tem .  Its advanced des ign provides 
for a precision of ±3% or better in 
e s t imat ing a i r c r a f t  he ight ab ove 
terrain from 0 to 600 m (Kirby and 
Hal l 1 980 ) .  The alt imeter is  not 
affected by pi tch and roll and is  
wi thout slant  range errors . In  
a d d i t i o n , i t  h a s c o n t i n u o u s  
r e s o lu t i o n  wi thout s t ep errors , 
complete immuni ty to Doppler effect , 
a ccur ate ind i c a t io n  over i c e  and 
s now- c overed sur fa c es , and a1 1-
weather operation in heavy rain or 
snow. Operating frequency is 4 . 3  
GHz , with a pulse repetition rate of 
8 . 5 kHz . Transmitting waveleng th is 
6 . 9 7 7  cm. Peak radiated power is  100 
W .  The transmission antenna contains 
the energy wi thin an approximately 
3 5 ° cone-shaped pattern . Smal ler 
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cone shapes may be achieved wi th a 
different antenna , if  required . 

Power Supply 

The cameras , intervalo
meter , and radar altimeter require 6 
A of current at 24  V DC . Power may 
be supplied by the aircraft or by two 
Globe 20 A · h ,  1 2  V gel/cell® aircraft 
-approved ba t t e r i e s  connec t ed in 
s eries . This wil l  operate the sys tem 
for 2 to 3 h .  

Interpretation Sys tem 

The measurement of large
scale aerial photo sampling plot s has 
been facilitated by the interfacing 
of a Zeiss-Jena Interpretoskop and a 
H e w l e t t -P a c k a r d  9 8 2 5A d e s k - t o p  
computer (Figure ID ) .  The movement 
of the overhead carriage in X and Y 
d i r e c tions  i s  mea s ur able  to the 
n e a r e s t  0 . 2 5  mm and in t h e  Z 
direction (parallax measurement ) to 
the neares t 0 . 01 mm. Measurements of 
X ,  Y, and Z can be recorded by the 
computer at the press of a but ton . 
Computer programs have been written 
to calculate and record individual 
measurements of tree height , crown 
a r e a , and t r e e  po s i t io n  and to 
produce plot maps . 

APPLICATIONS 

The NFRC large-scale photo 
sampling sys tem has been applied to 
four major areas : the estimation of 
logging res� due s and wo od pi l e  
v o l  u m e s ; t h e  e s t  i m  a t i o n  0 f 
regeneration stocking � 30  cm in 
he i ght , t imbe r  invent o ry in the 
measurement of tree height ; and the 
estimation of diameter a:nd volume 
(Fig . 2 ) .  

Es t imation of Logging Res idues  

A smal l t e s t  (Ki rby and 
Hal l 1 9 7 9 )  was conducted to de termine 
whe ther logging residue s  could be 
e s t i m a t e d  f r o m l a r g e - s c a l e  
photographs using the line-intersect 
m e t h o d  o f  f u e l s am p l i ng . T h e  
measur ement o f  logging residues is of 
interes t to : 1 .  fire management 
personnel for fuel loading and rates 
o f  a c c umu l a t i o n ;  2 .  s i l v i 
culturists  for site preparation fo r 
f o r e s t  r e g e n e r a t i o n ;  a n d  3 .  
� nd i v i d u a l s  c o n c e r n e d  wi t h  t h e  
utilization of fores t residues  a s  an 
energy source . In application,  the 
me t ho d  i s  qui t e  s impl e  s i n c e  i t  
requires only a diameter tal ly of the 
wood on the ground and the length of 
the sample line in order to es t imate 
forest residue s .  

I n  a t r i a l  a t  Hi n t o n ,  
Alberta , on the St . Regis  company 
lease area , color (Kodak 2 445 f ilm) 
aerial pho tographs were · taken in the 
s pr ing a t  6 0  m above ground to 
p r o v i d e  a s c a l e  of ap pr oxima t e l y  
1 :  250 .  Result s showed that o n  two 
1 0-m sample lines , ground and pho to 
v o l u m e  e s t i m a t e s  o f  r e s i d u e s  
expres sed in m3 /ha were wi thin ± 10% 
(Ki rby and Hall  1 97 9 ) .  

Fac t o r s  af f e c t ing pho t o  
measur ement ·include : logging res idues 
that may have been part ial ly covered 
by gras s , so i l , or  other s l a s h ; 
g r o u n d  ve g e t a t i o n ; a n d  f o r e s t 
regeneration or its  shadows . In 
t erms of production, our smal l tes t 
indicated that a person in the office 
can measure approximately four times 
faster than someone on the ground . 
Cons ideration must be given,  however ,  
to fuel type , fuel  loading , and the 
number of pieces to be tal lied , since 
this wil l  af fect the product ion rate . 
The t e s t  s e ems to ind i c a t e  tha t 
large�scale photo sampling could be 
an economical sampling technique for 
estimating material greater than 2 5  
mm in diameter . A sample line is 
illus trated in Fig . 2A. 



Estimation of Wood Pile Volumes 

In 1 9 7 8 , in c on j un c t i o n  
wi th North Canadian Forest Industries 
Limited of Grande Prairie , Alberta , 
NFRC established a study to determine 
t he vo lume of log pi l e s  in t he 
m i l l y a r d  ( F i g .  2 B ) .  A e r i a l 
p h o t og r a p h s  o n  b l a ck - a n d -wh i t e  
panchromatic film were obtained using 
a Jet Ranger helicopter at 6 0 0  m 
above ground . Prints  were enlarged 
f our t ime s , and the pho t o s  wer e  
measured on the NFRC interpretation 
sys tem .  Volumes were obtained by an 
estimating procedure that determined 
the volume of sections of each log 
pile . 

T h e m a i n  p r o b l e m  i n  
measur ement wa s the p r e s e n c e  of 
s h a d o w . I t  i s  r e c o m m e n d e d , 
therefore , that the photos be taken 
during high overcast  days to reduce 
shadow effects . 

Estimation of Regeneration Stocking 

Large-scale photo sampling 
( L S P ) o f  c o n i f e r o u s  f o r e s t  
regeneration 3 0  cm and tal ler is 
technically pos s ible and may be an 
e c onomical al t e rnat ive to ground 
surveys where access is difficult and 
costly (Kirby 1980 ) .  Those areas 
that appear stocked on large-scale 
photographs require no further ground 
checks , as seed lings not visible on 
the photographs provide a margin of 
safety . Evaluation of stocking wi th 
L S P  t e c h n i q u e s m a y  r e d u c e  
r e g e n e r a t i o n  s u r v e y  c o s t s  b y  
e liminat ing the need f o r  co s t ly 
g r o un d  s u r v e y s  o f  a r e a s  t h a t  
obviously are stocked . In addition, 
LSP could pr ovide  a mon i t o ring 
capability for subsequent mortality 
o r  ing r e s s  of  r e g enerat io n .  A 
disadvantage is that differentiation 
of tree species such as pine (Pinus 
spp . ) ,  spruce (Picea spp . ) ,  and fir 
(Abies spp ) . less than 90 cm high is 
not  always po s s ib l e . The main 
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advantages are that a much larger 
sample may be obtained (up to 1 0 0% 
coverage ) and that preci se es timates 
of  s to cking may be obt ained f o r  
coniferous regeneration over 3 0  cm in 
height . Fig . 2A shows four 2 X 2 m 
( 4  mil-acre)  plot s ,  which may be used 
in regeneration sampling . 

A two-stage photo sampling 
design is recommended in which two 
scales ( 1 : 250 and 1 : 1000 ) of 7 0-mm 
a erial  pho t o g raphy are  obt a ined 
s imul t aneou s ly . The larg e r - s c al e  
( 1 :  2 5 0 )  color photography is  used to 
s ample the regeneration at pr escribed 
i n t e r v a l s .  Th e s m a l l e r - s c a l e  
( 1 : 1 000 ) color infrared pho tography 
i s  used for mapping the who le clear
cut to ind i c a t e  uns to cked areas , 
d amag e  s i  tua t ions , and requi r ed 
s t r a t i f i c a t i o n  f o r  s ub s e q u e n t  
sampling . 

An example of the cos t of 
obtaining large-scale photographs on 
a clear-cut 200 x 800 m ( 1 0  x 4 0  
chains ) is  a s  fo llows : Thr ee sample 
lines would be obtained at 1 00-m 
i nt erval s . Thi s  wou l d  pr ov i d e  
c omp l e t e  coverage a t  a s c a l e  o f  
1 :  1000 and 2 4  photo plot s at a scale 
of 1 : 250,  each having a clus ter of 3 6  
2 X 2 m sampling units . The 1 9 7 9  
c o s t o f  pho t o  a c q u i s i t i o n  i s  
appr oxima t e l y  $ 1 8  p e r  pho to plot  
( cluster of  3 6  2 X 2 m sampling 
unit s )  or $ 2 7  per hectar e ,  as suming 
that a locally available helicopter 
w o u l d  b e  u s e d  a n d  t h a t f e r ry 
charges would be minimal . Thi s  is 
comparable to the average cos t in 
Alberta for a ground survey of a 
clear-cut , which is usually based on 
less than 100 2 X 2 m sampling uni t s .  
The larger sample size wi th LSP makes 
possib le more accurate and precise 
e s t imat ion of s to cking 30 cm and 
t al ler . The sys t em is  mos t  sui table 
for asses sment of large areas such as 
done by Bal l and Ko labinski ( 1 9 7 9 )  in 
Saskatchewan. 
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T r e e  H e i g h t  and T i mb e r  V o l ume 
Estimates 

The estimation of timber 
volume on large- s c a l e  pho t o s  i s  
d ependent . upon measures of tree  
height (and /or crown area (Kirby and 
Johns tone 1970 ) .  Figure 2.C i s  an 
example of an aerial photograph used 
for photo measurements .  To minimize 
extraneous sources of error such as 
tip and tilt in aerial photography 
and its effect on photo measurements 
of tree height as described by Schut 
and van Wi jk ( 1 9 65 ) ,  the following 
procedures are used : 

1 .  A s table twin-engined aircraft 
such as a Piper Aztec is used to 
obtain the aerial photography at 
an airspeed of 67 m per second 
( 1 5 0  mph ) to fur ther ensure 
s tability . A shut ter speed of 
1 /2 00 0  s i s  used to minimize 
blurring from image motion. 

2 .  A short duration of 1/5 s between 
s ample photo triplets is used to 
ensure that changes in aircraft 
a t t i t u d e  b e twe en s uc c e s s i v e  
exposures will  be at a minimum. 

Some test results  for the 
Sidney Lake and Braeburn areas in the 
Yukon were obtained on the accuracy 
o f  c o n i f e r o u s  t r e e  h e i g h t  
measurements between photo and ground 
(Personal communication, B .  Bowlby 
and D .  Morgan, Yukon Lands and Forest 
Servic e ) . In the Sidney Lake area , 
an average deviation (sum of tree 
height differences between photo and 
g round divided by the number  of 
trees ) of -0 . 09 m was calculated 
u s i n g  s t a n d i n g  t r e e  h e i g h t s . 
Approximately 1 000 trees were used in 
this tes t , wi th photo measurements 
that were made on black-and-white 
aerial photos . When the trees were 
felled and remeasur ed , the average 
deviation was determined to be +0 . 06 
m .  In the Braeburn are a ,  color  
aerial photos were obtained , and 639  
trees were measured but not fel led . 
The average deviation was calculated 

to be +0 . 23 m. Considering some 
s teep slopes and shadows on the color 
pho to s , this error was considered to 
be qui te acceptab le . A similar tes t 
in Alberta indicates a standard error 
of ± 1 .  6 m and was based on 6 7  trees 
that were not felled to obtained 
ground heights .  A regression plot 
for  the 67 trees is shown in Fig . 3 .  
In this test there was some evidence 
of timber bounce (where radar signals 
a r e  a f f e c t e d  b y  v e g e t a t i o n ) . 
Calibration of the radar altimeter 
may be required for each timber type 
being surveyed . To date , tree height 
measurements between photo and ground 
on the average have not exceeded 4 % .  
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A . Camera syst em mounted under a Bell 2 06B hel icopter . 

.... 

C . Vinten cameras mounted on modified A-ll-A mount for 
use in f ixed-wing aircraft . 

B . Close-up of the aerial cameras and radar antenna 
mounted as in A • 

D . Interpretation system :  Zeiss-Jena Interpretoskop 
interfaced to an HP-9825A desk-top computer . 

F igure 1 .  NFRC camera and interpretation system. 

-....J 
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A .  Est imation of  logging residues and 
forest regeneration . (Enlarged 
s cale 1�280) 

B .  Estimation of  wood pile volumes . 
(Enlarged s cale 1�1400) 

C. Est imation of t imber volumes . (Enlarged s cale l� 450)  

Figure 2 .  Examples o f  applicat ions o f  large-s cale aerial photographs . 



:3 5:  .1. 

L 
I 

f f- ::3 lZl  
I 
L£] 

W 1 I 2 s.:  

W 
w 1 [t: 
f- :2 eJ  

0 
[t: 
L!J J s.:  

N = 79 
R2 = 0 . 76 
SE = 1 .  61 

.J. 

/+ 
+ 

./ 'r 

.J. 

111 IS) 
N 

P H O T O 

"" 

Figure 3 .  Unca1ibrated photo and ground t ree heights (m) . 

/ 
+ 

+ 
+ 

.J. 

� + 
. 4ff: ,f1-. "- 'J. 

... 4o4o 4o 
0J- *" 

4o 4o + + 

4o ",+ 
+ 

4o4o 

Y = 2 . 62 + 0 . 92X 

lt1 
f\I 

T R E E  

lSI 
rrt 

lt1 
rrt 

H E J G H T --- M 

'-J 
� 



75 

APPLICATION UF LARGE-SCALE FIXED-BASE AERIAL PHOTOGRAPHY WITH 
HELICOPTERS TO FOREST INVENTORY IN B . C .  

H .  Bradatsch 
Coordinator ,  Photo Mensuration 

Inventory Branch 
Ministry of Forest s , Province of British Columbia 

Victoria , B . C .  

ABSTRACT 

T h e  f i x e d - b a s e  pho t o 
graphic system described in this 
paper was developed by the Inventory 
Branch of the Ministry of Forest s ,  
Government of British Columbia , for 
f o re s t  s t and clas s i fi c a t i o n  and 
s ampling . The system consists  of 
twin Hasselblad MK70 70-mm cameras 
mounted a fixed distance apart on an 
aerial camera platform attached to 
the tie-down ( jack points )  of the 
helico�ter fuselage . 

Lar ge- s cale  s t ereo pic
tur e s  ar e us e d  to i d en t i fy the 
species composition of forest stands 
and to obtain individual tree and 
s tand mea s ur emen t s  such as t r e e  
height , crown wi dth , number of 
s tems , and crown closur e .  

A n  e x a m p l e  o f  t h e 
application of the system in British 
Columbia is . given together with the 
relevant statistical analysis  that 
demonstrates the accuracy .of the 
methodology . 

INTRODUCTION 

The us e of ul t r alarge
scale photography in recent years 
h a s  f o un d  a w e l l - e s t a b l i s h e d  
posi tion in forestry work and other 
resource-related disciplines . Two 

basic methods of photography exis t : 
s equent i a l  and f i xe d  base . The 
l a t t e r was d e v e l o p e d  by t h e  
I nvent o r y  . Branch of the Bri t i sh 
Columbia Forest Service in the late 
1960 ' s .  The advantages . of fixed
base over sequential photography are 
that errors due to differential tip 
and tilt are practically eliminated 
and the flying height does not vary 
for the stereo pair . (Edwards and 
Waelt i  197 2 ,  Rhody 1 9 7 7 ) .  

I n  B r i t i s h C o l u m b i a , 
q u a l i t a t i v e  and q u a n t i t a t i v e  
estimates of forest stands combined 
wi th multistage sampling are being 
o b t a i n e d  t h r o u g h  d e t a i l e d  
interpr etation and photogrammetric 
measurements .  

METHODS AND EQUIPMENT 

P r e s ent equipment com
p r i s e s  Ha s s el b lad Mk 7 0  came r a s  
fitted wi th reseau glass  plates and 
matched 1 00-mm f3 . 5  Zeiss Mk. Planar 
o r  6 0-mm f 5 . 6 Z e i s s  Mk Biogon 
lenses . The two cameras are placed 
and levelled on the airborne camera 
platform mounted to the tie-down of 
the helicopter fuselage . 

The camera platform, built 
of aluminum 6061-T 6 ,  has a length of 
7 . 25 m and a weight of 67  kg . The 
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distance between the two cameras is 
6 . 1 m .  The maximum air speed wi th 
the camera platform is 135 mph , and 
t h e s y s t e m i s  MOT t e s t e d a n d  
approved . 

T h e  r e q u i r e m e n t s  o f  
s t a b i l i t y i n  f l i g h t  a n d  o f  
vibration-free film exposure were 
guiding principles in the design and 
construction of the system.  The 
s y s t em can be i n s t a l l e d  wi thin 
minutes , and a technician operates 
t h e c a m e r a s  u s i n g  s t a n d a r d  
Hasselblad equipment .  

Fi lm t yp e s  u s e d  wi l l  
d epend on the ob j ec t i ve and the 
desired result of the photography . 
In mixed stands , because of problems 
with shadow, normal color film is  
p r e f er r e d  to c o l o r  infrared  for  
interpretation and measurement .  The 
working pho to  i s  an unenlarged 
diapo si tive . 

The fixed base ( 6 . 1 m )  
between the cameras is known as the 
air base ,  and since the focal length 
of the lens and the principal points 
of the photo are known , it is  used 
to determine flying height and photo 
s cale  ( F i n s t e rwalder and Ho fman 
1 968 ) .  Photo base is the air base 
represented at reduced scale on the 
picture frame and is the distance 
between one pair of crosses when a 
pair of picture frames is  viewed in 
s tereo (A reseau grid of 25 crosses 
10 mm apart is  part of the MK70 
camera and is superimposed on each 
p i c t u r e  f r ame a t  t h e  t i m e  o f  
exposur e )  • 

The relative orientation 
of the cameras is critical because 
of the very low ratio between the 
b a s e  length and flying he i ght . 
(Wi th a base of 6 .  1 m and a flying 
height of 10q m, the base to height 
r a t i o  i s  1 : 1 6 and the over lap 
88. 4 % ) . 

, 

Mea s u r emen t s  are of two 
types : one point ( tree tops only) 
and two point ( tree tops and base ) .  
F o r  o n e - p o i n t  me a s u r e m e n t s ,  a 
mathematical plane of best fi t is 
used by applying it  to three or more 
ground po ints .  For reasons of speed 
and simplificatio n ,  crown width is 
measured at the widest part . 

Preliminary regression 
equa tions were developed to predict 
whole stem volume and dbh from pho to 
measurements of tree heights and 
maximum crown width . The equations 
found mos t  suitable are :  

Ln . Vol .  o r  dbh = b o  + b l  (Ln . h) 
+ b 2  (Ln . CW) 

Vol . or dbh 

1
(b 4CW) 

S o  f a r , 6 4 7 0  
i d ent i f i ed and 
r egre s s i o ns f o r  
wi thin recognized 
zones . 

t r e e s  
used 

h a v e  b e e n  
t o  develop 

various  
fores t 

s p e c i e s  
inventory 

LARGE-SCALE PHOTO MISSIONS 

Helicopters are prefe rred 
over fixed-wing aircraft for large
s c a l e  pho t o g r a p hy b e c au s e the 
helicopter can land in small remote 
spot s ,  can hover over a particular 
s i t e  s o  t h a t  a c l o s e  v i s u a l  
examinat i o n  o f  the area t o  be 
photographed can be made , and are 
better sui ted to mountainous terrain 
and changeable weather than fixed
wing aircraft . 

The flight path and strip 
o r  spo t s  to be pho tographed ar e 
marked on aerial photographs of the 
ar ea , wh ich then are used fo r 
navigation . Camera alignment is  
checked before each photo mis sion by 
photographing a target course of 
known dimensions . 



INTERPRETATION AND MEASUREMENTS 

In forest 
large-scale stereo 
for : 

inventory , 
pairs are 

the 
used 

1 .  the interpretation of tree 
species and indicators of 
tree disease and decadence 
and for the determination 
of species composition and 
crown closure;  

2 .  the mea sur ement of tree  
variables such as  height 
a n d  c r own d imen s i o n s , 
whi c h  are e s s e n t i al for  
the derivation of  diameter 
and volume equations (Kip
pen and Sayn-Wi ttgenstein 
1 9 6 4 ,  Aldred and Sayn
Wittgenstein 1 972 ) .  The 
instruments used to obtain 
these measurement s  include 
p a r a l lax bars and pre
cision stereo plotters ( a  
Wild A-40 Autograph and a 
Zeiss /Jena Topocart ) ;  

3 .  r e s i due s t u d ie s . Af t e r  
c ompar i s on wi th ground 
measurements ,  line inter
s ect methods were found to 
b e  a d e q u a t e  f o r  t h e  
a s s e s s m e n t o f  t o t a l  
residue volume in cut-over 
a n d  w i n d f a l l  a r e a s . 
Adequacy depends to some 
extent upon the qua l i ty 
a n d  t h e  s c a l e  o f  t h e  
photographs (Muraro 1 97 0 ,  
Van Wagner 1968 ) ;  

4 .  regeneration surveys . To 
o b t a i n a r e a s o n a b l y 
a c c u r a t e  e s t i m a t e  o f  
restocking and dis tribu
tion of established trees , 
larg e - s cale  pho t o s  com
bined wi th ground samples 
c a n b e  a p p l i e d  
successfully ; and 

5 .  f o r  o t h e r  us e s .  Th e 
Inventory Branch has flown 
p h o t o  mi s s i o n s f o r  a 
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v a r i e t y  o f  a g e n c i e s . 
The s e  mi s s i ons include 
large-scale photography of 
dikes on the Fraser River 
and of bridge sites and 
s tu d i e s  i n  str eam bank 
protection. 

TEST CASE OF THE APPLICATION OF 
LARGE-SCALE PHOTOGRAPHY TO FOREST 

INVENTORY 

To test the accuracy of 
the sys tem, four samples a:r:e used to 
c o m p a r e  p h o t o w i t h  g r o u n d  
measur ements .  The selected site is 
more d i f f i cu l t  than is normal . 
B lack-and-wh i t e  pho to g r aphy wa s 
used . The forest stand is a mixture 
of Pseudotsuga menzel.Sl.l. (F ) and 
Tsuga heterophylla (H ) wi th a heavy 
understory of Thuja plicata (C ) and 
Abies balsamea (Bb ) • The mean age 
of the stand is 35  years and the 
mean height 22  m .  The sample size 
is 0 . 05 ha . All trees 4 . 8  cm dbh 
and over we re  measured on the 
ground . The average number of trees 
4 . 8  cm d b h  and ov e r  i s  1 7 8 0  
t r e e s / ha . On  t h e  g r o un d , 4 0  
dominant and codominant trees were 
measured for height . 

Regression equations deve
loped in the pa s t  wer e  used to 
predict dbh and whole stem volume . 
The regression coefficients ( bo ' 
b1 ' b2 are only applicab le to the for
e s t  invento ry zone in wh i c h  the 
samples are located (Table 1 ) .  

RESULTS 

1 .  Tree count 

Due to the heavy understory of 
trees in the 4 . 8  cm to 1 2 . 5 cm 
dbh classes ,  a relatively large 
numb e r  o f  t r e e s  we r e  no t 
identified on the pho tos . The 
m i s s e d  tr e e s  contr ibut e very 
little to the to tal volume and 
the basal area of the stand . 
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2 .  Trees missed by diameter classes 

Diameter % of trees 
class Trees missed mis sed 

4 . 8  cm + 82 trees 
7 . 5  cm + 94 trees 

12 . 5  cm + 25 trees 
1 7 . 5 cm + 2 trees 

3. Species identification 

All trees wi thin each sample 
were correctly identified . 

4 .  Tree height measurements 

The average difference between 
photo and ' ground measured tree 
height s was 0. 9% using a 
mathematical plane of best fit .  

5 .  Dbh calculations 

6 .  

Dbh f o r  iden t i f i e d  t r e e s  wa s 

Sample no . Ground 

1 23 . 4  cm 
2 24 . 3  cm 
3 23. 2 cm 
4 22 . 5  cm 

Total 23 . 35 cm 

Basal area 

The calculated basal area in m2 

obtained from photo measurements 
compared wi th that in m2 from 
ground measured dbh is given in 
Table 2 .  Due to missed trees in 
the understory ,  the differences 
for trees of diameter class 4 . 8  
cm +, 7 • 5 cm +, and 1 2 .  5 cm + 
a r e  - 1 7 . 8 9 % ,  - 1 5 . 9 1 % ,  a n d  
-8 . 91 % ,  respectively . 

out of 
out of 
out of 
out of 

356 trees 51 . 12 
2 7 9  trees 33. 6 9  
1 93 trees 1 2 . 95 
135 trees 1. 48 

calculated using the logarithmic 
dbh equation: 

Ln . 4bh bo + b l  (Ln . ht . )  + 
b 2  ( Ln .  OW) Table 1 

A c omparison of the mean dbh for 
t rees identified on the photo 
wi th that of the same t r e e s  
me a sur ed o n  the ground i s  a s  
follows : 

Photo % difference 

21 . 6 
2 2 . 9 
23 . 2 
22 . 6  

2 2 . 57 

7 .  

cm -7 . 7  
cm -5 . 9  
cm 0 . 0 
cm +0 . 4  

cm -3 . 34 

Whole stem volume 

Who l e  s t em vo lume f o r  each 
identified tree was calculated 
u s ing the vo lume r e g r e s s ion 
coefficient given in Table 1.  
The figures for each sample are 
g i v e n  i n  T a b l e  3 .  T h e  
d i f f e r e n c e s  i n  vo l ume f o r  
diameter classes 4 . 8  cm +, 7 . 5  
cm +, and 1 2 . 5 cm + are -1 1 .  7% ,  
- 1 0  • 5 2 % , a n d  - 6 • 9 7 % , 
respectively . 



A representation of the ground 
cover as seen on the photo is 
represented for Sample No . 1 in 
Figure 1.  The tree positions 
c o r r e s pond to tho s e  on the 
ground . 

A statistical analys is  of the 
results for basal area and whole 
s tem volume is given in Table 4 
and 5 .  

Th e r e  i s  n o  s i g n i f i c a n t  
difference between the means of 
ground and photo basal area and 
between ground and photo volume 
for the 7 . 5  cm + and 1 2 . 5 cm + 
d b h  c l a s s e s .  Th e r e  i s  n o  
s ignificant difference between 
the variances of the two means 
( basal area and volume) at the 
1 %  and 5 %  levels .  The mean 
aggregate  d i f f e r ence i s  no t 
s ignificant at P = 0 . 05 .  These 
statistics show , therefore , that 
measurement s  of volume and basal 
area from large-scale photos of 
major portions of stands can 
predict the same measurements 
made on the ground . 
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SUMMARY 

I n  B r i t i s h C o l u m b i a , 
large-scale photography for forest 
invento ry is  operational , and plans 
exi s t  fo r continuous upgrading and 
t e s t ing  of new app l i c a t io ns and 
me tho d o l o g i e s . The analys i s  of 
tests  carried out in the past shows 
the following : 

1 .  T r e e  h e i g h t s a n d  c r o w n  
dimensions can be measured wi th 
at least the same pr eci sion as 
on the ground . 

2 .  Workable single tree volume and 
diameter regressions based on 
photo height and crown width for 
t he c omme r c i a l  s p e c i e s  i n  
B r i t i s h C o l u m b i a  c a n  b e  
developed • .  

3 .  Fur ther research and development 
i s  required , especially in the 
i n t e g r a t i o n  o f  l a r g e  s c a l e  
p h o t o g r a p h y  w i t h  g r o u n d  
measur emen t s  and wi th aer ial 
photo interpretation . 

Table 1 - Logarithmic dbh and volume regression 

Species bo b1 b2 N R2 SE 

F dbh - 0 . 2 6 7 1 94 + 0 . 950855 + " 0 . 388542 1 7 9  0 . 734 3 . 152  
vol . -11 . 1 93 647 + 3 . 031370  + 0 . 68447 7  1 7 9  0 . 77 7  9 . 7 64 

H dbh - 0 . 115860 + 0 . 807 9 70 + 0 . 472838 3 93 0 . 913 3 . 073 
vol .  -10 . 447733 + 2 . 57 57 73 + 0 . 986864 3 93 0 . 930 0 . 252  

C dbh + 0 . 1 66671 + 0 . 872735 + 0 . 2 72 92 5  305 0 . 695 3 . 1 22 
vol .  - 9 . 026332 + 2 . 468696 + 0 . 483 954 350 0 . 804 5 . 057 

B dbh - 0 . 058084 + 1 . 027 7 59 + 0 . 235971  409 0. 881 7 . 9 84 
vol . -10 . 5 50641 + 3 .066901 + 0 . 386614 409 0 . 931  0 . 891 
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Table 2 .  Basal area comparison in m2 /ha 

Ground Photo % difference* 

SAMPLE 4 . 8cm+ 7 . 5cm+ 1 2 . 5 cm+ 4 . 8cm+ 7 . 5cm+ 1 2 . 5cm+ 4 . 8cm+ 7 . 5cm+ 1 2 . 5 cm+ 

1 43 . 09 41 . 77 37 . 67 30. 1 5  30. 15  30. 15  -30 . 03 -2 7 . 82 · -19 . 96 
2 50 . 03 48. 95 44 . 06 3 9 . 35 39 . 35 3 9 . 35  -2 1 . 35  -1 9 . 61 -1 0 . 6 9  
3 45 . 07 43 . 99 41 . 85 43 . 16 43 . 16 42 . 63 - 4 . 24 - 1 . 89 + 1 . 86 
4 43 . 71 42 . 92 3 9 . 80 3 6 . 70 3 6 . 70 3 6 . 70 -1 6 . 04 -1 4 . 4 9  - 7 . 7 9 

MEAN 45 . 4 7  44 . 41 40 . 84 3 7 . 3 4  3 7 .34  3 7 . 2 1  -1 7 . 88 -1 5 . 92 - 8 . 89 
* % difference as compared to ground measurement . 

Table 3 .  Whole s tem volume in m3 /ha 

Ground Photo % difference* 

SAMPLE 4 . 8cm+ 7 . 5 cm+ 1 2 . 5cm+ 4 . 8cm+ 7 . 5 cm+ 1 2 . 5cm+ 4 . 8cm+ 7 . 5cm+ 1 2 . 5 cm+ 

1 344 . 37 338 . 41 316 . 21 260 . 40 260 . 40 260 . 40 -24 . 38 -2 3 . 05  -1 7 . 65 
2 377 . 91 372 . 68 358 . 39  325 . 00 325 . 00 323 . 00 -1 4 . 00 -1 2 . 7 9  - 9 . 87 
3 390 . 47 386 . 16 374 . 84 371 . 40 371 . 40 371 . 40 - 4 . 88 - 3 . 82 - 0 . 92 
4 325 . 2 1  321 . 69 307 . 53 312 . 80 312 . 80 3 0 9 . 00 - 3 . 82 - 2 . 76 + 0 . 48  

MEAN 3 5 9 . 4 9  354 . 73 339 .24 3 1 7 .40 3 1 7 .40 3 1 5 . 5 9  -1 1 . 71 -10 . 52 - 6 . 97 
* % difference as compared to ground measurement . 

Table 4 .  Statistical comparison of basal area-ground vs photo 

7 . 5  cm + 1 2 . 5 cm + 

BA G BA Ph Difference BA G BA Ph Difference 

L: 177 . 64 149 . 36 -28 . 28 163 . 36 148. 84 -1 4 . 52 
N 4 4 4 4 

MEAN 44 . 41 37 . 34 - 7 . 07 40. 84 3 7 . 21 - 3 . 63 
V 9 . 96 30. 01 2 2 . 21 8 . 05 2 7 . 77  1 3 . 52 

SD 3 . 16  5 . 48 4 . 71 2 . 84 5 . 27  3 . 68 
SED 1 . 58 1 . 17 2 . 36 1 . 42 2 . 63 1 . 84 

F 3 . 01 3  3 . 449 
t . 05 2 . 35 2 . 35 

t 2 . 237  1 . 213  
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Table 5 .  Statistical comparison of volume-ground vs photo 

7 . 5  cm + 1 2 . 5  cm + 

Vol. G Vol. Ph Difference Vol. G Vol. Ph Difference 

L 1 418 . 9  126 9 . 6  -149 . 3  
N 4 4 

MEAN 354 . 73 31 7 . 40 -37 . 33 
V 894 . 07 2081 . 31 102 7 . 24 

SD 29 . 90 45 . 62 32 . 05 
SED 14 . 95 22 . 81 16 . 03 

F 2 . 328 
t . 05 2 . 35 

t 1 . 369 
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Original photo s cale 1 : 1 5 7 0 0  

Area 5 0 0  m 2 

• Trees identif ied on pho to 

x Trees mi s s ed or not s e en on photo 

() Maximum Crown area 

Figure 1 .  Sample No . 1 ,  tree and crown positions . 
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ABSTRACT 

Di s c r iminant analys i s  of  
infested and noninfested sample data 
g a v e  a p r e d i c t i v e  m o d e l  f o r  
sus c ep t ib i l i ty t o  s outhern pin e  

beetle attack. Parameters used were 
hos t basal area , average height ,  and 
topographic pos ition. A Chi-square 
t es t  of predicted result s agains t 
i n d e p e n d e n t  a t t a c k  d a t a  w a s 
s ignificant at the 9 5 %  level . 
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INTRODUCTION 

The southern pine beetle 
(Dendroctonous frontalis Zimm. ) is 
the single mos t  destructive fores t 
pest in East Texas . The population 
levels of southern pine beetle (SPB )  
fluctuate periodically . During this 
c entury , serious  epidemic s  have 
occurred in 1 92 0 ,  194 9-1 95 5 ,  1965-
1 968,  and 1 972-1 9 7 7  (Weitzman 197 5 ) .  
During the 1976  SPB season,  1 1 , 000 
infes ted areas were reported by the 
Texas Forest Service ( 1 9 78 ) .  Beetle 
population variation results partly 
from weather influences (Kroll and 
R e e v e s  1 9 7 8 ) , b u t  s t a n d  
susceptibility undoubtedly plays a 
significant part in success ful SPB 
colony es tablishment (Hedden 197 8 ) .  
Promotion of stand resi stance through 
proper management appears to be a 
viable method for SPB damage control 
( C o s t e r  1 9 7 7 ) . A n u m b e r  o f  
researchers have suggested that stand 
c o n d i t i o n s  i n f l u e n c e  t h e  
susceptibility of hos t  timber stands 
to  SPB attack and colonization (Lorio 
1 9 6 8 ,  L o r i o  a n d  B e n n e t t  1 9 7 4 ,  
Leuschner et al . 1 9 7 7  ) .  

F o r  t h e  s u c c e s s f u l  
implementation of a susceptibility 
rating sys tem, two requirements must 
be met ,  accuracy and ease of use . To 
have both of these , it was decided 
that some sort of aerial photo stand 
c l a s s i f i c a t i o n  s y s t em wo u l d  b e  
attempted . 

METHODS 

Dur ing the pe r io d  1 9 7 5-
1 97 8 ,  898 stands of loblolly pine 
w e r e  s a m p l e d  i n  N a c o g d o c h e s , 
Angelina, and San Augus tine counties , 
Texas . These stands were equally 
divided be twe en SPB-infe s t ed and 
u n i n f e s t e d  s t a n d s . Un i n f e s t e d 
samples were randomly located , and 
i nf e s t e d  samp l e s  we r e  located in 
areas noted to be SPB-infested by the 
Texas Forest Service ( 1 9 78 ) .  

Di s c r iminant anal ys i s  of 
d a t a  showe d that s tand var iab le s  
could be used to predict which areas 
were more susceptib le to SPB attack 
and subsequent coloniza tion . Use of 
variables which were discernible from 
s m a l l- s c a l e  ( 1 : 6 0 0 0 0 ) a e r i a l  
pho tography appeared to be the mos t  
f e a s i b l e  m e t h o d  o f  a n a l y s i s . 
Di scriminant analys i s  of data using 
cla sses of pine basal area , average 
pine height , and topographic pos ition 
g a v e  c o r r e c t  c l a s s i f i c a t i o n  o f  
i nf e s t ed versus  noninf e s t ed s i t e s  
wi th greater than 7 0% accuracy . 

T o  t e s t t h e  p r e d i c t i v e  
model , nearby areas were cla s sified 
into classes of pine basal area , pine 
average height , and topogr aphic 
p o s i t i o n  u s i n g  e x i s t i ng a e r i a l  
photographs made during 1 9 72-1 9 7 6 .  
The cla s sification o f  susceptibility 
according to the discriminant model 
was then compared to exis ting records  
of more than 5 00 SPB attacks during 
the 1 9 73-1 9 7 7  period (Texas Fores t 
Service 197 8 ) .  

RESULTS 

The discriminant function 
that was used was :  

C = -5 . 9  + 0 . 65 H + 1 . 02 B + 0 . 56  T . 
where:  C i s  the classification 

value , 
-5 . 9  is  a cons tant , 
H i s  average height to 2 5-

foot classes , 
B is  basal area to 4 0  s quare

foot per acre classes , and 
T is  a code number fo r 

topographic position, 
where : 

1 denotes swamp or 
bot tomland , 

2 denotes sideslopes ,  
and 

3 denotes ridgetops . 

Comparison of actual SPB 
infes tations in hos t  stands versus 



t h e  p r e d i c t e d  i n f e s t a t i o n  o r  
noninfestation (A positive score on 
t he d i s c r iminant value pr ed i c t ed 
infestation. ) With a Chi-square tes t 
s howed tha t the chance tha t the 
susceptibility rating model did not 
predict SPB infestation locations was 
less than 2 % .  

I t  wa s c o n c lu d e d  t h a t 
classification of susceptibility of 
l o b l o l l y p i n e  s t a n d s t o  S P B  
infes tation from use of small-scale 
aerial photographs is practical in 
East Texas . 
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ABSTRACT 

The f i ve- s tage sampl ing 
design is generalized from the three
s t a g e  n e s t e d  s a m p l i n g  d e s i g n 
p r e sented  in s t andard texts  on 
experimental designs . This  paper can 
be considered a supplement to these 
books . The paper demonstrates the 
structural model and the neces sary 
calculations to be performed for easy 
adoption in a computer algorithm. 
The required sums of squares are 
derived . Without derivation, the 
s tandard errors , required for testing 
observed differences , are presented . 
An example of the application of the 
five-s tage nes ted classification is 
included as well . 

INTRODUCTION 

Most books on experimental 
designs do not go beyond a three
s t a g e  n e s t e d  s a m p l i n g  d e s i g n 
(Mendenhall  1 968 ,  Steel and Torrie 
1 960,  Snedecor and Cochran 1 967 ) .  
Higher-order nested classifications 
do not seem to occur frequently . 
Winer ( 1 971 ) treats incomplete nested 
experiments at higher s tages , but 
texts dealing with nes ted sampling 
designs at order four or higher seem 

few and far between . Stil l ,  the 
five-stage nes ted sampling experiment 
does occur and will  be presented 
below.  Firs t ,  the three-stage nes ted 
design , discussed in standard text s ,  
will  be presented . The higher stages 
can be generalized from the three
s tage  de s i gn wh ich i t se l f  is a 
trivial extension of the completely 
randomised design . The case will  be 
restricted to random effect models ,  
and equal replications wi thin each 
s tage are assumed . 

The general model for the 
three-stage nes ted sampling des ign is  
as  follows : 

X . .  k = jl +a . +(3 . .  +y . .  k 
l J  1 l J  l J  

; = 1. . .  a 
j = 1 . . .  b k = 1 . . .  c 

2 a; = N ( O , 0A ) 
2 (3 ; j  = N ( O , 0B ) 
2 \jk  = N ( O , 0C) 

The requi r ed degrees  o f  
freedom and sums o f  squares a s  wel l  
a s  the estimated mean squares are 
presented below.  



SV df 
A a - l  

B/A a ( b- l  ) 

C/ B a b ( e -l ) 
Tota l a bc - l  

ANOVA 

SS -
SS (A )  

SS ( B/A)  

S S ( C/S ) 
S S ( C ) =SS (Tota l ) 

E (MS ) 
2 2 2 0C+e0B+be0A 
2 2 0C+e0B 
2 0C 

The sums of  squa r e s  are 
calculated as  follows : 

(���x , ' k
,
)

2 

" k  1 J C F = ,'--.l.;::..J --;--_-"--_ abc 

a (��x , ' k)
2 

SS ( A } �E j k l J  - CF  
; be 

ab (�x , ' k)
2 

SS( B ) =E E  k l J  - C F  
; j e 

abc 
SS ( C ) =SS ( Tota l ) =E E E X� ' k-CF  

" k  l J  l J 

SS ( C/B ) =SS ( C ) - {S S ( A ) +SS ( B/A) } 

SS ( B/A) =SS ( B ) -SS (A )  

then : SS ( C/ B ) =SS ( C ) -SS ( A ) -SS ( B ) +S S ( A )  
=SS ( C ) -SS ( B )  

This  i s  how the subs ample 
sum of squa r e s  cal cula t ions  are 
usually presented . Algebraically, 
they are as shown below; i t  should be 
noted that the correction term (CF) 
d i s a p p e a r s a t  e v e r y  l e v e l  o f  
subsampling and i s  retained only for 
the firs t  s tage and the total about 
the overall mean . 

abc 2 ab  
SS ( C/B ) = E E E X , ' k - E E  

; j k  l J  ; j  
(�X ' , ,\2 

k l J � 
e 
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The f i v e- s t a g e  n e s t e d  
d e s ign i s  extr apolated  from the 
three-stage des ign and is  pr esented 
below in a generalized form.  The 
results of an actual sample survey 
wi l l  be given . The model and 
cal culat i ons  f o r  the four - s t age 
d e s i gn can be  int erpo la t e d  and 
designs with more than five s tages 
can be extrapolated from the five
s tage presentation . '  

The s truc tur al model of the 
f ive-s tage sampling des ign i s : 

X ,  ' k l  =].l+a , +(3 , , +y , ' k+o , ' kl +s , ' k l  l J m 1 l J lJ  l J lJ  m 
; =1 . "  a 
j = 1 . , .  b 
k= l . ,  . e  
1 = 1 .  . .  d 
m=l . . .  e 

T h e  n e c e s s a r y s um s  o f  
squares and degrees o f  freedom for 
thi s des ign a r e  p r e s e n t e d  below,  
a g a i n  wi t h  the e s t i ma t e d m e a n  
squares . It should be noted that the 
d e s c r i p t i o n  o f  t h e  s o ur c e s  o f  
var ia t i o n , a s  given i n  s tandard 
text s ,  is  incomplete . The complete 
description is therefore presented 
wel l ,  although the reason for the 
sho,rter notation will  become apparent 
sho rtly . 

ANOVA 

SV SV df SS 

A A a-l SS(A) 0�+e06+deo�+cdeo�+bcdeo� 
B/A B/A a (b-l ) SS (B/A) 0�+e06+deo�+cdeo� 

C/B/A C/ B ab(c-l ) SS (C/B) o�+eo�+deo� 
D/C/ B/ A D/C abc (d-l ) SS (D/C )  0�+e06 

a b(�X ' , ,'\2 a 
SS ( B/A ) =H k l J � - E 

be )2 E E X , ' k ' k l J 
E/D/C/B/ A � abcd (e-l ) SS(E/D )  02 

E 

; j  e ; J 
' 

be 
Total abcde-l SS ( E )  
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T h e  c a l c u l a t i o n  o f  t h e  
f o l l ow i n g  s u m s  o f  s q ua r e s  i s  
required . With the except ion of 
SS (A) and SS (E )=SS (Total ) , these do 
not form part of the ANOVA tab le , but 
are required for the calculation of 
the subsample sums of squares . 

(abede �2 
2: 2: E L2: X . .  k 1  CF= i j k 1 m  l J m 

a bede 

SS (A ) = 

(bede �2 
a � 2:EL Xi j k 1  m 2: J k 1 m  - CF  
i bede 

SS ( B ) = 
ab  (���X . ' k 1  � 
2:2:  k1 m l J � - C F  
i j  ede 

SS ( C ) = 
(de -�2 

abc 2:2: X , ' k 1  E L 2: 1 m  l J m - CF 

SS ( o )  

i j k  de 

abed (�x , ' k1  )2 

= 2: 2: 2: 2:  m l J m - CF  
i j k 1 e 

abede 
SS ( E ) =SS ( Tota 1 ) =2: 2: 2: 2: 2:X? ' k 1  -CF  . 

" k 1  l J m l J m 

The n e c e s s a r y s u m s  o f  
squares a t  the various stages of 
subsampling are obtained as follows : 

SS (E /D )  = SS (E )  - [S S (A )  + SS (B/A) 
+ SS (C/B ) + SS (D/C) ] 

SS (D/C ) = S S (D )  - [S S (A )  + S S (B/A )  
+ SS (C/B) ] 

SS (C/B)  = S S (C )  - [SS (A) + S S (B/A) ] 
SS (B/A )  = SS (B)  - S S (A )  

From these statements ,  the following 
results are obtained : 

SS (C/B)  = S S (C )  - S S (A )  - S S (B )  
+ SS (A )  = S S (C )  - S S (B )  

S S (D /C )  = S S (D )  - S S (A )  - S S (B )  
+ SS (A) - S S ( C )  + S S (B )  
= SS (D )  - S S ( C )  

S S (E /D )  = S S (E )  - S S (A )  - S S (B )  
+ SS (A )  - S S (C )  + SS ( B )  + 
- SS (D )  + S S (C )  
= S S (E ) - S S (D ) 

It is from these results  
that the shorter notation for the 
s o u r c e s  of var i a t i o n  originate . 
Algebraically, these sums of squares 
are as follows , and again it should 
be noted that the correction terms 
have disappeared : 

a b  EL2:X , . (ede ) 2 

SS ( BjA ) = 2: 2:  k 1 m  l J k 1 m  
ij ede 

bede ) 2 
a � E L 2:X i ' k1 m - 2: J k1 m  J 
i bede 

abe ��X i j k 1m  
2 

ab(���X i j k 1 m )
2 

SS ( Cj B) = 2:n 1 m  - 2: 2:  k 1 m  
i j k -'----d'e---<-- i j --e-'d-e -"'---

a bed 
SS (Oj C ) = 2:2:n 

ij  k 1  
�X ij k 1 m )

2 
a bc (��X i j k1 m )

2 

m . - EL2:  1 m  ...l.-:..:.--e---L-- i j k -"- �-d-;-e--..!-

a bede 2 a bed (e 2 
SS (Ej O ) = n H 2:X ,  ' k 1  - nn 2:X , ' k 1  " k 1 l J m " k 1 m l J m ·  

l J m l J e 

I f  MS deno t e s  the mean 
s quare obtained by dividing the SS  by 
i t s  corresponding degrees of freedom,  
a n  MS a t  any level become s the 
denominator to test for diffe rences 
between means at the previous level . 
F o r  examp l e , t o  t e s t wh e t he r 
d i f fe rences  betwe en means of the 
level of C/B are significant , the F 
test to be performed is : 



F = MS ( C /B )  
MS (D /C ) 

with ab ( c-1 ) and abc ( d-1 ) degrees of 
f r e e d o m . T h i s  a l s o  g i v e s an 
i nd ic a t i o n  of how the s tandard 
errors , which may be required , are 

SV 

A 

B/A 

C/B  

D/ C 

Standard Erro r 

s - = JMS�B/A )  
a 

s = 1S CC/ B )  
al b be 

s = 
J
1B ( D/ C )  

C7D bed 

s-- = t1S ( E/ D )  
die bede 

An example of a five-s tage 
nested sampling design is provided by 
Navr a t i l  ( unpub l i shed ) whi c h , in  
f a c t , provided  the  nec e s s i ty f o r  
the design and the computer program .  
The densi ty o f  stomata o n  the leaves 
o f  t r e m b l i n g  a s p e n  i n  t h e  
neighborhood of Sudbury was measured .  
Eight areas were selected in the 
region;  in each of these areas three 
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o b t a i n e d . W h i l e  t h e o r e t i c a l  
cons iderations are considerab le , for 
p r a c t i c a l  pur po s e s  the fo l lowing 
tab le present s the standard errors 
wi th their corresponding degrees of 
freedom . 

Degrees of Freedom 

a ( b- l ) 

ab (e-l ) 

a bc ( d- l ) 

a bed (e- l ) 

clones were selected and wi thin each 
clone , three trees . Three leaves per 
tree were selected , and the s tomata 
dens i ty was determined from three 
segments of each leaf . 

Us ing the s tructural model 
presented above and the calculations 
a s  described , the fo llowing results  
were  obtained : 

Hierarchal analysis of variance 

SV df SS MS VR P 

Areas 7 859 . 0  1 22 . 7  <1 >0 . 1 0  
Clones/area 16  2354 . 8 1 47 . 2  7 . 2  « 0. 005 
Trees /clone 48 982 . 2  2 0 . 5 2 . 8  <:<:0 . 005 
Leaves/tree 144 1038 . 9  7 . 2 1 . 4  � o .  005 
Stomata/leaf 432 2204 . 7  5 . 1  

Total 647 7439 . 6  

As indicated above , the F 
tests are the variance ratios of two 
s u c c e s s ive sour c e s  o f  var i a t io n .  
Because of the successively higher 
degrees of freedom, small variance 
ratios are declared significant . The 
s tudy did not require calculations of 
s tandard errors . 

T h e  m o d e l  h a s  b e e n  
presented to supplement the treatment 
g i v e n  n e s t e d  c l a s s i f i c a t i o rt i n  
s t a n d a r d  t e x t s  o n  e xp e r im e n t a l  
designs . I t  should also demons trate 
the sys tematic manner in which the 
computer program has been written and 
which may be needed in the absence of 
a library subroutine . 
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ABSTRACT 

Dat a  on Canada ' s  f o r e s t 
r e s o u r c e s  a r e o b t a i n e d  almo s t  
exclusively from provincial forest 
inventories . Developed over the las t  
3 5  years , the procedures used in 
these inventories are qui te similar . 
On� exception is the inventory used 
in Ont ar i o , whi c h  r e l i e s  on the 
measurement of s t and par ame t e r s  
app l i ed to yi e l d  t a b l e s  for  the 
e s t imat i o n  of volume and other 
attributes . Other minor differences 
a r e  found in the �nven to r i e s  of 
Newfoundland and Nova Scotia . 

Until recently , the only 
major change in procedures was the 
introduction of point sampling . Now , 
changes are occurring more rapidly .  
This  results  from the availability of 
more sophisticated sampling des igns 
( 3 P , S PR ) , i mp r ov e d  t e c hn o l o g y  
( computers and computerized sys tems , 
remote sensing ) , and the need to 
reduce the cos t of fieldwork . 

In the futur e ,  changes are 
likely to continue : more detailed 
data will  be necessary for intens ive 
forest managment , new types of data 
(biomass )  will  be requested ,  and new 
t echno logy ( LANDSAT ) wi l l  become 
operational . 
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INTRODUCTION 

R e m o t e  s e n s i n g  i s  a n  
important part of forest inventory; 
howeve'r , it  is only one of many parts 
which the planner mus t  consider in 
developing an effective invento ry . 
The remote sensing specialist often 
forgets that . Thi s  paper describes 
all the different parts of a typical 
forest inventory and how they fit 
together . Following a discussion of 
differences between inventories in 
Canad a , recent devel o pme n t s  and 
advances  are p r e s e nted , and an 
educated guess  is made of future 
trends . 

A discussion of provincial 
f o r e s t  invento ri e s  i s  real ly a 
d i s c u s s i o n  o f  C a n a d i a n  f o r e s t  
inventories . The primary reason is 
that 83% of the inventoried fo res t 
l an d  i n  C a n a d a  b e l o n g s t o  t h e  
provinces (Bowen 197 8 ) . This  land is  
either inventoried by the provinces 
or by leaseholders to meet provincial 
requirement s .  Inventory techniques 
on the rema1n1ng land (federal 11% 
a n d  p r i v a t e  6 % )  do n o t  d i f f e r  
s i g n i f i c an t l y f r om p r ov i n c i a l 
technique s . 

Inventory procedures vary, 
depending on a number of factors 
which include the extent of coverage 
a n d t h e  d e t a i l  a n d  t y p e  o f  
i n f o rmat i o n  requi red . The gre a t  
majori ty o f  provincial inventories , 
however�  s erve one purpo s e : to 
obtain estimates of areas and wood 
volume s by d i f fe r ent c l a s s es £ o r  
ext �ns ive areas , wi th suf f i c i e n t  
detail f o r  management ' and planning . 
They are not designed to monitor 
changes . Such inventories are called 
management and regional inventories 
and are the focus of this paper . 

STANDARD INVENTORY TECHNIQUES 

regional ) 
Inventories 

consi s t  of 
(managemen t and 
a sequence of 

common tasks , or steps . Thi s  paper 
provides an outline of these s teps to 
serve as a point of reference for 
s u b s e q u e n t  d i s c u s s i o n s . Mo r e  
d e t ail ed inf o rma t i o n  i s  given by 
Bonnor ( 1 97 8 ) . 

T h e  f i r s t  s t e p i s  t o  
devel o p  a f o r e s t and land area 
c l a s s i f i c a t i o n  s y s t em wh e r e b y  
subsequent estimates are compiled . 
C l a s s i f i e r s  i n c l u d e  own e r s h i p , 
administrative category,  land class , 
a nd f o r e s t  c over . The las t  i s  
s u b d i v i d e d  i n t o  m a n y  o t h e r  
c 'l a s s  i f i e  r s , e • g " s t o  c k i n  g , 
productivity , and fores t types . 

T h e  s e c o nd s t e p i s  t o  
produce base maps  of the invento ry 
area . They display only sufficient 
information ( road s , water bodies ) to 
locate fo res try information added to 
the map later . 

I n  t h e  n e x t  s t e p , t h e  
location and type o f  fo res t cover of 
t he e n t i r e  i nv e n t o ry a r e a  a r e  
determined . Thi s  is  where remote 
s en s ing comes i n .  The ap pr oach 
generally used i s  to obtain aerial 
pho t o s  a t  med ium s c a l e s  and to  
interpret them. The interpretation 
includes a delineation of homogeneous 
areas and a classificiation of each 
area according to the classification 
sys tem. 

The photo-interpreted data 
as well  as data on ownership and 
a dmin i s t r a t ive bounda r i e s  are now 
transferred to the base map . The 
r e s ul t ing pr oduc t , c omp l e te  with 
legend , is  called a fores t map . From 
this map , the area of each polygon 
( e . g . ,  a s tand ) is determined , and a 
list of areas is  produced , ready for 
s umma r i z a t i o n  a c c o rd i ng t o  t h e  
c la s sificatIon sys tem .  

The fores t map provides not 
only a map of the forest types and 
their extent but also a framework for 
s ub s equen t  f i e l d  s ampl ing . Such 



s ampling i s  nec e s s ary to pr ovide 
detailed information ( e . g . , volume by 
species ) which cannot be obtained 
f r om the  s t a n d a r d  a i r  pho t o s .  
Statistical procedures are used to 
determine the number of sample plots 
required . Plot locations are then 
s elected on the map , sys t ematically 
o r  at  random,  wi thin the f o r e s t 
type s . Often, the plot locations are 
transferred back to the air pho to s  
f o r  easier field location. Field 
crews go to the specified locations , 
e stab li sh the plot s , and obtain the 
required data . For each tree these 
include species identification and 
measur ement of  dbh . Other data 
frequently noted are height , age , 
growth,  and quality . Stand data 
( h e i g h t , b a s a l  a r e a , s p e c i e s  
composition) as well  as soil and 
t errain characteristics may also be 
noted . 

The main pur p o s e  of the 
f ield survey is  to obtain volume 
data . The field-plot data ( species , 
d bh , and o f t en t r e e  he i ght ) are 
applied to tree volume equations , and 
i n d i v i d u a l t r e e  v o l u m e s  a r e  
c a l c u l a t e d . T h e s e  a r e  t h e n  
s ummar i z e d  ( by s pe c i e s ) f o r  each 
plot , and average volumes per plot or 
per hec ta r e  are cal cula t ed for  
d i f  f e r  e n t f o r e s t  t y p e s . 
Multiplication of the averages wi th 
f o r e s t  t y p e  a r e a s  g i v e s  t o t a l 
estimated volumes . 

T h e  f i n a l  s t e p  i s  t o  
c ompi l e  and summa r i z e  the data 
( pr imar i ly areas  and vo lumes by 
different classes ) and to report the 
results .  

In statistical terms , the 
inventory procedures described use a 
s tratified random sampling design : 
air photos are used to identify and 
map strata ( fo:tes.t cover type s ) ,  and 
a field survey is used to obtain 
d e t a i led e s t imat e s  ( p r imarily of 
volume) for each stratum. 
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SPECIAL INVENTORY TECHNIQUE S 

Several provincial inven
t o r i e s  ut i l i z e  t e chnique s wh ich 
differ from those already described . 
Chief amongst  them is  the Forest 
Resource Inventory . (FRI ) of Ontario . 
In the FRI , field survey and pho to
interpretation data are both used to 
m a p  f o r e s t ty p e s . Wh i l e  t h i s  
post s tratification results in better 
fores t typing , the calculat io n  of 
p r ec i s io n  e s t ima t e s  becomes mo re  
difficult . Secondly ,  the number of 
fores t type s is limited to 1 2  major 
working groups by which es timates are 
compiled . Thirdly , measurements of 
s tand parameters are made : the stand 
is  the basic unit of measurement and 
compilation.  Fourthly , yield tables 
( applicab le to stand s )  rather than 
tree volume tab les are used to obtain 
detailed es timates . Yield tables 
have the advantage that they provide 
data on many different attributes , 
including vo lume , growth,  and basal 
area, and they can be used to project 
stand development . There is some 
evidence , however , that the use of 
yield tab les , stand parameters , and 
working groups is  not compatib le wi th 
the variety of fo res t types found in 
Ontario and that the accuracy of the 
r e s u l t ing inven to ry e s t imat e s  i s  
insufficient for today ' s  need s . 

I n  m o s t  p r o v i n c i a l  
inventories , fores t-type areas are 
o b ta ined from map mea s ur eme nt s ,  
u s ua l ly d o t  g r i d d i n g , o f  t h e  
delineated type s . In Nova Scot ia , a 
different procedure is used : area 
e s t imat e s  o f  a f o r e s t  type are 
o b t a i n e d  b y  c a l c u l a t i n g  t h e  
proportion of field plot s which fal l  
i n  t h a t  type and ap plying thi s 
p r o p o r t i o n  t o  t h e  t o t a l a r e a  
involved . This  procedure i s  rapid 
and inexpensive , but it provides only 
appr oximate areas  and no map of 
fores t-type locations . The Global 
Inventory in Newfoundland utilizes 
the same procedur es ,  but forest maps 
showing fores t type boundaries are 
produced in a separate phase . 
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RECENT DEVELOPMENTS 

The las t  decade has seen a 
numbe r o f  a d v a n c e s  i n  f i e l d s  
a f f e c t i n g f o r e s t  i n v e n t o r y 
me tho d o l ogy . The s e  advan c e s  are 
slowly being tested and incorporated 
into provincial inventories . 

In the field of sampling 
techniques , the recently developed 3P 
method (Probability Proportional to 
Prediction) has been applied in Nova 
Scotia to estimate wood volumes by 
s i z e  and qua l i t y  cla s se s . Nova 
Scotia is also planning to use 3P in 
a mul t i s t a g e  fo r e s t  invent o ry to 
�e p l a c e  t h e  c u r r e n t  i n v e n t o r y 
methods . A modified version of the 
3P me thod has also  been t e s ted  
successfully in  Saskatchewan and is 
now being incorpo rated  into the 
inventory design . 

In the f i el d  of remo t e  
s ens ing , Ontario  has s t ar t ed a 
reconnaissance inventory of northern 
fores ts using LANDSAT imagery . The 
p r o c e d u r e  u s e s  s u p e r v i s e d  
c la s s i fi c a t ion o f  d i g i t al LANDSAT 
data . The results will consist  of 
maps and tables summarizing data by 
f o r e s t  type s and vo lume clase s .  
Ontario also plans to use LANDSAT to 
update results of the standard Forest 
Resource Inventory .  

I n  Nova Scotia,  tes ts are 
u n d e r  w a y t o  e v a l u a t e  t h e  
effectiveness of color infrared (CIR )  
photography in forest inventories . 
The test s  include photos at scales of 
1 : 5 000, 1 : 10 000, and 1 : 50 000 . The 
tes t area is Cape Breton Island , and 
e m p h a s i s  i s  p l ac ed o n  damag e  
detection and the ability to define 
defoliation classes . Nova Scotia 
also plans to uSe LANDSAT imagery to 
update cut-over areas . 

In Albe r t a , large-scale 
a e r i a l  p h o t o g r a Vh y  h a s b e e n  
successfully tes ted , and incorporated 
into the basic inventory design . 

In the field of mapping , a 
major problem is the time and cos t 
required to calculate areas of stands 
and fores t types ,  to update maps ,  and 
to convert them to metric units . To 
s o lve the s e  pr oblems , the B . C .  
Fo res t Servi c e  has imp l emented a 
c omput e r i z ed mapp i ng sys tem ,  the 
Interactive Graphics Di splay Sys tem .  
T h e  p r o v i n c e s  o f  O n t a r i o  a n d  
Saskatchewan are also inves tigating 
the use of such a sys tem .  

FUTURE DEVELOPMENTS 

Any c h a n g e s  i n  f o r e s t  
invento ry , methodology will  depend on 
changes in data requi rements ,  the 
need for improved procedures , and the 
availability of proven technological 
developments .  Wha t changes can we 
expect in the future ?  

A major change will  result 
from the need for new kinds of data 
and for more detailed data . For 
example ,  forest biomass data wil l  be 
requi red and can be obtained fairly 
readily vi a exi s t ing invento r i e s . 
Also , data from other fields , e . g . , 
wi l d l i fe and recrea t i o n , wi l l  be 
required . Such data will  be obtained 
b y  me a n s  o f  i n t e g r a t e d f o r e s t  
r e s our c e  invento r i e s . The U . S .  
Forest Service has been working on 
this aspect fo r several years , and 
s e v e r a l  o f  o u r  p r o v i ri c e s  a r e  
e x p l o r i n g  a l t e r n a t i v e s  a n d  
impl i c a t ions  of such invento r i e s . 
F i nal ly , more  de t a i l ed da ta  on 
changes in the forest resources wil l  
b e  requi red to determine i f  they are 
d e c r e a s i n g  a n d  wh a t  man a g e m e n t  
practices mus t  be implemented . To 
obtain such data , different sampling 
designs , e . g . , Sampling wi th Partial 
Replacement , mus t  be used . 

Computers have been used 
for many years in the compilation of 
fores t inventory data and are now 
also being used in mapping ,. so i t  is  
reasonable to  assume that computer 



fields . 
pr o ce s s ,  

p h o t o  
wi th the 

usage will spread to other 
F o r  examp l e , the who l e  
s t a r t i n g  w i t h  a i r  
interpretation and ending 
production of fo rest maps , 
highly automated . 

could be 

Fur ther devel opment s  in 
remote sensing can also be expected . 
For instance , the full potential of 
existing LANDSAT imagery has not yet 
been realized , and no-one knows what 
kind of forestry information can be 
extracted from the new LANDSAT D .  
LANDSAT represents a new source of 
information which , when sufficiently 
analyzed , can be used wi th advanced 
sampling designs (e . g . , multistage ) 
to obtain forest resource data more 
effectively . 

DISCUSSION AND CONCLUSION 

As pr evious ly men t i o ned , 
mos t  provinces use the same invento ry 
techniques . The inventories diffe r ,  
however , i n  the application of these 
technique s . One major difference is 
in the area classification sys tem; no 
two provincial inventories use the 
same sys tem.  This  makes i t  very 
difficult to compare the results  and 
t o  c o m p i l e  t h e  r e s u l t s  i n t o  a 
n a t i o na l  s umma r y . Th e s t a n d a r d  
techniques have also changed with the 
passage of time ; for example , point '. 
sampling is now used more than plot 
sampling in fieldwork . 

T h e  s p e c i a l  i n v e n t o r y  
techniques represent early attempts 
to improve standard techniques or 
a d a p t  t h e m  to m e e t  s p e c i a l  
r e q u i r e m e n t s . T h e r e c e n t  
developments are a continuation of 
the s e  impr ovemen t s ; t he examp l e s  
g i v e n  a r e  n o t i n t e n d e d  to  b e  
exhaustive but t o  indicate how the 
inventories are changing . 

Futur e 
p r e s e n t e d  wi t h  
confidence , based 

devel o pment s  are 
s o m e  d e g r e e  o f  

on pas t  and present 
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trends and on a cons ideration of the 
s tatus of forestry in Canada . Where 
are we now, and where are we heading ?  
The basic fact is that we are running 
out of economical ly accessib le , high
quality wood . In some provinces , the 
annual harve s t  even exceed s the 
annual growth.  Much cut-over land , 
product ive and easily acces sib le , is 
not suf f i c i en t ly s t o cke d . The s e  
facts are well  known , and people are 
worried about them. What is also 
w e l l  kn own i s  t h a t  we c a n  d o  
something about it . 

Thr ough intens ive fo res t 
management , we can double the yield 
of high-quality wood on produc t ive , 
a c c e s s ib l e  land . Thi s  i s  whe r e  
forest inventories come in . To do 
something about decreasing yields , we 
need much be tter data on our fo res t 
resources : the data have to be more 
accurate , more detailed , and more 
l o c a t io n- s pe c i f i c . Fur thermo r e ,  
inventories have to monito r changes 
in the forest resources . This  is the 
chal lenge . I hope we wil l  be ready 
to meet it . 
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SASKATCHEWAN FOREST INVENTORY 

J . A .  Benson 
Saskatchewan Forestry Branch 

Department of Tourism and Renewable Resources 
Prince Albert , Saskatchewan 

ABSTRACT 

The S a ska tchewan F o r e s t  
I nvent o ry cons i s t s  of map s  and 
e s t i ma t e s  of s t and ing t imber by 
s pe c i e s  and s i z e  c l a s s e s ,  wi thin 
s tr a t i f i c a t ions iden t i f i e d  from 
a e r i a l  p h o t o g r ap h s . R e c e n t  
technological advances have made it  
possible to improve both the quality 
and the method of presentation of 
inventory data . The pro c e s s of 
incorporating some of these changes 
i n t o  t h e  S a s k a t c h e w a n  F o r e s t  
Inventory wi ll be discussed in three 
parts .  

A. MAPPING : 

increasing use of digital 
computers in the s torage and 
manipulation of map data . 

B .  FIELD DATA REQUISITION: 

incorporation of 3P (Probabil'
i ty Proportional to Predic
t ion) sampling technique s into 
the collection of field data . 

adopt ion of large-scale photo 
sampling techniques in the 
Reconnaissance Forest Zone . 

C . DATA PROCESSING: 

increasing flexibility in the 
s election and presentation of 
inventory data . 

i n t r o d u c t i o n  o f  g r o w t h  
s imul a t i o n  into the f o r e s t  
inventory . 

The present and proposed 
sys tems ' and procedures , as well as 
futur e tr end s in the inven t o ry 
process ,  will be discussed in each 
part . 

INTRODUCTION 

In order to accept any form 
of remote senSing as an integral part 
of the work flow of an inventory , the 
responsible agency mus t  be prepared 
to  supply the necessary supporting 
organization and funds .  Saskatchewan 
utilizes remote sensing in the form 
of vertical . aerial ' photography of 
v a r i o u s  s c a l e  r a t i o s  i n  t h e  
development and maintenance of an 
inven to ry of the f o r e s t  r e s our ce  
w i t h i n  t h e  b o un d a r i es o£  t h e  
Provincial Fores t . The supporting 
a g e n c y  i s  t h e  G o v e r n m e n t o f  
Saskatchewan through the Department 
of Tourism and Renewable Resources , 
Forestry Branch . Funding is  provided 
f r om no rmal budg e t ary pr ocedur e s  
wi thin provincial departments '  and , on 
o cc a s i o n ,  f r om spe c i al agreemen·t s 
wi th the Government of  Canad a . 
(Examples of such special agreements 
are the Canada Land Inventory Program 
and the recently signed SubSidiary 
Forest Agreement . )  
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The Provincial Forest in 
Saskatchewan is a legal entity , that 
i s ,  the boundaries are defined in 
surveying terms and described in a 
piece of legislation entitled The 
Forest Act .  Thi s area amounts to 
about 354 , 5 85 km2 or 54% of the total 
area of Saskatchewan . Primarily due 
t o  t h e  t w i n  p r o b l e m s  o f  
inaccessibility and remoteness from 
t he marke t ,  the ma j o r i t y  of the 
P rovincial  For e s t , about 5 9 % ,  i s  
c ons idered noncommercial and i s  
c la s s i fied a s  t h e  Reconnai s s anc e 
Forest Zone . The remaining 41%  or 
144 ,095  km2 is classified as the 
Comme r ci a l  F o r e s t  Zone . It  i s  
c onsidered accessible and the forest 
resource thereon marketable .  Wi thin 
the Commercial Forest Zone , about 55% 
or 79 , 2 50 km2 i s productive land , 
that i s ,  land that is  capable of 
producing merchantable trees within a 
r ea sonable leng th of t ime . The 
p r e s e n t  e s t i m a t e  o f  g r o s s  
merchantable volume (30  cm stump , 
7 . 62 inside bark , top diameter) i s :  

Softwoods • • • • • •  284 , 194 , 000 m3 
Hardwoods • • • • • •  200 , 400 , 000 m3 

(59% ) 
(41% )  

Total • • • • • • • • • •  484 , 594 , 000 m3 ( 100%) 

THE PRESENT SYSTEM 

Saskatchewan recently has 
embarked upon a new forest inventory 
program en t i  t I ed Bl ock Inven t o ry . 
The entire Provincial Forest has been 
s tratified into 1 0  major regions or 
blocks , seven in the Commercial Zone 
and three in the Reconnaissance Zone . 
The boundaries between blocks are 
based upon preliminary identification 
o f  di f fe rence s  in phy s io g raphi c 
and/or vegetation factors . These 
boundaries will be ad justed as more 
r e l i a b l e  i n f o r m a t i o n  b e c o m e s 
available from the Block Inventory 
program.  A very general flow chart 
of the procedures being used for the 
program is shown in Figure 1 .  These 
procedures can be grouped into three 
general act ivi ties : 

A .  Mapping 
B .  Acqui sition of Field Data 
C .  Data Processing 

A .  Mapping : 

The  f i r s t  s t e p  i n  t h e  
production o f  forestry maps is the 
acquisition of aerial pho tography . 
With the introduction of the Block 
Inventory Program, scale ratios were 
changed from 1 : 15 840 to 1 : 12 500 
in the Commercial Fores t  Zone and 
from 1 : 25 000 to 1 : 50 000 in the 
Re conna i s s an c e  F o r e s t  Zone . At 
present about 53% of the Provincial 
Fores t has been photographed at the 
n e w  s c a l e  r a t i o s , a n d  a l l  new 
pho to� raphy is s c hedul ed to  b e  
completed by the end o f  1986 . A 
photo library of about 1 5 5 , 000 prints 
i s  main tained in-hous e ,  wi th all 
pictures available on a temporary 
loan basis . Limi ted capability for 
p r i n t  produc t i on f rom avai lable 
negatives also is  maintained . 

I n t e r p r et a ti o n  o f  aerial  
pho t o g raphs i s  done  us ing Z e i ss 
s t e r e o p r e t s  w i t h  f o u r - p o w e r  
b in o cular s . Average produc t i on 
amounts to about 16  to 20 km2 or 
three and one-half to four and one
half pictures per. man-day , with the 
better interpreters reaching six to 
s e v e n  p i c t u r e s  p e r  m a n - d a y . 
Recognized forest stratifications are 
illustrated in Figure 2 .  An example 
of a forest cover type label is shown 
in Figure 3 .  

F o r e s t ry b a s e  . maps  have 
been , and presently are , prepared 
using radial line triangulation with 
s l o t t e d  t e mp l a t e s . T h e  f l a t  
topography and lack o f  suffic ient 
s u r v e y  c o n t r o l  n e c e s s i t a t e  t h e  
preparation o f  new base maps with 
each block of new or replacement 
pho tography . Maps being · prepared 
under the Block Inventory Program are 
based on the 60 Universal trans
-ver s e  Me r c a t o r  ( UTM) pro j e c t i o n ,  



and map boundaries are assigned from 
the 1 0 , 000 m grid . The step-by-step 
procedures for map preparation are :  

1 .  D e t e rm i n e s u r v e y  c o n t r o l  
( supplemented from the National 
Topographic Series at 1 : 50 000 , 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

1 0 .  

as necessary . 

On each aerial photograph , pick 
center points , conjugate center 
points , and pass  points ;  these 
points provide the link between 
adjacent photos and flight line s .  

Transfer the points t o  template
b o a r d  m a t e r i a l  w h i c h i s  
d ir ec t i ona l ly s t able , and cut 
radial slots from the center of 
e a c h  t e m p l a t e  t h r o u g h  a l l  
conjugate centers , pass point s , 
and survey control points . 

Lay out the UTM grid on the map
ping floor . 

Plot all survey control on the 
grid . 

Bridge among all 
p o i n t s  w i t h  
templates . 

survey control 
t h e  s l o t t e d 

Transfer and label the 
pho to p o i n t  loc a t i on s  
mapping floor . 

adjusted 
to  the 

T r an s f e r  t h e  g r i d  a n d  t h e  
adjusted photo points t o  mylar . 

Us ing the photo points ,  which now 
are common to both the aerial 
photographs and the base map ,  
t rans f e r  the interpr e t e d  data 
from the photos to the mylar . 

Carry out a color check , that is , 
vi sually compare the drafted map 
w i t h  t h e  a p p r o p r i a t e  a e r i a l  
p h o t o g r a p hs a n d  n o t e  a l l  
corrections to be redraf ted . 
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The completed map is 80 X 
80 cm, exclusive of the legend , and 
depict s  an area of 100 km2 • The 
average cost break-down to produce a 
complete map of 100 km2 is :  

Aerial Photography 
Photo Interpretation 
Base Mapping 
Drafting 
SUBTOTAL 

- $ 41 2 . 96 
604 . 07 
290 . 90 
463 . 04 

$1 , 770 . 97 

Supervision 225 . 00 
Depreciation of Equipment- 102 . 00 
SUBTOTAL �$��32::-:7:-.-=-0�0 

TOTAL COST FOR 100 km2 $2 , 097 . 97 

E s t ima t ing of f i c e  s p a c e  
costs a t  about $ 95 /m2 would add about 
$ 1 1 5  to the cost per map . 

Wi th a 1 0-year cyc l e  of 
r e pho t ography it i s  nec e s s ary to 
incorporate updating procedures into 
the mapping proces s .  Using in-house 
e q u i pment cons i s t ing of a 7 0  mm 
camera with accessories and adequate 
darkroom facilities ,  plus access to a 
t w i n - e n g i n e  a i r c r a f t , i t  i s  
a n t i c i p a t e d  tha t a l l  d i s turbanc e s  
such as harvesting , wildfires , and 
r o a d  bu i l d i n g  c a n  b e  up d a t e d  
annually . In addition, Dr . Y .  Jim 
Lee of the Pacific Forest Re search 
Centre is conducting a test using 
L A ND S A T  d a t a  f o r  i l l u s t r a t i n g  
progres sive harvesting activities for 
a portion of the Commercial Forest 
Zone . 

B .  Acquisition of Field Data : 

In 1977 , field tests  were 
c a r r ied out to c ompare var i ous 
s a m p l i n g t e c h n i q u  e s b o t  h f o r  
e s t imat ing the pre sent s t an d ing 
volume and for establishing a network 
o f  s a m p l e  p l o t s  f o r  f u t u r e  
r emeasurement . Te chnique s t e s ted  
were : 
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1 .  3P sampling , fixed area base . 
2 .  Point sampling Basal Area 

Factor = 40 
= 20 
= 10 

3 .  Point sampling with 
Basal Area Factor for :  

- 4 trees , minimum 
- 5 trees , minimum 

4 .  Point 3P s ampling 
5 .  Double sampling with 

aerial photographs . 

variable 

1 :  12 500 

The methods used to collect 
t he f i e l d  data , coup l e d  wi th a 
limited budget ,  did not allow the 
inclusion of time trials , although 
the time requried for each technique 
was estimated in terms of production 
p e r  man-day . Al though s everal 
factors were taken into account , the 
primary criterion for selecting the 
most sui table sampling technique was 
the standard error of mean gross  
merchantable volume per hectar e .  The 
selected technique incorporated the 
e s t ab l i shment of area pl o t s  wi th 
sample trees wi thin each plot chosen 
using 3P ( Probability Proportional to 
Prediction) procedures .  

T h e  s t e p - b y- s t e p  f i e l d  
procedures are as follows : 

1 .  Lay out cruise line on the UTM 
map .  

2 .  Locate and label the starting 
point in the field . 

3 .  C o m p a s s  a n d  c h a i n  t o  t h e  
beginning of the sample plot . 

4 .  Label the plot number on a tree 
near the beginning of the plot .  

5 .  De termine the plot center line 50 
m in length . 

6 .  Mark the plot planimeter ; note 
that plot width varies with stand 
density . 

7 .  Dot tally in 2 cm dbhob (diameter 
at b r e a s t  he i ght over bark ) 
classes all stems larger than 7 . 0  

8 .  

9 .  

cm . 

Select sample trees by comparing 
a local volume table vaiue for 
each stem with successive values 
from a random number table.  

Mea sure al l s ample 
dbhob to 0 . 1  cm and 
tree height to 0 . 1  m.  

trees for 
for total 

1 0 .  Determine the age of one selec ted 
s ample tree per species . 

1 1 .  D e t e rmi n e  s o i l  t e x t u r e  a n d  
drainage from a soil sample ( only 
done by qualified personnel ) .  

1 2 . Record lesser vegetation ( only 
done by qualified personnel) . 

A usual day ' s work for a 
two-person field crew is 10 plots per 
day . Wi th p r e s en t  s t a f f ing  and 
funds , it is anticipated that 3 , 500 
to 4 , 000 plots will be es tablished 
annually . 

C .  Data Processing : 

T h e  m a j o r i t y  o f  d a t a  
p o r o c e s s ing  in the Sa skatchewan 
Forest Inventory is done on an IBM 
3 70-158 main-frame computer . Field 
data is keyed from tally sheets onto 
magnetic diskettes . This data then 
i s  read onto a Remote Job Entry (RJE ) 
s t a t i o n i n  P r i nc e  Al b e r t  a n d  
transferred 145 km on telephone lines 
to the main-frame in Saskatoon. The 
d a t a  i s  edi ted  and comp i l ed in 
Saskatoon and the results transferred 
b ack to the RJE f o r  pr inting  in 
Princ e  Albert . 

At the present time , new 
map data is not being . stored and 
processed on the computer . Prior to 
the production of UTM maps , map areas 
w e r e  d e t e rm i n e d  f r om d o t  g r i d  
o v e r l a y s ; t h e  a r e a  f o r  e a c h  



i d e n t i f i e d  
d e t ermined 
within tha t 

s t r a t i f i c a t i o n wa s 
by c oun ting the d o t s  

s t r a t i f i c a t i on wi thin 
each map unit . This area summary for 
e a c h  ma p t h e n  wa s r e c o r d e d o n  
diskette,  transferred to the main
frame in Saskatoon, edited and stored 
on the master file for the Provincial 
Fores t . Thus the smallest compi1ab1e 
area stored on the area files was one 
full map unit . If information was 
required for only a portion of a map ,  
then i t  was necessary t o  repeat the 
dot-counting process for that  portion 
of the map and recompile the area 
data on a separate computer file. 

The field data compiled in 
the form of stand and stock tables 
was combined with the area data from 
the maps  to produce stand and stock 
estimates for each map unit .  These 
e s t i m a t e s  t h e n  w e r e  u s e d  b y  
government and industry to calculate 
allowable annual cut and to prepare 
operating and management plans . 

NEW DIRECTIONS 

Re c en t  te chno l o g i c a l  ad
vances coupled wi th addi tiona1 funds 
provided through the recently signed 
a g r e em e n t  b e t w e e n  C a n a d a  a n d  
Saskatchewan has made it pos sible for 
Saskatchewan to improve the quality 
a n d  e f f i c i e n c y  o f  t he f o r e s t  
inventory sys tem .  

A.  Stem Analysi s :  

During the next 3 years , 
1 , 500 trees of various species will 
be s ec t i oned and mea sur ed . The 
r e s ul t an t  data wi l l  be  used  to 
develop vo1ume-per-tree equations to 
replace the old tabular values ,  as 
well as to develop taper equations 
for predicting upper s tem diameter s . 

In addition , data from some 
8 , 0 0 0  p r ev i o u s l y  me a s ur e d  s t em 
analys is  trees will be recompiled for 
comparison with the new data and for 
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possible inclusion in the tree mas ter 
files . 

B .  Age Classification: 

In the pa s t ,  s t and ages 
have not been included in the forest 
inventory . Starting last winter , the 
col1ec tion of age information in the 
field was initiated and will continue 
during the forthcoming three winters . 
The collection of age data during the 
w i n t e r  m o n t h s  h a s  s e v e r a l  
advantages :  

1 .  F i e ld crews f rom the summer 
timber cruising can be carried 
through the winter , thus reducing 
s ta f f  t r a i ning and turn-over 
rates . 

2 .  W i t h  t h e  
toboggans , 
accessible 
and lakes . 

a d v e n t o f  s n o w 
remote areas are more 
via trails , streams , 

3 .  He l icopt e r s  are more  
available , frequently 
rates . 

readily 
at lower 

The f i eld data the n is 
extrapolated by pho to interpreters to 
similar stands growing on similar 
sites . Finally , every stand will be 
a s s i gned an age c l a s s ,  and this  
information will be  stored on the 
master area files for the map dat a .  

C .  Mapping Changes :  

S a s k a t c h e w a n  i s  
process  of semiautomating 
c o un t i ng p r o c e du r e s . 
procedures are as follows : 

i n  
the 
T h e  

1 .  Prepare a dot grid overlay . 

t h e  
dot
n e w  

2 .  Place the dot grid overlay o n  a 
digitizing table and identify the 
map coordinates via a stylus and 
key-board . 

3 .  Identify each dot within each 
stand .  
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4 .  As sign a label to all dots within 
a stand . 

5 .  Verify the stand label via the 
key-board . 

6 .  Transfer the completed dot entry 
to the main-frame via the RJE 
and establish a master area file , 
maintaining the location of each 
dot . 

This  procedure is expected 
to be in production in November , 
1 9 7 9 .  Estimated input time is 15  to 
18 hours per complete map .  

Recent advances in graphics 
technology have made it technically 
feasible to store map data in line 
format in a computer . Saskatchewan 
has asked Dr . Roger Tomlinson of 
Tomlinson As sociates to 1 .  evaluate 
the present mapping and data handling 
s ys tem ;  2 .  evalua te  ava i l able  
computer-assisted mapping systems ; 
and 3 .  prepare a co s t-bene f i t  
analysis  o f  viable alternatives . 

In addi tion, Dr . Tomlinson 
h a s  b e e n  a s k e d  t o  e x am i n e  t h e  
p r a c t i c a l i  ty o f  en t e r ing f o r e s t ry 
data into the computer directly from 
aerial photographs . With mapping 
c on t r o l  da t a  al s o  s t ored  in the 
computer , it  then should be possible 
t o � g o  d i r e c t l y  f r o m a e r i a l  
photographs to the computer and then 
to a plotted map which is rectified 
for scale . 

D .  Northern Reconnaissance : 

The Reconnaissance Forest 
Z o ne in Sa ska t chewan large ly i s  
inaccessible . One o f  the projects 
under the agreement between Canada 
and S a ska t chewan i s  t o  o b t a in a 
r econnai s s ance-level invent o ry o f  
this area wi thin 3 years . I t  is 
anticipated that a large-scale aerial 
photography sampling system such as 
that designed by Dr . A. H. Aldred 
w i l l  b e  u s e d  t o  o b t a i n  t h a t 

inventory . The work done by Dr . 
Aldred in cooperation wi th J .  J .  Lowe 
of the Alberta Forest Service is 
particularly encouraging . 

E .  Growth Simulation : 

In the past , Saskatchewan 
has no t at temp t ed to  incorpo rate 
forest growth into the inventory; 
estimates of the standing inventory 
were bas ed on the lat e s t  aerial 
pho tography and , as a result , tended 
to be conservative . With increasing 
p r e s s u r e  o n  t h e  wo o d  s up p l y , 
par t i cularly f o r  the higher-va lue 
products which generally require the 
larger log size s ,  i t  is becoming 
necessary to be able to predict the 
probable status of future s tands . 
Accordingly , Dr . D .  Williams , with 
R i e d ,  C o l l i n s  F o r e s t  Re s ou r c e  
Consultants ,  have been asked t o :  

1 .  Examine the existing and proposed 
data base . 

2 .  E v a l u a t e  a v a i l a b l e  g r o w t h  
s i m u l a t i o n m o d e l s  f o r  
c o mp a t i b i l i t y wi t h  t h e  d a t a  
base . 

3 .  Ini tiate the installation of an 
approp r i a t e  growth simu l a t i o n  
modelling system into  the forest 
inventory . 

O n e  o f  t h e  g r o w t h  
s imulators they will be examining 
will be the Compatible System of 
Growth Simulators under development 
at the Pacific Forest Research Centre 
in Victoria . 

Input data for the growth 
simulator will be derived from sample 
plo ts established during the Block 
Inventory Program, with validation 
and calibration from remeasurement 
d a t a  from pr evi ous ly e s tabl i s hed 
perman ent s ampl e  plo t s  in well
stocked stands . 



CONCLUSION 

The incorporation of new 
t echniques in mapp ing and data 
process ing plus the emphasis  on the 
c o l l e c t ion of new and add i t i onal 
field data will allow Saskatchewan to 
develop improved forest management 
and help meet the increasing demand 
for forest products .  
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Figure I :  FLOW CHART OF FOREST I NVENTORY PROCEDURES 



S P EC IES ASS OC I AT I O N  

Softwood ( over 75% softwoods by volume) _ _ _ _ _ _ _ _  [§J 
H a rdwood { less than 250/0 softwoods by volumeL _ _  - _ _  []J 
M ixed wood ( 500/0 to 75% softwoods by volume) _ _ _ _ _ _  [§BJ 
Mixedwood { 25% to 50% softwoods by volumeL _ _ _  --[B§] 

CROW N C LOSU RE H E I G HT 

10% to 30% _ _ _ _ _ _ _ _  A 2.5 to 7.5 metres _ _ _ _ _  5 
30% to 55% _ _ _ _ _ _ _ _  B 7.5 to 1 2.5 metres _ _ _ _ _  10  
55% to 80% _ _ _ _ _ _ _ _  C 1 2.5 to 17. 5  metres _ _ _ _  1 5  
80% + _ _ _ _ _ _ _ _ _ _ _ D 17. 5  to 22.5 metres _ _ _ _ 20 

22.5 + metres _ _ _ _ _ _ 25 

S P EC I E S  

White Spruce _ _ _ _ _ _ _ wS Trembling Aspen _ _ _ _ _  tA 
Black Spruce _ _ _ _ _ _ _  bS Balsam Poplar _ _ _ _ _ bPo 
Jack P ine _ _ _ _ _ _ _ _ _ j p White Birch _ _ _ _ _ _ _ _  . wB 
Balsam Fir _ _ _ _ _ _ _ _ _  bF Manitoba Ma ple _ _ _ _ _ _  mM 
Tamarack _ _ _ _ _ _ _ _ _  t L  White E lm _ _ _ _ _ _ _ _ _ w E 
Lodgepole Pine _ _ _ _ _ _  I P  Green Ash _ _ _ _ _ _ _ _  gAs 

Bur Oak _ _ _ _ _ _ _ _ _ _  bO 

Each forest sub-division is denoted by a letter, n u meral , 
and letter showing respect ively the species association, heig ht ,  
and crown c losure . 

Burned over _ _ _ _ _ _ _  I B.O.l 
Open land _ _ _ _ _ _ _ _ -' o.p. l 
Scrub _ _ _ _ _ _ _ _ _ _  I s.B.1 
Cut over _ _ _ _ _ _ _ _ _ _ I c.o.l 
Fen, bog,open muskeg _ _  .I .. I 
Treed muskeg _ _ _ _ _ _  � 
Treed rock _ _ _ _ _ _ _  -'i v' 1 

Clear rock _ _ _ _ _ _ _  [7] 
CI . [CJ eanng _ _ _ _ _ _ _ _  -' _____ � 

S d I if:::.:; I an _ _ _ _ _ _ _ _ _ _ . . .  ,. 
Flooded _ _ _ _ _ _ _ _ _  F � 
Meadow _ _ _ _ _ _ _ _  [UUJ 
Brush land _ _ _ _ _ _ _  [OJ 

Fi g u re 2 :  FOR E ST R E F E R E N C E  
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THE USE OF MEDIUM- AND LARGE-SCALE 
PHOTOGRAPHY IN ALBERTA ' S  TIMBER INVENTORY 

J . J .  Lowe 
Alberta Forest Service 

Depar tment of Energy and Natural Resources 
Edmonton , Alberta 

ABSTRACT 

Alberta ' s  Phase 3 forest 
inventory gathers more information 
than ever , including stand age and 
s i t e  c l a s s ,  t h r o u g h  p h o t o  
interpretation of quality 1 : 15 000 
MIR photography supported by much 
ground truthing . 

Volume sample plots can be 
measured accurately on the ground and 
i n  the o f f i c e  us ing large- s c a l e  
pho tographs . Data from both sources 
c an b e  h a n d l e d  b y  o n e  c ru i s e  
compilation computer system .  

INTRODUCTION 

Alber ta ' s  Depar tmen t o f  
Energy and Natural Resources has the 
respons ibility for forest inventory . 
In the widest sense of the term, 
forest inventory covers more than 
forest tree cover and its  timber 
c o n t e n t .  T h e  d e p a r t m e n t  i s  
addressing itself to the need for 
information on lesser vegetation and 
site characteristics . Within the 
c o ntext of thi s s emina r ,  I wi ll  
discuss only the timber aspect of  the 
inventories . 

ALBERTA ' S  FOREST 
INVENTORIES 

Management inventories of 
mos t of Alberta ' s  forest have a 30-

year his tory . Convent ional medium
s ca l e  pho to g raphy i s  the remo te  
s en s ing  t o o l  whi ch has mad e  i t  
po ssible t o  map the forest and to 
s tratify it for representative volume 
samples .  It is unfortunate that 
today ' s small- and ultrasmall-scale 
imagery was not available years ago 
when less  intensity was required of 
the inventory . 

The Alberta Forest Service 
developed and produced in succes sion 
the Broad Inventory and then the 
D e t a i led Inven t o ry . The Quota  
Re c o nn a i s s a n c e  I nv e n t o r y  was  a 
s pe c ia l-purpo s e  var i an t . Those  
d e s c r i p t i v e  n a m e s a r e  s e l f 
explanatory . Since 1 970 we have 
developed a new inventory which is  as 
compatible with its predecessors as 
p o s s i b l e , b u t  wh i c h h a s t h e  
information and intensity required 
f o r  the incre a s ing int e n s i t y  of 
management . We toyed wi th the name 
Very Detailed Inventory but could 
foresee problems with the Very Very 
Detailed Inventory , etc . ,  so set tled 
for the name Phase 3 .  

The situation today is that 
the Phase 3 Inventory has progressed 
from design and early production into 
the full production stage . We have a 
goal of March 31 , 1 984 , to cover most 
o f  the man a g e d  f o r e s t  in t h e  
province . The renewal of most timber 
quotas in 1 986 has dictated this 
timing . The inventory is produced by 
the Resource Evaluation Branch and 
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the Timber Management Branch , with 
liai son and control at the branch and 
d iv i s ion head level . Compu t e r  
s u p p o r t  i s  mo s t l y  i n - h ou s e  a t  
Government Services . 

Photography at 1 : 50 000 , or 
s imilar scales ,  is  used for base 
mapping and , increasingly , for the 
provi sion of a photo base map .  The 
1 : 20 000 base map is enlarged to 
1 : 15 000 for the forest cover maps to 
fit  the preferred photo scale . 

Af ter several trials the 
scale of 1 : 15 000 was selected for 
interpretation . We use black-and
whi te,  or modified , IR with strong 
emphas� s on pho t o  qua l i ty . At 
smaller scales such as 1 : 20 000 , we 
cannot see the single tree detail 
required for describing the stand 
s tructure . At scales larger than 
1 :  1 5  0 0 0  in our t imbe r ,  we gain 
little more information but lose the 
synoptic view and greatly increase 
problems of cos t and handling . One 
management unit is being tried wi th 
true colour . The interpreters appear 
to like the produc t ,  especially for 
species identification , but no final 
conclusions have been drawn , and we 
are aware of the increased cost and 
reproduction problems . 

The core of the inventory 
i s  pho t o  i n t e r p r e t a t i o n . T h e  
interpreters use a minimum stand size 
of about 10 ha ( 2 0  acre) and describe 
the stand as to density , height , and 
species composition . Height classes 
are 6 m (20  f t . ) .  Because most 
s tands are of fire origin we are able 
to assign la-year age classes ,  and 
thi s ,  wi th the application of height 
age curves , allows recognition of 
three empirical timber site classes . 
Coniferous commercialism is  a code 
w h i  c h d e  n o t e s t h e  p o  s s i b 1 e 
utilization class , and special codes 
a l l o w r e c o g n i t i o n o f  s p e c i a l  
conditions , di sturbance , or slopes 
over 45%.  Understories are described 
where s��n) and special effort is 

taken to spot coniferous understories 
below d eciduous growth . 

T h e  .i n t e r p r e t e r s  a r e  
re qui red to make us e o f  as  much 
ex i s t i ng  inf orma t i on as po s s ibl e , 
coupled with frequent field visi ts . 
After interpretation , an Itek copy of 
the photo is sent to the forestry 
field staff , who are allotted special 
funds to ground truth those areas 
whi ch they c o n s i d e r  to be mo s t  
sensitive for management during the 
life of the inventory . The field 
s ta f f  wo rk wi th  the interpr e t e r s  
before the maps are made . 

Because of t ime and the 
specialized interes ts of this seminar 
I will skip over the major operations 
of mapping and the Alberta Forest 
Inven t o ry S t o r age and Mai n t enance 
Compu t e r  S y s t em ( AF ORISM) . Thi s  
summer , AFORISM passed the design 
s tage and is now being programmed . 
It is due to come on stream in a 
basic form next spring . This  will be 
closely followed by refined reporting 
capabilities and the attachment of a 
management simulator to be known as 
TIMPLAN. 

AFORISM essentially s tores 
s tand information and has features 
which allow the inventory to be kept 
up-to-date for observed change and 
for growth .  We do not have any 
immedia te  plans f o r  a comput e r  
graphics system, although a study is 
being made of the si tuation . Each 
s t a n d  i n  AF O R I  SM h a s  a u n i  q u e  
i d en t i t y , s o  i t  could ac t as  an 
a t t r i bu t e  f i l e  for  some future 
computer graphics system. 

T h e p o s s i b i l i t y  o f  
o b s e r v i n g  c ha n g e s  i n  o r d e r  to  
maintain the inventory is also under 
s tudy , but per io d i c  sma l l - s cale 
c o v e r a g e , s u c h  a s  1 : 5 0 0 0 0  
photography on a 5-year cycle , is 
expected to be involved . Significant 
catastrophic depletions such as fires 
and windfall are photographed as soon 
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as pos sible , especially when there 
are salvage possibilities . Scale , 
f ilm, and filter appropriate to the 
j ob are used . Windfall is the mos t  
difficult disturbance to detect by 
remote sensing , especlally when it  
occurs to dormant foliage and quick 
results  are needed . 

AFORISM also requires cover 
t ype vo lume tables  in order to  
estimate stand volumes . This  volume 
t ab le uses  rep r e s e n t a t ive volume 
sample plots ,  and those measurements 
are harmonized . to  produce the great 
detail needed for so many cover types 
and u t i l i z a t i o n  s p e c i f i c a t i ons . 
Overall bias is .eliminated by running 
the volume table through AFORISM and 
c omp a r ing c e r t a i n  b o t t om l in e  
e s t i m a t e s  w i t h  s t a t i s t i c a l l y  
o b j e c t ive e s t imat e s , then making 
small  ad j u s tmen t s  to  the volume 
table . 

The Pha s e  3 pro j e c t is  
funded to  sample about 1 plot  per 6 
gross km2 ( 2  sq . miles ) . We are 
c o n t inu i ng to hire studen t s  and 
measure some ground plots , but these 
have become so expens ive that our 
expansion budget will be used for 
large-scale photo (LSP ) plots . This 
t e ch n i q ue i s  now in t h e  e a r ly 
p r o  d u c t i o n  s t a g  e • T h e  c r  u i s e 
c omp i la t i o n  s y s t em ( CRUZ C OMP ) has 
been modified to accept LSP plot 
tallies as well as ground plots ,  and 
to handle them together . We take 
advantage of all other plots we can 
get our hands on provided they are 
r e c e n t , m e a s u r e d  t o  s u i t a b l e  
specifications , and can be located to 
a Phase 3 stand . 

I n  t h i s p a p e r  I h a v e  
attempted t o  put into per spective the 
s tate of Alberta ' s  timber inventory , 
w i t h  pa r t i cular ref er enc e to  the 
p r a c t i cal app l i ca t i on o f  remo te  
sens ing . In  my vocabulary , remote 
sensing includes conventional medium
s c a l e  a e r  i a l  p h o  t o g r  a p h y  wh i c h  
continues t o  be the workhorse of 
Canad i a n  f o re s t ry inven tory and 
management . 
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A NEW APPROACH TO FOREST INVENTORY USING REMOTE SENSING 

Frank Hegyi 
Directo r ,  Inventory Branch 

Ministry of Forests , Province of British Columbia 
Victoria , B . C .  

ABSTRACT 

The Inventory Branch of the 
Mini s t r y  o f  Fores t s , Provin c e  o f  
British Columbia , has developed a new 
approach for forest inventory using 
remote sensing . The system is based 
on a combination of multistage and 
multiphase sampling . The land is  
s tratified on small-scale ( 1 :  20  000 ) 
aerial photographs . About 10% of the 
s trata is  covered wi th large-scale 
( 1 : 200 to 1 : 1000 ) 70-mm photographs , 
and s i x  f i xed-rad ius plo t s  are 
s elected in each stratum for primary 
samples . A subsample of these strata 
are also examined on the ground for 
detailed inventory measurements , and 
the primary sample estimators are 
a d jus ted  through doub le sampl ing . 
Secondary sample units are further 
subsampled in a representative manner 
for growth , decay , and waste . 

T h e  i n v e n t o r y  map s  a r e  
processed by an Interactive Graphics 
Design Sys tem and a Data Management 
and Re t r ieval Sys t em . Sa t e l l i t e  
image analysis  is used mainly for 
updating changes and for optimizing 
the app l i c a t i o n  o f  supplemen tary 
aerial photography . 

INTRODUCTION 

The 1 9 7 8  Fo r e s t  Ac t in 
British Columbia requires that an 
inventory of the land and forests be 
developed and maintained and that the 
land be assessed for its potential 
f o r  growing t r e e s  cont i nuously , 

providing fores t-oriented recreation , 
producing forage for livesto ck and 
wildlife , and for accommodating other 
f o r e s t  us e s . In ad d i t i o n , the 
Minister of Forest s  is required to 
submit to the Lieutenant-Governor in 
Council an annual report which mus t  
include a summary o f  fores t land in 
the province , showing areas denuded 
and restocked during the year and the 
land where productivity was improved . 

I n  o r d e r  t o  me e t  t h e  
requirements o f  the new legislation,  
the Inventory Branch of  the Ministry 
o f  F o r e s t s  h a s a c q u i r e d  n e w  
t e c h n o l o g y a n d  d e v e l o p e d  n e w  
a pproache s f o r  conduc t ing fo res t 
inventory . 

The provincial inventory 
p r o g r am pr i o r  to 1 9 7 8  cons i s ted  
mainly of unit surveys which were 
implemented on a 10-year cycle . The 
c l a s s i f i c a t io n  sys t em used dur ing 
these surveys stratified the land 
into broad classes such as fores t ,  
nonfores t ,  species group , site types , 
age class ,  height class , s to cking 
c l a s s , e t c . S i n c e  1 9 7 3 , t h e  
management unit inventory program has 
b e e n  e x p a n d e d  t o  i n c l u d e  t h e  
i d en t i f i c a t io n  o f  envir onmental 
p r o t e c t i o n  areas , inc luding the 
mapping of sensitive areas in terms 
o f  s o i l  �nd s t e epne s s  problems , 
r e g e n e r a t i o n  a n d  p l a n t a t i o n 
constraints , inoperability ,  avalanche 
a n d  s n o w  c hu t e  p r o b l em s , h i g h  
recreational values , and essential 
hab itat for wildlife and fish.  In 
1 9 7 7 ,  a more de t a i l ed level of 



i nven t o r y wa s d e v e l o p e d  wh i c h  
generally covers a watershed or a 
subunit . An integral part of the 
subun i t  inven t o ry sys t em wa s the 
development of a new classification 
and sampling methodology . 

CLASSIFICATION AND SAMPLING 

T h e  p r e v i o u s  i nv en t o r y 
program consisted mainly of aerial 
pho to int e r pr e t a t i o n  on: 1 :  1 5  84 0 
pho t o graphs and ground sampl ing . 
Each major forest type group was 
s ampled by clusters of two or four 
fixed-radius plot s , and generally up 
to 16 samples were collected per type 
group . A major problem wi th this 
approach was that some type groups in 
remote areas were often not sampled 
and that a cluster of two fixed
radius plots did not always represent 
its  stratum. 

The new inventory system is 
a l s o  b a s e d  o n  a e r i a l  p h o t o  
interpretation , but homogeneous types 
are being described in more detail 
and are sampled wi th the aid of low
l evel aerial pho to  plo t s  thr ough 
d oub le samp l ing . The sys t em i s  
generally applied to a management 
unit area , such as a Sustained Yield 
Unit (SYU ) or Timber Supply Area 
( T SA ) . Aer ial pho tog raphs are 
p r e typed into homogeneous s t r a t a  
prior to the commencement o f  field 
sampling . The scale of photography 
f o r  management uni t  surveys i s  
2 0  000 , although in some cases the 
1 :  1 5  000 s ca l e  i s  accepted  as a 
practical alternative . When highly 
detailed information is required on 
any particular part of a management 
uni t  such as a watershed (subunit ) ,  
aerial photographs of 1 :  1 0  000 scale 
are mos t  often used . 

Boundaries of homogeneous 
s t r a t a  are t r an s ferred  via ka i l  
plotting t o  base maps . Each stratum 
or type is given a unique number both 
on the map s  and on the aerial 
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pho to graph s . Dur ing the f ie l d  
s e a so n ,  aer ial pho to  interpr e ters  
( clas sifiers ) work closely wi th  the 
field crews to obtain samples of the 
various strata . Large-scale (1: 200 
t o  1 :  1 0 0 0 )  f i x e d - b a s e  a e r i a l  
photography is  also obtained in a 
r e p r e s e n t a t i v e  m a n n e r  o n  
appr oximately 1 0% o f  the s t r a t a , 
using twin Hasselblad 7 0-mm cameras 
mounted a fixed di stance apart on an 
aerial camera platform attached to a 
helicopter . In most cases , the pho to 
interpreter is in the helicopter when 
the 7 0-mm s tereo photos are taken ,  
and implements recorded air calls to 
a id the spe cies identification.  Six 
f ixed-radius p l o t s per type or 
s tratum are located on the large
scale aerial photographs , and these 
const i tute the pr imary samples . 

Measurements on the photo 
plots include stem count , height and 
crown diameter by spe cies , and crown 
c losure  for the sample . A subsample 
of the pr imary samples ,  general ly up 
to  1 5  per type group, is  visited on 
the ground for detailed measurements ,  
and this cons t i tutes the secondary 
s ample uni t .  Each secondary sample 
cons i s t s  of six point samples , taken 
at  approximately the same place where 
the pr imary samples were obtained . 
B o t h  the pr imary and s e c o ndary 
s amples are located wi th the main 
o b j e c t i v e  o f  o b t a i n i n g  a 
representative sample of the hos t  
s tr a tum , r ather than es t ab l i shing 
tree-to-tree correspondence between 
t h e m . T h i s  m o d i f i c a t i o n  o f  
m u l t i p h a s e  s a m p l i n g  i s  f o r  
o p t im i z a t i o n  of c o s t s  pr imar ily , 
r e d u c t i o n  o f  v a r i a n c e  ( i . e . , 
obtaining representative samples per 
s t r a t um a t  e a c h  s t a g e  r ed u c e s  
variance ) ,  and the opt imization of 
correlation, at an acceptab le cos t ,  
between the auxiliary variab les of 
p r imary s ample s and the pr imary 
variables of secondary samples . 

s amples 
Measurements .  on 

include diameter 
secondary 

at breast 
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height , age , height , and pathological 
indicators for each tree as well as 
species identification and assessment 
of crown closur e .  Depending on the 
objectives of the inventory , special 
measurements are often obtained on 
s e c o n d a r y  s a m p l e s ,  s u c h  a s  
information on soils , environmental 
conditions , etc . While secondary 
samples consist mainly of six points 
located in a straight line across the 
s t ratum ,  where the in- t r e e s  are 
selected wi th the aid of  a relascope , 
f ixed-radius plots are recommend.ed 
for types in which a large portion of 
the t r e e s  are bel ow the minimum 
diameter limit . In the case of point 
samples , the band is selected so that 
8 to 12 trees are included in the 
sample at each point ; similarly for 
fixed-radius plots ,  the objective is 
to obtain 50 to 7 0  trees per sample 
( total of six plot s ) , and plot sizes 
are selected accordingly . 

A p p r o x i m a t e l y  2 0 %  o f  
secondary samples are selected , in a 
representative manner , as tertiary 
samples for the assessment of growth 
and deple t i on . Permanent growth 
sample plot s are established at the 
e v e n - numb e r e d  p o i n t s ,  wh e r e a s  
destructive sampling for decay and 
wa s t e  are obtained at the odd
numbered points .  

Based on the data obtained 
from large-scale aerial photographs 
(primary samples ) ,  field sample plots 
( secondary and tertiary samples )  and 
ground calls , the 1 : 20 000 aerial 
photographs are interpreted in terms 
of the classification sys tem.  The 
d e s c r i pt i o n  f o r  each s t r a tum i s  
entered into an attribute file and 
r e f e r e n c e d  t h r o ug h  t h e  un ique 
numbers . The classification sys tem 
i s  a p p l i e d  c o n s i s t e n t l y  i n  a 
h o r i zontal ( s t r atum )  and ver t i c al 
( layers ) plane ; hence , a separate 
description is given for each layer 
of multistory stands . The principal 
v a r i a b l e s  r e c o g n i z e d  by t h e  
classification and sampling sys tems 

are fores t ,  range , nonfores t ,  barren , 
and cultivated land . An especial ly 
s i g n i f i c a n t  a s p e c t  o f  t h e  n e w  
i n v e n t o r y s y s t e m i s  t h e  
classification of forest land , which 
i s  now described in terms of date of 
establishment , height , 
s to cki ng , hi s t o ry , 
c o n s t r a i n t s , a n d  
parameters . 

crown closur e ,  
env i r o nmental 

e c o l o g i c a l  

COMPUTERIZED MAPPING 

T h e  i n v e n t o r y s y s t e m 
described above is being implemented 
s imultaneously in each of the six 
regions in British Columbia during 
the summer months ; hence , a large 
number of maps mus t  be processed in a 
sho rt period of time to facili tate 
the calculation of the required area 
e nd d e s c r i p t ive s t a t i s t ic s . In 
addi tion , the rema1n1ng fo rest type 
maps mus t  al so be updated on a yearly 
basi s  in terms of such changes as 
harvesting , regeneration, and other 
relevant depletion. Coinciding wi th 
these requirements is the need to 
manage the data base wi th a flexible 
retrieval sys tem and to convert the 
7 , 000+ forest cover maps from the 
impe rial  to the me t r i c  sys tem ,  
including changes in map sheet size 
from 7 ' 3 0 "  by 7 '  30" ( 1 :  15 840 scal e )  
to 1 2 '  longitude and 6 '  latitude 
( 1 : 20 000 scale ) . 

In order to be ab l e  to 
process the heavy workload wi thin 
fairly rigid time cons traints ,  the 
Inventory Branch in 1 9 7 8  acquired an 
Interactive Graphics Des ign Sys tem 
( I G D S ) f r o m  M & S C o m p u t i n g  
I n t e r na t ional Lt d .  IGDS i s  an 
integrated configuration of hardware 
and sof tware and features user
controlled  graphic s combined wi th 
d a t a  man a g em e n t  and r e t r i e va l  
sys tems . The configuration installed 
at the Inventory Branch includes the 
following : two PDP 11/70 computer 
subsys tems operating in a dual-port 
environment wi th 256K word memory on 



e ach CPU ; two 8 0 - and two 3 00-
megaby t e  disk drives wi th packs , 
o p e r a ting with data sc anner s ;  1 0  
d e s i gn/ d i g i t i z e r  s t a t ions , each 
consisting of two Tektronix screens , 
a 3 6  X 4 8  i n ch Summa g r a ph i c s  
d i g i t i z i ng tab le wi th menu and 
cursor , and a keyboard;  a system 
console and CRT terminals ;  a tape 
drive and contrQller ; a Calcomp 960 
plotter , a card reader , printer , and 
two hard copy unit s ;  and an · interface 
controller to the IBM 3033 computer . 

The software acquired wi th 
t he sys t em fac i l i t a t e  interactive  
manipulations and editing of  graphic 
elements and designs , interactive and 
batch input of map labels containing 
themat i c  d e t a il s , automat i c  area 
calculations ; and data management and 
r etr ieval capab i l i t i e s . IGDS i s  
capable of s toring each design file 
or map in terms of 63 levels each of 
which may be retrieved separately or 
c o l l e c t ively in any combina t i o n .  
Formal overlays of design files can 
a l s o  b e  c r e a t e d , a n d  a r e a s  o f  
o r i g inal and resultant  type s  and 
their associated attributes may be 
obtained in a matter of minutes . 

The forest inventory data 
base currently utilizes approximately 
3 0  I GD S  leve l s , separat ing such 
d e t a i l s  a s  aerial  pho t o  center s , 
t op o g r aphy , toponymy , cad a s t r al 
survey , f o r e s t  type po lygons and 
t he i r  d e s c r ip t ions , e t c . Each 
fore s t  typ e polygon is a s s o c i a te d  
wi th an attribute list containing map 
sheet and polygon number , . species 
composi tion, age ,  height , and crown 
closur e ,  number of stems per hectare , 
environmental constraints and other 
r el evant d e s c r i p t ive informa t i o n . 
Th e p r o c e s s  o f  d i g i t i z i ng i s  
completely automated by combinations 
of IGDS and user-developed algorithms 
i n t e g r a t e d  to produce maps .  and 
reports in accordance with provincial 
and Forest Service standards .  Map 
labels describing forest types are 
loaded through the attribute file and 

113 

placed at the text nodes associated 
wi th the unique polygon numbers . The 
Data Management and Retrieval Sys tem 
(DMRS ) software calculates the areas 
of the close forest . type polygons and 
e n t e r s  thi s informa t i o n  into the 
attribute file . The graphic designs 
or maps are plotted on mylar in two 
copies , one for the relevant di strict 
and the o ther for t he Invent o ry 
Branch . Future changes are then 
marked on the distric t ' s  copy , and 
the design and attribute files are 
u p d a t e d  o n  a n  a n n.u a l b a s i s  
thereaf ter . 

Cur r e n t ly two  t yp e s o f  
manu s c r i p t s  are be ing dig i t i ze d , 
i . e . , the exi s ting 1 : 15 840 maps wi th 
imperial labels and the new 1 :  20 000 
and 1 : 1 0 000 s e r ie s  wi th me tr ic 
a t t r i b u t e s  c o v e r i n g  t h e  r e 
inven to ried areas . The time requi red 
to digitize an average forest cover 
map c o n s i s t i n g  o f  p l an i m e t ri c , 
c ad a s tr al , and themat i c  d e t a i l s  
( ap p r oxima t l ey 8 0 0  po lygons ) wa s 
original ly estimated to be 1 1  to 1 2  
hours of uninterrupted product ion.: 
B e c au s e  o f  s t a f f  t r a in in g  and 
vacancies , i t  has not been pos s ible 
t o  ma i n t a i n c o n s i s t en t l y t h i s 
production goal , although it has been 
achieved with · experienced staff on 
n u rn  e r 0 u s o c c a s  i o n s  • T h e  
corresponding time to draw a map 
manually is  about 40 hour s ; hence , 
there i$ a substantial increase in 
throughput by using an Interactive 
G r  a ph i c s  De s i gn Sy s t e m . I GDS 
p r o v i d e s  the highe s t  benefi t ""' c o s t  
ratio during the update stage , when · 
changes can be implemented in terms 
of minutes , followed by approximately 
30 minutes of plotting . 

The staffing for IGDS i s  
o rganized . t o  max imiz e  throughput . 
Two persons are assigned to each 
design/digitizer station, and their 
t ime i s  s cheduled fo r continuous 
operation of the sys tem. . Time off 
the sys t em is spent on preparation , 
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quality control , and other relevant 
activities . 

DATA MANAGEMENT AND UPDATE 

The Interac tive Gr aph i c s  
D e s i g n  Sys t em ha s i t s  own data 
management and retrieval capability , 
facilitating graphics and attribute 
file searches , overlays of level s 
within a file as wel l  as several 
files , and efficient updates . In 
addition, the graphics data base is 
summarized in terms of 1 00-hectare 
grids and is being se t up on the IBM 
c ompu t e r  under  the MARK IV d a t a  
management system .  

S i n c e  r e c ent leg i sl a t i o n  
requires annual updates o f  forest
type maps and statistics , there are 
s er ious operatio nal problems in 
handling a data base as large as that 
of the Province of Bri tish Columbia . 
The tool  curr ently used  fo r the 
u p d a t e  i s  s up p l em e n t a r y  a e r i a l 
p h o t o g r a p h y  o b t a in e d  wi t h  t h e  
Hasselblad cameras from helicopters . 
T h e s c a l e  f o r  s u p p l e m e n t a r y  
photography is  generally 1 : 5000 or 
1 : 10 000, but other variations are 
often used to

· 
meet local objectives . 

At present , two set s  of cameras wi th 
platform and related equipment are 
owned by the Bri tish Columbia Forest 
Service ,  and an order has been placed 
to acquire five additional sets . It 
wi l l  be po s s ib l e , the r ef o re , to 
d e c e n t r a l i z e  t h i s f un c t i o n  by 
providing one set of cameras to each 
of six regions . Disturbed areas can 
then be updated within a short period 
of time by renting a helicopter , 
attaching the fully equipped camera 
platform ,  and obtaining high-altitude 
photographs to map the extent of the 
disturbance . At the same time , low
altitude stereo pairs may also be 
o b t a ined from the s ame area to 
provide a quantitative description of 
ground condi tions such as volume of 
timber in a residual stand after 
logging , regeneration, etc . 

During the pas t  few years , 
t he Invento ry Branch c a r r i ed out 
o p e r a t ional trial s to tes t the 
a ppl i c ab i l i ty o f  s a tel l i t e  imag e 
a n a l y s i s  f o r  c l a s s i f i c a t i o n , 
sampling , and update . The results  of 
these tes ts indicate that satel lite 
image analysi s  has great po tential 
for application in forest and range 
invento ry; however ,. the current state 
of the art limi t s  a ful l- s c a l e  
operational application i n  Bri tish 
Columbia . 

POTENTIAL USE OF A SATELLITE 
IMAGE ANALYSIS SYSTEM 

S p e c i f i c a t i o n s  f o r a 
satellite image analys i s  sys tem mus t  
be defined i n  terms o f  both present 
and future use and in an operational 
context . The sys tem mus t be capable 
of performing operational tasks in 
the following areas : 

1 .  updates of disturbed areas , e . g .  , 
logging , windblow, insect attack, 
e tc .  , 

2 .  classification 
range lands in 
t h e  e x i s t i n g  
sys tem,  and 

of forest and 
accordance wi th 

c l a s s i f i c a t i o n  

3 .  monito ring the changes in the 
data base . 

Due to the large volume of 
data which mus t  be processed at high 
s peed , a satel lite image analysi s  
sys tem which the Invento ry Branch 
would consider for acqui sition mus t  
m e e t t h e  f o l l o w i n g  b r o a d  
specifications : 

1 .  capability of classifying images 
a t a high degree of ac cur acy , 

2 .  capabili ty of processing 
volumes of data at high 
(high throughput ) , 

large 
speed 



3 .  capability of " turnkey" opera
t ions wi th existing staf f ,  

4 .  compatibility with the Inventory 
B ranch ' s  Int e r ac t ive Graphic s 
Design Sys tem,  and 

5 .  capab i l ity o f  operat ing wi t h  
several terminals .  

The IGDS data base contains 
inventory data in UTM coordinates . 
These data consist  of field and photo 
samples as well  as boundaries and 
d e s c r i p t i v e  s t a t i s t i c s  o f  e a c h  
s tratum. A satellite image analys i s  
sys tem mus t  b e  capable o f  utilizing 
this information for training and 
classifying . 
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ABSTRACT 

Basic ideas of multistage 
s a m p l i n g  a r e  d i s c u s s e d  i n  
nontechnical terms by answering a 
number of que stions which help us to 
f ocus on key concept s .  Wha t  i s  
multistage sampling ? When i s  it  
useful ? How do we use it?  How does 
i t  r e l a t e  t o  o t h e r  s a m p l i n g  
techniques ?  How do we decide on 
a p p r o p r i a t e  s a m p l e  s i z e  a n d  
allocation? What shortcomings are 
associated wi th i t ?  Thi s  paper will  
outline the essential elements of  

multistage sampling , illustrate its  
use  wi th simple examples , and relate 
i t  t o  o t h e r  c o m m o n s a m p l i n g  
technique s .  

INTRODUCTION 

I n  o r d e r  t o  o b t a i n  
information about large and diverse 
f o r e s t  a r e a s , f o r e s t e r s  a r e  
inevi tably forced to use sampling to 
obtain data in a cost-effective way . 
Statistical methods then are used to 
s umma r i z e  the data and e s t ima te 



resource charac teristics .  A wide 
variety of sampling techniques and 
a s s o c ia t ed s t a t i s t ical analys i s  
procedures are available , and one of 
the first questions a fores ter asks 
i s : What  i s  the b e s t  sampl ing 
technique to use ?  The answer to this 
que s t ion depends in par t  on the 
o b j ec t ives  of the s ample survey . 
Traditionally these have been stated 
as 1 .  minimize cost , subject to 
p r ec i s i o n  limi t s , or 2 .  maximiz e  
prec1s10n,  sub j ect to cost limits .  
Cost reflects the resources required 
to conduct the survey , and precision 
is usually measured as the variance 
of the sample estimator .  The "best "  
procedure among several alternatives 
is the one which most nearly meets 
the survey obj ective . 

A sampl ing sys tem i s  a 
c o o r d i n a t e d  s e t  o f  s a m p l i n g  
procedures , measurements technique s , 
and analysi s  methods ,  which selects  a 
sample from the population, makes 
measurements on the sampling units , 
and generates est imates of population 
p a r a m e t e r s . P o p u l a t i o n  
characteristics limit the scope of 
f e a s i b l e a l t e r n a t i v e  s a mp l i n g  
procedures , but they are all derived 
as a combination of sample unit type , 
s tratification method , sample unit 
s el e c  tion probab i l i t y  s cheme , and 
subsampling method . 

WHAT IS MULTISTAGE SAMPLING? 

Subsampling , two-stage sam
pling , and multistage sampling all 
r e f e r  t o  a t e c h n i q u e  wh i c h 
t r a d i t i o na l ly ha s r e f e r r e d  to 
s ampl ing wi thin samp l e  uni t s  to 
estimate characteristics rather than 
measuring the entire sample unit . 
Thi s pre suppo s e s  that the samp l e  
units are clusters o r  aggregations of 
some more basic elements which are of 
interest .  

A simple 
i mp l em e n t e d  by 

forestry example 
Ha s e l  i n  1 9 3 7  
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(Schumacher and Chapman 194 8 )  shows 
that the concept of subsampling has 
b e e n  a v a i l ab l e  f o r  s o m e  t i me . 
Hasel ' s  obj ective was to est imate the 
total timber volume of 9 sections of 
land stocked wi th ponderosa pine . 
The Stage I pr imary sampling units 
(PSU ) were strips of land 2 . 5  by 80 
chains , wi th 32 s tr i p s  for each 
section fo r a total of 288 PSU in the 
9-section populatio n .  The strips 
were oriented with the long side 
running e a s t  to we s t  ac r o s s  the 
s e c  t i o n s . Th e S t a g e  I s am p l e  
consi sted of 3 6  s trips selected at 
random with the restriction that two 
s trips were selected from each half
section ( termed blocks by Hasel ) .  
Each strip was partitioned into 8 
plot s or secondary sample units ( S SU )  
2 . 5  by 1 0  chains , and the Stage I I  
s ample consi sted of 4 plot s selected 
at random wi thin each strip selected 
at Stage I .  Trees were then measured 
on the entire 2 . 5 acre plot . Figure 
1 ,  t a k e n  f r o m B r u c e  a n d  
Schumacher ,  shows the configuration 
of the samples . A three-stage sample 
could have been used if a sample of 
half-section blocks had been selected 
instead of sampling wi thin each half
section block. A four-stage sample 
could have been used if , in addi tion, 
a sample of trees was taken in each 
plot instead of measur ing them all .  

WHEN IS IT USEFUL ?  

Subsampling requires sampl
ing units  which are clus ters of more 
basic elements of interest ,  so it  
becomes potentially useful whenever 
we are dealing with clus ter sample 
units . Clustering is often useful or 
necessary when it is difficult or 
impos sible to construct a sampling 
frame ( or population lis t )  from which 
to sample the object s  of ult imate 
interest .  In Hasel ' s  application the 
objects of ultimate interest were the 
i n d i v i d u a l  t r e e s , b u t  i t  wa s 
i m p r a c t i c a l  t o  s e l e c t  a 



118 

�"-::�-�-. .  :�:".J C ; J..-:"::' 

c:.:: � 

_ c:::t 

- --- -7-----

- - - - --14- - - - - -,··· - - - - -13- - - --

Figure 1 .  Arrangement of the four SSU ( plot s )  within each of 36 PSU on 18  
blocks ( half-sections ) in a two-stage timber inventory (After Hasel , in 
Schumacher and Chapman 1948 ) .  

random sample of individual trees 
from the population of all trees . By 
using fixed areas of land to define 
the Stage I sample units , it was 
possible to define a manageable list 
o f  sample unit s  from which a sample 
could be selected . Clustering also 
offers opportunities for reduction in 
c o s  t o f  the survey i f  t rave l  or  
access cost is  significant . 

Clustering alone does not 
n e c e s s a r i l y  l e ad t o  mul t i s t a g e  
s ampling , but without the first we 
cannot use the second ; size or other 
charac teristics of the cluster sample 
uni t s  o f t en l e ad t o  s ub s ampl in g  
because i t  may b e  impractical o r  too 
costly to measure the entire sampling 
unit . If the cluster is  so large 

t h a t  me a s u r e m e n t e r r o r s  b e c ome 
intolerable ( at least potentially) 
then subsampling is useful . Further , 
i f  the elements wi thin a clus ter are 
homogeneous , then it is unnecessary 
to measure all units in the cluster . 

F inally , though it is often 
s ta t ed that sub s ampl ing doe s  no t 
generally decrease sampling variance 
(Kendall and Stuart 1 968 ) auxiliary 
information can be used to improve 
the sampling efficiency of each s tage 
in the survey . These efficiencies as 
well  as the larger s ample s i z e  
possible as a result o f  cost savings 
c a n  o f t e n l e a d  t o  an imp r o v e d  
estimate for the same cost i f  several 
alternat ives are considered . 



HOW DO WE USE IT? 

Samp l e s  are s el e c t e d  a t  
Stage I initially , then a second
stage sample is selected within each 
PSU selected in the Stage I s ample . 
Stage III samples are taken within 
unit s  selected at Stage I I ,  and so 
on.  Analys is proceeds in reverse 
order , beginning with measurements 
made on the ob j e c t s  of ul t imate 
i n t e r e s t a t  t h e  l a s t  s t a g e . 
E s t imates of sample unit means or 
totals are made for each sample unit , 
working backwa r d s  unt i l  S t age I 
p r o v i d e s  a n  e s t i m a t e  o f  t h e  
p opul a t ion mean o r  t o ta l . The 
Appendix shows development of a four
s tage es timator for population total 
and the estimated variance of that 
estimate . Simple random sampling and 
equal-size sample units are assumed 
a t each stage , with the same sample 
s ize for all subsampling within a 
given stage . Conventional notation 
is  used to describe the estimator and 
a c o r r e s po n d i ng d ev e l o pme n t  i s  
included using APL as an alternative 
notation.  The advantage of APL is 
that it  is machine executable ,  and 
t he r e s ul t ing e s t ima t o r s  c an be  
grouped into six short functions , 
w h i c h  w i l l  e v a. l u a t e  a 
multidimensional data array for any 
number of sampling stages and provide 
the es timated total and variance .  
The brevity of this formulation ,  and 
i t s  gene r a l i ty , a l l ows the b a s i c  
s tructure o f  the analysis t o  b e  seen 
clearly with a minimum of extraneous 
deta il . Numerical examples for one- , 
t w o - , t h r e e - , a n d· f o u r - s t a g e  
s ampling , using artificial data , are 
included using the APL functions . 

The examples by Hasel and 
in the Appendix represent very simple 
applications of multistage sampling . 
There are actually few restrictions 
on the sampling procedures that may 
be used . If the estimates of PSU 
means or totals based on subsampling 
( r egardle s s  of the te chnique or  
number  of s ampl ing s tage s )  are  
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unbiased and the S tage I procedure is 
unbiased ( assuming known PSU total s ) , 
then the comb ined procedure i s  
unbiased . With reasonable sample 
s izes , biased est imators may be 
use d ,  especially when bias decreases 
as  sample size increases . This means 
that auxiliary information of many 
typ e s  c an be  u s e d  to  advantage , 
i n c l u d i n g s u c h  p r o c e d u r e s a s  
s tratification, variable selection 
probabilities , and ratio/regression 
e stimators at any stage where it is 
d e s i rabl e . I t  a l s o  means tha t  
multistage sampling i s  inherently a 
general term used to describe an 
approach to sampling which may lead 
to a complex combination of many 
techniques .  

V a r i a n c e  e s t i ma t i o n  i s  
often difficult i f  we attempt to 
evalua t e  i t  the o r e t i c ally , s ince 
there is variability associated with 
each new stage of sampling . Sample 
estimates of variance are easy to 
o b tain , however , i f  the samp l ing 
fraction ( ratio of sample size to 
population size)  is small at the 
f ir s t  s tage (Kend a l l  and S t uar t 
1968 ) .  In that case ,  the estimate is 
obtained using the ordinary variance 
formulas for simple random sampling , 
as  shown in the Appendix . As a 
c o n s equenc e o f  s amp l ing clus t er s , 
however, it  mus t  be remembered that 
degree s-of-f reedom f o r  confid ence 
intervals mus t  be based only on the 
number of PSU selected as the S tage I 
sample . 

HOW DOES  IT RELATE TO OTHER SAMPLING 
TECHNIQUES ?  

S u b s a m p l i n g  i s  a 
g en e r a l i z a t i o n  o r  e xt e n s i o n  o f  
cluster sampling . Cluster sampling , 
in turn , is really just a consequence 
of redefining the population into a 
more convenient or manageable form. 
Each cluster sample unit which is 
subsampled becomes a population of 
i t s own , and any valid samp l ing 
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p r o c e d u r e  c a n  b e  u s e d  w h e n  
subsampling . 

S u b s a m p l i n g i s  o f t e n 
confused with double or two-phase 
s ampling . Double sampling relies on 
a l a r g e  s ampl e t o  e s t ima t e  a 
population characteristic for some 
auxiliary variable , and then takes a 
s ma l l  s am p l e t o  e s t a b l i s h  t h e  
relationship between the auxiliary 
variable and the primary variable of 
interes t .  The sma:ller sample ma:y be 
t aken independently of the large 
sample or as a subsample taken from 
the large sample .  Thi s subsample ,  
howev e r ,  i s  no t a samp l e  wi thin 
s elected units ;  i t  is a sample of 
s el ected unit s .  Double sampling for 
s tratification is  a common example of 
t he large sampl e  being taken to 
estimate the stratum weights ,  while 
t h e sma l l  s am p l e  p r o v i d e s  t h e  
observations within each stratum. 

WHAT ABOUT SAMPLE SIZE AND 
ALLOCATION? 

Sample size and allocation 
d e p e nd on c o s t s  a n d  va r i a n c e  
associated wi th the different stages 
of sampling . Defining realistic cost 
functions and theoretical variance 
functions is often difficult , but 
there are results  available for many 
of the more basic multistage designs 
(Cochran 1 9 7 7 ) .  To make use of them, 
however , requires more preliminary 
information about the population that 
i s  to be sampled . For this reason it 
i s  wi s e  to l o o k  f o r  h e l p  i n  
addr e s s ing thi s of t en t roub l e s ome 
aspect of sampling work . 

ARE THERE OTHER PROBLEMS WITH 
MULTISTAGE SAMPLING? 

Mu l t i s t ag e  s am p l i n g  i s  
often applied to large regional and 
n a t i o nal  popul a t ions  in order to  
reduce cos t .  The major potential 
d i f f iculty wi th thi s appro ach to 
s ampling is  that a small sample of 

large PSU ' s  may leave many areas of 
the population unsampled . Thi s does 
not invalidate the procedures ,  but it 
m a k e s i t  d i f f i c ul t to p r o v i d e  
information on subdivisions of the 
population . If the subdivisions are 
the same as the PSU , it  is usually 
impo s s i bl e  to make inferenc e s  in 
areas not sampled . For example , if 
counties or municipal districts are 
defined as PSU ' s ,  then no information 
i s  a v a i l a b l e  f o r  c o un t i e s  no t 
sampled . This  problem can be avoided 
i f  the sub popul a t i ons  f o r  which 
estimates are required are known in 
advance .  Unfortunately this is sue is 
often not addres sed adequately until · 
after the survey is complete . 

CONCLUSION 

Mul t i s t ag e  sampl ing has 
been around for a long time as a 
specific approach to sampling which 
can only be used wi th clus ter sample 
uni t s . It  can a l s o  provide the 
framework for more complex systems 
obtained by combining basic sampling 
techniques at different stages . The 
f o r e s t r y a p p l i c a t i o n  b y  Ha s e l  
illustrates the basic coricept , and 
analysis procedures outlined in the 
Appendix show what extensions are 
necessary with more complex designs . 
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A H. G UME N I  ( w )  I S  A M UL T I D I MENS I ONA L A R RA Y  O F  OBSEH VA l' I ONS 
F O R  eACH S T A GE OF SA MPL I NG .  pw Y I ELDS 7' IIE VECTOli. OF S A MPLE 
S I Z ES F O R  E A CH STA GE . ppw Y IEI. IJ S  T IlE NUMB E R  OF STAGES O F  
SA MPL I N G . T HE EX ECU.T I ON OF MS 1( S MA Y Bli DESCR IBED AS 

1 .  US I NG ex ANi> IV AS A R GUME NTS E VA L UA TE EPSU TOTS 
( E S T IMATE THE PSU T01'AL S ) . 

2 .  us I NG 1'HE RES Ul.T FROM 1 .  A S  T H E  R IGHT AH G UM. E"N1' 

A N D  ( I r a )  AS LEFT ARGUM ENT , EVALUATE E VT O TA L  

( E S T I MA TE AND VA / HANCE - OF THE T OT Al. ) • 

.3 .  T H E  RES ULT OF M SR S  IS THE R ESUL T OF E VA L UA T I NG 

EVT O TAL . 

§.e..§J:!'!'Q!'§' RETURNS A VE C TOR OF ES T IMA TED PS U 'TOTA LS .  
T HE e ST I M A T E  A S S U MES SRS A ND E Q UAL SA.MPLE S I ZES W I TH I N  
EACH S T A G E .  TRE LEF T  A N D  R I GH T  A R G UMENTS A R E  T H E  SAME 

A S  IN M S R S. IF T HB R IGHT A RGUME NT I S  A VECT OR ( I,. E .  NO 

S UB S A MP L I NG ) ,  THEN l =ppw AND .THE llR S U LT I S  w .  THUS MSR S 
WI L L  EVALUA T E  CORREC TLY FOR A S I NGLE STAGE SAMP LE . 
EPSUT O r S  A ND TRE SUBORDINATE FUNCT I O N PSUS UMS ARb' B A S HD 

OW THE A S S UJifPT I ON THAT S UBSAMP L .l NG , R EG ARDLESS OF ST A GE , 
I S  RA N D O M  A N D  WITH A CO NST ANT S A MPLE S .I ZE W I TH.I N E ACH 
STA GE . I F  D IFFIiRHNT SUBSAMPL I NG METH ODS A R E  USED FOR 
S E C OND A ND S UBSEQUENT" STAGES THEN T HE SE TWO FUNCT I O NS MUST 
BE M O D I F IED TO REFLECTS THE D I F PERENCES .  

e.§JL§'QM.� RE TURNS A VECTOR. C O NTA I N ING T HE SUM. O F  ALL 

SAlIPLB O fJSER VAT IONS IN BACH PSU. EA C H  ELR MENT OF TH I S  

VECTOR C O [� R E SPONf}S T O  A D I FFEREN T  P SU .  I T  .I S OBTA INED 

RE C UH S I V E LY FOR ANY NUMBER OF STAGES. T HE w ARGUM ENT' I S  

SAM E  A S  THA T FOR MSRS . 

Rtt.Qt!!.� RET URNS TUE ES T IMATE A ND VAR.IANCE: OF A TOTAL 

AS A T WO ELE MENT VEC TOR . T R E  I� EFT A R G UMENT I S  THE POPULA T .I ON 

SIL.E ( OF P S U  IN THE MUL T ISTAGE C A S E ) AND T HE R IG.ll1' AR GUMENT 

I S  A VE C T O[{ OF SAMPLE OBSER VAT I O NS ( T HE ES T I MATES OF P S U TOTALS 

I N  THE MULT I ST A GE CASE ) .  .THI S F UNCT I ON WI LL EVALUATE C O RRECTLY 

FOR S I NGLe S TAGE O R  MUL T.I ST AGE S A MP LE S  AS LONG AS 1 )  THB F IRS T 
ST A GE S A MPLES A f.?E SELECTED AT R A NDOM W I TH REPLACEMENT OR 

FROM A LARG E POPULATION ,  AND 2 }  THE EST I MA TE S OF P SU 
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TOTAl.S A R E  C O NS IST E NT W rfH THE S UHSA MPL I NG ME'rT-lO D S  
AC TUA L L Y  US E D . B VTO TA L OSRS T W O  OT I:fE R  F UlVCT I O N S ,  MEAN 
AND VAk I A NC E . 

M��� RE T URNS TH E MEAN VA LUE OF A VEC T OR ARGUM EN T w .  

!':�B RET URNS T H E  VAR I ANCE OF A VEC T OR A R GUMEN T w .  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

�£!f�Q.!:!ht!!Q£M§'t!.r. : DR . K .  SM ILL I E , DEP AHTMENT OF C o Ml.JUT E U  

S CI J:,'NCE , UN I VER S .I T Y  OF A LH ERTA , SUG G ESTED US E OF THE 
D I R EC T  D EF I N I TI ON OF F UNC T I O NS A N n  A S SI S TED IN 

FO R MUL-AT ION OF THE P UNC7' I ONS . 

0 1  R EC T  DEF I N I TI O N  OF PUNeT I ONS MAY BE ·· IN T WO FO RMS 
W.I T H  LEFT A N D R I GHT ARG UM ENTS D ENO T E D  B Y  IX AND w 

RESPE C T I VEL Y !  

1 .  FNAME : PR I MA R Y  EXPRESS .I O N  

2 .  FN AME : P RI MA R Y  E XPR : PROPOSI T ION : S E C O N DA H Y  EXPR 

I N  FORM 1 .  T HE R E S ULT OF EXEC UTI NG T il E  F UNCT ION IS T HE' F: VA L UA 7' I ON 
OF TRE P R I MA R Y  EXPRESS I ON .  

1 'f1l  FOHM 2 .  T HE RES ULT I S · THE SRCOND Af.? Y .HXP HESS ION I.E THE: 

PTii. O P0 8 I T I ON I S  TR UE ,  OTHERW ISE T HE fl.E: SlfLT IS T HE P R I MA H Y  
EXP R E S S i ON. 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
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APPLICATIONS OF MULTISTAGED AND MULTIPHASED 
TIMBER INVENTORIES 

C . L .  Kirby 
Northern Forest Research Centre 

Canadian Forestry Service 
Edmonton, Alberta 

ABSTRACT 

A review is presented of 
t h e  f i r  s t C a n  a d i a n  t e s t  0 f 
mu l t i s  t ag e  s ampling wi t h  d i g i t a l  
classification o f  LANDSAT imagery , 
interpreta tion of small-scale color 
IR aerial photography , and large
scale photo sampling to estimate 
softwood timber volumes .  This  test  
in the boreal forest region (P6 ) 
indicates that there would be a 66% . 
reduc tion in the variance of the 
s o f two o d  vo lume e s t ima t e  wh e n  
multistage sampling i s  used instead 
of random sampling . The approach 
was applied by Simpson Timber Co . on 
its lease area in Alberta . 

A n e w  p r o j e c t  i n  
cooperation with the forest service 
of  the Northwest Territories has 
more empha s i s  on a mul t i pha s e d  
a p p r o a c h  a n d  a h i e r a r c h i c a l  
information system .  A test area 
approximately 2 million ha in size 
(1 1/2 , 1 : 250 000 map sheet s )  has 
been selected . Summer and winter 
LANDSAT scenes of the test area are 
b e i ng e n h a n c e d a n d  d i g i t a l ly 
classified on the ARIES system in 
O t t a wa f o r  t h e  p r o d uc t i o n  o f  
thematic maps . Approximately 500 
line miles of color IR at a scale of 
1 :  2 5  0 0 0  w e r e  o b t a i n e d  f o r  
development of training areas for 
the LANDSAT c l a s s i f i c a t i o n  and 
evalua tion of the thematic maps . 
The corrected thematic maps , based 
on the digital classifications of 
LANDSAT imagery , aer ial photography , 
a n d  f i e l d kn ow l e d g e , wi l l  b e  

digitized and each polygon described 
by a hierarchical coding system. 
This will provide a data bas e that 
may be refined , correc t e d , and 
upa t ed wi th a mi c r o computer  ma p 
information sys tem (MIS ) .  

MULTISTAGE SAMPLING 

Multistage or multiphase 
sampling incorporating measures from 
s a t e l l i t e s  ( LAND SAT ) ,  a e r i a l  
pho t o graph y ,  and ground samp l ing 
make it  possible to obtain forest  
inventories at reduced cost  in  a 
shorter time than is required by 
random sampling . 

The sampling designs are 
a b l e  to take advantage of the 
o verview provi d e d  by s a t e l l i t e  
a n d / o r  s m a l l - s c a l e  a e r i a l  
pho tography . The design uses an 
overview to efficiently locate the 
sample at subsequent stages . In 
mUltistage designs , sample location 
is related to knowledge gained in 
the sub sequent stage , whereas in 
mul t ipha s e  invent o r i e s , var ious 
scales of imagery and photography 
are  us e d  as requ i r e d  to provide 
s u c c e e d i n g l y m o r e  d e t a i l e d  
i nven t o r i e s  f o r  management , with 
little  or  no relationship from one 
s t a g e  t o  an o t h e r ( Ru s c h 1 9 6 3 , 
Nichols 1 9 79) . As Nichols ( 1 979 ) 
states , the two approaches may be 
combined in various ways in the same 
s urvey , and exac t naming o f  the 
sampling design is difficult . 



A t e s t  on a mul t i s t ag e  
s ampl ing de sign i n  Alb e r ta wa s 
comple ted on a management unit known 
as P 6 .  This  to date has been the 
only test in Canada (Kirby and van 
Eck 1 9 7 4 ) . An important conclusion 
reached from the P6 test was tha t ,  
using digi tally classified LANDSAT 
imagery to indicate the occurrence 
of merchantable sof twood and then 
applying this information to locate 
s ub s e q ue n t  samp l ing , it  requ ired  
only one-third the number of  samples 
required by a random ap1roach . This 
test was on a 3000-km test  area . 
The data used to arrive at this 
c o n c lu s ion are p r e s e n t e d  in the 
r e p o r t  "A ba s i s  for  mul t i s t a g e  
f o r e s t  inve n t o ry in the b o r e a l  
forest region" and may b e  used for 
e v a l u a t i n g  v a r i o u s  s a m p l i n g  
strategies . 

T h e  mul t i s t a g e  d e s i g n  
developed on the P6 test site was 
a p p l i e d  by t h e  S im p s o n  T i m b e r  
C o m p a n y  o n  i t s  l e a s e  a r e a  i n  
Alberta .  Some corrections i n  the 
t r ee  volume equa t i ons hav e been 
made , and a corrected version of "A 
b a s i s  f o r  m u l t i s t a g e  f o r e s t  
i nvento ry in the boreal  fo r e s t  
region may b e  obtained by writing 
the Northern Forest Research Centre 
in Edmonton . 

Re c ent appl i c a t i o n  o f  a 
m u l t i p h a s e d  d e s i g n  i s  b e i n g  
c o m p l e t e d i n  t h e  N o r t h w e s t  
Territories near Fort Smith .  

T h i s  p r o j e c t  i n  
cooperation wi th the forest service 
of the Northwest Territorie s ,  now 
places more emphasis on a multiphase 
a p p r o a c h  a n d  a h i e r a r c h i c a l  
information system (Legge et al . 
1 9 74 ) . A test area approximately 2 
million ha in size ( 1  1/2 , 1 : 250 000 
map s he e t s ) has b een s e le c t e d . 
Summer and winter LANDSAT scenes of 
the test area are being enhanced and 
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digitally classified on the ARIES 
sys tem in Ottawa for the production 
of thematic maps . Approximately 500 
l i n e  m i l e s  o f  c o l o r  i n f r a r e d  
photography at a scale of 1 :  2 5  000 
were obtained for development of 
t r a i n i n g  a r e a s  f o r  L A N D S A T 
classif ication and evaluation of the 
t he m a t i c  ma p s . T h e  c o r r e c t e d  
thematic maps , based on the digi tal 
classifications of LANDSAT imagery , 
a e r i a l  ph o t o g r a p h y , a n d  f i e l d 
knowledge , are being digitized , and 
each polygon is being described by a 
hierarchical coding system. This 
provides a data base that may be 
refined , .correc ted , and updated with 
a computer map information sys tem 
( MI S )  b e i n g  d e v e l o p e d  a t  t h e  
Northern Fores t Research Centre . 

E s t imates of timber volume 
are being done using a stratified 
two- s t a g e  samp l ing sys t em with  
large-scale aerial photographs and 
paired ground samples on a small 
proportion of the photo plots . 

Cur r ent ly , the samp l ing 
design for mul tiresource inventories 
is being studied by Kent , Johnston,  
and Frayer ( 1 9 7 9 )  and Wensel ,  Ti tus , 
a n d  T h o m a s  ( 1 9 7 9 ) . I t  i s  
i n t e r e s t i n g  t o  no t e  t h a t in  
Langley ' s and Rodas ' ( 1 9 7 9 )  most 
recently published work , they report 
using a mul tiphase approach wi th 
s tand prediction modelling . Thus , 
multis tage and multiphase sampling 
designs are evolving , and various 
n e w a p p r o a e h e s  a r e  u s i n g 
s t r a t i f i c a t i o n  f r om s a t e l l i t e  
imagery and/or aerial photography to 
reduce  samp l ing c o s t s  and t ime 
required to complete the inventory . 
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ABSTRACT 

A program was developed to 
provide  re sour c e  info rma t i o n  f o r  
industrial management o f  5000 km2 of 
b o r e a l f o r e s t  i n  A l b e r t a . 
Information needs included areas and 
yields of broad timber clas ses for 
allowable cut modelling , forest cover 
a nd volume data r e t r ieva b l e  by 
location for harvest scheduling , and 
further  d e t a i l e d  i n f o rma t i on f o r  
o p e r a t i onal pl ann ing in p r i o r i ty 
areas . 

False-color infrared photo
g r aphy a t  1 :  50 000 was u s e d  f o r  
interpreting stand charac teristics of 
t h e  ent i re area . S e cond- s tage 
s a m p l i n g wa s b y  l a r g e - s c a l e  
photography . A propor tion of the 
pho to p l o t s  wa s measur e d  on the 
g r o u n d . G r o u n d  p l o t s  w e r e  
destruc tively subsamp1ed . Storage 
and retrieval of inventory data were 
computerized . Information needs for 
o pe r a t i onal planning ar e me t by 
superimpos ing cover type detail on 
e nlarged pho t omo s i a c s  of p r i o r i t y  
areas and augmenting the inventory 
data base  by ground and air cruises . 
Changes occurring between inventories 
are recorded by a supplementary air 
photo syst em.  

INTRODUCTION 

S i m p s o n T i m b e r  C o mp any 
( Albe r t a )  L t d . , according to the 
t e r ms o f  a F o r e s t  Ma n a g em e n t 
Ag re ement with the Province o f  
Alb e r t a , i s  r e s po n s i b l e  f o r  the 
development and imp lementa t i o n  o f  
forest management plans for 4845 km2 

in the mixedwood and lower foothills 
s ec tions of the boreal  f o re s t . 
Managemen t planning includ e s  the 
d e t e rm i n a t i o n of a s u s t a i n a b l e  
harvest level , the development of 
f e a s i b l e  h a r v e s t  s c h e d u l e s  
r e c o g n i z i n g  o p e r a t i o n a l  a n d  
environmental constraints ,  and short
t e r m  p l a nn i n g  o f  l o g g i n g  an d 
si1vicu1tura1 operations . 

I n f o rma t i o n ne e d s  a r e  
varied . Long-term planning demands 
broad area , stocking , and growth data 
for the whole productive forest land 
b a s e .  T h i s  i n f o r ma t i o n  i s  
i n c 0 r p 0 r a t e d  i n t o  a r e s o u r  c e 
a l l o c a t i o n  mod e l  ( N a v o n  1 9 7 1 ) .  
H a r v e s t s  o f  t i m b e r  c l a s s e s  
( aggregated forest cover types ) are 
pro jec ted over very long periods of 
t ime ( 2 0  decades )  to determine what 
optimum cut levels can be maintained 
without violating public sustained 
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yield policy . Medium-term planning 
requires data on areas , volume s ,  and 
tree sizes for cover types likely to 
be scheduled fo r harves ting during 
the next two decades . These data 
mus t  be retrievable by location so 
t ha t  i nv e n t o r y r e p o r t s  c a n  b e  
g enerated f o r  d e s igna t e d  pl anning 
uni ts . In other respects , however ,  
information for medium-term planning 
can be fairly broad ; stand volumes ,  
for example , are predicted from cover 
t ype ave rag e s  ra ther than f r om 
individual stand asse ssments . Short
term planning (1 to 3 years ) requires 
a g r e a t  d e a l  o f  s i t e - s p e c i f i c  
information on a relatively small 
proportion of the total managed area , 
including detailed stand mapping and 
asses sment s of stand condition and 
operability . Information is also 
r e q u i r e d on vo l ume s a n d  a r e a s  
actually harvested , relative to those 
predic ted , in order to provide the 
f e e d ba c k  e s s e nt i a l  f o r  dyn ami c 
planning . 

All this inf o rma t i on is  
required within specific time frames . 
The company was formally required to 
p r e p a r e  a d e t a i l e d  l o n g - t e r m 
management plan within 3 years of 
s ta r t-up . Muc h  o f  the includ ed 
inventory information was required 
earlier . Thi s plan will be revised 
at intervals of not more than 10 
years . The per iodic nature of this 
management planning and associated 
inventory work can result in uneven 
demands on technical and professional 
manpower over time . In spite of 
thi s ,  the company ' s  policy has been 
to use and develop in-house expertise 
wherever possible so as to maintain 
continuity in planning programs and 
func t i ons . O p e r a t ing plans and 
reports are required annually . 

O f  t h e t o t  a I F  0 r e s  t 
Management Area ( FMA) , less than 14% 
will be scheduled for harvest over 
t he next two d e c ade s .  App roved 
short-term operating plans , with a 3-
year planning horizon, cover 1 1 . 6% of  

the FMA in terms of total land area 
or 1 . 2% in terms of areas ac tually to 
b e  h a r v e s t e d . I t  w a s t h i s 
charac teris tic combination of a small 
area of high interest with larger 
a r e a s  o f  le s s e r inte r e s t  which 
p r o m p t e d  m a n a g e r s  to  r e v i e w  
" mul t i leve l "  a s s e s sment me thod s , 
including multis tage inventory . 

L e v e l s  r e v i e w e d  we r e  
s a t e l l i t e  imag ery , 1 : 1 0 0  000 and 
1 : 5 0 0 0 0  c o l o r  i n f r a r e d  ( C I R )  
pho tography , conventional 1 : 1 5 000 
black-and-whi te infrared photography , 
large-scale photography , and ground 
sampling . Satellite imagery was not 
u s e d , b e c a u s e t h e  b r o a d e s t 
information required on the FMA was 
mo r e  d e t a i l e d  t h a n  L e v e l  2 o f  
Anderson ' s  classification (Anderson , 
Hardy , and Roach 1972 ) .  1 : 100 000 
CIR photography was acquired us ing a 
wide-angle lens but was not used 
extensively because of distortion and 
vigne t  problems . 1 : 5 0 000 CIR 
provided  sa t i s f a c t o ry f i r s t� l evel 
imagery for stratification of the FMA 
i n t o  f o r e s t  c o v e r- t y p e s . 
Conventional 1 : 15 000 pho tography was 
not flown when it was found that 
imagery of comparable quality at this 
scale could be obtained by · simply 
enl arging the CIR . Large- s c ale 
pho tography supplemented by ground 
plots was used for inventory sampling 
purposes . 

APPLICATION OF COLOR 
INFRARED PHOTOGRAPHY 

C I R ( Ko d ak f i l m  2 4 4 3 )  
photography at 1 :  50 000 wi th minimum 
forward overlap of 60% was acquired 
for the whole FMA during the summer 
leaf-on condition at 7620 m (2 5 , 000 
f ee t )  above ground level , using an 
RC-10 camera equipped with a 152-mm 
lens and antivignet and minus-blue 
f i l t er s . For interpre t a t i o n  of 
f o r e s t  c over typ e s , c o n t a c t - s cale  
continuous transparencies were use d .  
Fl ight lines were centered be tween 



township lines . An entire 93-km2 

township block could be interpreted 
using one central and two overlapping 
23 X 23 cm (9  X 9 inch) frames . The 
mlnlmum stand size recognized was 
varied from 20  ha for differentiating 
s imilar types to 2 ha or less for 
nons tocked typ e s  wi thin s t ocked 
p r o d u c t i v e  f o r e s t . S t o c k e d  
p r o d u c t i v e  f o r e s t  l a n d s  we r e  
c la s s i f ied by thr ee  crown-densi  ty 
classes , five 6-m height clas ses , 
s p e c i e s  c om p o s i t i o n , a n d  a g e . 
D i s t u r b a n c e ,  s t e e p  s l o p e s ,  
under s t o r i e s , and other re levan t 
c o n d i t i o n s  we r e  r e c o r d e d  w h e n  
apparent . Paper prints were used by 
the interpreter for air and ground 
f ield checking . The age assessments 
we r e  obt ained by d e f ining s tand 
origin boundaries on the photographs 
and by sequential ground sampling 
within each area of apparent common 
origin . Stand areas were measured by 
electronic planimeter directly from 
the interpreted photographs . The 
total estimated stand area for each 
t owns h i p  wa s c o r r e c t e d  to known 
township area . 

The usefulness of small
scale eIR f ilm in resource evaluation 
is  controversial ( e . g . , Hegg 1 9 7 8 ,  
Marshall and Meyer 1978 ) .  I n  our 
experience , thi s type of imagery had 
several advantages over conventional 
films and scales , including synoptic 
coverage , reduced flying time , and 
fewer photographs to deal wi th during 
data trans fer and field checking . 

Table 1 - Field performance of eIR forest 

( a )  Stand height 

/I of field % of 
Field type samples 0 

0 ( > 6 . 0  m) 20 60 
1 ( 6 . 1  - 12 . 0  m) 15  13 
2 ( 12 . 1  - 1 8 . 0  m) 11 0 
3 ( 18 . 1  - 24 . 0  m) 80 0 
4 ( 24 . 1  m +)  14 0 

12 9 

For interpretation purposes the tonal 
information and high resolution of 
eIR seemed to compensate for the 
smaller-than-conventional scale . 
Flying  co s t s  per  line mile are 
normally higher at the smaller scale 
because of the higher leasing costs 
and shortage of aircraft equipped to 
operate at the required elevation . 
Purchase , proces sing , and printing 
costs are also higher per unit film 
area for color than for black-and
whi te infrared film.  On the other 
hand , coverage of a land area at 
1 : 50 000 needs only 30% as many line 
mi les and 9% as much film as coverage 
at 1 : 1 5 000 . 

P e r h a p s  t h e  m o s t  
s ignificant advantage was that the 
s c a l e  a n d  a l t i t u d e  s e l ec t e d  
facilitated direct area measurement 
from the pho tographs wi th reasonable 
accuracy . Photo-interpreted data and 
area measurements were encoded for 
computer processing without the usual 
interim mapping stages . This  was 
f ound to ac c e l e r a t e  the p lanning 
proces s and relieve the "front-end " 
m a n p o w e r  r e qu i r emen t .  P h o t o 
analy s i s  pr oduc t i o n  f o r  the FMA 
averaged 1 5  km2 per man-day . This 
i n c l u d e d  a l l  p h a s e s  o f  
i n t e r p r e t a t i on , encod ing , f ield  
checking , area mea sur ement , and 
training . A series of ground truth 
evaluations was made to verify the 
FMA interpretations . Re sults are 
shown in Table 1 for stand height , 
timber class ,  and stand age .  

cover type interpretation 

f ield samples interpreted a s :  
1 2 3 4 

40 0 0 0 
74 13 0 0 
46 36 18 0 

6 26 67 1 
0 21 72 7 
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( b )  Timber class based on species occurence by crown area 

1/ of field % of field samples interpreted as : 
Field type samples 0 1 2 3 4 

A Black Spruce-Pine 46 85 9 2 2 2 
B Pine 50 12 76 4 8 0 
C Pine-Aspen 5 0 20 80 0 0 
D White Spruce-Fir 20 5 35 0 55 5 
E Whi te Spruce-Fir 

-Aspen 19 5 5 21 11 58 

( c )  Stand age 

Tolerance 
interval 
(years ) 

Percentage of photo observations :  
Correct Incorrect 

± 5 
±10  
±2 0  
±30 
±40 

30 
47 
70 
82 
88 

(Based on 141  field obs ervations ) 

Stand height was important 
as a basi s  for stratification of 
inventory volume samples and as a 
c o n s i d e r a t i o n  i n  o p e r a t i o n a l  
planning . Heights of stands taller 
than 6m tended to be underestimated 
(Table 1a) . This  bias was fairly 
consistent , and the interpretation 
was considered quite  satisfactory for 
s trati fication purposes . Interpreted 
heights are ad justed for operational 
planning . 

Timber class ( groupings of 
species based on their occurrence by 
crown area ) and age were the most 
important interpreted stand variables 
as regards long-term planning needs . 
The most serious error in timber 
class identification resulted from 

High Low 

34  
2 7  
1 2  

8 
5 

36 
26 
18 
10 

7 

overestimating the proportion of pine 
i n  s p r uc e - f i r - p i n e  t yp e s . A 
p ro po r t i on o f  s tands whi c h  wer e  
predominantly spruce-fir and spruce
fir-aspen were classi fied as pine and 
p ine-aspen ( Table 1 b )  • Al though 
p h o t o  e s t i m a t e s  o f  a g e  w e r e  
frequently incorrect on a stand-by
s tand basis , they were qui te adequate 
for broad planning since there was no 
evidence of interpreter bias ( see 
Table 1 c ) . 

I n  s u b s e q u e n t  w o r k  
unde r t aken by the company on an 
additional 1 2 , 000 km2 , when expertise 
was already developed and broader 
typing specifications were tolerated� 
productivi ty was increased to 7 3  km 
per man-day . 



All characteristics identi
fied during the interpretation and 
area measurement phases were placed 
in a stand information file which 
m a i n t a i n s  i n d i v i d u a l  s t a n d  
identities , is  stored on magnetic 
t ap e , and c a n  be a c c e s s e d f o r  
revi s io n ,  r e t r i eval , or  fur ther 
process ing . A stand volume table 
based on subsequent sampling ( see 
below) was used to compute volumes of 
a l l  s t ands , but individual s t and 
records can be corrected or updated 
at any time as in-place information 
is acquired . A retrieval program 
e n a b l e s  s t a n d  l i s t i n g s  a n d / o r  
i nventory summary repo r t s  t o  be 
g enerated  fo r any combina t i on of  
township, range , planning unit , or 
s tand numb e r .  Summary repo r t s  
include a statement of areas and 
v o l ume s b y  t h e  t imb er  c l a s s e s  
recognized in long-term planning . 

SAMPLING METHODS USING 
LARGE-SCALE PHOTOGRAPHS 

Whi 1e the FMA wa s being 
s tratified into forest cover types , 
t he so f twoo d  growing s t ock was 
s amp l e d  f o r  vo lume a n d  o t h e r  
variables . Preliminary estimates of 
volume by towns�ip were based on 
provisional stand vo�ume tables and 
typin�. Each township block ( about 
93 km ) was designated as a primary 
sampling unit (PSU ) . A sample of n 
P S U ' s  ( n = 9 )  w a s d r a w n  w i t h  
p r o b a b i l i t i e s  o f  s e l e c t i o n  
proport ional to  the s i z e  of the 
preliminary volume estimates . Each 
sampled unit provided an estimate of '" 
the total volume V on the FMA: 

V . = , 
y

; 
p .  , 

= 
y . N 
-' - X  L: X . X . . 1 ' , , = 

where : xi = preliminary estimate 
of volume on the ith PSU 

Yi = volume on the ith PSU 
( e s t ima ted  by sub s equ ent 
sampling ) 

Pi = selection probability 
of the 

. . x .  i th PSU = --L N . 
L: x .  . 1 1 , = -
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N total number of PSU ' s on 
FMA 

As suggested by Cochran ( 1 97 7 )  and 
others , es timates from the n PSU ' s  
sampled could be combined to give : 

v = I n y . 
L: _1 _ 

n . 1 P . 1 = 1 

for which the estimator of variance SA V 
used was :  

A 2 
V )  

Similarly , each secondary sample unit 
( SSU) j in the ith PSU provided an 
estimate of Yi : 

y . 1 
y . . = � X • •  

' J  

L 
x 2: X • •  

j =l 1 J 

where L = to tal number of secondary 
uni ts on the ith PSU , and Xi j  = 
preliminary es timate of volume on the 
j th SSU of the ith PSU . 

O n l y o n e  S S U  i n  e a c h  P S U  wa s 
subsequently sampled . The est imate 
of FMA volume provided by the ith PSU 
became : 

, V .  = 
1 

= 

y . .  L 
-.:!1. X " L, X • •  Xi j j =l l J 

Y i j 
x . . l J 

X .  , 

N 
X L: x .  · 1 ' , = 

X 
N 
L: 

; =1 
X . 1 
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Each SSU was a clus ter of n large
scale photo plots (n = approximately 
8 0 )  occuring on a 10-km flight line . 
The preliminary estimate of volume 
Xi j  on this clus ter was computed 
f rom provisional stand volume tables . 
The ac tual volume Yi j Was estima
ted from Yreg , the regression esti
mate of the corrected mean volume per 
hec tare in the clus ter , obtained by 
double sampling . Thus : 

y = y + b ( x  - X ) reg m n m 

wh ere : 
y = mean of ground p l ot vol umes Y m from a sub-sampl e on m p l o ts 

x = mean of photo p l ot vo l umes X n from a l l n p l ots 

xm 
= mean of photo p l ot vol umes from 

the m pl ots 

b = l i near reg res s i on coeffi c i ent 

The relat ionship  be tween 
p ho t o  a n d  g r o u n d  v o l ume s wa s 
expected to be linear (Bonnor and 
Aldred 1974 ) . Ten percent of the 
photo plots  were included in the 
s ub s ample f o r  ground mea suremen t .  
The m plots were allocated to cover 
t yp e s  propo r t i onally to volume s 
predicted by the provisional stand 
volume tables . 

F o r  e a c h  f l i g h t  l i n e , 
continuous black-and-white coverage 
at 1 : 2  600 for ground reference only , 
and stereo plot color coverage ( Kodak 
f ilm 2445)  1 : 1 300 were obtained 
during the "leaf-on" condition by two 
Vinten 70-rom cameras mounted on a 
Hiller 12E helicopter . The plot 
c overage wa s pl anne d to give 8 0  
s a m p l e s  a t  s y s t e ma t i c  1 2 0 - m 
interval s ,  each sample being of two 

overlapping pho tographs . A pho to 
plot consisted of two 20 X 20 m 
subplots  and was centered halfway 
between the principal points of the 
two pho tog raph s . The f o l l owing 
measuremen t s  we re  mad e  on each 
subplot using a stereo scope , parallax 
bar , and dot gri d :  net area , crown 
area percent ( by species ) ,  relative 
c rown dens i ty ( r at i o  of s o f twood 
crown area to total crown area) , 
s tand height ( average of five trees 
s elected probability proportional to 
c rown area ) , and s t em count ( by 
s pecie s ) . 

A l l  t r e e s  o c c u r r i ng on 
g r o und plo t s  were a s s e s s ed for 
s pe c ie s , he i ght , diame t e r , c rown 
class , and pathological condition , 
a n d  we r e  s u b s a mp l e d  f o r  a g e . 
S o f t wo o d  t r e e s  o cc u r r i n g  i n  a 
s y s t em  a t i c a l l y  s e 1 e c t e d  2 5 -m 2 

quadrant were felled , sec tioned , and 
scaled . Da ta from the sectioned 
trees were used to check and correc t 
t r e e  h e i g h t s b y  r e g r e s s i o n 
estimation , to check the tree volume 
tables used for predicting total and 
gro s s  merchantable volume from he ight 
and diamete r ,  and to provide net 
volume conversions for each ground 
plot tree according to its species 
and pathological condition . 

The uncorrec ted pho to-plot 
estimates (X) of volume and other 
variables were predicted from the 
pho t o g ramme t r i c  measuremen t s  by 
regression models . These models were 
d e v e l o p e d  by s te p-wi s e  mul t i p l e
regression analysis using all paired 
pho to and ground plot data obtained 
o n  t h e  FMA . T h e  i n d e p e n d en t  
variables were the stand parameters 
of height , crown area ,  density,  and 
s t e m  n u m b e r  a n d  s i m p l e  
trans formations of these (Table 2 ) .  
The mo s t  imp o r t ant  var i ab l e  f o r  
predic ting net stand volumes o f  all 
species was crown area times height . 
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Table 2 .  Multiple regression results  for stand variables 

Dependent variable 

Volume ( net merch . all swds) 
Volume ( net merch . pine ) 
Volume (net merch . spruce) 
Swd . stems/ha ( total ) 

Swd . Stems/ha (merch . )  
Swd . stems/ha (merch . pine ) 
Swd . stems/ha (merch.  spruce)  
Basal area ( total swds . )  
Basal area (merch . swds . )  
Diameter ( quad . mn . swds . )  

0 . 79 
0 . 92 
0 . 74 
0 . 81 

0 . 75 
0 . 90 
0 . 79 
0 . 58 
0 . 60 
0 . 82 

S ignificant independent variables 
( 95% prob . )  

AxH, H2 , H ,  Axs 
AxH , DxS , H 2 , S ,  H 
AxH, A2 , DxS 
D ,  DxH, AxH , H2 , H ,  A, AxS , A2 , 

DxS 
HxS ,  AxH , A, S ,  A2 
HxS , A, AxH , S ,  DxS , 
HxS ,  A, AxS , S ,  AxH 
HxS ,  A ,  AxS , AxH 
HxS , A,  AxS , AxH 

2 H ,  H , HxS ,  S ,  AxS , 

A crown area percent , D relative crown density ,  H = stand height , 
S = stem count . 

T h e  s o f t w o o d  i n v e n t o r y 
des ign was intended to provi£e volume 
estimates at the FMA level (V ) and at 
t he SSU level (Yreg ) with sampl ing 
s tandard errors no t exceeding ± 10 
percent . The standard error obtained 
for the former was 7 . 6% and for the 
latter was in the order of 6-7 % .  
(Variance of Yreg Was calculated 
according to Husen et al . 197 2 ) . 
Correc ted plot volume estimates were 
s tratified by cover type and averaged 
to produce a revi sed stand volume 
table compatible with the total FMA 
volume estimate . 

A s e c o n d  i nv e n t o r y wa s 
undertaken to assess the FMA hardwood 
g rowing s t ock and i t s  under s t ory 
s t o c k i ng l e v e l s . A num b e r  o f  
modi f i c a t i ons were mad e  t o  the 
m e t h o d s  us e d  in  t h e  s o f tw o o d  
inventory . A fixed-wing aircraft 
( Ces sna 206 ) replaced the helicopter 
for flying during the spring " leaf
off"  condition .  A radar altimeter 
was used , whereas in the previous 
inventory photo scale was determined 
f r o m  a f l y i n g - h e i g h t p r o f i l e  
i n terpo l a t e d  f r om ground che cks . 
Planned pho to-plot scale was 1 : 1  000 ; 
plot sizes were reduced to 20 X 20 m.  

A wide-angle lens was used in the 
second camera to provide 1 : 10 000 
pho t o g raphy f o r  ground reference . 
The locations of flight lines in the 
P S U ' s ,  whi ch previous ly had been 
a r b i t r a r y ,  we r e  s e l e c t e d  wi t h  
probability proportional to the area 
of merchantable cover type . Trees 
for des tructive subsamp1ing of the 
ground plots  were selected by prism 
w i t h  probab i l i t y  p r o p o r t i onal to 
size . On the photo plots , ins tead of 
measuring several stand parameters , 
individual measurement s were made of 
height alone on all trees . Estimates 
of uncorrected photo-plo t volume were 
made us ing he ight , diame t e r , o r  
volume r e l a t i o n s h i p s  e s t ab l i shed 
e l s ewhe re  by Kirby and van Eck 
( 1 9 7 7 ) . T h e s e  e s t i m a t e s  
appeared to be low in ground plots 
c on t a in ing le s s  t han 200 m3 net  
volume per hectare . 

A correction of photo-plot volumes 
(X)  to ground-plot volumes ( y )  was 
o b t a i n e d  b y  t h e  f o l l o w i n g  
regression : 

y = 53 . 5903 + l . 07 7X - 0 . 0008X2 

with an R2 of 0 . 732 (Kirby 1 978 , 
per sonal communication ) . 
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At 1 9 7 7  commercial rate s ,  
pho tography costs were about $4 . 50 
per large-scale photo plot . In the 
softwood inventory , production for 
a l l  a s p e c t s  of prepar a t i on and 
measurement of pho to plots was 8 . 3  
plots per man-day , and 0 . 92 plots per 
man-day for ground plots .  In the 
h a r dwo o d  i nve n t o r y , e q u i va l e n t  
produc tion was 6 . 9  pho to plots and 
0 . 21 ground plots per man-day . 

PHOTOMAPS FOR OPERATIONAL PLANNING 

Based on information from 
t h e  i n v e n t o ry r e p o r t s  a n d  t h e  
a l l o c a t i o n m o d e l  a n d  o t h e r  
considerations , planning units are 
s el e c ted f o r  sho r t - t e rm planning 
priori ty . To facilitate operational 
planning wi thin these units , 1 : 1 5 000 
forest cover photomaps are produced . 
These are uncontrolled photomosaics 
with forest types and other detail 
superimposed . The steps adopted for 
p r o d uc i ng t h e s e  ma p s  we r e  a s  
follows : 

1 .  Produce 
a n d -w h i t e  
pho tography 

the mosaic using black
p r i n t s  f r om t h e  e I R  

enlarged to 1 : 1 5 000 . 

2 .  Transfer forest typing and other 
planime t r i c  i n f o rma t i on f rom the 
i n t e rp r e t e d  e I R  pho t ograph s  to  a 
scribe-film overlay regi stered on the 
mosaic , us ing a zoom transferscope . 

3 .  Produce a final negative and 
c h r o na f l e x t r a n s p a r e n c y  o f  t h e  
combined mosaic and overlay using a 
two-color line system to maintain 
clarity of the scribed lines . 

4 .  Produce a kodabromide and black
or blue-line prints as required . 

Recent cos ts of produc ing 
photomaps averaged $2 per km2 f or 
m o s a i cking , pr o c e s s ing , printing , 
etc . , plus 0 . 02 man-days per km2 for 
transfer and scribing . 

P h o t o ma p s  h a v e  s e ve r a l  
advan t a g e s  over c onven t i onal line 
maps in our experi ence . From the 
1 : 50 000 e IR pho tog raphy , they 
provide stand mapping at a level of 
d e t a i l  sui table for operat ional 
p l an n i n g  w i t h o u t  r e q u i r i n g  an 
ad d i t i onal level o f  med ium- s ca l e  
pho tog raphy to b e  f lown . The y  
include the benefi t s  of photographic 
d i s p l a y  wi t h o u t  t h e  c o n f u s i o n  
associated wi th very det1iiled cover 
maps . They encourage the user to 
integrate photo detail and mapped 
i n f o rma t i o n a n d  d o  no t d em a n d  
complete reliance on either the photo 
interpreter and cartographer (as is 
the case wi th conventional maps ) or 
t h e u s e r ' s  o w n  i n t e r p r e t i v e  
abilities ( as is the case wi th aerial 
pho tographs) . They are convenient 
and eas y to use . Da ta,  such as cut
block boundaries , can be plot ted on 
the photomap wi th greater ease and 
accuracy than on a line map . They 
are inexpensive to produce relative 
to conventional and orthophoto maps . 
The i r  p o t e n t i a l  di s a dvan t a g e s  are 
s c al e  inaccura c i e s  and d i s t o r t ion 
related to  ground or flying height 
v a r i a t i o n  a n d  t o p o g r a p h i c  
displacement . The extent of this 
p r o b l em was no t inve s t i g a t e d  in 
detail , but in 2 years of the ir use 
no complaints have been received from 
company or government foresters . The 
FMA ' s  rolling topography is typical 
of the lower foothills and mixedwood 
sec tions . In steeper areas the use 
o f  unc o n t r o l l e d  mo s a i c s  w o u l d  
po s s ibly have to be replaced  by 
c o n t r o l led  mo s a i c s  or or thopho to  
maps . 

OPERATIONAL CRUISING AND 
SUPPLEMENTARY AERIAL PHOTOGRAPHY 

Once a planning unit has 
been scheduled for harvest ing and has 
been mapped , further informa t i on 
required for operational planning is 
ob tained . Operat i onal planning 
i nvolves d e t ermining the cut t ing 



priority of each merchantable stand 
a c c ord ing to i t s  cur rent growt h ,  
s tabili ty , and level o f  disturbance . 
Planning also involves consideration 
o f  a l a r ge num b e r  o f  f a c t o r s  
inf luencing operability and cut-block 
l ayou t . The s e  fac t o r s  inc lud e : 
s l o p e , a s p e c t , d r a i n a g e , s o i l  
conditions , regeneration potential ,  
existing roads and other means of 
access ,  pipelines and wellsi te s ,  and 
power lines . Some of the required 
i n f o rma t i o n  is provided by the 
photomap and inventory report already 
described . The remainder is obtained 
t hr o ugh a cru i s e  car r i e d  out by 
e x p e r i e n c e d  s t a f f  u s i n g  b o t h  
helicopter and ground transportation . 
T h e  b a s i s  o f  t h i s c r u i s e  i s  
p ro f e s s i onal j udgment  rather than 
s tatistical evaluation . 

A supplementary air-photo 
sys tem was developed to meet two main 
requirements : annual mapping of cut
o v e r s  a n d  t h e a s s e s s m e n t  o f  
disruptive change s ( e . g . , blowdown , 
f ire) occurring on the FMA between 
ma j o r  re- i nven t o r ie s . A l e a s e d  
Ce ssna 1 8 5  was modified t o  permit the 
mounting of .a 35-mm camera equipped 
wi th a s tandard 50-mm lens , motor 
d r i v e , i n t e r v a l  t im b e r , r em o t e  
swi t ch , and bulk f i lm chamber . 
Stereo-overlap vertical photography 
i s  obtained at a flying altitude of 
8 , 000 feet ( 2 , 438 m) using black-and
white · panchromatic or color negative 
f ilm. This  gives a nominal contact 
scale of 1 :  48 760 which is enlarged 
to scales of 1 : 1 5 000 or greater . 
Information is transferred from the 
printed enlargements to the photomap 
with the aid of a ske tchmaster or 
trans ferscope . 

DISCUSSION 

A t  t h e  ou t s e t o f  t h e  
inventory prog ram , s a t i s f ac t ory 
s trati fication of the management area 
was not available ; thus , a strati fied 
s amp l i ng de sign would  hav e me ant 

135 

delaying sampling until cover-type 
interpretation and measurement were 
c ompl e te ( which at the level o f  
detail selec ted took about 3 2 0  man
d a y s ) . I n s t e a d , f o r  v o l u m e  
estimation a multistage des ign was 
applied in combination with double 
sampling . The major disadvantage of 
thi s  d e s i gn was tha t it gave no 
c on t r o l  over the samp l ing e r r o r  
w i  thin individual cover types . The 
l im i t ing o f  samp l ing e f f o r t s  to 
relatively few PSU ' s was a logis tic 
advantage . Sampling was concentrated 
in areas of assumed high interes t by 
selecting samples with probabilities 
proportional to preliminary volume 
estimates . 

CIR pho tography at 1 : 1 5 000 
m e t  i n f o r m a t i o n r e q u i r e m e n t s  
successfully in that it provided a 
sui table basis for broad planning , 
p l u s  s u f f i c i e n t  d e t a i l · f o r  
operational planning . 

M e a s u r� m e n t  o f  s t a n d  
p a r am e t e r s  f r o m  l a r g e - s c a l e  
pho tog raphy in comb in a t i o n  wi th 
ground sampling provided satisfactory 
e stimates of average volumes , stem 
numbers ,  and diameters for softwoods .  
P h o t o g r amme t i c  me a s u r e m en t s  o f  
i nd ividual tree  he i ght s provided 
somewhat poorer es timates of hardwood 
s tand variables . 

The suppl ementary a e r i a l  
photography sys tem along with log 
scale returns provide information on 
actual harvests  for comparison with 
scheduled harves t s ,  thus facilitating 
control of plan implementation . 

The management of large , 
low-productivity forest areas on a 
sus t a ined-y i e ld bas i s  requi r e s  a 
means of defining priority areas for 
short-term planning so that forest 
inventory efforts and other planning 
inputs can be rationally allocated . 
Based . on our particular experiences , 
we feel that the logical sequence of 
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inventory and analysi s  ac ti  vi ties for 
timber management planning in the 
boreal fo rest i s :  

1 .  broad stratification and sampling 
o f  the who l e  management uni t  
recognlzlng site , orlgln , and 
s t o cking charac te r i s t i c s  and 
using photography of scale 1 :  50-
000 or smaller , 

2 .  d e f i n i t i o n  o f  l o n g - t e r m 
produc t ion l eve l s  and harve s t  
schedules by incorporating the 
a b o v e  d a t a  i n t o  a s u i t a b l e  
allowable-cut model ,  

3 .  mo r e  d e t a i l e d  i n ve n t o ry t o  
p rovide s p e c i e s ,  net  volume , 
d i m e n s i o n ,  a n d  l o c a t i o n  
information on strata scheduled 
for harvesting over the next two 
or three decades , 

4 .  d e ve l o p me n t  o f  f e a s i b l e  c u t  
progressions b y  operating units  
to harvest these strata , and 

5 .  d e t a i l e d  s t a n d  ma p p i n g  a n d  
operational cruising o f  units to 
be operated wi thin the next 
decade or so . 

Thi s requires a flexible 
means of acquiring different resource 
data , at different levels of accuracy 
and detail , for various proportions 
of the total managed area . This 
concept does not necessarily involve 
mul t i s tage inventory  d e s igns  or 
variable-probabili ty sampling . In
deed , the application of sampling 
wi th probability proportional to the 
s i ze  o f  a s i n g l e  var i a b l e  i s  o f  
questionable value i n  a si tuation 
w h e r e  t h e m a n a g e r  i s  a l wa y s  
interes ted in more than one variable .  
The concept doe s ,  however , imply a 
m u l t i l eve l a p p r o a c h  t o  a e r i a l  
photography and inventory methods and 
r educ e d  empha s i s  on conven ti onal 
m e d i u m- s c a l e  p h o t o g r a p h y  a n d  
mapping . 
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FOREST COVER TYPE CLASSIFICATION FROM LANDSAT 
DATA ON QUEBEC ' S  NORTH SHORE 

Jean Beaubien 
Laurentian Fores t  Research Centre 

Canadian Fores try Service 
Environment Canada 
Sainte-Foy , Quebec 

ABSTRACT 

This  paper summarizes a 3-
year pro j ect undertaken in the spring 
of 1978  to classify forest types over 
roughly 80 , 000 s quare miles ( 200 , 000 
km2 ) on Quebec ' s  north shore in the 
f r amewo rk o f  an ec o l og ical  land 
c l a s s i f i c a t i on pr eced ing hydro
electric installations . An area of 
50, 000 km2 i s  already mapped using 
f i v e s umme r LAND S A T  i m a g e s  o f  
different dates . 

The digital data were first 
enhanced following a three principal 
component me thod us ing the imag e  
enhancemen t capab i l i t i e s  of  ARIE S 
(Applied Resource Image Exploitation 
Sys tem) . Color pic tures taken from a 
small aircraft or helicopter were 
used to correlate the various colors 

to ground covers , then supe rvi sed 
c l a s s i f i c a t i o ns we re  pe r f o rmed . 
Vegetation mapping at a scale of 
1 :  125 000 was also done directly by 
interpreting the enhancements .  The 
following classes were identified and 
evalua ted as components of a pa ttern 
in each unit : dense sof twood , open 
s o f twood , open l ichen- so f two od , 
mixedwoods , hardwood , shrub fores ted 
heath ,  lichen forested heath, shrub 
heath , lichen heath, open peat land , 
recent burns . 

Th e s e  r e s u l t s  and the 
problems encountered are discus sed . 
The maps can easily be compared to 
the syn the t i c  ones pr o duc ed by 
Que bec ' s  Department of Land s and 
F o r e s t s  us ing conve n t i o nal  aer ial 
photographs . Cost-benef it estimates 
are presented . 
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APPLICATION OF TEMPORAL LANDSAT FOREST DIGITAL DATA 
TO THE YUKON INFORMATION RETRIEVAL SYSTEM USING ARIES 

Dr . Y. Jim Lee 
Pacific Forest Research Centre 

Canadian Forestry Service 
Environment Canada 

Victoria , B . C . 

ABSTRACT 

This  paper describes the 
usefulness of temporal LANDSAT forest 
digital data as input to Yukon RRAMS , 
an information retrieval sys tem for 
r enewa b l e  resour c e  and management 
statistics . 

The temporal LANDSAT MSS 
data for a portion of Ecoregion 5 
were enhanced to bring out emphasis  
on  ( 1 ) softwood , ( 2 )  hardwood , and 
( 3 )  bogs . The usefulness  of these 
enhanced images was evaluated using 
ground truth data . 

The results 
c la s s i f ic at i on we re  
t h o s e  o f  t h e  
classification. The 

of unsupervised 
compar ed wi th 

s u p e r v i s e d 
result s of the 

s up e r v i s e d  c l a s s i f i c a t i o n  we r e  
g e o m e t r i c a l l y c o r r e c t e d  a n d  
referenced to the UTM grid cel ls . 
Summaries of percentage occupancy in 
each UTM grid cell by fo res t land 
c la s s e s  ar e avai lable for  d i r e c t  
input into the Yukon RRAMS data base . 
The f o r e s t  land cla s s e s  inc lude 
softwood , hardwood , regeneration or 
young growth ,  shrub land , alpine , 
water , urban , and others . 



140 

TECHNOLOGY TRANSFER 

Chairman : D . H . Fregen 

Contributo rs : V . G .  Zsilinszky 
J . J. Lowe 
C .A .  Scott 
C. Bricker 
F .  Hegyi 
E . A. Godby 

TRANSFER OF REMOTE SENS ING TECHNOLOGY 
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Toronto , Ontario 

ABSTRACT 

It is the final step in the 
fulfillment of the mandate of the 
Ontario Centre for Remote Sensing to 
transfer technology and technique s to 
discipline-specific practi tioners in 
g o v e r nm e n t ,  e d u c a t i o n ,  and t h e  
private sector .  This  paper considers 
the c r i t e r i a  ac c o r d ing to whi c h  
t echno l ogy may be s e l e c t e d  f o r  
transfer and the means by which the 
t rans f e r  o f  data ac qui s t i o n  and 
interpretation methodologies could be 
effec tively accomplished . Final ly , 
the paper describes the necessity of 

developing an operational marke t fo r 
remote sensing services and fo recasts 
how technology trans fer wil l  proceed 
in Ontario . 

DEF INITION OF "TECHNOLOGY " 

The word " technology" means 
" k n o w - h o w "  b a s e d  o n  a d v a n c e d  
hardware . The word is increasing ly 
used to denote techniques that may , 
but need not , involve sophi sticated 
ins trumentation . In this paper ,  I 
w i l l  e q u a t e  " r e m o t e  s e n s i n g  
t echnol ogy" wi th "methodologies of 



remote sens ing application" and will  
briefly describe my own concept of 
" technology trans fer" as I apply it 
at the Ontario Centre for Remote 
Sensing . 

THE OBJECTIVE OF TECHNOLOGY TRANSFER 
AT THE ONTARIO CENTRE FOR 

REMOTE SENS ING 

T h e  O n t a r i o  C e n t r e  f o r  
Remote Sensing (OCRS ) was established 
6 y e a r s a g o  b y  t h e  O n t a r i o 
government .  The pur p o s e  of t he 
c e n t e r  is  to pr omo t e  the use  of 
remote sensing in the province by 
undertaking research , development , 
and applications projects in response 
to the data needs of natural resource 
m a n a g e m e n t  a n d  e n v i r o nm e n t a l  
protec tion . Once a methodology of 
remote sensing application has been 
d evel ope d , t e s t ed , and rend ered 
"operational " ,  the center ' s  role is 
to t r ans f e r  tha t me tho do logy to 
p r iva t e  indu s t r y  and int e r e s t e d  
government personnel in the province . 
Of particular concern is the trans fer 
to the pr ivate sector .  The expected 
result is that the service provided 
by that me tho d o logy wi l l  become 
commercially available and that the 
p r iva t e  compan i e s  o f f e r ing remo te  
sensing services will  become stable 
and versatile . 

THE OCRS WORKING DEF INITION OF 
"OPERATIONAL" 

The question i s ,  at what 
s ta g e  does a me tho d o logy b e c ome 
operational and , therefore , ready for 
transfer ? 

T h e  O n t a r i o c e n t e r ' s  
r e s po n s e  is  that a pr o c edur e i s  
operational ( 1 ) when the problems 
that would jeopardize the quality of 
pro ject results  are identified and 
either solved or compensated fo r and 
( 2 )  wh e n  any d i f f i c u l t i e s  i n  
o p e r a t i onal pr o c edur e s  tha t woul d  

t e n d  t o  make 
i n e f f i c i e n t  a r e  
overcome . 
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the me t ho d o l o g y  
i d e n t i f i e d  and  

Thi s  may s e em a ra ther 
rigorous criterion; however , pr ivate 
industry cannot afford to repr esent 
r emo t e  sens ing me t ho d o l o g i e s  a s  
f inalized when they are not . The 
r e sul t would  be a d i s i l lu s i oned 
client , an impoverished company , and 
a black mark agains t remote sens ing 
in the minds of persons who might 
o therwi se have been inf luential in 
promoting it . 

I t  i s  n o t e n o u g h , 
therefore , to fo rmulate a me thodology 
and successfully . apply it once . It 
i s  necessary to unders tand why the 
resul t s  are as they are ,  in order to 
ensur e  reliability and consistency . 
For example , it  has been demons trated 
amply that thermography can be used 
to distingui sh between the relative 
warm and cool parts  of buildings . 
Research mus t  still be done , however ,  
t o  determine what portion or aspect 
of the thermal signatur e is due to 
energy waste and what is inherent in 
the structure and materials of the 
buildings , and to evaluate the ef fect 
of a tmo s p h e r i c  and mic r o c 1 imatic 
conditions . 

I w i  s h  t o  m e n  t i o n  two 
s i m p l e  e x a m p l e s  o f  s e v e r a l  
methodologies which are cons idered 
operational and trans ferable by the 
center : the detection of fores t 
damage by the root rot of red pine 
(Fomes annosus ) using color infr ared 
aerial photography and the evalua tion 
of timber loss by the correlation of 
a fire boundary vi sual ly delineated 
on LANDSAT wi th provincial forest 
invento ry records . In each case , the 
optimum pr actical imagery has been 
e s t ab l i s h e d , a s  h a v e  t h e  mo s t  
i n f o r m a t i v e  a n d  e f f i c i e n t  
interpr etation method and means of 
r ec o r d ing and commun i c a t ing the 
data . 
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THE PROCESS OF TRANSFER 

Apart from the problem of 
making me tho d o l o g i e s  ope r a t i onal , 
there is also the question of how to 
transfer them . One of the barriers 
to technology transfer to private 
industry is , of course , the financial 
constraints under which the private 
sector operates ; if  a new methodology 
is not immediately profitable ,  it may 
be difficult to find anyone to accept 
the gift . That attitude is certainly 
understandable , but short-sighted . 
To make remote sensing technology 
transfer possible in a context like 
Ontar io ' s ,  pr ivate compa n i e s  mus t  
have sufficient vision to take an 
interest in new methodologies and to 
take charge of their own informal 
education in advanced remote sensing . 

An important ingredient is  
proper publicity on  the part of  the 
t r an s f e r o r ! E v en i f  p r i v a t e  
companies are willing to seek our new 
information aggressively , they mus t  
first b e  made aware o f  the exi stence 
a n d  po t e n t i a l  b e n e f i t s  o f  t h e  
sources . 

F i n a l l y , f o rmal  r emo t e  
sensing training on a practical level 
c an fo s t e r  recept iven e s s  to new 
methodologies wi thin both government 
and the private sector . For example ,  
the OCRS gives week-long courses to 
government professionals at both the 
p r ac t i t i o ne r  and the manage r i a l  
levels and has plans to offer similar 
courses to private industry in the 
futur e .  

CONCLUSION 

The goal of government in 
Ontario in the transfer of remote 
sensing research results is  to feed a 
viabl e  r emo t e  sensing  indus t ry ;  
however , it will  only be attained 
through mutual effort . Once the 
agency offering a new methodology has 

publicized i t ,  technology trans fer 
occurs only when the recipient takes 
i t  up wi th a view to fo rmulating 
imaginative ways of applying it . 
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THE TRANSFER OF LARGE-SCALE PHOTO TECHNOLOGY 
IN ALBERTA 

J. J.  Lowe 
Alberta Forest Service 

Department of Energy and Natural Resources 
Edmonton ,  Alberta 

ABSTRACT 

The development of large
scale photography as an operational 
substitute for ground plots in timber 
c rui s ing  i s  the suc c e s s ful case 
history described , with emphasis  on 
the prob lems encoun t e r e d . Le s s  
successful examples and technological 
gaps are mentioned . 

The paper sugge s t s  that 
r e s e a r c h  a n d  d e v e l o p m e n t  a r e  
i n a d e qu a t e  and  l a c k  d i r e c t i o n , 
although invento ry has fared better 
t h a n  s o m e  o t h e r  f o r e s t r y  
s p e c i a l i z a t i o n s . O p e r a t i o n a l  
agencies have poor research liaison 
and do not adequately develop the 
t echn i c al po tential  of the ir  own 
staff . 

INTRODUCTION 

T h e  d e v e l o p m e n t a n d 
trans fer of technology in Canadian 
foresty leaves much to be desired . 
S w e e p i n g  g e n e r a l i z a t i o n s  a r e 
dangerous , and there are some notable 
except ions , but cons i d e r ing the 
i m p o r t a n c e o f  f o r e s t r y  in t h e  
Canadian economy , the national record 
i s  no t good . Our r e s e ar ch and 
development budgets (R & D )  were a 
long way below the standard for a 
developed country even before the 
latest ill-planned federal cut s .  The 
"Propo sition 1 3 "  mood in the land is 
likely to remove as much muscle as 

fat from the R & D  body . 

By and large the provinces 
and industry have not paid their way 
in basic research or technological 
development . Some subjects are bes t  
handled local ly , but 10  autonomous 
p r ov i n c e s  wi th sma l l  po pula t i o ns 
scattered across this vast country 
c anno t mus t er the expe r t i s e  and 
cooperative brain pool necessary to 
develop major ideas . They even do 
not always have the staff capable of 
monitoring and adopting technological 
development s  elsewher e .  The basic 
researchers just are not there in any 
appreciable quanti ty , and neither are 
t h e  c a t a l y t i c  g o - b e t w e e n s  s o  
eloquently described in the theme 
address . 

Each province tends to have 
the population of a city but the 
r e sour c e  inventory prob lems of  a 
whole country . Alberta ' s  population 
is something over two million,  ye t we 
have a fo rest es tate to manage which 
c ompa r e s  wi th the gro s s  ar ea  o f  
Japan . Leadership i n  this matter 
m u s t  c o m e  f r o m  t h e  f e d e r a l  
g o v e r n m e n t .  T h e  f o r e s t  i s  
fundamental to the national economy, 
environment ,  and cultur e .  Although 
the provinces do own mos t  of the 
f o r e s t  r e s o u r c e , t h e  f e d e r a l  
government derives enormous income 
from the fo rest-based secto r of the 
economy . 

T h e  
o p e r a t i o na l  

d e v e l o p m e n t  
l a r g e - s c a l e  

o f  a n  
pho t o  
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crui sing sys tem by the fo rmer Fo res t 
Management Institute was a model of 
what should occur more frequently . A 
talented and capable team saw clearly 
a n e e d  f o r  a Ca n a d i a n  f o r e s t  
inventory . The R & D  and trans fer 
were followed through to the end . 
Existing technolgy was adopted or was 
d e v e l o p e d  wh e r e  no t a v a i l ab l e . 
Luckily the team ' s last gesture was 
to tailor the procedure to Alberta ' s  
s i tuation before sel f-destructing on 
All Fool ' s  Eve , 197 9 .  

Th e i r o ny i s  t h a t t h e  
F o r e s t  Ma n a g em e n t I n s t i t u t e ' s  
remarkable talents were directed to 
forest measurement rather than to 
forest management .  I suppo se this 
w a s  c o n s t i t u t i o n a l l y  a n o n 
controver s ial sub j e c t . Similar 
things happened in the regio nal 
laboratories . The result is that 
forest measurement technique s have 
been developed be tter in Canada than 
have management techniques . To this 
a u d i e n c e  o f  f o r e s t  i n v e n t o r y  
specialists  that is fortunate , but in 
the wider context it is not . The 
management situation in Canada is 
very different from that in the USA 
and most  other countries , and it 
needs appropriate attention.  

In the course of making the 
inventory generalizations and then 
moving to the specifics of the case , 
one mus t  ski p over many bright 
islands in the dark sea . To those  
other success stories in industry , 
provincial government s ,  universi ties , 
and especially the regional federal 
la�oratorie s ,  I apologise . 

TECHNOLOGY TRANSFER 

T h e  c a s e  wh i c h  I wi l l  
examine is the' development of the FMI 
LSP s ys tem as applied to the Alberta 
Forest Service ' s  needs . For the 
p a r t i cular cir cums t anc e s  o f  the 
current inventory in thi s province , 
the sys tem we have works wel l .  Other 
s ys t ems have d i s advan t a g e s  wh i c h  

outwe igh t h e  advan t a g e s  
s i tua tion.  

in our 

What happened was that at 
least 2 0  years ago , and probably 
longer , several visionaries saw the 
a d va n t a g e s  o f  me a s ur i n g  t r e e s  
pho togrammetrically on large-scale 
s tereo models rather than sending 
expensive field crews out to measur e 
a n d  e s t i ma t e  "r e a l  t r e e s  und e r  
circumstances which , frankly ,  of ten 
are not conducive to careful and 
unbiased mensuratio n .  Some of the 
visionaries were also pr ac tical men ,  
and the early writings of people like 
H .  Lyons and C .  Kirby record their 
trial s and successes . 

The FMI team tackled the 
problem in a scientific manner and 
chewed at it  piece by piece . They 
s tarted wi th sound pho togrammetric 
thinking and solved the problems as 
they occurred . The fo llowing li st of 
t erms summarizes the major hurdles : 

-Base-height ratio 
-Image quali ty , image 

motion , and shadow 
penetration 

-Fast cycling camera wi th 
acceptable lens 

-Measurement of height above 
the ground 

-Control and measurement of 
t ip and tilt 

-Species identification 
-Regression es timates of 

volume and dbh from pho to 
parameters 

-Digitized stereome ters 
-Computerized control and 

analys i s  
-Usable procedures 
-Economic str eamlining 

It  was not until the pieces 
were in place that the Alberta Fores t 
Servic e , a busy organiza tion sho rt on 
time and expertise , could pick up the 
ball  and run . The middle of a game 
i s  no place for the players to make a 
bal l ,  even if they coul d .  



The AFS tried to adopt the 
technology of the time in the early 
1 970 ' s ,  but we ran into problems 
which we could not overcome . At that 
t ime the u . s .  military had generated 
good reconnaisance cameras , and the 
FMI had used the NRC to develop an 
accurate fo liage penetrating radar 
altimeter . The AFS lacked sui tab le 
image quality ,  tip and tilt were a 
problem , and stereo measurement was 
slow and expensive . The results  were 
encouraging enough to show that this 
was a viable procedur e ,  but we had to 
back out and await a more practical 
package .  

The FMI continued cleaning 
up problems and reached the point 
where it needed a cooperative agency 
to help demonstrate the problem . It 
was an offer we could not refuse . In 
a joint pro j ect the FMI ' s technology 
was applied to make an independent 
estimate of certain statistics in our 
test management unit P6 .  Our own 
work had been based on a smal l and 
s o mewh a t  sub j e c t i v e  s a mp l e  and  
r e q u i r e d v e r i f i c a t i o n  � f  
representative volumes using the same 
map s t r a t a . The te chnique wa s 
d em o n s t r a t e d  a s  pr a c t i c a l  an d 
generally supported our own estimates 
a n d  t h o s e  ma d e  wi t h  s o mewh a t  
different techniques by Kirby . The 
results  were written up by Aldred , 
who was kind enough to add my name as 
coauthor .  This  is the only reference 
cited , because it wil l  lead tho se 
i n t e r e s t e d  in t o  t h e  pr e c e d i n g  
bibliography . 

It was apparent to the AFS 
that the technology still had to be 
tailored to our needs .  The FMI saw 
thi s and suggested that they could 
help . Thi s  they did , and as you have 
heard,  Aldred was mos t  generously 
lent to AFS by CFS for 6 months . He 
did an excellent job of setting the 
sys tem up for our circumstances . The 
versatility of electronic control is 
mo s t  impr e s s ive when t a i l o r ed to 
complement human skil ls and to cover 
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for human fo ib les . We now have our 
own Zeiss Stereocord coupled wi th a 
Hewlett-Packard desk top computer , 
and things are working as Aldred 
desc ribed in his pr evious pape r .  

A l l  h a r d w a r e  i s  n o w  
commercial ly availab le , so this is 
a n o t h e r  s u c c e s s f u I t  r. a n s f e r o f  
t e chno logy i n  tha t indus t ry ha s 
followed up . The biggest out standing 
problem is the airborne equipment .  
The radar altime ter used has the 
precision required and works wel l ,  
but is  not ye t robus t enough fo r 
general use 

This  is a success story of 
r e s e a r c h ,  d e v e l o p m e n t , a n d  
t echnological trans fer because one 
team was capable of al l thr ee .  It is  
a sad s t o ry , t o o , because  tha t 
i n t e r na t i o na l ly r enown ed · team has 
been bad ly di srupted . 

Tho se who balk at the pr ice 
o f  thi s s o phi s t ic a ted equi pment 
should  cons i d e r  the a l t ernative 
capi tal cos t of setting up a modern 
f i e l d  camp , a n d  t h e y  wi l l  b e  
pleasantly surpr ized . 

Some speake rs have deplored 
the technological stagnation of the 
C anad i an f o r e s t  inven to�y , wh i l e  
o the rs  have s t r e s s e d  t h e  chang e s  
occurring i n  these exci ting time s . I 
f eel tha t ,  like the curate ' s  egg ,  it  
is  good in parts  but could be better . 
T e c hn o l o g y  i s  o u t s tr i p p i ng t h e  
abilities o f  the poor  working stiff 
who is generally prepared to buy and 
use a good "black box" if it  can be 
plugged into his needs and if he can 
be assured that it wil l  work . One 
thing worse than no black box is the 
wrong black box.  

There are thr ee key · areas , 
namely remote sens ing , statistical 
d e s i g n , a n d  e l e c t r o n i �  d at a  
processing , where good go-betweens 
a r e  needed to harn e s s  exi s t ing 
technology to existing needs . The 
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user organizations also must develop 
t h e  a b i l i t y  t o  s h o p  i n  t h e  
technological supermarke t ,  to ignore 
the flashy wrappers , and to buy what 
they need or to buy the ingredients 
and cook what they need . 

Some invento ry techniques 
have been widely applied but poorly 
understood and sadly abused . Po int 
sampling is  an example . Horizontal 
angle gauges are being used wi th 
fearful abuse to select trees fo r 
tallying and are rarely being used to 
measur e s t and bas al area . The 
possibility exists  to use vertical 
angle gauges along a line to measure 
stand merchantable length , but I am 
n o t  a w a r e  t h a t t h i s  s i m p l e  
t echno l o g i c al t r an s f e r  i s  being 
attempt,ed . 

Samp l ing d e s i g n  and the 
s tatistical theory of estimates are 
a l s o  po o rly und e r s t ood  and bad ly 
abused . For this poor transfer of 
technical knowledge I point a finger 
s quarely at the forestry schools . I 
may b e  wr o ng , but  I g e t  t h e  
impr e s s i o n  tha t the scho o l s  o f  
t e c h n o l o g y a r e  a h e a d  o f  t h e  
universi ties in giving their students 
a gut feeling for statistics . 

Transportation and communi
cation are success sto ries , but then 
the marke t is wider and the profits 
greater . 

Wh a t  mi g h t  have b e e n ?  
Sticking to remote sensing , albeit it 
a very close range , I can think of 
some pos s ibilities . What about a 
portable gizmo capable of looking 
into a tree to show internal defe c t s ?  
Surely modern ho lography could do 
thi s . Measurements and estimates 
using a series of terrestrial pho to 
s ampl e s  cha l l enge my imagina t i on . 
The pho tos could " be mono or stereo , 
and one fast-moving pho to crui ser 
p u t t i n g  in o c c a s i o n a l  d e t a i l ed 
conventional plots in a two-phase or 

mul t i pha s e  s ampl i ng de s i g n  coul d " 
bring back an incredible amount of 
objective sample data . 

The size of the resource ,  
problems o f  access ,  and increasing 
labor cos t s  requi re an inves tment in 
technological innovation fo r timber 
invento ry . I am not sati sfied that 
the agencies concerned are making 
a ny t h i n g  " l i k e  a l a r g e  e n o u g h 
inves tment . 
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INVENTORY APPLICATIONS OF 
RESEARCH AND DEVELOPMENT PROGRAMS 

C . A. Scott 
Simpson Timber Company 

Whitecourt , Alberta 

INTRODUCTION 

S i m p s o n  T i m b e r  C o . 
(Al berta ) Ltd . has been involved in 
var ious fo r e s t  inven t o ry programs 
r anging from ground sampl ing , to 
large-

-
and medium-scale photography , 

to the use of digital LANDSAT data . 
The s e  inven t o ry pr o g r ams can be 
g r o u p e d  i n t o  t h r e e  m a j o r  
inventories : 

1 -

2 .  

3 .  

the Forest Management Agreement 
Ar ea (FMA ) whi c h  i s  the mos t  
complex ; 

the Berland Timber Development 
Area which is the simplest ;  and 

the Deciduous Timber 
Ar e a  (DTA ) whi c h  i s  
digital landsat data . 

Al location 
based  on 

The s e  thr ee inven t o r i e s  
w i l l  b e  d i s c u s s e d  in  t e rm s  o f  
development , application o f  research 
programs , basic methodology , and the 
p r o b l em s  e n c o un t e r e d in t h e s e  
inventories . 

FOREST MANAGEMENT AGREEMENT AREA 

In the Fores t Management 
Ag r e em e n t ( FMA ) i n v e n t o r y , two 
research programs were investigated 
and then applied . The first of these 
was the use of high-altitude false 
color infrared pho tography for the 
purpose of fores t-cover typing . It 
was decided first that fo rest-cover 
typing would be done on black-and-

white modified infrared photography 
a t a s e a  l e o f 1 : 1 5  a a a • Af t e r 
attending the Fourth Alberta Remote 
S ens ing T r aining Cour s e  he l d  in 
Edmonton ,  di scus sions were carried on 
wi th various agencies into the use of 
high-altitude photography as a fo res t 
inventory base . These discussions 
led to the work carried out by the 
Canad ian F o r e s t  S e r v i c e  at the 
Northern Forest Research Centre which 
invo lved the exper imental us e o f  
high-altitude false color infrared 
(FCIR) photography . Having s tudied 
their program and the pho tography and 
noting the fact that the cost of this 
photography would be less  than that 
of the 1 : 15 000 photography , the 
d e c i s i o n  wa s ma d e  to h a v e  our  
inventory done using 1 : 50 000 FCIR 
photography . 

T h e  s e c o n d p r o g r a m 
investigated W1?- S the use of a large
s c a l e  pho t o g r a phy p r o g r am f o r  
determining stand volumes that would 
be applied to the 1 : 50 000 FCIR cover 
typing . Again , it  was the remot e  
sensing training course which drew 
our interest to this type of program. 
Wi th the help of the CFS ,  two large
s c ale pho to invento rie s , one fo r 
softwoods and one for hardwoods , were  
implemented . In each of  the two 
large-scale pho to inventories , ground 
p l o t s we r e  put in , and thr ough 
r egression analys is  of photo-ground 
p l ot s ,  vo lume s we r e  de t e rmined . 
These volumes were  developed into 
volume tables and applied to the 
1 : 50 000 cover typing . 
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I n  t h i s  FMA i n v e n t o r y 
program, the results of using high
alti tude FCIR pho tography wi th large
s c a l e  pho to- ground samp l ing ha s 
proved to be a val id  inven t o ry 
sys tem. (Dempster and Scott 1 9 7 9 ) .  

BERLAND TIMBER DEVELOPMENT AREA 

In the Berland inventory a 
slightly different approach was used 
to obtain inventory data . Due to the 
large area �overed and the t ime 
fac tor involved , a broad inventory 
program was designed . High-al ti tude 
FCIR pho tography at a scale of 1 : 100-
000 was to be flown ; however , due to 
the unavailability of an aircraft to 
f l y a t  t h e  r e q u i r e d  al t i t ud e ,  
pho tography was flown at a scale of 
1 : 50 000 us ing a wide-angle lens . 

Cover-type specifications 
were taken from the FMA inventory and 
m o d i f i e d  s o  t h a t  t h e  m i n i mum 
produc tive stand size was increased 
from 10 ha ( 2 0  acres ) to 20 ha (40 
acres ) and the number of species 
c ombina t i ons  decreased  from 92 0 
possible to 1 6  primary combinations . 
Cover-type classi fication codes were 
developed from the remote sensing 
legend developed for the Kananaski s 
area . Thi s legend sys tem was al tered 
slightly to consist of a six-digit 
number for the c l a s s i f i c a t i o n  of 
forest cover types .  Area measurement 
was contracted out , and the work was 
carried out at the Northern Forest 
Research Centre .  A computer program 
developed by C .  Kirby of the CFS was 
altered to compile the data and print 
the required summaries . 

T o  ac q u i r e  t h e  vo l ume 
information needed to determine the 
AAC , prism plots were located in the 
major cover types .  These volume 
figures per type were then compared 
wi th the FMA volume figures of the 
corresponding type . As the compared 

volumes were wi thin ± 10% of the FMA 
figures , the FMA volume tables were 
u s e d  fo r the calcul a t i o n  of  the 
annual al lowable cut (AAC ) .  

Thi s  inventory program has 
ind i c a t e d  tha t ·  the use of hi gh
altitude- pho tography wi th broad cover 
typing and minimum field checking and 
volume tables fr om an ad jacent area 
can be a valid invento ry sys tem. 
T h i s i n v e n t o r y , f r o m t i me o f  
pho tography to determination of the 
AAC , was completed in 8 months at a 
c o s t  o f  app roxima tely $0 . 0 8 p e r  
hectare ( $0 . 03 p e r  acre) . 

DEC IDUOUS TIMBER ALLOCATION AREAS 

T h e  f i n  a I i ny en t o r  y a t 
present being invest igated is the use 
o f  d i g i t a l LAND S AT d a t a  a s  an 
i nv e n t o r y  b a s e  f o r  d e t e rm i n i n g  
hardwood volumes i n  the Deciduous 
Timber Allocation Areas (DTA ) .  Due 
to the limited access ,  the scattered 
location of the var ious · DTA areas , 
and the fac t  that other me thods were 
expensive and time consuming , it was 
decided to investigate the use of 
d i g i t al LANDSAT d a t a . Several 
discussions were held wi th various 
people , and eventually a program was 
s e t · up wi th Intera Envir onmental 
Consultal'lts Ltd .  

The basic procedure of thi s 
program is  to take a digital LANDSAT 
image , superimpose the boundaries of 
the FMA and DTA areas , and through 
t he us e o f  the Image 1 00 s ys t em 
( In t e rac t i  ve Mul t i s pec  t r al Image 
An a l y s i s  Sy s t e m )  d e t e r m i n e  the 
var i o us f o r e s t  s t r a t a  ( so f two od , 
hardwood , and mixedwood classified as 
t o  m e r c h a n t a b l e / m a t u r e  a n d  
unmerchantable/immature) . Once this 
i s  complete , mlnlmum field checking 
i s  carried out to de termine accuracy 
of the classifications and use of FMA 
volume tables to determine the annual 
allowable cut . 



Th e f i n a l  
compile all data and 
annual allowable cut . 

s t e p i s  t o  
determine the 

Th e FMA a r e a  h a s  b e e n  
c la s s i f i e d  f i r s t  b e c aus e o f  the 
excellent ground truth data that was 
avai lable to choose training areas 
for the 1-100 system and to determine 
the accuracy of the 1-1 00 sys tem 
c l a s s i f i c a t i o n s . T o  d a t e , a 
s u p e r v i s e d  c l a s s i f i c a t i o n  o f  
softwoods , hardwoods , and mixedwoods 
has been completed on the FMA. This  
supervised classification means that 
the 1-1 00 sys tem was directed to 
interpret the signature file from a 
t e s t  a r � a wh i c h r e p r e s e n t e d  a 
specific cover type ; however , any 
small openings or types smaller than 
the minimum stand size would also be 
included . An average accuracy of 7 1 %  
was obtained by Simpson personnel , 
while the agency involved obtained an 
accuracy o f  jus t l e s s  than 7 0 % .  
A l t h o u g h  t h e s e  a v e r a g e s  a r e  
acceptable , it was felt that they 
could be inc r e a s e d  by doing an 
unsupervised classification . In an 
unsupervised classification , the 1-
1 00 system classifies the various 
signature files , and the operator 
mu s t  t he n  d e t e r m i n e  wha t  e a c h  
classification represents . This  is 
the stage at which this program is 
now . 

The information that has 
been received to date appears to 
ind i c a t e  tha t thi s prog ram can 
p r e d i c t  w h e r e  t h e  m a j o r  
c o n c e n t r a t i o n s  o f  h a r d w o o d s , 
s o f t wo o d s ,  a n d  m i x e dwo o d s  a r e  
located . 

PROBLEMS 

A s  a l l  o f  t h e  a b o v e  
inven t o r i e s  use  some f o rm of a 
research program, two basic problems 
come to light . The first problem is 
the lack of communication as to what 
research programs are available and 
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wha t  r e s earch pr og rams are be ing 
investigated . Because of thi s ,  most  
private industries will  use their 
previous inventory methods ins tead of 
more efficient methods and research 
programs which could greatly improve 
an inventory . A related problem is 
the lack of experience in choosing a 
program and , once chosen , in se tting 
it  up for greatest effic iency and 
ope r a t i o n  to mee t  the par t i c ular 
requirements of a company . 

The second major problem 
encountered is the cost of using 
highly sophisticated and expensi ve 
equipment . Some companies carry out 
their inventory programs on a 1 0- or 
2 0-y ear bas i s , and pur cha s ing a 
sys tem may not be cost-efficient . In 
relation to thi s is the advancement 
o f  remote sensing techniques so that 
an inventory sys tem purchased now may 
be obsolete 1 0  years from now . 

SOLUTIONS 

The first of these problems 
has been so lved partially by such 
p r o g rams as the Al ber t a  Remo t e  
Sensing Training Course , where new 
t echniques are brought forth , and 
secondly by the consulting firms now 
coming into existence which can help 
a c om p a  n y s e t  up a s y s t e m 0 r 
determine which sys tem best  fi t s  its  
need s . To completely solve this 
problem, both research agencies and 
c o n s u l t i n g  f i r m s  mu s t  a p p r o a c h  
p r i v a t e  i n d u s t r y  t o  l e a r n  i t s  
requirements and provide guidance in 
the cho i c e  and us e of ava i l ab l e  
programs . 

The second problem can best 
be so lved by developing an invento ry 
sys tem compact  enough to be moved to 
the various users so that they work 
in their own complex and develop in
house expertise . Any problems which 
do occur can thus be so lved quickly . 
Thi s  sys t em sho uld  no t only be 
compact  but have the ability to be 
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u p d a t e d  or  in t e g r a t e d  with newer 
advanced sys tems . If thi s is not 
app l i c ab l e ,  t r aining prog rams f o r  
company personnel should be designed 
to develop an unders tanding of the 
work procedures and equi pment used . 
Trained personnel can thus explain 
procedures to management personnel 
and· answer their questions wi thout 
involving the consulting firm . 

SUMMARY 

S i m p s o n  T i m b e r  C o . 
(Alberta ) Ltd . has been involved in 
three inventory programs developed 
pr imar i ly from r e s e arch pr o g r ams . 
Two of these programs , in The Fores t 
Management Agreement Area and the 
Ber land Timbe r Devel opmen t Ar e a , 
invol ve the use of small-scale FCIR 
pho t o g raphy coup l ed wi th ground 
sampling as an inventory base for 
management planning and determination 
of the annual allowable cut . Both 
programs have met the requirements 
for which they were designed . The 
third pro g ram , in the Dec i d uous 
Timber Allocation Areas , uses  digital 
L A N D S A T  d a t a  a s  a b a s e  f o r  
d e t e rmining the hardwoo d  annual 
allowable cut . This  project is not 
y e t  comp l e t e  but d o e s  appear to  
indicate that digital LANDSAT data 
can be used to determine the major 
c o n c e n t r a t i o n s o f  h a r d w o o d s ,  
softwoods , and mixedwoods . 

During these inventories ,  
two major problems became apparent : 

1 .  There is a lack of communication 
as to research programs available 
and those under development . 

2 . Highly sophisticated and 
expensive equipment is required 
which may not be cost-efficient 
for inventory programs carried on 
every 10 or 20 years . 

The fi r s t  pro b l em could 
best be solved by having research and 

c o n s u l t ing agenc i e s  appr o ach the 
private sector ,  determine its  need s , 
and choose which programs may bes t  
meet  the requirements . The second 
problem possibly can be, so lved by 
d eveloping a compac t ,  cost-efficient 
sys tem which can be moved from one 
location to another and be capable of 
being integrated wi th newer , advanced 
sys tems . 
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TECHNOLOGY TRANSFER VIA 
PROVINCIAL REMOTE SENSING CENTERS 

Cal Bricker 
Alberta Remote Sensing Center 

Edmonton ,  Alberta 

ABSTRACT 

The problem in transferring 
r em o t e  s e n s i n g t e c hn o l o g y  f r om 
research and development agencies to 
u s e r  agenc i e s  and individua l s  i s  
lar g e ly a lack o f  commun i c a t i o n  
e n s u r i n g  w i d e  d i s t r i b u t i o n  o f  
information . The technology must  be 
prac t i c al , cur r ent , and read i l y  
available throughout the country to 
users and potential users . 

Th e p r o v in c i a l  r em o t e  
sensing centers within the national 
program on remote sensing are the key 
distribution points  for the transfer 
of technology . The Alberta Remote 
Sensing  Cen t e r  ha s suc c e s s fully 
t r a n s f e r r e d  r e m o t e  s e n s i n g 
i n f o rm a t i o n  f r o m  r e s e a r c h  and  
development agencies to operational 
agencies . 

INTRODUCTION 

Before identifying problems 
t h a t a r i s e  in t h e  p r o c e s s  o f  
technology transfer from a research 
a n d  d e v e l o pm e n t  a g e n c y  t o  an 
operational agency and documenting 
s o l u t i o n s , c l a r i f i c a t i o n  o f  
terminology is  required . For this 
p r e s e n t a t i o n ,  t echn o l ogy ha s been 
def ined as equi pmen t , t e chnique s ,  
me tho d o logy , and inf o rmat i on tha t 
provides users wi th a practical means 
of employing the art or science or 
r emo t e  s e n s i ng . A r e s e ar ch and 

development (R & D )  agency is  any 
o rg an i z a t i o n  or  pe r s o n  tha t has 
experimentally developed facets of 
t he tec hno logy . An o p e r a t i onal 
agency is  any agency or individual 
using remote sensing operationally . 

I t  i s  a l s o  impo r ta n t  to 
identify the type of technology being 
researched and developed .  Is there,  
to  the detriment of the national 
r emo t e  s e n s i ng pr og ram , t o o  much 
r e s e a r c h  a n d  d e v e l o pm e n t who s e  
obj ective i s  not the practical needs 
of the users ? Is  it mainly geared to 
the future and not the present ? Is 
i t  theoretical and not practical ? Is 
i t  geared  to the produc t i o n  of 
equipment that by reason of its cost 
i s  beyond the s c o pe of everyo ne 
except a few agencie s ?  Research and 
development is  most  important , but 
a l s o  impor tant  i s  the f a c t  that 
t echnology mus t  be practical , readily 
available , and of benefi t / cost to the 
majority of users . 

CURRENT TECHNOLOGY TRANSFER 

T h e  c ur r e n t  me t ho d s  o f  
t ransferring technology are generally 
through symposia , courses , workshops ,  
r e m o t e  s e n s i n g  p u b l i c a t i o n s  
( seemingly the criteria being the 
more the o r e t i c a l  and techn i c a l ly 
i nvolved , the mor e  pr e s t i gious ) ,  
news le t ters , brochur es , and the old
boy network .  These methods reach a 
limited number of persons : those  who 
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v e n t u r e  f o r t h  to s ymp o s i a  a n d  
cour s e s , purcha s e  pub l i c a t ions  or  
p r o c e e d i n g s , or  h a v e  pe r s o n a l  
contac t s . The d i s s emina t i o n  o f  
information can be carried out better 
at a provincial level , closer to the 
users . 

PROVINCIAL CENTERS 

The concept of the national 
remote sens ing prog ram included 
provincial remote sensing centers . 
These autonomous centers ( there are 
five to dat e :  Nova Scotia , Quebec , 
Ontario , Manitoba , and Alberta ) by 
reason of the ir regional location and 
close proximity to the users have 
provided a means for the transfer of 
technology . 

ALBERTA CENTER 

One of the roles of the 
Alberta Remote Sensing Center is to 
f ac i l i t a t e  the d i s s emina t i o n  o f  
r e m o t e  s e n s i n g i n f o rma t i o n  t o  
Albertans and to nearby provinces and 
the territories . It is carried out 
by one o f  the b e s t  metho d s  o f  
technology transfer , which i s  that 
information and assistance is given 
to anyone using or wi shing to use 
remote sensing . This  necessitates 
keeping abreast of developments and 
establishing and maintaining cont'acts  
wi t h  r em o t e  s e n s i n g  a g e n c i e s : 
government ,  educational institutions , 
indus try,  and the private sector in 
Canada and the United States . 

CENTER ' S  FACILITIES 

T h e A l b e r t a  c e n t e r ' s  
technical library and direct terminal 
link to the Canada Centre for Remote 
S e n s i n g ' s ( C C R S ) T e c h n i c a l  
Information Service through the CCRS 
Remo te  Sensing  On-line Re t r i e val 
Sys tem (RESORS ) enables all users to 

quickly obtain access to more than 
2 0 , 000 technical documents . These 
documents include a large number of 
f o res try categories . 

The center ut ilizes another 
impo r t ant mean s of  trans f e r r i ng 
information , education,  and training . 
It sponsors and cosponsors symposia , 
courses , workshops , and a lecture 
program throughout the province .  

T h e  c e n t e r , a l t h o u g h  
o r i e n t ed toward  s e rvic e and no t 
research and development , promotes , 
initiates , and funds practical remote 
s en s i ng demons t r a t i o n  pr o j ec t s , 
including forestry . The results of 
t he se  pr o j ec t s  are ava i l a b l e  to 
everyone interested . 

CONCLUS ION 

The Alberta Remote Sensing 
Center and other provincial centers 
p r o v i d e  a m e an s o f  t e c h n o l o g y  
t r. a n s f e r  f r o m r e s e a r c h  a n d 
d evel opment ag enc i e s  to  the mo s t  
important part of the national remote  
sensing program---the users . 
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TRANSFER OF SPACE-AGE TECHNOLOGY 
TO FOREST INVENTORY IN BRITISH COLUMBIA : 

PROBLEMS AND SOLUTIONS 

Frank Hegyi 
Directo r ,  Inventory Branch 

Ministry of Forests , Province of Br itish Columbia 
Victoria , B . C .  

ABSTRACT 

D u r i n g  t h e  p a s t  t w o 
decade s ,  the f o r e s t  inven tory in 
British Columbia consi sted mainly of 
c las s i f i c a t i o n  wi th the �id of 
c o n v e n t i o n a l  v e r t i c a l  a e r i a l  
pho tographs and ground sampling . In 
1 9 7 8 ,  the Inventory Branch of the 
Ministry of Forests , Government of 
British Columbia , initiated a major 
upgrading of the inventory sys tem .  
The technological changes that have 
b e e n  i m p l e m e n t e d  i n c l u d e t h e  
r e f inement of the cla s s i f i c a t i o n  
s y s t e m ,  t h e  i n t r o d u c t i o n  o f  a 
mul t i ph a s e  samp l i ng me tho d ology 

combined wi th pho to mensuratio n ,  the 
acqui sition of a computerized mapping 
and data management sys tem, and the 
use of satellite image analys i s .  

The introduction of the new 
technology created numerous problems , 
especially in the areas of technical 
and academic training , implementation 
of shi ft work , and general personnel 
matters . 

Thi s paper contains brief 
discussions of these  problems and 
t he i r  i m m e d i a t e  and  l o n g - t e r m  
solut ions . 
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TECHNOLOGY TRANSFER 

E . A. Godby 
As sociate Director General 

Canada Centre fQr Remote Sensing 
Ottawa , Ontario 

TECHNOLOGY TRANSFER 

Technology transfer is a 
high priority concern of CCRS . He 
are at present requesting additional 
fund s to upgrade  our r e c e iving 
stations and analys is  facilities to 
accommodate the LANDSAT-D data to be 
available in 1 981 or 1 982 . In making 
this request , we have been able to 
quote some successes for LANDSAT over 
the past 7 years , but to some extent 
we are still saying how . wonderful 
remote sensing is going to be rather 
than being able to say how wonderful 
it  has been . The adoption of remote 
sensing technology into operational 
r e s our c e  managemen t inf o rmat i o n  
systems has no t been a s  fast or as 
thorough as we originally had hoped 
or predicted . NASA has had the same 
expe r i enc e . In 1 9 7 7 ,  Pr e s i d en t  
Car t e r ' s  Dir e c t o r  o f  Sc ience and 
Technology Policy stated that "early 
optimistic pro j ections of  widespread 
adopt ion of LANDSAT data application 
in routine earth resource management 
and decision-making have not been 
r e a l i z e d  a n d  s u b s t a n t i a l  
uncertainties remain about the extent 
and value of future uses  of LANDSAT 
·data . " 

t r an s f e r  
partially 
the main 
mapp ing 

In Canada the technology 
pro c e s s  ha s been only 
success ful . Furthermore , 

successes have been in the 
ar ea rather than in the 

moni t o r ing 
s trength of 
lies . 

area whe re  the real 
sa telli te remote sensing 

When the LANDS AT r emo t e  
s ensing  prog ram wa s ini t ia t e d  in 
Canada , the early priority was in the 
technology -- the receiving stations , 
data processing , and analyses . This  
t e c hno l o g y  ha s been t r ans f e r r e d  
s uc c e s s f u l l y  from the U . S .  into 
Canadian government ins t i tutions and 
indus try . Canada has developed an 
international reputation in ground 
s t a t i o n  techno logy and in image 
a n a l y s i s  s y s t e m d e v e l o p m e n t . 
A l t h o u g h  t he s u c c e s s e s  i n  t h e  
hardward field have been impressive , 
the success in the application of the 
techniques in operational monitoring 
situations has lagged . 

Hhen the original Cabinet 
submission was put fo rward in 1 970-71 
to  authorize partic ipation in the 
NASA LANDSAT program, it contained a 
component fo r the federal funding of 
r em o t e  s e n s i n g  c e n t e r s  i n  t h e  
provinces , these centers to ac t a s  
technology transfer agents .  Although 
the concept was originally approved 
in pr inciple , it was finally turned 
down ; hence we can say that even at 
that early date the need for special 
r es o u r c e s  to fund the techno l og y  
t r a n s f e r  p r o c e s s  wa s r e a l i z e d . 
Despi te this set-back , four provinces 
did m?nage to establish their own 



remote sensing centers , and they all 
have dene a credible job of promoting 
the use of remote sensing in their 
provinc e s . The r e  ar e s t i l l  six  
provinces wi thout such centers . 

Wi th our original proposal 
rejected , CCRS was forced to adopt 
t he p o s i t i o n  t h a t i t  wo u l d  b e  
r e s p o n s i b l e  f o r  a c q u i r i n g , 
processing ,  and distributing the data 
a n d  p r o v i d i n g  s o me m e a s u r e  o f  
technical assistance and application 
devel o pment sup p o r t  and tha t the 
provincial government agencies would 
be responsible for developing the 
t e chni que s and inc o rp o r a t ing them 
i n t o  t h e i r  r e s o u r c e  man a g em e n t 
systems . An application development 
p r o g ram wi t h  five  sc ient i s t s  wa s 
e s t ab l i shed  to provide techn i c a l  
assistance to users i n  Canada . 

Technology transfer activi
ties which we were  able to undertake 
within our resources included : 

accept ing scienti sts  to CCR 
o n  a sec ondmen t bas i s  f o r  
periods o f  up t o  1 year ; 

providing two digital analy
s i s  fac i l i t i e s  f o r  u s e  by 
o u t s i d e  a g en c i e s .  Th i s  
equipment has been used on 
many research pro jects  and 
h a s  c o n t r i b u t e d  t o  t h e  
success o f  several pro j ects 
now considered operational , 
including forest fire fuel 
mapping and sed imen t a t i o n  
mapping in water ; 

development of image analys is  
s o f t wa r e  wh i c h  ha s b e e n  
transferred to several uni
versi  ties , provincial agen
cies and indus try ; 

assistance in training ac tiv
i ties . CCRS has no ongoing 
training activity but does 
s u p p o r t  s u c h  a c t i v i t i e s  
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in provincial c e n t e r s  and 
universitie s ;  and 

working wi th users to develop 
applications ; few of these 
have ac tua l ly r eached the 
true demons tration phase . 

T o  he l p  c o o r d in a t e  t h e  
t o t a l  C a n a d i a n  r e mo t e  s e n s i ng 
a c t i v i t y , a C a n a d i a n Ad v i s o r y 
Commi t t e e  on  Remo t e  Sens ing wa s 
established wi th repr esentation from 
all provinces and from the major 
d i s c i p l ine s . Thi s commi t t e e  has 
largely limited its activities to 
information transfer and training and 
has not taken an ac tive role in other 
aspects of technology transfer . 

In summary , 
trans fer process has 
the f ollowing reasons : 

the technology 
been slow fo r 

1 .  T h e  e f f o r t s  p u t  i n t o  t h e  
technology trans fer activity have 
not been adequate . An active 
t e c h n o l o g y  i n i t i a t i v e  i s  
required . 

2 .  In many resource management prob
lems there has not been a demand 
for the data . In some cases this 
l a c k  o f  i n t e r e s t  c a n  b e  
attributed to the fact that the 
n e e d  f o r  b e t t e r  r e s o u r c e  
management has been developing 
through public awareness  at about 
t he s ame t ime a s  the remo t e  
sensing technology.  

3.  Even in cases where a po tential 
user believes that the technology 
s ho w s  p r o m i s e  a n d  ha s g o o d  
prospects  o f  eventually bringing 
b e n e f i t s  wh i c h  o u t w e i g h  t h e  
c o s  t s ,  addi tional manpower and 
dollar resources are requir ed to 
r u n a r e m o t e  s e n s i n g  
d emon s t r a t i o n  par a l l e l  to the 
exi s t ing ope r a t i o n s  un t i l  i t s  
u s e f u l n e s s c a n  b e  p r o v e n . 
U s u a l l y  t h e  ex t r a  r e s o u r c e s  
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required are not available and 
the agency concerned is  no t 
w i l l i n g  t o  r e s t r i c t  o n g o i n g  
operational proj ects in the hope s 
of  achieving benefits a few years 
downstream. 

4 .  The r e  i s  a fe d e r al -provinc ial  
g overnmen t mand a t e  pro b l em in  
that much of the research work is  
done by the federal government 
but the resources are managed by 
the provinces . Better mechanisms 
for intergovernmental cooperation 
in the area of remote sensing 
technology are required .  

We come to the conclusion 
t h a t t h i s t e c hn o l o g y  wi l l  no t 
transfer itself . Technology transfer 
has to be recognized as a legitimate , 
necessary enterprise which requires 
concerted effort and resources and in 
m a n y  c a s e s  f e d e r a l - p r o v in c i a l  
action. 

As part of the LANDSAT-D 
submission,  the Department of Energy , 
Mines and Resources together wi th the 
d e p a r t m e n t s  o f  E n v i r o nm e n t , 
Agricultur e ,  and lAND have requested 
resources to se t up a technology 
t r a n s f e r  p r o g ram . Und e r  t h i s 
p r o g r a m , f e d e r a l  g o v e r nm e n t 
departments would be authorized to 
negotiate cooperative cost sharing 
agreements wi th the provinces for the 
purpose of demonstrating the use of 
the technology in practical resource 
management .  

If thi s  proposal receives 
approval , an interdepartmental remote 
sensing application office would be 
set up wi th representatives from the 
participating departments along wi th 
specialists  in data analysi s .  Thi s  
o f f i c e  w o u l d  t h e n  n e g o t i a t e  
agreements wi th provinces , set up 
t a s k  f o r c e s , a n d  c a r r y  o u t  
demonstration pro jects  according to 
t h e  w i s h e s  o f  t h e  p r o v i n c e  
concerned . 
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