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ABSTRACT 

The r e l i a b i l i t y  of LANDSAT imagery f o r  est imation of clear-cut arear  was evaluated by 
comparison with da t a  obtained from high-al t i tude photos and logging h iv to r i ca l  map and 
from f i e l d  inepections. 

A mature fo r e s t ,  owned by Pac i f i c  Logging Company, wan re lec ted  a r  a t e a t  r i t e  becaure 
of its continuour clear-cut  operation. The fo r e s t  is about 50 .:m northwert of Vic tor ia ,  
B r i t i sh  Cokmbia, Canada, and cons i r t r  of 9092 ha. Ground t r u t h  war bared on high-al t i tude 
photos and t he  Pac i f i c  Logging Company Logging t i i r tory Map f o r  1973, with a s c a l e  of 
1:63,360. LANDSAT imagery from band 5, recorded by mu l t i r pec t r a l  scanner, was obtained on 
September 4,  1972 and on August 12, 1973. 

Areas clear-cut  wi th in  the  p a r t  year  were overestimated by 12.9% (105 ha), those 
clear-cut 1-year o r  more by 2.2% (76ha), whereas uncut mature timber wee underestimated by 
3.6%(176 ha). Three clear-cut are@ were misred i n  t he  company map and two i n  t h e  LANDSAT 
enhancement. The d i f fe rence  between a r ea  est imates  war s i gn i f i c an t  when a l l  26 a r ea s  were 
included but not  when 2 overestimated areae were excluded fron, t h e  analysis .  

Some of t he  d i f f i c u l t i e r  i n  using t h e  technique a r e  discuseed, but  t h e  etudy i nd i ca t e s  
tha t  LANDSAT imagery color  enhancement is a u se fu l  t o o l  i n  LV-dating clear-cut areae f o r  
long-term planning i n  f o r e s t  management. 

INTRODUCTION 

Logging has been a continuoue opcration i n  t he  Province of B r i t i s h  Columbia s i nce  t he  
e a r l i e e t  days of set t lement .  Accounting f o r  t he  acreage logged annually is  des i r ab l e  f o r  
long-term planning, but i t  is  a l so  a tremendous task,  expensive and time-consuming t o  carry 
out by conventional means. LANDSAT o f f e r s  a new and unique periodic  overview of f o r e s t  
lande and could f a c i l i t a t e  economic co l lec t ion  of such u se fu l  data .  E a r l i e r  s t ud i e r  
indicated t h a t  some f o r e s t  management operations can be monitored (Lee, 1974) and t he  
technique of color  addi t ive  viewer enhancement f a c i l i t a t e d  the  i n t e rp re t a t i on  of a dynamic 
event over time, euch a s  clear-cut  a rear  (Lee e t  a l . ,  1974). By adjuet ing the  l i g h t  inten-  
a i t y  i l lumira t ing  each band and t he  r c a l e  of each image on t he  color  add i t i ve  viewer, multi- 
da te  imagery can be mperimposed t o  enhance t he  rcene. This technique i r  e rpec i a l l y  u se fu l  
f o r  areas  t h a t  have been clear-cut  within t he  paet year ,  where t he  LANDSAT eignature responds 
t o  re f lec tance  from expored mineral s o i l .  The purpose of t h i e  paper is  t o  demonrtrate t h a t  
clear-cut a reas  and uncut meture timber can be i den t i f i ed  and t he  acreage estimated, ur ing 
LANDSAT imagery. 

METHODS 

The mature fo r e s t ,  owned by Pac i f i c  Logging Company, Vic tor ia ,  B r i t i eh  Columbia, war 
selected a s  a t e s t  s i t e  becauee of its continuous clear-cut  operation. The fo r ee t  i e  a 
typ ica l  old-growth type i n  the P a c i f i c  Northwert region, conr ie t ing  of mainly Douglas-fir 
(Pseudotsuga menzieeii (Mirb. ) Franco) , with wertern hemlock (Tauga heterophylla  (Raf .) 
Sarg.) and other  coaotal  t r ? e  rpecies  as  minor components. I t  is  located about 50 km 
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northwee: of Victor ia ,  B r i t i r h  Columbia, Canada, and cone is t s  of 9092 ha. 

Ground t r u t h  war baeed on high-al t i tude color  photography (eca le  1:120,000) and t he  
Pac i f i c  Logging Company Logging History Map f o r  1973, with a eca le  of 1:63,360, and f i e l d  
v i r i t s .  The high-al t i tude co lor   photograph^ were taken on August 6, 1972 and on Ju ly  19, 
1973, from Falcon and LF-100 j e t  a i r c r a f t s ,  each equipped with RClO and four  Pin+?n 70-mm 
camerae. LANDSAT imagery from the 4 bands recorded by t he  mul t i spec t ra l  scanner (MSS) was 
obtained on September 4, 1972 and on August 12, 1973. 

Five etepe were required i n  order  t o  produce ea t i e f ac to ry  da t a  from multi-date LANDSAT 
imagery. The f i r s t  s t ep  wae t o  cu t  out t he  port ion containing the t e a t  s i t e  from the  
23 cm x 23 cm black and white MSS 5 imagery f o r  both September 4, 1972 and August 12 ,  1973, 
and t o  :munt them between "anti-Newton ring" lan te rn  s l i d e  g lass .  The second s t ep  was t o  
place t he  e l ide8  in  a co lor  addi t ive  viewer. ' f i e  t h i r d  s t e p  was t o  ad jus t  the  s ca l e  s o  tha t  
t he  multi-date images were superimposed. The fourth s t ep  was t o  give t he  r i gh t  amount of 
l i g n t  i n t ens i t y ,  and t o  use a red f i l t e r  f o r  t he  September 4, 1972 imagery and a green 
f i l t e r  f o r  t he  August 12, 1973 imagery. The f i n a l  s t e p  was t o  photograph t he  scene on the  
ecreen of the  color  addi t ive  viewer, using 35 rrrm color  s l i d e  f i lm,  

A 35 nun e l i d e  pro jec tor  was used t o  t r ans f e r  the  clear-cut information onto a map, 
comparable t o  t he  P a c i f i c  Logging Company Logging History Hap f o r  acreage estimation. 

2 A systematic Dot-Area-Grid, 15.5 do t s  per  cm , was used t o  est imate acreage of t he  
fo r e s t  types, t o t a l l i n g  26 a reas  (Figures 1 and 2) .  

RESULTS AND DISCUSSIONS 

Image i n t e rp re t a t i on  

Image ana lys i s  of high-al t i tude photos (Pigures 3 and k )  and confirmation from f i e l d  
v i s i t s  ind ica te  t ha t  prol,ress of c lear -cu t t ing  can be i den t i f i ed  from LANDSAT imagery 
(Figuree 5 and 6) and multi-date enhanced color  p r i n t s  (Figure 7 ) .  Three d i s t i n c t  f o r e s t  
types can be iden t i f ied :  (1) areae clear-cut within the past  year,  (2 )  a reas  clear-cut 1 
year o r  more, and (3) a reas  of uncut mature timber. Areas clear-cut  within the past year 
showed up much l i g h t e r  i n  color  o r  i n  tone (owing t o  f resh  s l a sh  and exposure of mineral 
s o i l )  than those ateae clear-cut 1 year o r  more, with o r  without s lash  burn (09-iin~ t o  gray 
e lash ,  planted trc plus graee and shrubs and burned s l a sh ) ,  as  seen i n  Figures 3, 4, 5 
and 6 ( see  arrows ?e d i f fe rences  i n  color  among the 3 fo r e s t  types a s  seen i n  t he  multi- 
da t e  enhanced col r i n t  (Figure 7) a r e  the mst d i s t i n c t i v e  .+ere a reas  clear-cut  within 
the  past yea1 are led, a r ea s  clear-cut 1 year o r  more a r e  yellow, and areas  of uncut mature 
timber a r e  dark gray. In  areae where mineral s o i l  o r  rocks a r e  exposed for  several  years,  
t he  distinct lor^ between 1-year-old and o lder  clear-cut a reas  may not be pussible .  

Transferr ing of Forest Types Onto Yap 

Obviously, the  question w i l l  be asked, "How can the  fo r e s t  types best be t ransfer red  
onto a map?" i n i t i a l l y ,  an attempt was made t o  use the  August 1 2 ,  1973 black and white 
UiDSA'i MSS 5 imagery and a 35 mm s l i d e  pro jec tor  t o  t ransfer  the fo r e s t  types onto the  map. 
This procedure was not succeeqful because of the fuzzy fo r e s t  tvpe boundaries. However, 
when t he  multi-date enhanced 35 mm color  s l i d e  (Figure 7)  was used, the transformation was 
more succeesful because the type boundaries were qh i te  c l ea r .  So1r.e d i f f i c u l t y  was encoun- 
tered in  the t r ans f e r r i ng  process, possibly due t o  the  d i s t o r t i o n  of the multi-date enhanced 
e l i de  an1 the posi t ioning of the  35 mm s l i d e  projector ;  so  project ion was done in small 
areas ,  2 t o  4 cm a t  a time. From experience, the author bel ieves tha t  i f  an Interprctoskop 
is avai lable ,  t h i s  d i f f i c u l t y  might be e l i ~ ~ ~ i n a t e d .  Transformation of f o r e s t  tvpes can 



probably be done d i r ec t l y ,  using LANDSAY colo- composite PSS bands 4, 5 and. 7 o r  diazo 
co la r  composites (Lee e t  al., 1974). 

The m p  (Figure l), produced by t he  process, is s imi l a r  t o  t he  one provided by t h e  
Pac i f i c  Logging Company shcwing a r ea s  clear-cut  i n  1973 and before 1973. 

Area Estimates 

Ideal ly,  a r ea  ca lcu la t ions  s h o d d  bz done by ovorlaying t he  maps i n  a g r id  fororat on 
a d i g i t i z i n g  =chine. This machine was not  avai lable ,  hence a rea  est imation was resolved 
by dot  gr ids .  Therefore, t i le e r r o r  i n  a rea  est imates  from dot  g r ids ,  i f  any, is vested i n  
the  process (Bonner, 1975). This v r o r  is not  se r ious  i n  t he  ove ra l l  es t imates  between t he  
2 maps: 5 ha  o r  0.12; but it may have some e f f ec t  on each ind iv idua l  a r ea  est imate of t h e  
26 areas .  Table 1 is a s~aarary of t he  two s r e a  est imates  f o r  each of t he  26 a reas  and 
t h e i r  differences.  

I n  s p i t e  of t h i s  snortccming, t he  r e s u l t i ~ g  z rea  est imatas  were s a t i s f ac to ry :  

(1) Areas clear-cut within the  past year were overestimated by 105 ha o r  12.9% only. 
(2) Areas clear-cut 1 year o r  more were overestimate8 'Dy 76 ha  o r  2.2% only. 
(3) Areas of uncut mature t i abez  were underestimated by 176 ha o r  3.6% oqly. 

A number of discrepancies,  most of which vere  small. were found i n  t h e  a r ea s  clear-cut 
within t he  past  year. Area sumbers 1, 2 and 11 were incor rec t ly  c l a s s i f i e d  by t h e  company 
i n  its mapping process, while  a r ea  numbers 7 and 14 ve re  incor rec t ly  c l a s s i f i e a  i n  t he  
LANDSAT mapping process. Area numbers 4 and 14 were s i g n i f i c a n t l y  overestimated i n  t he  
LANDSAT mapping process, 50.8% and 82.&X, respect ively.  

S igni f ican t  dicferences were found t o  e x i s t  between a rea  est imates  from the  company 
map and from the  LANDSAT enhancement when a l l  26 a reas  were included (Chi-square: 80.80 
with 25 degrees of freedom). However, the  d i f fe rences  were not s i gn i f i c an t  when a r ea  
nunhers 4 and 14 were c..clclded from the  ana lys i s  (Chi-square: 40.99 with 23 degrees of 
freedom). I n  the LWSAT mapping process, the  t o t a l  clear-cut a r aa  was overestimated by 
only 181 ha o r  A,?%. 

Attcn'iion should be drawn t o  the  f ac t  tha t  t he  pariod f o r  LANDSAT clear-cut a rea  e s t i -  
mates was between September 4, 1972 and August 12, 1973, but t he  period f o r  company c lear -  
cut  area est imates  was t he  1973 calendar year. Therefore, a s l i g h t  discrepancy i n  a r ea  
est imates  was expected. 

CONCLUSIONS 

The a b i l i t y  t o  i den t i fy  t he  s t a t u s  and t o  est imate the  s i z e  of current  and past c lear -  
cu t t ing  a c t i v i t y  has been d e f i n i t e l y  establ ished.  The acreages f o r  c lear-cut  and uncut 
mature timber determined from LANDSAT i ~ a g e r y  a r e  r e l i a b l e  and t he  LANDSAT color  enhancement 
technique is a usefu l  t oo l  i n  up-dating clear-cut a reas  f o r  long-term planning i n  fo r e s t  
manageaent. 
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