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THREE SCALES O F  AERIAL PHOTOGRAPHY 
COMPARED FOR MAKING STAND MEASUREMENTS 

Three s c a l e s  of  a e r i a l  photography were t e s t e d  i n  an 
a t tempt  t o  determine t h e  b e s t  s c a l e  t o  u se  i n  f o r e s t  survey- 
ing. This  was done by comparing photo measurements of  aver- 
age t r e e  height ,  average crown diameter,  and crown-closure 
percen t .  These s t and  v a r i a b l e s  were s e l e c t e d  f o r  t e s t i n g  
because of t h e i r  a p p l i c a b i l i t y  i n  making a e r i a l  e s t ima t e s  of  
t imber  volume. 1 

During t h e  win te r  of 1956, a small  t e s t  a r e a  i n  
Hancock County, Maine, was photogr&phed on i n f r a r e d  f i l m  a t  
s c a l e s  of 1: 1,000, 1: 5,000, and 1 :15,840.' A s  hardwoods 
were l e a f l e s s  a t  t h a t  time, photo i n t e r p r e t a t i o n  was con- 
c e n t r a t e d  on predominantly coni fe rous  s t ands  (spruce, f i r ,  
hemlock, and nor thern  whitecedar) .  On each of  twelve 1/5- 
a c r e  p l o t s ,  t h r e e  pho to - i n t e rp r e t e r s  determined (1)  average 
t o t a l  he igh t  of t h e  t h r e e  t a l l e s t  softwoods, (2)  average 
crown diameter  of  t h e  t h r e e  t a l l e s t  softwoods, and (3) crown 
c l o s u r e  percen t  of  t h e  softwood s tand .  

Analyses of var iance  were employed t o  compare photo 
measurements by i n t e r p r e t e r s  and photo s c a l e s  ; "t" t e s t s  
were used t o  eva lua t e  d i f f e r ences  between photo and f i e l d  
measurements of  t h e  t h r e e  va r i ab l e s .  Resu l t s  of t h e s e  t e s t s  
a r e  summarized i n  t a b l e s  1 t o  4. 

Tree height.--Table 1 shows a s i g n i f i c a n t  d i f f e r e n c e  
among s c a l e s  and among i n t e r p r e t e r s  f o r  photo e s t ima t e s  of  
average t o t a l  height ,  bu t  t h e  i n t e r a c t i o n  of  s c a l e s  and 
i n t e r p r e t e r s  was no t  s i g n i f i c a n t .  The a n a l y s i s  a l s o  revea l -  

'smith, J .  Harry G. Problems and p o t e n t i a l  u s e s  o f  photo-mensurational tech-  
n iques  for  e s t i m a t i n g  volume o f  some immature s tands  o f  Douglas- f i r  and western 
hemlock. Photogram. Engin. 23: 595- 599. 1957. 

'Appreciation i s  expres sed  t o  the  Maine F o r e s t  Serv i ce ,  the James W. Sewal l  
Company, Old Town, M e . ,  and t h e  U.S. Dept.  Agr i cu l ture  Fores t  I n s e c t  Laboratory,  
B e l t s v i l l e ,  Mi., f o r  supp ly ing  a e r i a l  photographs used i n  t h i s  s tudy.  



ed a s ign i f i can t  difference between mean photo heights and 
I corresponding f i e l d  heights. This difference was negative 

f o r  a l l  scales  and in terpre ters ,  t h a t  is, a l l  photo heights 
were lower than the  f i e l d  average of 53 fee t .  

The "t" t e s t  summary ( t a b l e  2) indicated t h a t  the re  
is no s t a t i s t i c a l  choice of photo scales  f o r  measuring t r e e  
heights. The mean estimate of 48 f e e t  on 1 :5,000 photos w a s  
c loses t  t o  the  t r u e  f i e l d  value, b u t  it is  doubtful t h a t  the  
s l i g h t  gain i n  accuracy over 1:15,840 photos would j u s t i f y  
the  increased cost  of using the  l a rge r  scale.  

Crown diameter.--As i n  the  case  of t r e e  heights, 
the re  was a s ign i f i can t  d i f ference  between scales  f o r  photo 
est imates of average crown diameter ( t a b l e  1).  However, the  
s ign i f i can t  in te rac t ion  of scales  and in te rp re te r s  indicates  
t h a t  no s ing le  sca le  was consis tent ly  bes t  f o r  a l l  in te r -  
pre ters .  / 

Table 1 a l so  shows a s ign i f i can t  difference between 
photo and f i e l d  measurements of crown diameter. Photo e s t i -  

Table 1.--Summary of analyses of variance for photo measurements 

(x = significant at 1-percent level) a 

Table 2.--Summary of "t" tests for photo versus field measurements 

of mean total height, in feet1 

)dean field height: 53.33 feet. 
**Difference significant at the 5-percent level. 
Difference significant at the 1-percent level. 

L 

t 

Scale 

Source of variation 

Between field and photo estimates x x -- 
Among photo scales x x x 
Among interpreters x -- -- 
Interaction: scales x interpreters -- x -- 

Crown 
diameter 

Total 
height 

1:1,000 43.92** 44.17** 45.58** 44.56** 
1 :5,000 46.67* 45.58** 52.17 48.14* 
1 : 15,840 41.08** 40.75** 49.00 43.61** 

Means 43.89** 43.50** 48.92* 45.44** 

I 

Interpreter 

A 

Crown 
closure 

Means 



Table 3.--Summary of "t" tests for photo versus field measurements 

of mean crown diameter, in feet1 

;#Aean field crown diameter: 16.08 feet. 
**Difference significant at the 5-percent level. 
Difference significant at the 1-percent level. 

1 

Scale 

1 

Table 4,--Summary of "t" tests for photo versus field measurements 

of crown closure percent 
1 

Interpreter 

A I 3 1 C 

i~ield crown closure : 55.00 percent. 
**Difference significant at the 5-percent level. 
Difference significant at the 1-percent level. 

Means 

1 

Scale 

mates, with one exception, were cons i s t en t ly  lower than t h e  
f i e l d  average of 16 f e e t  ( t a b l e  3). I n t e r p r e t e r s  "A" and 

I 11 
B" obtained t h e i r  bes t  es t imates  on 1:15,840 photos, while  

i n t e r p r e t e r  "c" did  bes t  on t h e  1:1,000 sca le .  Although t h e  
i n t e r a c t i o n  p roh ib i t s  a genera l iza t ion  f o r  s c a l e  averages, 
it appears t h a t  average crown diameters can be determined a s  
accura te ly  on 1:15,840 photos a s  on l a r g e r  p r i n t  sca les .  

1 : 1,000 12.92** 11.25** 14.00 12.72** 
1:5,000 12,75** 14.50 12. OO** 13.08** 
1 :IS, 840 17.75 15.08 13.83* 15.56 

Means 14.47 X3.61** 13.28+* 13.79** 

Crown c losure  percent,--Photo measurements of t h i s  
va r i ab le  d i f f e r e d  s i g n i f i c a n t l y  by s c a l e s  ( t a b l e  1 ) .  Crown- 

1:1,000 47.42 52.00 52.67 50.69 
1:5,000 55.83 61.25 58.75 58.61 
1:15,840 66.67* 70.83** 57.92 65.14* 

Means 56.64 61.36 56.44 58.15 

c losu re  est imates on 1:1,000 photos were about 4 percent  
lower than t h e  f i e l d  average of 55 percent.  On 1:5,000 
photos, es t imates  averaged about 4 percent  higher  than t h e  
f i e l d  value. Neither d i f f e red  s i g n i f i c a n t l y  from t h e  f i e l d  
va lue  ( t a b l e  4). On 1:15,840 photos, t h e  average crown- 
c losu re  es t imate  was 65 percent .  This f i g u r e  was s i g n i f i -  

t 

Means 
Interpreter 

A B C 



c a n t l y  d i f f e r e n t  from t h e  55-percent f i e l d  average, bu t  Was 
s t i l l  w i th in  gene ra l l y  a ccep t ab l e  l i m i t s .  

Conclusions.--None of  t h e  t h r e e  a e r i a l - p h o t o  s c a l e s  
t e s t e d  showed a marked s u p e r i o r i t y  f o r  eva lua t i on  of average 
t o t a l  he igh ts ,  crown diameters,  o r  crown-closure percen t .  
Though t h e  1w:51000 s c a l e  provided t h e  most a ccu ra t e  r e s u l t s  
f o r  two of  t h e  t h r e e  v a r i a b l e s  t e s t ed ,  measurements on 
1:15,840 p r i n t s  were w i th in  a range acceptgb1k ' t o  many 
i n t e r p r e t e r s .  U n t i l  t h e  advantages of  l a r g e r  photo s c a l e s  
can be  more c l e a r l y  subs t an t i a t ed ,  t h e  1:15,840 s c a l e  is 
t h e r e f o r e  recommended t o  no r thea s t e rn  f o r e s t e r s  a s  t h e  b e s t  
buy f o r  t h e i r  photo d o l l a r .  
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