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Aerial color photography has shown promise for evaluating under- 
story vegetation as a forest-fire fuel. Mapping understory vegetation 
from special aerial photography produced results reasonably similar to 
those obtained by an independent ground check. Differences in the 
methods used in the exploratory work prevented strict comparability, 
but agreement was close enough to suggest that further study would be 
fruitful. Perfection of photographic and interpretive techniques will 
improve ability to scout going fires and to map fuels for planning fire 
control systems. Information on visibility and trafficability in timber 
stands will be a side benefit, 

In mid-July 1966, two hardwood stands in northwestern Oregon were 
photographed with Ektachrome Aero and Ektachrome Infrared Aero f ilrns/ 
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a t  s c a l e s  of 1:2,000 and 1:3,500. The photographs were taken wfth a 
F a i r c h i l d  K-17 camera having a 12-inch f o c a l  l eng th  and 9- by 9-inch 
format. Most of the  r e s u l t i n g  photography was of e x c e l l e n t  q u a l i t y  
wi th  near-maximum d e t a i l  i n  crown shadows, 

The dominant vege ta t ion  of t h e  two s t ands  was Oregon whi te  oak 
averaging 60 f e e t  t a l l ,  wfth s c a t t e r e d  b ig l ea f  maple, P a c i f i c  madrone, 
Oregon ash ,  and Douglas-fir ,  Crown c losu re  was somewhat va r i ed  but  
averaged 92 percent  on both a r e a s ,  Understory vege ta t ion  va r i ed  r a t h e r  
widely i n  he igh t  and dens i ry ,  A l l  of t h e  woody understory was deciduous; 
t h e  most important spec ie s  were C a l i  f o r n i a  h a z e l ,  P a c i f i c  s e m i  ceberry , 
P a c i f i c  dogwood, rose ,  t r a i l i n g  b lackberry ,  and P a c i f i c  poisonoak, The 
most conspicuous herbaceous p l a n t  was western swordfern, an evergreen. 

Topography cons is ted  of d i s sec t ed  s lopes ,  seldom exceeding 30 per- 
cent,between major v a l l e y  bottoms and t h e  g e n t l y  r o l l i n g  uplands,  T o t a l  
r e l i e f  was about 300 f e e t ,  One a r e a  (Gray Farm) had a genera l  sou the r ly  
a spec t ;  t h e  o t h e r  (Muddy Valley)  faced e a s t e  

Gray Farm was used a s  a t e s t  s i t e  f o r  s e l e c t i n g  imagery and photo 
i n t e r p r e t a t i o n  techniques t o  be appl ied  on t h e  Muddy Valley a r e a ,  
Photos were i n t e r p r e t e d  i n  t h e  o f f i c e  and then  taken t o  t h e  f i e l d  t o  
compare wi th  a c t u a l  ground cond i t ionsm Ektachrome Aero photography a t  
1:3,500 was b e s t  f o r  i d e n r i f y i n g  and mapping t h e  understory vege ta t ion  
a s  t o  he igh t  and dens i ty  (understory crown c l o s u r e ) ,  Overstory shadows 
on t h e  i n f r a r e d  photos were toc dark t o  Pet t h e  understory be seen ade- 
quate ly .  Had t h e  overs tory  been l e s s  dense o r  s h o r t e r ,  t h e  i n f r a r e d  
would have been more use fu l .  The P:2,000 photography had g r e a t e r  para l -  
lax displacement t h a t  was a hindrance t o  i n t e r p r e t a t i o n .  A photo in- 
t e r p r e t a t i o n  guide was developed f o r  use w i c h  the Muddy Valley photog- 
raphy c 

Photo c h a r a c t e r i s t i c s  I n d i c a t i o n  

Overstory dense,  uniform i n  spacing No brash  beneatho 
and eo lo r ,  Light-brown patches be- 
nea th  canopy, 

Overstory dense, uniform i n  spacing 
and co lo r .  Shadows deep; occasiona9 
green showing from ground, 

Overstory wi th  rough o r  feathe-y 
appearance, Shadows i n t e r r ~ p t e d  
by va r ious  h e i g h t s  and shades sf 
green t o  groundo 

Conglomeration of d f f f e r e n r  shades 
of green,  Heights uneven, No 
overs tory  p r e s e n t o  

Small s c a t t e r e d  
pa tches  of brush ,  

T a i l  ana mixed brush 
beneath,  The rougher 
t h e  appearance, t h e  
t a l l e r  and denser  t h e  
brush.  

Brush of nedium-to- 
h e m y  densf t y  and 
var ied  height's, 



Examination of t h e  Muddy Val ley  photos  confirmed t h a t  Ektachrome 
Aero a t  1:3,500 was b e t t e r  t han  t h e  o t h e r  f i lm- sca l e  combinat ions;  
t h e r e f o r e ,  t h i s  f i l m  and s c a l e  were used f o r  t h e  remainder of t h e  
s tudy .  "Pure" i n t e r p r e t a t  i o n ,  i . e . , without  measurements, was t r i e d  
f i r s t ,  t h e n  a e r i a l  reconna issance  i n  a  l i g h t ,  fixed-wing a i r c r a f t ,  and 
f i n a l l y  photo i n t e r p r e t a t i o n  w i th  supplementary brush-height  measure- 
ments.  

Pure  i n t e r p r e t a t i o n  developed a  t echnique  of  s t e r e o  " s t a r e "  f o r  
looking p a s t  o v e r s t o r y  crowns and concen t r a t i ng  on unders tory  charac- 
t e r i s t i c s ,  S t a r t i n g  a t  an opening and working i n t o  t h e  s t and  gave 
b e t t e r  r e s u l t s  t han  t r y i n g  t o  p e e r  down through t h e  crowns a t  any one 
p o i n t .  Caut ion i s  neces sa ry  w i t h  t h i s  method t o  avoid "forcing" por- 
t i o n s  of t h e  o v e r s t o r y  t o  t h e  ground. Such f o r c i n g  can g i v e  a f a l s e  
impress ion  of b rush  where t h e r e  i s  none o r  of  b a r e  ground where ba re  
branches occur .  The main d i sadvantage  of  t h e  pure  i n t e r p r e t a t i o n  was 
absence of any r e l i a b l e  e s t i m a t e  of  b rush  h e i g h t ,  

A f t e r  t h e  i n i t i a l  photography, a e r i a l  reconna issance  was t r i e d  t o  
s e e  i f  t h e  a r e a  could be  mapped from a fixed-wing a i r c r a f t  and t o  
e v a l u a t e  h e a v i l y  shaded a r e a s  t h a t  were imposs ib le  t o  i n t e r p r e t  from 
t h e  photos--north-facing s l o p e s  and a r e a s  under dense maple pa t ches ,  
The p l ane ,  even when f l y i n g  a t  a  speed of  on ly  60 m.p.h, and a t  100 
f e e t  above t h e  canopy, moved t o o  f a s t  f o r  p r a c t i c a l  mapping. F ly ing  
i n t o  t h e  shadows, i . e + ,  n o r t h  t o  sou th ,  allowed more t o  b e  seen  t han  
d i d  f l y i n g  w i t h  o r  a c ros s  t h e  shadows. Some unde r s to ry  s p e c i e s  cou ld  
b e  recognized b u t  could n o t  be  a c c u r a t e l y  l o c a t e d .  A s  i t  was r a t h e r  
l a t e  i n  t h e  yea r  (September),  shadows were long  even a t  noon, and t h e  
nor th- fac ing  s l o p e s  were s t i l l  d i f f i c u l t  t o  p e n e t r a t e .  

Photo i n t e r p r e t a t i o n  w i t h  supplementary photo h e i g h t  measurements 
was f i n a l l y  used t o  produce a  map of t h e  unde r s to ry  by f i v e  h e i g h t  and 
t h r e e  d e n s i t y  c l a s s e s  ( f i g .  1, upper ) .  This  was compared w i t h  r e s u l t s  
of a  reconna issance  on t h e  ground. 

The ground reconna issance  was made by a  f o r e s t e r  f a m i l i a r  w i t h  t h e  
v e g e t a t i o n  and t h e  s tudy  a r e a  b u t  n o t  w i th  t h e  a e r i a l  photographs.  He 
d i d  n o t  make a  map, b u t  c l a s s i f i e d  t h e  unde r s to ry  a t  i n t e r v a l s  a long  
s e v e r a l  i r r e g u l a r  t r a v e r s e s ,  u s ing  t h e  same c a t e g o r i e s  a s  f o r  photo 
i n t e r p r e t a t i o n  ( f i g .  I ,  lower) .  I n  a l l ,  89  p o i n t s  were r a t e d  and re -  
corded on black-and-white p r i n t s  i n  t h e  f i e l d  ( a  "point"  a c t u a l l y  w a s  
an a r e a  about one-half  cha in  i n  d i ame te r ) .  However, a c c i d e n t s  i n  
hand l ing  t h e  photos  reduced t h e  record  t o  68 p o i n t s  w i t h  bo th  h e i g h t  
and d e n s i t y ,  1 9  w i t h  d e n s i t y  on ly  and 2 w i th  h e i g h t  on ly ,  

Conclusive v e r i f i c a t i o n  of photo i n t e r p r e t a t i o n  by means of on- 
the-ground obse rva t i ons  was n o t  p o s s i b l e .  P o i n t s  r a t e d  on t h e  ground 
might be obscured on t h e  photographs o r  might be cons idered  t oo  sma l l  
f o r  s e p a r a t e  mapping by t h e  photo i n t e r p r e t e r .  Neve r the l e s s ,  t h e  
mapped a r e a  r a t i n g s  agreed reasonably  w e l l  w i t h  t h e  p o i n t  r a t i n g s  
( t a b l e  1 ) .  



LEGEND 

Understory height 
( f e e t )  : 

O =  O t o  1 
I =  I t 0  5 
2 = 5 t o  10 

Understory density 
(percent) : 

A = 0 t o  33 
B = 33 t o  66 
C = 66 t o  100 
X = Overstory 

absent 

Figure 7 .--Comparison of  photo interpretation of  Muddy Valley 

area with ground truth. Upper, type map drawn from photo 
interpretation supplemented by understory height measurements. 

Lower, independent point determination by observer on ground. 

Scale, lt3,500. 



Table  1.--Comparison of photographic  and on-the-ground 

r a t i n g s  i n  a e r i a l  photo i n t e r p r e t a t i o n  of 

two Oregon oak s t ands  

I T o t a l  1 
In f  ormat i o n  recorded ! points Rat ings  i n  agreement 

I I 

Number Number Pe rcen t  

Height and d e n s i t y  68 26 38 

Dens i t y  87 65 75 

Height 70 32 46 

The g r e a t e s t  d i sc repancy  r e s u l t e d  from a s t r o n g  tendency t o  
ove re s t ima te  h e i g h t  on t h e  a e r i a l  photos .  Of 38 ca se s  of d i sagree-  
ment, h e i g h t s  were o v e r c a l l e d  i n  32, unde rca l l ed  i n  on ly  6.  However, 
61 pe rcen t  of  t h e  d i s c r e p a n t  e s t i m a t e s  were on ly  one h e i g h t  c l a s s  
above o r  below t h a t  determined on t h e  ground. The tendency was t o  
ove re s t ima te  d e n s i t y  a l s o  i n  comparison w i t h  ground obse rva t i ons .  Of 
22 ca se s  of d i sagreement ,  87 pe rcen t  were o v e r c a l l e d ,  1 3  pe rcen t  under- 
c a l l e d ,  and 82 p e r c e n t  were w i t h i n  one d e n s i t y  c l a s s .  

The r e s u l t s  of  t h i s  e x p l o r a t o r y  s t udy  i n d i c a t e  t h a t  unde r s to ry  
v e g e t a t i o n  can b e  i n t e r p r e t e d  from n a t u r a l - c o l o r  a e r i a l  photography. 
Dens i ty  was e s t ima ted  reasonably  w e l l  on t h e  f i r s t  a t t emp t ,  bu t  more 
work i s  needed i n  de te rmin ing  h e i g h t s .  Crown c l o s u r e  of about 90 per-  
c e n t  was t h e  l i m i t ;  i n  dense r  canopies ,  openings l a r g e  enough t o  g i v e  
a good view of t h e  unde r s to ry  a r e  t o o  s c a r c e .  Accuracy and r e l i a b i l i t y  
of i n t e r p r e t a t i o n  should i n c r e a s e  a s  t h e  o v e r s t o r y  d e n s i t y  dec rea se s .  
With t h e  K-17 camera, a s c a l e  of 1:3,500 i s  t h e  l a r g e s t  t h a t  can b e  
i n t e r p r e t e d  comfortably and e f f e c t i v e l y .  

A qu ick  t r i a l  of 1:20,000 photography on Gray Farm r evea l ed  some 
advantages  of t h e  s m a l l e r  s c a l e  f o r  i n t e r p r e t i n g  g e n e r a l  unde r s to ry  
f e a t u r e s .  Fu tu re  r e s e a r c h  should de te rmine  whether  a s c a l e  s m a l l e r  
t han  1:3,500, w i t h  i t s  added econamies,  w i l l  b e  s u i t a b l e  f o r  d e t a i l e d  
i n t e r p r e t a t i o n .  A s c a l e  l a r g e r  t han  1:2,000 w i th  e i t h e r  a high-speed 
camera o r  one w i t h  a s m a l l e r  format  would b e  needed t o  i d e n t i f y  under- 
s t o r y  s p e c i e s .  Low-al t i tude,  f ixed-base- length photography of smal l  
a r e a s ,  u s ing  synchronized cameras mounted on a h e l i c o p t e r ,  may prov ide  
a means of double  sampling when used i n  conjunc t ion  w i t h  smal l - sca le  



coverage of the entire area. Film-exposure combinations should be 
tested to obtain optimum shadow penetration. Interpretation and 
ground truth techniques should be designed to compare the same points 
and areas. 




