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FOREST INVENTORY BY AERIAL PHOTOGRAPHS 

By 

Shin-ichi TANIGUCHI 

Institude of Forest Management, College of 
Agriculture, Hokkaido University 

PREFACE 

Whereas the application of aerial photographs to forest inventory is well 
advanced especially in America, Canada, Sweden, Germany etc., the principles 
and techniques in regard to aerial photogrammetry are gradually being spread 
throughout the world. Now, in regard to the estimation of stand volume and 
its growth to a considerably high degree of accuracy especially in forests ex­
tending over a large area, the necessity of reducing inventory cost and cutting 
down on the inventory period is keenly felt. 

Thus, the selection of a practical inventory method with a minimum cost 
becomes a vital problem. The author is of the opinion that an inventory method 
based on aerial photographs plus modern statistics is the best qualified to meet 
the above condition. 

According to SEELY, forest inventories can not be adequately carried out 
without using aerial photographs. In view of the extensive and universal usage 
of aerial photographs in the United States of America and Dominion of Canada, 
SEELY'S opinion does not seem exaggerated. 

The author being in charge of Forest Mensuration at the College of Agri­
culture of the Hokkaido University since 1947 has repeatedly insisted on the 
rationalization of inventory methods in forestry and the necessity of aerial pho­
tograph's application. Taking forest inventory in Hokkaido as an example, the 
investigation and re-evaluation of forests ravaged by Typhoon No. 15 in 1954 
claim immediate attention. Weare convinced that this may only be achieved by 
using aerial photographs. 

Fortunately, the author being given the opportunity to study in America and 
Canada in the special field of aerial photogrammetry has acquired a considerable 
amount of knowledge in this direction. It is the intent and desire of the author 
and various supporters to apply the newly developed principles and techniques 
in aerial photographs to Japanese forests, primarily in the forest stands of Hok­
kaido in order to establish or otherwise provide a key to forest inventory. The 
present paper is a review and discussion of ~arious problems in this direction 
as presented in literatures plus a report on the author's experiments. 

The author wishes to acknowledge the assistance and guidance of various 
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advisors and supporters to whom he is indebted. Dr. Tsutomu MISHIMA, -Pro­
fessor of Forest Management, College of Agriculture, Hokkaido University, Mr. 
Misao TANIGUCHI, Chief of Tomakomai Experiment Forest, Hokkaido University, 
Dr. Paul F. GRAVES, Dr. John C. SAMMI, Dr. Bruce F. STANTON, and Dr. Allen 
F. Horn, Professors of the State University of New York College of Forestry, 
have made the present studies possible. The author also wishes to acknowledge 
the valuable assistance of Mr. Yunosuke HISHINUMA and Miss Y6ko NAKAO, his 
corroborators. The author is deeply grateful for their encouragement and their 
helpful suggestions he has received during his studies. Lastly, the author must 
add that expense of the present work was mainly defrayed with a grant in Aid 
for Fundamental Scientific Research from the Rockefeller Foundation. 
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PART 1. INTRODUCTION 

CHAPTER 1. Historical Development of Aerial 
Photograph's Application to Forest Inventory 

Aerial photographs have been used for developing maps showing a topogra­
phy and for other purposes such as in forestry. In 1887, the first aerial pho­
tographs on record were taken from a baloon by a German forester). Yet, 
perior to 1919 when WILSON125

) developed a forest stand map from aerial pho­
tographs, aerial photographs were in its infancy. Since then, attempts to utilize 
aerial photographs have been made throughout the world. However, until 1929 
when SEEL yllO),. et aI, reported on aerial photographs, no work worthy of note 
is seen, according to his report, SEELY measured the shadow length of trees directly 
from aerial photographs and estimated tree height and determined stand volume 
by using an aerial volume table. Especially in Canada, numerous and valuable 
work along this line has been reported since. Especially, F.R WILCOX, G.S. 
ANDImW, et aI, contributed greatly to the development of this study. 

In America, GRAFF120
) discussed the necessity of aerial photogrammetry dealing 



with topography in 1913 and recommended the use of aerial photographs as a 
means to interpret topography. The study of developing forest stand maps was 
promoted remarkably during the period of 1919 to 1933. Ecologists-COOPER, 
CAIN, et aI-used aerial photographs to develop plant distribution maps. In 1933, 
RYKER99

) experimented on identifying tree species directly from aerial photographs 
in the Sierra Nevada Range in California. In the following year, FOSTER") used 
aerial photographs to measure trees in the bottomland of the Mississippi river, 
and the techniques of interpreting aerial photographs were adopted by the U. S. 
Department of Agriculture. During W orld War II after 1939, the use of aerial 
photographs increased rapidly, some foresters serving as photo-interpreters in army 
aerial photogrammetry made special contributions to the establishment of forest 
inventory method based on aerial photographs and modern statistics. Techniques 
developed during this period have been applied widely throughout the world since 
then. R. C.WILSON, E. ]. ROGERS, R. N. COLWELL, S. H. SPURR, K. E. MOES­
SNER, C. E. JENSEN, et aI, greatly contributed to the application of -aerial pho­
togrammetry to American forestry. 

In Germany, an aerial photogrammetry study center under HUGERSHOFF'S33) 
guidance was established at Tarandt Forest Experiment Station. From 1923 to 
1933, German foresters developed forest stand maps by aerial photographs, in 
addition to this, they measured tree height by parallax difference and measured 
tree crown diameter directly from aerial photographs. E. ZIEGER, G. MULLER, 
M. R. JACOBS, C. NEUMANN, and other workers contributed greatly to the applica­
tion of aerial photogrammetry in German forestry. Especially in the Sachsen 
Forest Experiment Station, aerial photographs were used as an aid to estimate 
stand volume growth. It may be said that such experiments revolutionized 
forest inventory in Germany. 

In Sweden, aerial photographs were taken widely in 1929 for the purpose of 
land survey and excellent results were obtained. In the view of this experience, 
Sweden Forest Experiment Stations applied aerial photogrammetry to forest in­
ventory and obtained far better results than was expected. In 1933, HAGBERG'20) 
reported on the techniques of photo-interpretation including method on estimation 
of stand volume. 

After W orId War II, the use of aerial photographs has greatly increased in 
America, Canada, and Europe due to the rapid development of aircraft and im. 
provement in aerial cameras and films. Even in several countries of Southeast 
Asia-Burma, Indnesia, Philipin, Thailand, Vietnam, Cambosia, et al-, a number 
of forest engineers have recognized that the application of aerial photography in 
foresty is absolutely necessary to obtain, in a relatively short time, a good overall 
impression of prevailing forest condition. 

Japan aerial photography was utilized for the first time in 1923 in an attempt 
to map Tokyo after the great earthquake. As for its utilization in forest inven· 
tory, all the forests on Saghalin were photographed during 1930 to 1935. These 
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aerial photographs were used in map making and were also used in estimating 
growing stock in the Saghalin forests. During 1935 to 1939, aerial photographs 
with a scale of 1: 15,000 were taken over vast areas in Manchuria for forest 
inventory purposes. In 1938, the College of Agriculture of the Tokyo University 
established a course in forest inventory based on aerial photographs. It seems 
worthy of note that Tokyo University studied aerial photograph inventory methods 
and the students were lectured on the subject in the Forestry Department. From 
approximately 1940, several perfectures-Tokyo, Kanagawa, Saitama, and Gunma­
adopted aerial photography for the purpose of forest management. After W orId 
War II, the Japan isles in its entirety were aerial-photographed by the American 
Air Force and these aerial photographs with a scale of 1: 40,000 were loaned 
to the Japanese Government for the purpose of Japanese industrial development35

)_ 

In 1948, the Japanese Forest Service using the loaned aerial photographs for­
mulated management plans for private and communal forests. In 1952, a top­
ographical map with a scale of 1: 5,000 and a 10 meter counter line was 
developed at Tanzawayama district in the Kanagawa prefecture and headwater 
conservation area in the Tokyo prefecture under the cooperation of the Forest 
Service, Forest Experiment Station, Japan Forest Technical Association, and Air 
Survey Company. This was the first fundamental study on aerial photogrammetry 
in Japan after the World War II. Based on this experience, immediately after 
the big water damage in the Kinki area, the Osaka Branch of Forest Service, 
the Nara Prefectural Government, and the Wakayama Prefectural Government 
photographed their respective areas ravaged by floods in an attempt to grasp the 
actual state and extent of damages and also to make the most of aerial pho­
tographs for the purpose of forest management. 

In 1954, aerial photographs were used for the investigation uf remote forests 

belonging to private and communal ownerships pending purchasing by the Japa­
nese Government as a protection forest. Moreover at the same time, a funda­
mental study on photo:interpretation was carried out at the Amagi National 
Forest in Shizuoka Prefecture under the' guidance of Japan Forest Technical 
Association. Those who played important parts as pioneers in this field were 
H. NAKAYAMA, C. HARA, M. HORI, U. KIMOTO, K. MATSUKAWA, T. NAKASONE, 

H. ITAI, N. IMAMI, I. MINE, T. HORIE, N. KAKEBA, ]. OHKI, A. HASHITANI, 

and others. 
As mentioned previously, forest inventories based on aerial photographs were 

carried out in Saghalin and Manchuria approximately 25 years ago. A review 
of the work reveals that the scope and range together with techniques were well 
ahead of America and Canada at that time. . Work in this field has been renewed 
since the end of World War II and the Japanese Forest Service, the Forest 
Experiment Station in Tokyo, Universities, and the Japan Forest Technical As­
sociation have been centering their efforts on the following since 195295

). 
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In the case of Forest Service: 

1. Studies on methods of investigating forests by using aerial photographs 
and training of forest engineers 

2. Compiling of data to identify Japanese dominant tree species and forest 
appearances 

3. Analysis of the amount of work done with aerial photographs 

In the case of Forest Experiment Station and Universities-Tokyo and 
Nagoya-: 

1. Fundamental studies on the development of aerial volume tables 
2. Studies on the sampling design using aerial photographs 

In the case of Japan Forest Technical Association: 

1. Identification of Japanese dominant tree species 
2. Accuracy of aerial cameras and stereoplanigraph, and analysis of the 

amount of work done with the above apparatus 
3. Analysis of the accuracy on topographical maps 
4. Studies on the application of aerial photographs to forestry and the 

propagation thereof 
5. Training of photo· interpreters 

PART II. AERIAL PHOTOGRAPHS USED IN FOREST 
INVENTORY AND ITS PHOTOGRAPHY 

CHAPTER 2. Fundamental problems 
in photo-interpretation 

I. Significance of photo-interpretation and its accuracy 

In the case of using aerial photographs in forest inventory, it may be said 
that the techniques and principles belong to the category of applied science. 
Foresters can obtain much information by making efficient use of aerial photo­
graphs. Therefore, it is obvious that foresters are different from photographic 
engineers who are mainly concerned in the photographs rather than its applica­
tion. Specialists on aerial photographs are achieving their purpose by making 
accurate photographs or maps, while foresters must draw information from aerial 
photographs to contribute to the forestry3). The procedure for doing it is called 
photo-interpretation. 

It becomes desirable therefore that foresters must accomplish their work 
with regard to aerial photographs while aiming at the high accuracy photographic 
engineers require. However, the balancing between the cost and the accuracy 
should always be such that foresters will within the cost limit for forest inventory. 
In other words, at times foresters must be satisfied with a relative accuracy with 
the cost limit in mind. 



7 

II. Factors governing the quality of photographic images'3
''''' •• 17) 

Factors governing the quality of photographic images are as follows: 

1. Tone and color 
2. Image sharpness 
3. Stereoscopic parallax 
4. Other factors 

Tone and color of photographs are influenced by the complicated functions 
of light conditions such as light reflectivity of the object photographed, light 

sensitivity of the film employed, light scattering by atmosopheric haze, and light 
transmission by the filter used. 

Image sharpness is also influenced by the complicated functions of aberra­
tions of the lens system, focus of the 'lens system, image motion at the moment 
of expos~re, and characteristics of photographic materials. Other factors govern­
ing the quality of photographic images are time of photography, type of photo­
graphy, and scale of photographs. Especially, film, filter, scale of photographs, 
and time of photography should be selected most carefully to fulfil the purpose 
of the forest inventory planned117). 

III. Factors governing the perception and interpretation17
) 

Factors governing the perception and interpretation are as follows: 
1. Characteristics of the photo user such as visual and mental acuity 
2. Characteristics of the photo user's equipment 
3. Techniques employed by the photo user 

This thesis does not attach importance to the analysis of factors governing 
quality of photographic images, perception, and interpretation. The present paper 
deals mainly with how "forest inventory is carried out by using aerial photographs 
and the techniques of photo-interpretation as modified to be used in Hokkaido 
for forest inventory. 

CHAPTER 3. Photo Scale 

I. Compution of photo scale 

1. For flat termin's.,O') 

The ratio of a photographic distance between 2 images to the distance on 

. . (Photodistance (d) ) 
the ground between the correspondmg 2 pomts G d d' (D)' when 

roun Istance 
the ground points are situated at sea level, is called the datum scale of the vertical 
photograph. This datum scale is also expressed by the formula 

f (Focal length of camera lens) 
H (Flying height above sea level) 

2. For rough terrain 
If the terrain is rough, the photo scale changes in accordance with the land 
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elevation above sea level. 
(a) How to compute flying height approximately!S,!O') 
If the flying height is unknown, it is computed by the following formula: 

H D of hG! + hG. h H' h fl' h' h b lID = ----;t + --2--' were IS t e ymg eig t a ove sea eve, 

is the ground distance between Gl and G., d is the photo distance between G1 

and G., f is the focal length of camera, hG! is the elevation above sea level at 
G, point, and hG2 is the elevation above sea level at G2 point. 

(b) By using this flying height, the photo scale at Ga point is computed by 

f the following formula: R. F. = H-hG
a 

When the distance betweep 2 points 

is measured on aerial photographs, the measurement must be carried out within 
an effective area near the principal point on aerial photographs·'). Rogers com­
puted the average photo scale by using 10 lines selected at random on aerial 
photographs. Every sample plot established on an aerial photograph changes its 
photo scale in accordance with land elevation above sea level, therefore, the 
correct area of sample plots must be computed. In this case, the land elevation 
is obtained by, using topographical maps or by computing it in practice. The 
aerial photo scales shown in Figures 1, 2, 3, are used' to determine the size of 
plot or length on the photograph in each scale. 

··------------------------~I 

L 
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Eigure 1. Aerial photo scale. 
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Figure 2. Aerial photo scale protractor. 

II. Variations in photo scale 

'l 

., 

..J 

The main cause of variation in photo scale is caused by the difference of 
the ground elevation. In other words, the flying height varies with the ground 
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elevetion. The focal length of aerial cameras which are generally used in Japan 
is 210 mm in the case of ordinary angle lens and 115 mm or 150 mm in the case 
of wide angle lens52). 

If aerial photographs are taken with a 210 mm camera by an aircraft flying 

Ground 
Elevation 

(m) 

0 
100 
120 
140 
160 
180 

200 
220 
240 
260 
280 

300 
320 
340 
360 
380 

400 
420 
440 
460 
480 

500 
520 
540 
560 
580 

600 
620 
640 
660 
680 

700 
720 
740 
760 
780 

800 
820 
840 
860 
880 

900 
920 
940 
960 
980 

1,000 

Table 1. Diameter of a 1 ha circular plot on a photograph 
varying with ground elevation. 

Flying height (m) 

1,050 I 2,100 
I 

3,150 
I 

4,200 
I 

5,250 

2.257{cm) 1.128 (cm) 0.752 (cm) 0.564 (cm) 0.451 (cm) 
2.494 1.185 0.776 0.578 0.460 
2.548 1.197 0.782 0.580 0.462 
2.604 1.209 0.787 0.584 0.464 
2.663 1.221 0,793 0,587 0.466 
2.724 1.234 0.798 0.589 0.467 

2.788 1.247 0.803 0.592 0.469 
2.855 1.260 0.809 0.595 0.471 
2.926 1.274 0.814 0.598 0.473 
3.000 1.288 0.820 0.601 0.475 
3.077 1.302 0.826 0.604 0.477 

3.160 1.317 0.831 0.608 0.479 
3.246 1.331 0.837 0.611 0.481 
3.337 1.346 0.843 0.614 0.483 
3.434 1.362 0.849 0.617 0.485 
3.537 1.378 0.855 0.620 0.487 

3.646 1.394 0.862 0.624 0.489 
3.761 1.410 0.868 0.627 0.491 
3.884 1.427 0.875 0.630 0.493 
4.016 1.445 0.881 0.634 0.495 
4.158 1.463 0.887 0.637 0.497 

4.309 1.481 0.894 0.640 0.499 
4.471 1.500 0.901 0.644 0.501 
4.649 1.519 0.908 0.648 0.503 
4.837 1.539 0.915 0.651 0.505 
5.041 1.559 0.922 0.655 0.507 

5.266 1.580 0.929 0.658 0.510 
5.510 1.601 0.937 0.662 0.512 
5.781 1.623 0.944 0.666 0.514 
6.076 1.646 0.952 0.669 0.516 
6.404 1.669 0.959 0.673 0.519 

6.796 1.693 0.967 0.677 0.521 
7.183 1.717 0.975 0.681 0.523 
7.645 1.742 0.985 0.685 0.525 
8.171 1.768 0.991 0.689 0.528 
8.774 1.790 1.000 0.693 0.530 

9.482 1.823 1.008 . 0.697 0.533 
10.305 1.851 1.017 0.701 0.535 
11.284 1.881 1.026 0.705 0.537 
12.469 1.911 1.035 0.709 0.540 
13.931 1.942 1.044 0.714 0.542 

15.804 1.975 1.053 0.718 0.545 
18.229 2.008 1.063 0.722 0.547 
21.534 2.043 1.072 0.727 0.550 
26.303 2.078 1.081 0,731 0.552 
33.886 2.116 1.092 0.736· 0.555 
47.412 2.154 1.102 0.741 0.558 

6,300 

0.376{cm) 
0.382 
0.383 
0.385 
0.386 
0.387 

0.388 
0.390 
0.391 
0.392 
0.394 

0.395 
0.396 
0.398 
0.399 
0.400 

0.402 
0.403 
0.404 
0.406 
0.407 

0.409 
0.410 
0.411 
0.413 
0.414 

0.416 
0.417 
0.419 
0.420 
0.422 

0.423 
0.425 
0.426 
0.428 
0.429 

0.431 
0.432 
0.434 
0.436 
0.437 

0.439 
0.440 
0.442 
0.444 
0.445 
0.447 
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at 1,050 m, 2,100 m, 3,150 m, 4,200 m, 
5,250 m, and 6,300 m, the ground above 
sea level, in each flying height, the photo 

. scale at sea level is respectively 1 : 5,000, 
1: 10,000, 1 : 15,000, 1 : 20,000, 1 : 25,000, 
and 1: 30,000. In such cases, if the avo 
erage elevation is 500 m, 6 photo scales 
above sea level will vary as follows: 
1 : 2,619, 1: 7,619, 1: 12,619, 1: 17,619, 
1 : 22,619, and 1: 27,619. 

The author is convinced that in ja­
panese forest inventory, the most desira­
ble size of sample on aerial photographs 
is a 1 ha circulal' plot. The diameter of 
a 1 ha circular plot is 112.84 m, which 
is 2.257 cm at 1 : 5,000, 1.128 cm at 1: 
10,000, 0.752 cm at 1: 15,000, 0.564 cm 
at 1: 20,000, 0.451 cm at 1 : 25,000, and 
0.376 cm at 1: 30,000. 

In the case of each flying height 
above sea level, the diameter of a 1 ha 
circular plot on the photograph varies 
with the ground elevation as shown in 
Table 1, and the actual size of circular 
or square plot on the photograph varies 
with the photo scale as shown in Figure 
3. The second cause of variation in 
photo scale is caused by the axis of the 

I'l JIj 1; II 
~ 0.0 0.0E' o.dl' 0.2 0.2i!.' Q.of 0.0 I!' o.JiI' 0.23 O.2!r 

Yapoo 0 0 

8,20.0. 0 0 

8,400 0 0 

8,600 0 0 

8,600 0 0 

9,0.00. 0 0 

9,20.0 0 0 

9,400. ·0 0 

9.600 0 0 

9.800. 0 0 

10.000 0 0 

10,200 0 0 

10;400 0 0 

10,600 0 0 

10.800 Q 0 

11.000 0 0 

11,200 0 0 

11,400 0 0 

11,b00 0 0 

11,800 0 0 

12POO 0 0 

Figure 3. 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 D. 
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 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 0 0 0 0 

0 0 0 0 0 0 0 '0 

Plate showing the size of cir· 
cular or square plot with reo 
gard to photo scale (By Japan 
Forest Technical Association). 

camera being tilted at the moment of photography. However, the error in photo 
scale due to tilt is not largeI16

). 

III. Selection of photo scale for the purpose of forest inventory 

The selection of the most suitable phot'o scale for the purpose of forest in­
ventory is one of the most important problems. The photo scale must be changed 
in accordance with the contents of information drawn' from aerial photographs. 
Representative information from aerial photographs contains number of trees, tree 
crown closure, tree crown diameter, tree height, etc.. The stand volume or stand 
volume growth is estimated as the function of either one or two or more of 
these factors. 

As a rule, the use of a larger photo scale gives a larger amount of infor­
mation from aerial photographs as compared with a small scale, however as pre­
viously mentioned, we must select a suitable photo scale within the cost allowed 
so as not to exceed the cost limit. 
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The standard photo scale used in the U. S. Department of Agriculture is 
1: 20,000, which scale is being used broadly in every field, unfortunately, how­
ever, it is not quite large enough to give accurate data especially in the case of 
estimating stand volume or stand volume growth. The most suitable photo scale 
used in American forest inventory is generally 1: 15,840 or I" = 1,320', when 
more detailed information is required, a scale larger than 1: 7,200 or 1"=600' 
will be used. 

If information such as tree form, tree crown shape, tree branches, and cones 
is required, Sonne's continuous-strip photographs are genetally used for the pho-
to-interpretation'·). j . 

According to SPURR'S studyl1·), the effective photo scale is within 1 : 32,000---
1 : 5,000, however, the author is of the opinion that 1 : 32,000 is limited to the 
identification and' discrimination of the difference between coniferous wood and 
hardwood or the difference between forest and non-forest. 

Thus, the scale of Japanese aerial photographs taken by the American Air 
Force after the war (1 : 40,000) is so small that they are of little value for pho­
to-interpretation in forest inventory. The scale of 1: 15,000 has been recommen­
ded by NAKAYAMA who is one of Japanese pioneers in this field"")_ 

CHAPTER 4. Season and Films of Photography 

Winter photography is highly suitable for the investigation of coniferous 
wood. The identification of tree species by using Sonne's continuous-strip pho­
tographs with a large scale is valuable for the identification of hardwoodI11}. 
Panchromatic film plus minus blue filter or green filter photography is effective 
to emphasize the contrast among tree species. However, this winter photography 
is not practical owing to -meteorological obstructions. 

In fall, especially at the time when tree leaves begin to color, the identifica­
tion and discrimination b~ tree species is much easier than in other seasons. 
However, this type of photography is also not popular owing to approximately 
the same reason as in winter photography. Panchromatic film plus yellow filter 
photography is effective in emphasizing the contrast among tree species. Infrared 
photography is also effective in this season, however, tone and color of hardwood 
is somewhat darker than in normal cases. 

Summer photography has been carried out in every country including Japan 
because of the absence of meteorological obstructions. Panchromatic film plus 
green filter or infrared photography is effective in this season">, however, espe­
cially when a larger photo scale than 1: 10,000 is used, panchromatic photogra­
phy is more effective owing to its immunity to shadow influence. Summer pho­
tographs show a flat appearance and the contrast among tree species is reduced. 
In addition, tree height measurement often becomes a little complicated owing 
to the obstruction of hardwood crowns"'). 
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Spring photographs are suitable for measuring tree height. 
the effectiveness of photography in this season is reduced owing 

,cal difficulties116
). 

Unfortunately, 
to meteorologi. 

Panchromatic photography generally' offers a better resolution and lighter 
shadows, but exhibits a little tonal contrast among different fmest types. In­
frared photography presents a maximum of contrast between coniferous and 
hardwoods, but wet sites and shadows register in black, thus restricting photo­
interpretation. In order to separate various 'forest types without identifying 
detailed factors in them, infrared photography is the most desirable (Plate 1). 

CHAPTER 5. Influence of Photography-Date 
upon Photo-Interpretation 

In the case of estimating growing stock, standvariables composing the grow­
ing stock, and forest stand volume growth, aerial photographs taken most recently 
must be used. In the area where the forest stand volume growth is high and 
cutting frequent, photo-interpreters will keenly feel the necessity of, the recent 
photograpes. In southern America, it is noted that aerial photographs older than 
5 years depreciate in value owing to the increase in difficulties in interpretation'09

). 

Foresters in Japan generally used aerial photographs taken by the American Air 
Force after the war because on other aerial photograph were available for forest 
inventory. It seems obvious that the utilization of such outdated air maps should 
be limited to topographical purposes and that reconsiderations be made on the 
usage of obsolute material. 

PART III. FOREST INVENTORY BY 
AERIAL PHOTOGRAPHS 

CHAPTER 6. Preparations for Photo-Interpretation 

SECTION 1. Equipment needed 

Equipment considered essential for one interpreter can be had for less than 
one hundred dollars·9

,109). Generally in America and Canada, photo-interpretation 
has been carried out effectively and with a resonable accuracy by several for­
esters and arithmetic mean of their measurement is considered to be correct. It 
is pointed out that if loaning of equipment is not arranged, the purchasing cost 
for all equipments may run into several hundred dollars·9

,109). Essential items for 
photo-interpretation are as follows,091 

: 

1. Lens stereoscope; folding pocket type (Figure 4) 
2. Parallax bar or parallax wedge for measuring object heights 
3. Engineer's scale, 6 or 12 inches in length, reading up to 1/50 inch 
4. Tree crown density scale 



Figure 4 - 1. Abrams 2-4 Stereoscope 
Model CB-l. 

Figure 4-2. Mirror stereoscope com· 
monly used in Japan. 

5. Tree crown diameter scale, either wedge or dot type 

6. Dot grids for acreage determination 
7. China marking pencils for writing on photographs 
8. Drafting instruments, triangles, and drafting tape 
9. Needle prick for point picking 

10. Clip board for holding stereo-pairs for viewing 
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Besides the adove, tracing tables, radial plotting devices, vertical sketch­
masters, reflecting projectors are required to complete the equipment. Since the 
equipment is expensive, privately owned equipment is impossible and should be 
provided by laboratory funds. Moreover , certain items, i.e. parallax bar, parallax 
wedge, tree crown and diameter scale as used III the U. S. have different scales 
not used in Japan. Therefore, it is necessary to have a conversion table. 

SECTION 2. Determination of Flight line and Stereoscopic Vision 

Procedure",") : 

1. Principal points (P . P. ) are located at the intersection of lines through 
opposite fiducial marks. 

2. P. P. are then stereoscopically transferred to adjacent photographs, the 
transferred image centers are called conjugate principal points (C. P. P. ). 

3. Flight line is accurately determined on each aerial photograph by its 
own P . P. and C. P . P. 

4. The distance between P. P. and C. P. P. is then carefully measured on 
each aerial .photograph which is called photo base. The accuracy of this meas­
urement is within 1/50 inch. I 09

) 

5. The stereoscope is placed with its long axis, parallel to the flight line 
and with the lenses over corresponding photo images. 

6. Pair photos are then slowly moved left and right until the finest stereo­
scopic vision appears so that flight lines on photographs do not separate from 
its own position; and then pair aerial photographs are clipped down or fixed 
with a kind of tape on the board. It is placed in such a way that the photo-
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interpretation is done at a constant position. 

CHAPTER 7. Identification and Discrimination of 
Natural Surface Cover and Man-made Features 

The correct interpretation of both natural surface cover and~an-made fea­
tures constitutes the first step in using aerial photographs for forest inventory'o.). 
Under natural conditions, the ground surface may be covered with various vegeta­
tions (timber, scrub, bush, grass, bamboo, et all, bedrock, loose rock, sand, bare 
soil, snow, et al. Accurate identification and discrimination of these types. are 
frequently of considerable importance for practical purposes. Especially, the most 
important thing is that the content of vegetations can be identified and discrimi­
nated as accurately as possible. The identification and discrimination of tree 
species conducted generally on a forest stand are based on tree form, character­
istics of bark, and the detaild condition of leaf, cone, and seed. Ori the other 
hand, in aerial photographs, this identification and discrimination are chiefly based 
on the condition of visible tree crowns. A physiological appearance of tree 
crowns IS closely related to the following factors: 

1. Tone and color 
2. Distribution of the size and shape of leaf 
3. Distribution of the size and shape of branch 
4. Tree height 

RYKER") c6nducted investigations in hopes that a correlation between the 
amount of chlorophyll contained in leaves against tone and color could be estab-

. lished. RYKER attempted to identify 4 tree species-Sugar pine, Ponderosa pine, 
Douglas fir, and Incense cedar-at Yosemite Valley in California by using pho­
tography type reasonably combined with film and filter. In this investigation, 
Eastman supersensitive panchromatic film plus green filter type was used to make 
the identification standard in the above 4 tree species. In other words, an iden­
tification method of tree species based on both tone and color, and tree crown 
form.. As a result of this investigation, RYKER reported that the amount of 
chlorophyll was not related to the tone and color but that the age arfd growing 
energy of trees were closely related to the amount of chlorophyll. This inves­
tigation was limited to open forest stand with matured trees, the photo scale' 
used was 1: 9,600. . 

LOSEE66
) attempted to identify tree species-Jack pine, White pine and Red 

pine, Hemlock, Cedar, White spruce and Balsam, Maple, Yellow birch, and 
Beech-in Obtibi Power and Paper Company Forest in Ontario, Canada. In 
this investigation, tone and color of each tree species, tree crown shape and 
structure of pattern, condition of tree shadows, and characteristics on physiologi­
cal distribution of tree species were the standard of identifying tree species. 

JENSEN and COLWELL") attempted to identify tree species by using the fol-
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lowing photography type both· in the red wood region and the pine region in 
California. In the photo scale 1: 20,000, 2 photography types-panchromatic film 
plus minus blue filter and infrared film plus minus blue filter-were adopted, 
moreover, in the case of photo scale 1 : 15,000, 3 photography types-panchromatic 
film plus minus blue filter, infrared plus minus blue filter, and panchromatic 
film plus green filter-were adopted. Tree species groupes identified in this inves­
tigation were commercial conifers, lodgepole pine, non-commercial coniferous, and 
hardwood. JENSEN and COLWELL reported that the panchromat!c film plus minus 
blue filter was more effective than the others in identifying tree· species in aerial 
photographs with both scales. 

On the other hand, SPURR and BROWNll
") reported that infrared film plus 

minus blue filter was more effective than panchromatic film plus minus blue filter 
and color film which emphasizes the contrast with regard to tone and color. 
The photo scale was in the range of 1: 12,000,....., 1 : 20,000. In these forest 
inventories of New England, North Carolina, and Alabam, the tree species were 
generally grouped as coniferous, mixed forest of coniferous, and hardwood. 

WIELANDERJ30
) pointed out in detail that photographic appearance is much 

more complicated than may be imagined because it is not only influenced by the 
topographic position but also because it is related to the combination of fiJm and 
filter, season and time of photography, quality and focal length of lens, and 
techniques concerning the development and printing of film. Moreover, using 
aerial photographs covering California and Western Nevada, WIELANDER also 
reported that basic factors in the identification of timber trees (all coniferous having 
pulp value) and cordwood trees (coniferous such as Digger pine,' Pinon pine, and 
Juniper) were tone and color of tree crown, structure of its pattern, an~ tree 
shadow. 

CAROWl2
) mentioned that the normal photo scale was 1 : 15,840 and modified 

infrared film plus filter type was effective in the differentiation of coniferous and 
hardwood especially in summer and early fall. 

Y OUNG'36) mentioned that panchromatic film plus minus blue filter was much 
more superior to the infrared film plus minus blue filter in identifying tree species 
in northeast of America, moreover, color film photography was disadvantage for 
the reason why this photography was expensive and also photographic details 
was indistinct owing to shadows. Thus, YOUNG pointed out the characteristic of 
each tree species from crown shape, photographic texture, states of ecological 
distribution of tree species, and characteristic of topography. 

From the data at Harvard forest of America on infrared film, the standard 
of identifying tree species is indicated as followsl07

): 

Darkest 
Black spruce 
Red spruce 
Balsam fir 
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Red pine-Scotch pine-Loblolly pine 
Jack pine 
White pine 
White spruce 
Hemlock 
Larch 

Lightest 

Hardwood 

Yellow birch and Maple have been found to photograph darker than most other 
hardwoods, however, this has not been definitely established as yet. Besides 
these, flat needle trees such as Hemlock reflect light and do not photograph as 
dark as Pine and Spruce. 

From almost the same view-point as in the case of Harvard forest, LOSEE'3) 
made public the ranking of light strength of tree images from various combina­
tions of film and filter. This ranking is in the following order: 

1. White birch, Aspen, Tamarack 
2. Sugar maple, Beech, Yellow birch 
3. Red oak 

. 4. Cedar 

5. Spruce, Balsam fir 

Especially, the ranking of tone and color was expressed in figures based on the 
difference of density (0.12). Thus, LOSEE studied on the standard of identifying 
tree species from its own tone and color under a given circumstance. 

DAEHN'l) advocated a scale by which to measure tone and color which is 
called "tone scale" . In Japan, the tone scale as shown in Figure 5 has been 
devised as an aid in photo-interpretation. 

D 
10 . 2 0 30 40 5 0 

60 70 80 90 100 

Figure 5. Tone scale (By Japan Forest Technical Association). 
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The Japan Forest Technical Association") has conducted studies on the standard 
of tree species identification in the headwater conservation ar~a of the Tamagawa. 
The results obt'runed in this study are as indicated in Table 2. The standard of 
identifying tree species made by NAKAYAMA90

) is as indicated in Table 3. 
These standards are based on crown shape, tone and color, tree shadow, 

'ecological distribution of trees, and vertical and horizontal appearance of trees. 
The author is of the opinion ,that since these standards, as HORIE38) and ITAIm 

mentioned, are correctly used only under special conditions, modifications are 
necessary in their application to other areas. Even in Canada and America, 
there is no universal identification standard which can be used in a vast area in 
so far as the identification of tree species is concerned. Thus, it is imperative 

Table 2. Standard of identifying tree species in the headwater 
conservation area of the Tamagawa, Japan. 

Tree species Tree form Tone and color 
• I 

Urajiromomi I Comparatively I Dark black 
Baramomi large, kegel Slightly light 
(Fir) Top--round grey 

Tsuga Irregular crown'l Dark grey 
(Southern Ja· small umbrella Stunted growth-
panese hem- type grey 
lock) Top-indistinct I 

Shadow 

I Dark 
I Tree form--
I distinct 

Slightly light 
Top-indistinct 

Remarks 

Natural regenerated, pure 
stand or mixed with Ko­
metsuga (Northern Japanese 
hemlock) on mountain-top 

, and mountain roof, eleva­
I tion-more than 1,200 m. 

I 
Baramomi distributed in 
hardwood 

Natural regenerated, pure 
stand or line-like distribu­
tion, position-mountain 
roof, elevation-less than 
1,200m. 

(Northern Japa- normal kegel Top-dark grey 
Kometsuga I Small crown, I Light grey I 
nese hemlock) Top-sharp I 

Natural regenerated, the 
same as the above 

Sugi Normal kegel Shady side- Very dark Planted 
(Japanese cedar) shaped crown dark black grey This appears as 

Top'---distinct upright needles 
to top 

~~~------

Hinoki Top-indistinct, Black grey Top-indistinct, I Planted 
(Japanese cy- round Sunny side- slightly dark 
press) light, indistinct colored 

Chousengoyou Distinct crown Sunny side- I Top-indistinct, Planted, limited one area 
(Korean pine) Top appears as whitish grey slightly dark 

spots Shady side-
dark grey 

Karamatsu '[ Distinct circular White spot or Light shadow, Planted as overwood 
(Larch) crown, Top- whitish grey however, shows of Hinoki I slightly distinct tree form distin-

I ctly. 
'--~~-,-~~--

Nara Irregular shaped Light whitish Indi,"." ,wwn! N,,","' ,eg~em",d, ffiQ" 
(Oak) crown due to su- grey stem looks like commonly distributed tree 

spended branch wire. species 
groups 

,---~--- --.- ----~---
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Table 3. Standard of identifying tree species on 
aerial photographs (by Nakayama). 

Tree species 
I 

Tone and color I Degrede ofl tone I Shape of crown I 
an co or I 

Sugi Grey black 
1

30- 40 Kegel or round 
(Japanese cedar) 

I 
Hinoki I Grey black, 35-45 Kegel or round, 
(J lighter than outline of crown 

apanese IS' is not so distinct cypress) Ugl 
as Sugi. 

Matsu Grey black or 40-50 Shape is similar 
(Pine) grey to Sugi. 

Outline is indis-
tinct. 

Hardwood Grey 50-60 I Round or 
I irregular 

1 
I 

Outward aspect, position, 
and others 

Each crown in forest stand 
can be distinguished dis-
tinctly and unevenness of 
crown canopy is remarka-
ble. 

Each crown in forest stand 
can not be distinguished so 
distinctly as Sugi. 

Each crown in forest stand 
can not be distinguished as 
distinctly as Sugi and Hi-
noki. 

Each crown in forest stand 
can • not be distinguished 
more distinctly than Matsu. 
Shape of each crown in 
young forest is generally 
round. 

Madake 
(Bamboo) 

I Grey 150-60 I 
Small shape, 
round I 

This species is widely found 
on hill-sides and river-sides. 

--.~--

Mousouchiku Light grey, 60-70 Small shape, This species is distributed 
(Bamboo) once in a while, round near farm houses. 

similar to white 

Hachiku Light grey, 60-70 Small shape, This species IS distributed 
(Bamboo) once in a while, round on hill-sides, Hachiku near 

similar to white farm houses can not be se-
pareted from Mousouchiku. , 

that an improvement in photography by a proper combination of film, filter, and 
photo scale should be made as rapidly as possible together with a local standard 
of identifying tree species. Natural grass land generally shows a comparatively 
even texture. The color tone is light to medium grey ordinarily, but may be 
darker on valley bottoms where water lies near the surface'08

\ 

Man-made features generally contrast with natural surface cover. Man-made 
features concerned with forest inventory are road, bridge, power line, building, 
mine, farm, nursery, et al. Our attention must be focussed on the content, size, 
type, and distribution of natural surface cover and man-made features. . Plates 
(2,-.....6) will give us some perception of identifying natural surface cover anq man­
made features on the aerial photographs covering the Tomakomai Experiment 
Forest of Hokkaido University. 
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CHAPTER 8. Stand-classification of Aerial Photographs 

. SECTION 1. Significance of Stand-classification 

The foremost of requirements In photo.interpretation in order to estimate 
the growing stock of forest stand is to delineate forest stand having different 
type and appearance for mapping forest stands!30). Most of the conditions in 
forest stands may be recognized directly from aerial photographs, however, the 
information concerning distribution of diameter class, increment, mortality,and 
quality of trees (sound, blemish, wound rot, etc.) is usually determined from 
ground survey. It is evident that when the accuracy of photo·interpretation is 
at its maximum and the cost of ground survey is at its minimum, the cost of 
delineating forest stands comes to a minimum. Generally speaking, the use of 
aerial photographs must be conducted with the above in mind. 

Fundamental factors of delineating forest stands are tree species, group of 
tree species, tree crown diameter, tree height, tree crown closure, etc.. These 
factors are the most appropriate standard for delineating forest stands because 
measurement of the same can be readily made on the ground and compared with 
variables on aerial photographs. The standard of delineating forest stands in 
accordance with the peculiarity of the investigation area takes on combination· 
forms of factors above· mentioned. Each forest stand which has been delineated 
corresponds to each stratum in a population of the investigation area. Since the 
strata generally tend to be more uniform in its contents through such a strati­
fication, the sampling error margin is reduced to a certain extent"). The author 
is convinced that a great deal of emphasis should be placed on accurately locating 
type lines. Northern Forest Experiment Station in America77} calculated the 
efficiency of delineating forest stands by using SNEDICOR'S formula. 

SECTION 2. Standard of Stand-classification 

For a maximum accuracy, stand-classification must be done under a stereos· 
cope. Before interpreting aerial photographs, foresters should already have the 
necessary information on the survey area to be used as guides when examining 
photographs. Reconnaissance is a chif basis for an accurate photo-interpretation 
and provides preliminary information on the location of recognized forest type 
and forest site-estimation which is mentioned in CHAPTER 10. 

Natural vegetation is classified by the percentage of ground space covered 
by component factors or by the combination of patterns!30). Characteristics with 
the exception of forest stands-barren, open water, cultivated ground, urban-are 
also generally described in a forest stand map. 

WIELANDER!30) established identification standards for these factors by using 
tone and color. At . this point, the author proposes to review and study some 
examples of classification standards used at present in Canada and America for 
the purpose of improving Japanese forest inventory. 
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I. Canada'S) 

(a) Forest inventory m Nova Scotia 

Height 

Up to 20 feet 
21-40 feet 
41-60 feet 

1 
2 
3 

61 feet and more. 4 

Type (Percentage of total volume per acre) 

Up to 25 percent Hardwood 
26- 50 percent Hamwood 
51- 75 percent Hardwood 
76-100 percent Hardwood 

Canopy. density 

Up to 25 percent 1 
26- 50 percent 2 
51- 75 percent 3 
76-100 percent 4 

S (Softwood) 
SH (Softwood-Hardwood) 
HS (Hardwood-Softwood) 

H (Hardwood) 

For instance, 3 S 2 as expressed in this code system indicates the follow­
mg: Tree height, 41-60 feet; type,softwood; canopy density, 26-50 precent. 

(b) Forest inventory in New Brunswick 

Non-productive forest 

This forest can not produce merchantable sized timbers. 

Unstocked 

This contains cut-over area, burned area, and field going back to forest. 

Cover type 

S Coniferous occupies more than 75 percent of total volume. 
SH Coniferous occupies 50-75 percent of total volume. 
HS Hardwood occupies 50-75 percent of total volume. 

H Hardwood occupies more than 75 percent of total volume. 

Moreover, height is divided into 3 classes having 20 feet class interval and 
density also into 3 classes. 

(c) Forest inventory in Ontario 

Cover type 

Coniferous 
Mixwood 
Hardwood 

75-100 percent of main stand coniferous 
25- 75 percent of main stand coniferous 
0- 25 percent of main stand coniferous 



Forest condition 

Insect damage, fungi damage 
Cutting-partial or clear 
Blowdown 
Burned, but, with vigorous regeneration 

Age class 

Mature 
Immature 
Reproduction 

Height 

91 feet and more A 
61-90 feet B 
30-60 feet C 
Up to 30 feet D 

Canopy density 

91-100 percent (fully stocked) 1 
61- 90 percent (stocking normal) 2 
31- 60 percent (medium density) 3 
30 percent and less (open density) 4 
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Ontario State is so vast that special standaras are made for inaccessible areas. 

(d) Forest inventory in Manitoba 

Cover type 

S 76-100 percent 
M 51- 75 percent 
N 26- 50 percent 
H 0- 25 percent 

Coniferous by basal area 
Coniferous by basal area 
Coniferous by basal area 
Coniferous by basal area 

Height 

1 
2 
3 

Average height of main stand 
Average height of main stand 
Average height of main stand 

Canopy density 

0-10 feet 
11-20 feet 
21-30 feet 

A 0-20 square feet per acre basal area 
B 21-40 square feet per acre basal area 
C 41-60 square feet per acre basal area 

.. (e) Forest inventory in Alberta 

Species composition 

Coniferous which reaches to 10 percent or more of total volume and hard­
wood which reaches to 25 percent or more of total volume are identified as a 
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significant value on aerial photographs respectively. 

Height 

This 

1 

IS expressed by the average height of dominant or co-dominant trees. 

5-30 feet 
2 31-60 feet 
3 61-80 feet 
4 81 feet or more 

Canopy density 

A Spare stocking 
B Medium stocking 
C Full stocking 
D Over stocking 

Site-classificatiaon in Alberta is very simple.· It is expressed as either good 
or poor, and sign Z stands for poor sites. Thus, the expression C3 SwPA in 
this code system indicates the following contents: 

Fully stocked, height 61-80 feet, White spruce most prevalent species, Pine 
at least 10 percent of stand volume, Aspen at least 25 percent of stand 
volume, good site. 

(f) Forest inventory III British Columbiall
) 

Cover type 

Immature forest 
Mature forest 
Immature non-commercial cover 
Mature non-commercial cover 
Not satisfactory restocked 
Selection logged forest 

Beside these, each stand is characterized by age class, height class, and 
volume class in accordance with almost the same point mentioned above. 

II. America 

(a) JENSEN'S method") 

JENSEN classified vegetation cover and land. Status elements III California 
are as follows: 

C Commercial coniferous G Grass 
K Non-commercial coniferous M Marsh 
H Hardwood B Bare ground 
S Chaparral R Rock 
T Sagebrush A Cultivated land 
F Bushy herbs U U rhan-Industrial 



Figure 6 shows a sample map clas­
sifying vegetation cover and other land 
status elements. 

Such a classification is attempted on 
either an aerial photograph or a base map, 
and sometimes dominant or co-dominant 
tree species in each forest stand is in­
dicated by sign or color formulated in 
advance. Classification standard of tree 
crown closure is as follows: 

Dense: Tree crown occupies 80 per­
cent or more of ground space 

Semidense: Tree crown occupies 50 
-80 percent of ground space 

Figure 6. A sample map showing 
the classification of vegeta 
tion cover and other status 
elements. 

Open: Tree crown occupies 20-50 percent of ground space 
Very open: Tree crown occupies 5-20 percent of ground space 
Unstocked: Tree crown occupies less than 5 percent of ground space 
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JENSEN'S forest stand classification method and its modified version have been 
broadly used in America and Canada. 

(b) WIELANDER'S method130
) 

This method was formulated for forests III western Nevada and California. 

Age class 

A Small immature timber trees (under sawlog size) 
B Large immature timber trees 
C Mature timber trees 
D Immature cordwood trees 
E Mature cordwood trees 

'Tree cro~ closure 

Dense: Tree crown cover occupies 80 percent or more of ground space 
Semidense: Tree crown cover occupies 50-80 percent of ground space 
Open: Tree crown cover occupies 20-50 percent of ground space 
Very open: Tree crown cover occupies 5-20 percent of ground space 

Age structure 

1 Old growth Mature forest stand occupies 80 percent or more of tree 
crown space. 

2 Old growth-Young growth Mature forest stand occopies 50-80 per­
cent of tree crown space. 

3 Young growth-Old growth Mature forest stand occupies 20-50 per­
cent of tree crown space. 



4 Young growth Mature forest stand occupies less than 20 percent 
of tree crown space. 

Besides these, both CAROW'S classification method carried out in Lake States 
and WOOD's method for Western yellow pine are well known in America. 

III. Japan 

According to the preliminary plan for Japanese forest inventory reported by 
the Forest Service, the stand-classification standard of aerial photographs is as 
follows: 

Type of forest 

a Natural forest b Artificial forest 

Cover type 

N Coniferous 
NL Mixed forest of coniferous and hardwood 
L Hardwood 

Tree species 

Age 

S Sugi 
A Akamatsu 
E EZQmatsu 
M Momi 
Na Nara 
H Hinoki 
Ku Kuromatsu 
T Todomatsu 
Tu Tsuga 

Up to 20 years 
20-60 years 

Height 

Up to 8 m 

8-16 m 

Diameter 

Up to 10 cm 
10-25 cm 

Tree crown diameter 

I 
II 

Q Kashi 
P Matsu 
K Karamatsu 
Hi Hiba 
Be Kaba 
B Buna 
EL Evergreen hardwood 
DL Deciduous hardwood 

60-100 years III 
More than 100 year IV 

16-25 m h. 
More than 25 m h. 

25-40 cm 
More than 40 cm 

This is measured by meter unit, however, the standard of diameter· class 
has not been indicated. 

Each forest stand stratum can be expressed as Plate 7. However, all things 
taken together at the present stage of Japanese aerial photogrammetry indicate 



that such a standard of stand-classification is a little too complicated especially in 
the case of photo-interpretation of natural forest. Both age and diameter classes 
in the case of interpreting natural forest are not required. 

NAKAYAMA" I) suggested that since it has become necessary to deal with forest 
statistics from an international viewpoint, it would be desirable to adopt an in­
ternational classification standard in future. 

The author is of the belief that an overly complicated stand-classification 
standard is not effective in view of the intensity of the present Japanese forestry 
and it is further suggested that stand-classification standards should rather be 
subdivided step by step instead of a blind adoption of standards used in America 

. and Canada. 

CHAPTFR 9. Area Determination of Stands 
delineated and classified 

SECTION 1. Direct Determination of Stand ,Area in Aerial Photographs 

At first, each forest stand is classified and thEn the area of each forest stand 
is respectively estimated, if we use vertical photographs of flat terrain and the 
flying height is constant, the photo scale is not appreciably altered and areas can 
be measured directly from contact prints, strictly speaking, this is generally im­
possible, and the area determination usually goes with some errors. 

WINKWORTH132
) employed some area determination methods such as 10 dot 

grids, 20 dot grids, 40 dot grids, transects 0.5 inch apart, transects 1.0 inch apart, 
and polar planimeter. Their accuracy was compared against each other. In the 
case of areas with irregular shape, 40 dot grids and one inch transect method 
gave better results than the others. Especially in America and Canada, the pre­
ferred method of determining area 
on aerial photographs is with dot 
grids and acreage measuring gridS) as 
shown in Figures 7, 8. The author 
wishes to recommend the use of dot 
grid method in Japanese forest inven­
tory because the procedure in this 
method is very simple and the ac­
curacy is high. 

Where the area measurement is 
not critical, the area is measured on 
aerial photographs, however, the area 
should be measured within the effec­
tive areas of alternate prints in each 
flight strip. If 9 inch by 9 inch pho­
tographs with 60 percent endlap and Figure 7. Acreage measuring grid. 
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Figure 8. Dot grid. 

30 percent sidelap are assumed, alternate photographs will have effective areas of 
about 3.6 by 3.6 inches around the principal points. 

SECTION 2. Area Determination on Base Maps especially developed . 

As a rule, a base map is developed by radial line methods'8
,23}. 

1. Aerial photographs with principal points and conjugate principal points are 
used for developing a base map and the construction of base map requires only 
the length of one line designated as control line. This line should have well­
defined terminal points, the elevations of which are not needed. 
2. So-called radial or pass points are chosen near the 4 corners and along 
margins of each photograph at approximately opposite principal points Xz and 
Y2 in Figure 9-1 are the pass points for the second photograph, X3 and Y3 for 
the third photograph etc .. 

Templets constructed for developing base map. 

Figure 9--1. Radial line method 



3. Radial line templets are constructed as 
Figure 9-2. 

·4. Upon completion of the above, a suitable 
scale is chosen, depending upon this scale, the 
correct map length of the control line AB is 
calculated (ab on the photograph). 

5. Templet No. 1 is taped down on a sepa­

rate suitable drafting board and then Templet 
No.2 is placed on Templet No. 1 with the 
lines joining at P.P. and C.P.P.. Slide Tem­
plet No. 2 along the line until the intersection 

Principle of radial line method. 

C. L.: Correct map distance of AB. 

F~gure 9-2. Radial line method 

of the rays through control points. A and B are separated by the correct map 
distance, which are measured by the scale of the map base selected. Templet 
No.2 is then taped down. It will be noted that the map position of the radial 
points X 2 and Y2 can be locatd by the intersection of respective rays. 
6. Templet No.3 is placed on the joining at P.P. and C.P.P. of Templet No. 
2 and slide along the line until the rays through X 2 and Y2 on Templet No.3 
intersect with the positions of X 2 and Y2 already determined. 

7. The positons of the control points, pass points, and ray centers are then 
transferred to a map sheet. 
8. Lastly, a vertical sketchmaster, Saltzman projector, and others must be used to 
project the photographic images-stand boundaries, roads, streams, and other special 
points. 

Since in Japanese forest inventory estimations are made in such a way that 
stand volume is estimated on each sub-compartment or compartment and also 
since the volume control is done on every sub-compartment or compartment, the 
use of stand-classification method indicated in the previous chapters may cause 
some confusion in Japanese forest management. Therefore, Japanese Forest 
Service made the preliminary plan for forest inventory based on aerial photogra­
phs and tried to relieve this confusion. However, a strict adherence to sub­
compartments or compartments which came from Germany will cause insurmoun­
table problems in carrying out forest inventory based on both aerial photographs 
and sampling methods. The author is of the opinion that as a rule a stand­
classification must be done without being restricted by the limitations of sub­
compartments or compartments. The author's modified method is that after 
delineating and classifying forest stands on aerial photographs without being 
restricted by the limitations of sub-compartments or compartments, compartments 
in the first periodic block are delineated on the aerial photographs and then the 
content-stand volume, stand volume volume growth, et aI-of each compartment 
is estimated in detail, other periodic blocks do not need the investigation in each 
compartment. If the content of sub-compartments is required with regard to the 
first periodic block, the necessity of maintaining present sub-compartments must 
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be tested by using aerial photographs taken most recently and then the area of 
each sub-compartment must be newly determined on the aerial photograph or the 
base map. 

CHAPTER 10. Site Estimation in Aerial Photographs 

The principal criteria for site quality in aerial photographs is topography, 
geologic formations and soils, vegetation, and tree height-tree crown diameter 
ratio. Topography on aerial photographs is generally exaggerated under a stereo­
scope and the photo-interpretation is comparatively easy. 

It is well known in America and Canada that geologic formation, soils, and 
vegetation are correlated with topography. 

SECTION 1. Method using Characteristics of Topography 

MOESSNER"·) classified the following 3 site qualities in conformity with to­
pography, especially with azimuth. 

Upper slope 

Ridge top, upper 3/4 part of warm south-facing-slope, and upper 1/4 part 
of cool north-facing-slope 

Lower slope 

Coves, ravines, lower 1/4 part of warm south-facing-slope and lower 3/4 
part of cool north-facing-slope 

Bottomland 

Area near stream, and low bench 

The degree of the slope is measured in percentage on the photogaaph by 
using a transparent plate on which printing as seen in Figure 10 was mades,). 

PERCENT SLOPE SCALE 

CENTRAL STATES FOREST E)fPERIMENT STATION 

ill ~ ~ ~ ~ ~ ~ ~ ~ ~ fl 
~22s:~~~g~g~ 

SlOPE (fllERCENr) < 

Figure 10. Percent slope scale. 

SEE1y1l4) classified the following 5 site qualities in conformity with topography. 

Well drained bottom lands Site I 
Moderate slopes and bench lands Site II 
Steep slopes Site III 
Poorly drained flats Site IV 
Hilltops and ridges Site V 
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In the forest inventory of Kentucky and southern Illinois, tree height, tree 
crown diameter, tree crown closure, and stand volume respectively showed sig­
nificant difference in 3 different topographic sites. 

Abitibi Power and Paper Company") in Canada classified 5 sites - wet 
flat, dry flat, lower slope, upper slope, and ridge top. , 

LOSEE6
.) mentioned that the site difference comes from topographic and 

agronomical difference, moreover, he reported that the agronomical difference was 
closely related to the topography as a result of numerous investigations in this 
field and while it is understood that topography provided an important key in 
the understanding of site quality, since topography has not as yet been studied 
to perfection, the site is determined with consideration to both topography and 
vegetations. 

Especially in Canada, a close relationship has been found between site and 
topography in the presence of outstanding glacier influences. This is aue to a 
progressive change in drainage, soil acidity, and quality of carbon acid gas. Water 
washed soils, lacking fertility have been formed in the lowest lands by a glacial 
function, however, such a tendency is not found in the upper hinds. A method 
of expressing site quality from both topography and vegetations is expressed as 
follows'·) : 

V, Jack pine ridge top Y, Jack pine flat 
V2 Black spruce ridge. top Y2 Poplar flat 
W Hardwood upper slope 2, Wet flat 
X, Black spruce lower slope 22 Cedar flat 
X2 Mixed lower slope 

SECTION 2. Method using Agronomical and Geological Characteristics 

The nature of soils and underlying geologic formations is usually indicated 
by topographic features6

.,l1&). A low level area or a bottomland near a stream 
consists of a fluvial or a lacustrine deposit, in non-forested area, many soil types 
and geologic formations can be identified directly from aerial photographs, on the 
other hand, in a forested area, much information concerning soils and geology 
are obtained in detail by analyzing topography, vegetations, land use, erosion, 
surface drainage, and other factors. The standard of classifying soils determined 
by MOESSNER is as follows6

.) : 

. Residual soils 

I Western Pennyroyal 

This area consists of sand stone, lime stone, and shale. Especially sand 
stone is dominant. 

II Western Pennyroyal consisting of lime stone only 

III Western Coal Field 

This area contains coal and some other underlying materials. 
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IV Cumberland 

This area consists of sand and gravel 10 an bId coastal plain classified 
as the Tennessee river section. 
f 

Aeolian soils 

V JACKSON Purchase Loessal 

This area consists of heavy loessal mantel covering sand. gravel, and 
clay in the old coastal plain. 

VI This area consists of fine sand mixed with gravel and clay, goes with 
a partial mantel of loess shown in V. 

Alluvial soils 

VII Bottomland (Alluvium) 

As a rule, such soil groups are found in bottomland, and this group 
is easily identified directly from aerial photographs. 

SECTION 3. Method using Characteristics of Vegetations 

Vegetation itself is one of the most important factors used for classifying 
site quality, site indicator plants are already known among us. 

Many tree species and groups of tree species can be recognized in aerial 
photographs, the occurrence of a given tree or a group of trees is sometimes 
sufficient to permit the identification of underlying soils and classification of site 
quality. Especially, several tree species-Willow, Hannoki, Yachidamo, etc.-have 
a high value in classifying site quality. Moreover, characteristics of forest stand 
such as tree crown canopy, diameter distribution, and tree height distribution 
are highly related to the site quality. 

SECTION 4. Method using Tree Height-Tree Crown Diameter Ratio'16
) 

Tree height as well as crown diameter can be measured with a fairly high 
degree of accuracy in aerial photographs. It is obvious that tree height-tree 
crown diameter ratio is greater in better sites. Therefore, the ratio of tree height 
to tree crown diameter provides a measure of site quality. 

SECTION 5. Other Methods 

I. FERREE's modified method63
) 

This method was made public by FERREE and the criteria of this metn6d 
IS topography, soil, and growth conditions as defined below: 

Site I 

This site is characterized by moist, well-drained, fairly deep soils, and it is 
found in protected coves or along streams or bottomlands. In mature forest 
stands, dominant or co-dominant hardwood trees produce 3 or mote 16 foot logs 
per tree, on the other hand, coniferous being dominant or co-dominant produce 
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5 or more 16 foot logs. 

Site II 

This site is characterized by soils being intermediate in moisture, depth, 
drainage, and fertility and is generally found in slope areas or poorly drained 
plateau lands. Besides these, forest stands that have been cut or burned fall 
under this site quality classification. In mature forest stands, dominant and co­
dominant hardwood trees produce from 2 to 2! 16 foot logs per tree, on the 
other hand, coniferous being dominant and co-dominant produce from 2 t to 5 
16 foot logs per tree. 

Site III 

This site is characterized by shallow, dry stony, or compact soils and IS 

generally found on ridges and mountain tops. 

II. Site-classification of Petawawa Forest Experiment Station 

From the viewpoint of ecological conditions considering topography, soils, 
vegetation, Petawawa Forest Experiment Station classified site qualities as follows: 

Ridge series 

Vaccinium site type 
Aster-Gaultheria site type 

Dry series 

Vaccinium-Gaultheria site type 
Maianthemum-Corylus site type 
Trillium site type 

Moist series 

Cornus-Maianthemum site type 
Corn us-Linnaea site type 
Aralia site type 

Swamp series 

Shagnum-Ledum sity type 
Shagnum-Carex trisperma site type 
Hylocomium-Mitella site type 
Hardwood swamp 

Standards for classifying site quality have not been presented as yet in Japa­
nese forest inventory with aerial photographs. The author believes that the rea­
son for this is that a complicated site classification system is not welcomed. At 
the present stage in Japanese aerial photogrammetry, this must be considered as 
an inevitable consequence of circumstances. However, the necessity of site­
classification from aerial photographs will increase- shortly in Japanese forest 
inventory. 
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CHAPTER 11. Sampling Design 

Forest inventory in the old days was carried out using large area investiga­
tion principles. However, in recent years the above is being replaced by sampling 
method. Even in Japan, KINASHI58

) introduced this system and contributed to 
Japanese forest inventory. 

It is known to-day that, in forest inventory, in order to cover vast areas 
with a high degree of accuracy, aerial photography combined with modern statistic 
principles must be used'03). 

First, aerial photographs most suitable for the purpose of inventory must be 
adopted and next stand-classification must be conducted as accurately as circum­
stances permit, in order to reduce the variance of estimating standvariables, the 
total number of sample plots, and the cost for investigation. It has been men­
tioned that the confidence interval should be more than 95 percent and the 
sampling error should not exceed ± 10 percent in order to fulfil the essential 
purpose of forest management. The sampling design procedure is as given 
below: 

SECTION 1. Choice of Cruising Method (Strip or Plot) 

In strip samples, the majority of trees are generally measured in the direc­
tion of the strips established in the investigation area. Therefore, in the inves­
tigation area where the distribution of forest type or topography shows a distinct 
feature, parallel strips running at right angle to this feature become good samples, 
in which variations are comparatively small. According to the author's experi-"') 
ence, in a special crusing covering a small area-2bO~300 ha, cruising based on­
sample strips is effective to fulfil the purpose. The number of these strips 
required should be at least 20-30, furthermore, it is necessary that these strips 
are so spaced as to cover the entire area. In a vast area, however, the sample 
strip system seldom represents the entire area. Thus, most of the forest inven­
tories based on aerial photographs especially in America and Canada are based 
on the plot system - circular, rectangle, and square. 

In short, after grasping the general tendency of forest type and topography, 
the method of crusing (Strip or plot) must be chosen. 

SECTION 2. Plot Size and Shape, Width of Strip 

The shape of sample plot is either circular or square or rectangle. 
OSBORNE,sj pointed out that if the long axis of sample plot was at right angles 

to the tendency of forest conditions, the rectangle was the most effective and 
theoretical. Further, HASEL"8

) from his experience in the Ponderosa pine forest 
reported that sampling errors decreased in such cases. 

Quite recently, sampling m~thods using circular plotting has been generally 
adopted in American and Canadian forest inventory. A sample plot must at 
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least contain 20-30 trees above the lower limitation of measuring diameter. A 
large sized sample plot is uaually used for open forest stands containing large 
sized trees. On the other hand, a small sized sample plot is generally used for 
small sized trees in dense forest stands. Some examples of plot size are shown 
in Table 4. 

According to HASEL'S study"a) on the comparison of cruise accuracy due 
to the size of sample plot, the sampling effect, using 5 acre plots, was 63 percent 

1 
of the effect of 22 acre plots and 10 acre plots were 40 percent of the effect 

1 
of 22 acre plots. 

BICKERSTAFF"a) pointed out from data collected in Ontario that 
1 

15 acre plots 

required 20 percent additional cruising time when compared . h 1 WIt 10 acre 

plots. As a rule, in America and Canada, 1 acre plots have been adopted in 
photocruise and are interpreted accordingly. When ground survey is carried out 
together with photo· interpretation, sample plot areas indicated in Table 4 are 
established on aerial photographs. The centers are the same as those in 1 acre 
plots. These sample plots were then allocated on the ground as shown in 

CHAPTER ll-SECTION 5. Thus, the accuracy of the photocruise may be 
tested. 

Table 4. Size of sample plot 

Proposer Remarks 
I 

Size of sample plot 
(Acre) 

----------------~~ 

American standard I -~ ----r::a= fores~:--------------
Ameri: standardl~ - 115 I Immature forest stand 

--~e-vo~iantz --------1---- -~-- - Ttor:iesi~~e~.o~~~-;24'~~d-~re ~r~~ 

-~~:vorkiantz---I------~------n~k:s~t~~:~.d c;ntaining 10"-22/1 trees in 

----Gevor~iantz - ------1----- --l------I-Fore~t stand containing 6/1-8/1 trees in Lake 
10 States. 

--------------~---+ -----------------------~-

Gevorkiantz 
I 

1 I Forest stand containing 2/1-4/1 trees in Lake 
15 States. 

Savage ______ 1 ---r-----r-Mature fo;est stand in Northwest Ame~i~ 

In Japanese forest inventory31), the following plot sizes are used: Stand 
volume estimation--O.l ha rectangle (25 m x 40 m or 20 m x 50 m). Stand· volume 
growth estimation--O.Ol ha rectangle (10 m x 10 m or 5 m x 20 m)., in this case, 



an increment borer is used. 
Volume estimation in young or medium aged forest stand-0.05 ha rectangle 

(20 m x 25 m). Growth estimation in young or medium aged forest stand-0.OO5 
ha rectangle (5 m x 10 m). In the case of using circular plot, 0.04 ha circular plot 
is for stand volume estimation, and 0.004 ha circular plot for stand volume 
growth estimatioB. When 0.1 ha plot size is not sufficient to obtain detailed 
data, 0.15 ha (30 m x 50 m) or 0.2 ha (40 m x 50 m) is used. This unit area of 
sample plot cruised is constant in every stratum classified. 

Judging from the present stage of Japanese aerial photogrammetry and tech­
nical advancement, the author is of the belief that the most desirable size of a 

sample plot is 1 ha on aerial photographs and approximately ~ -- 110 ha on the 

gro~nd, moreover, the use of a circular plot is highly desirable. According to 
the author's study at the Tomakomai Experiment Forest of Hokkaido University 
whose terrain may be considered as a plain, even a 1 ha circul~r Plot could be 
transferred to the ground without so much difficulty. To be precise, 6 cruisers 
took 5.3 houres to transfer a 1 ha circular pot on the ground and to measure 
standvariables-tree heights and diameters-in it. When applied to an irregular 
terrain, the shape of a sample plot on the ground is not always tied to the 
circular one. The reasons for this are as follows: 

1. An aerial stand volume table in Japan is generally developed so that it 
can show us a stand volume per hectar. 

2. A considerable amount of difficulties still remain in coming to hand 
large-scale good-quality aerial photographs covering a vast area. 

The width of sample strip cruised is generally 10 m (32.8 feet) in Europe 
and 1--1.5 chain (33-66 feet) in north America. 

In 1948, H. A. MEYERI18
) proposed the usage of a narrow strip 1 rod (16 ~ 

feet width). The main reason for this is that both border' li~s of sample strip 

can be easily checked by using 8! feet pole which is easy to carry. 

Accrding to CANDY'S study"8>, in a sample strip having a 66 feet width, a 
20 percent error in basal area was seen and in a 33 feet width sample strip, a 
10 percent error was present. 

According to SPURR'S studies during 1923-1929, the width of sample strip 
was 3 percent narrower than the. exact width in spite of exhaustive work. In 
short, it is noted that the width of sample strip must be determined so as to 
contain at least several tree crowns. 

If areas sampled are comparatively small and not-continuous, exhaustive at­
tention must be paid in the sampling process. Assuming that they are circular 
plots, their centers should not be outside the investigation area. Therefore, the 
center of sample plot must be moved inward so that the entire sample plot enters 
into the area cruised. In EnglandlJ8

), LAURIE proposed the following techniques 



to establish sample plots under such circumstances: 
1. All sample plots in which centers fell outside of the forest stand were 

omitted. 

2. If a plot-center was allocated on aerial photographs so that more than 
2 
3 length of the radius fell inside of the forest stand cruised, the whole of the 

plot must be moved into the forest stand. 
FINNEY and PALCA mentioned that this proposal IS most reasonable from a 

statistical viewpoint. 

SECTION 3. Intensity of Sampling 

Savage determined the number of sample plots required per stratum from 
Nx T2C2 

G'EVORKIANTZ and GIRARD'S formula n = Na2 + T2C2 , where n is the number 

of plots sampled, N is the entire number of plots that can be possibly established, 
C is the coefficient of variation expressed by percentage in which 10 is full, and 
a is the allowable sampling error expressed by percentage in which 10 is full. 

Further, Savage studied how the number of plots to be sampled was in­
fluenced by factors such as area, coefficient of variation, and sampling error and 
arranged the result obtained in a table. 

BRUNSON and ]ENSEN7) calculated the number of plot to be sampled from 

the _so-called "Error Formula" E2 = A ~ ~ a x f by DUERR and GEVORKIANTZ, 

where E is the accuracy shown by percentage in which 10 is full, A is the 
area, N is the number of plots required, a is the sample plot size, and f is the 
constant determined by forest conditions, f was determined at each volume class 
as follows: 

1.31 0-1,400 b. f. 
0.14 1,500-4,900 b. f. 
0.09 More than 5,000 b. f. 

Thus, 

To ± 5 percent accuracy, 

To ± 10 percent accuracy, 

To ± 20 percent accuracy, 

To ± 30 percent accuracy, 

N= 400·Af 
A+400f 

N= 100·Af 
A+100f 

N= 25·Af 
A+25f 

Af 
N= 0.09A+f 

These formulas generally increase the accuracy of cruising carried out In 

areas where large volumes of growing stock exist. 



FERREE") selected a reasonable number of sample plots previously and then cal­
culated the mixed percentage of the volume belonging to each tree species, its 
standard deviation, and its probable error. Thus, he determined the number of 
plots required from the following formula: 

Probable error Standard deviation 
Probability expected = r'Number of sample plots 

a2 

JOHNSON"") adopted the formula n = (8 Ii,! to determine the number of sam-

ple plots, where n is the number of sample plots required, a is the standard 
deviation of plot-volume in a forest condition class to be sampled, and S E is 
the allowable probable error. 

In the investigation of natural resources in forests based on so·called "Area 
Sampling"") carried out in Japan during 1953-1954, the number of sample plots 

was given by the formula 0.05 ~ r' ~ . ~, where 0.05 is the probable erro~, 
aimed at, 2 is t value in 95 percent confidence interval, n i~ -the number of 

plots sampled, X is the average volume per sample plot, and ~ is the coefficient 

of variation, moreover, in this investigation, 1.3 was used as the average coef­
ficient of variation in all Japan. 

In the northeast of America, the following formula has been sometimes 
aC 

used'O
). The number of sample plots on the ground (m) is aA+br'AB ,where 

C is the total cruising cost determined previously, A is the cruising cost per 
sample plot on the ground, B is the interpretation cost per sample plot, a is 
L.pi· Si (pi is the area percentage of each stratum and Si is the standard devia-

tion of the volume in each stratum), and b is r' L.pi (X _Xi)2 (xi is the average 
volume in each stratum and X is L.pi· xi). The number of sample plots on 

C-mA 
the photo (N) is B·~ . The division of sample plots to each stratum on 

the ground is determined by the formnla r l = £i .. si . 
. pz ·sz 

number of sample plots per stratum. 

Therefore r l shows the 

According to the inventory plan for Japanese national forests based on 
sampling method3'

), the number of sample plots is determined by following the 
process given below. At first, the sampling ratio (SO) in each stratum is deter-

. d b h f I ( 2 )2 L. Nt (Xi· CJ2 ( 2)2 L. Nt . Si X -
mme y t e ormu a cP = If (L. N • . Xi)" = If X2 , = L. Nt . Xi' 

ni=SO· Nt, where SO is the sampling ratio, E is the presumptive error, x, is the 
presumptive average volume in each stratum, C is the presumptive coefficient of 
variation in each stratum, Si is the presumptive variance in each stratum, n. is 



the number of plots sampled in each stratun, and M is the total number of 
plots in each stratum. In the national forest administrated by 9 Branches of 
Japanese Forest Service (except Hokkaido), at the rate of 1 sample plot to 500 
and also in 5 Branches of Hokkaido, at the rate of 1 sample plot to 1,000, 
so:called "Fixed Plot or Permanent Plot" is assumed to be established to deter­
mine mortality and growth in a given period. Each formula above· mentioned 
must be respectively used in accordance with the condition of each stratum. 

4AC2 
The formula n = e' A + 4 a C' is the most popular jn the present day Japan, 

where n is the necessary number of plots, A is the total number of plots or 
the total area, C is the coefficihnt of variation of stands, a is the area of 1 plot, 
and e is the sampling error percent. 

SECTION 4. Allocation of Sample Plots on Aerial Photographs 

When the plots to be sampled from each stratum are determined, they must 
be allocated on aerial photographs and then equally distributed all over the stra­
tum. In order to allocate sample plots on aerial photographs, a transparent plate 
on which 1 acre circular plots were equally curved has been used in America 
and Canada. Through a hole in the center of each circular plot, a needle point 
is pierced to mark the position of plot-center on an aerial photograph. 

In order to allocate sample plots on a stratum, the random number is gen­
erally used. Such an allocation of sample plots must be done within the so-called 
"Effective Area" in aerial photographs. The effective area of each photograph 
is determined on each photograph. Weare assured of better results because the 
interpretation is confined to the minimum central position where the distortion 

and error due to topography, tip, and tilt are minimum. 

If the area to be cruised extends a vast scope, aerial photographs are num­
bered and placed a pile. Next, a photograph is taken from the pile by using 
the random number3'). The transparent plate is then covered on the photograph 
and the random number is used again. If the number selected falls in the 
stratum, it is pin-pricked as a sampling unit location, if it does'nt, the photo. 
graphisis returned to the pile. Thus, this procedure is repeated until the required 
number of sample 'plots is pin-pricked on aerial photographs. 

In Japan, grid lines 5 mm or 1 cm square are drawn on a working map 
with a scale of 1 : 20,000, a topographical map with a scale of 1 : 50,000 is also 
sometimes used for this purpose. Instead of drawing grid lines directly on a 
working or a topographcal map, a transparent plate as shown in Figure 7 has 
been used in Japan. Grid points are then numbered in every stratum and the 
number of sample plots determined previously is allocated in each stratum by 
using the random number. 
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SECTION 5. Method by which Sample Plots are transferred 
on the Ground 

In general, the accuracy of f.orest invent.ory based on aerial photographs is 
checked by ground measurement. The centers of sample pl.ots de~ermined .on 
aerial photographs are transferred by measuring the distances and its directions 
from the ground points having a outstanding characteristic. In this case, it is 
necessary that the distances are properly corrected by considering the angle of 
inclination. The m.ost desirable thing, of course, is to have.the same sized sample 
transferred to the ground. However, since this is difficult, in America, I acre 

sample plot has been adopted .on aerial photographs and ~ -- ~ acre sample 

plot on the ground. 

SECTION 6. Mathematical Basis for estimating the Magnitude 
of Population 

In the estimation of the magnitude of population from aerial photographs, a 
sampling de sigh based on the stratificati.on has been adopted by pioneers in the 
field of aerial photogrammetry. The real value of stratification comes when the 
strata are delineated so th~t the variation 'of stand volume .or other values to be 
estimated within a given stratum is much less than that f.or the entire forest. 
The stratificati.on in this case means the stand-classification from aerial phot.o­
graphs menti.oned previ.ously. At first, sample pl.ots are ch.osen at rand.om fr.om 

each stratum in the forest and then the stand volume-as an example-is estimated 
in each stratum, The gr.owing stock ot entire forest can be estimated thr.ough 

. the foll.owing procedure: 
L L Nt 

The magnitude of p0pulation X = L: Xi = L: L: X t ) can be assumed from 
i==l t=l j=l 

L L (N. n, ) L (N. ) X' = ~X~ =1:: _t_ L: Xi)' = L: -'-. xi , in other words, X' is an unbiased 
1_1 t~l n, j~l i~1 nt 

L N,-n, a: 
estimate of X, the variation in this case is V(X') = L: N; = ---.c~--::;-'-

'=1 Nt-I n t 

where i ... Symbol of each stratum 
j ... Symbol of unit in each stratum 

N, ... Total number of units in each stratum or Area of each stratum 
n, ... Number of samples in each stratum or Sampling area in each 

stratum 
a: .,. Population variance in each stratum 

A2 S2 Nt-I S2. = Sum of square at = ,~~- -
N, • nt-1 

X~ ... Total estimate of samples in each stratum 



(

t / S: Nt-nt 
Sampling error of mean··· l" 11; ~, N. 

x. 
)x 100 

In the stratified sampling method, the number of plots to be sampled is 
determined independently in each stratum, however, in the proportional sampling 
method, the sample weight in each stratum is respectively equal ratio. Accord-

. ni n 1 . n2 nL 
ingly, in the case of USIng the latter method, Ni = ft, N, = N2 = ... = NL = 
n 
],[=f. 

1 L no 1 L 1 f L 

X' = f L: L: Xi)' = f L: x~, the variance in this case IS V(X') =i= ------.- L: Nt a: 
t~l j~l i~l J t~l 

where f··· Percentage to be sampled 

Since the area sampled changes in accordance with the variation in ground 
elevation, the elevation at necessary points must be calculated by using a height 
finder or a topographical map and then the photo scale must be determined to 
calculate the correct area. The total of these corrected areas is an essential 
sampling area (nt). 

SECTION 7. Importance- of Double Sampling in Forest Inventory 
based on Aerial Photographs 

Double sampling is widely used in timber cruising and research of timber 
increment. This method is also highly important in forest inventory based on 
aerial photographs. In a broad sense, double sampling may be applied to any 
sampling scheme, when applied to stratified random scheme, the standard error 
and other pertinent statistics are found by covariance analysis. When applied 
to a simple random classification, the standard error of the estimate of the de­
pendent variable are found by regression analysis. The stand volume per ha or 
other stand variables may be estimated on aerial photographs and then only a 
selection of the stands may be transferred to the ground to remeasure the stand 
volume per ha or stand variables in detail. The correlation between photo and 
ground estimates for the selection in question may form the basis for correcting 
the photo estimates of those stands not measured on the ground, the results from 
aerial photographs always may be recalculated and they may be greatly improved. 

CHAPTER 12. Measurement of Standvariables 
in each Sample Plot 

SECTION 1. Tree Count 

NEUMANN·') counted the number of trees in 15 Spruce forest stands on aerial 
photographs with a scale of 1: 7,500. The error was -8.9 percent, 'when small 
sized trees under 10 cm in diamter at breast height were omitted, plus errors from 
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2.3 to 12.4 percent were found in 7 forest stands, and minus errors from 2.0 
to 14.5 percent were found in other 7 forest stands while there was no error 
III 1 forest stand. 

NAsH87) counted the number of trees above 4" and more in diameter at breast 
height on aerial phtographs with a scale of 1 : 7,200 and checked the accuracy 
of photo-interpretation. There was -4.8 percent error in coniferous wood and 
- 4.3 percent in hardwood. 

FERREE25
) mentioned that the number of invisible trees contained in the lower 

. layer was necessary in order to obtain the accurate number of trees and a table 
concerned with invisible trees had to be locally made from ground survey. 

Y OUNG135
) expressed the· percentage of trees which could be contained in a 

forest stand as a function of both reciprocal of trees and photo scale. Thus, 
he pointed out that by changing the photo scale from 1 : 3,500 to 1: 15,840, the 
accuracy of counting number of trees in 2 groups of tree species-Spruce fir and 
Pine Hemlock-approximately. decreased by 20 percent. 

According to NAKAYAMA'~ study92>, the systematic errors of the tree counts 
compared with the dominant trees always gave minus errors and ranged from 
-5±34 trees to -60±46 trees per ha both at a 95 percent probability, however, 
-15 ± 8 trees per ha at the same probability was obtained for all the sample 
plots. The standard errors of estimate of each locality ranged from ± 56 trees 
to ± 90 trees per ha, while it was ± 75 trees per ha for all the plots and these 
percentage of the average number of trees per ha ranged from ± 8 percent to 
± 12 percent, while it was ± 11 percent for all the plots. 

In order to determine the possibility of forest inventory by aerial photogra­
phs, some tests were carried out on 3 cruisers (undergraduates) under the supervi­
sion of the author at the Tomakomai Experiment Forest of Hokkaido University. 
In these tests, large scale photographs~ 1 : 5,200 panchromatic summer photogra­
phy as shown on Plates 2,-.,6-were utilized, and the estimates were made by the 
cruisers who had not been previously trained in photo-interpretation. 

The first step in our photo-interpretation was to count the number of trees 
in each of the 44 hardwood sample plots 

Tabl 5. Distribution of the number of 
-the size of a sample plot is 0.2 ha- dominant trees per plot. 

representing the condition of the Toma- -----:-, ----~-----
ko . Ex' F d b h No. of trees I No. of plots mal penment orest ravage y t e 
Typhoon No. 15 in 1954, and the esti­
mates obtained from aerial photographs 
were checked against a careful ground 
measurement. The number of trees coun­
ted on the ground were divided into 2 
groups-dominant trees and suppressed 
trees, and then the number of trees inter­
preted from aerial photogrphs were com-

0-- 50 
51-1(){) 

101-150 
151-200 
201-250 

251-300 
301-350 

Total 

14 

15 
10 

3 

1 

1 

44 

% 

31.8 

34.1 

22.7 

6.8 

2.3 
2.3 

100.0 



pared only with the former. 
The number of dominant trees in the 

44 sample plots ranged from 65 to 310 
trees per ha. The distribution of the 
number of plots by the number of domi­
nant trees per ha is shown in Table 5, 
and the distribution of the number of 
plots by symbol of error in tree count 

Table 6. Error of tree count showed 
by plus and minus symbols. 

Symbol 

o 

+ 

Total 

i No. of plots 

1 

39 
4 

44 

% 

2.3 

88.6 

9.1 

100.0 
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from aerial photographs in Table 6. If the estimates were compared with the 
total number of trees on the ground, all sample plots would show minus errors. 
The absolute errors of tree count on aerial photographs ranged from 0 to 125 
trees per ha, and most of these errors were made in plots under 50 trees. The 
percentage errors ranged from 0 to 45.4 percent and most of them were under 
30 percent (Table 7). 

Table 7. Distribution of the number of plots by absolute and percentage 
error in tree count from aerial photographs. 

Absolute I No. of plots 
I 

% error class 

0- 25 25 56.8 

26- 50 10 22.7 

51- 75 5 11.4 

76-100 1 2.3 

101-125 3 6.8 

Total 44 100.0 

Lastly, the error of tree count 
was summarized as shown in Table 
8. Through t-test, a significant dif­
ference could' be recognized between 
ground measurement and photocruise 
at a 5 percent level. The average 
error of all sample plots is - 31 + 10 

II 

Percentage 
No. of plots I 0/ 

error lcass /0 

i, 0-10 I 15 
I 

34.1 
i 

i 
II 

11-20 9 i 20.5 , 

I 

21-30 10 22.7 

" 31-40 6 13.6 II 
I 

:1 
41-50 4 I 9.! 

-.~-

Total 44 100.0 

Table 8. Error of tree count from aerial pho­
tographs (at a 95 percent probability) 

M 

tJ 

t-test 

l_Grou~_I_~hoto ___ Difference 
, 

137±16 

56±12 

106±10 

34± 8 

-31±1O 

32± 6 

* 

trees per ha at a 95 percent proba- M: Arithmetic mean. 

bility and the averge error percentage tJ: Standard deviation of arithmetic mean. 

may be regarded as approximately-23 percent, however, these errors tended to 
be eliminated when correction factors of each photo-interpreter were used. 

SECTION 2. Tree CrQwn Closure 

Tree crown closure is defined as the proportion of the area of a stand or 
other homogeneous unit covered by the crown of trees. Tree crown closure 
can be measured on both aerial photographs and the ground. 

According to NASH and MOESSNER'S studies67
\ tree crown closure is closely 
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related to the growing stock. There are several methods of determining tree 
crown closure on aerial photographs which are listed as follows: 

1. Method by using dot grid,o.,12') 

2. Method by using tree crown density scaleS7
) 

3. Method by using "Reverse ·Moosehom" photo aid8
7) 

1. The dot grid, as shown in Figure 8 is placed on the photograph and dots 
falling on tree crowns are counted. The 't~ee crown closure is shown as the 
proportion of the total number of dots within the area investigated. 
2. The tree crown density scale which was made previously as shown in Figure 

11 is used for the determination of tree crown closure. 

t 
<i 

0 [] ~ 

0 0 ." lE '.' 

0 @j ' .. m .' 
~ 

" II 

CROWN DENSITY SCALE 
R 
~ 

~ ria ~ g 

~ fI iii • 
~ iii l& II 

II , ~ iii 

PERCENT CROWN COVER 
'"20000 

: 
II • • • • • .. • • ~ 2 ~ 

FCf£ST !U!llEY-CENTRAL STATES FOREST EXPERHENT STATION 

Figure 11,. Tree crown density scale. 

3. This method is quite similar to the transect 
dots carved on a thin transparent film as shown 
photograph to measure the tree crown clo-

method. An instrument with 
in Figure 12 is placed on the 

f .,. .,. ••• lIS " • ~ 
sure and the number of dots falling on the 
tree crowns is counted accurately. This 
procedure is repeated at the constant in­

.................................................. 
Figure 12. "Reverse Moosehorn" 

photo aid. 

terval-one quarter of an inch-until it covers the entire area to be investigated. 

The tree crown closure is Number of dots counted x 100 
Number of rows x Number of dots within a row 

NASH highly praised this method, however, it is obvious that the photo scale 
should be large enough to recognize dots. The author ventures to point out 
that since black dots are sometimes apt to be indistinct on white and black 
photographs, they should be improved. 

WORLEY and MEYER H. A.".) compared the dot grid method with the tree 
crown density scale method as to 93 sample plots especially by changing photo­
interpreters respectively and determined significant systematic error and personal 
error. Through this study, no significant difference due to different tools could 
be recognized, however, significant difference in regard to the measurement ac­
curacy of tree crown closure between photo-interpreters could be recognized in 
some degree. 

Tree crown closure estimated directly from aerial photograph must be 



checked by measurement values from the ground. In older times, a projection 
of tree crowns was developed to calculate a tree crown closure. Recently so­
called "Moosehorn Crown Closure Estimator" as shown in Figure 1398

) has been 
used for this purpose. Tree crowns are peeped at through a peep sight ring 
and the area of tree crowns covered is measured in the same manner as· in the 
dot grid method. 

Transparent stage tor 
dot template 

2 way circular lOyel/ (Double strength g.I.8S) ... 
\_-I-~ __ -:-~ . Adjuotabl. " det.achable II1rror 

Croas bair 

X 
(carbon ink) 

~ ...... ' ..... . . . . . 

Transparent dot temPlate 
(cellulOI. acetate) 

tF=-::::>1"::..;2_wac:...Y_CiT/rcUlar level 

814 •• mad. of plJVOOa 
or ._ l1ght .. tal" 

Side apperture 

_Combination handle 

Figure 13. Sectional view and parts of the "Moosehorn 
Tree Crown Closure Estimator". 

NASH87) compared the measurement values obtained by "Moosehorn Crown 
Closure Estimator" on the ground with the values obtained from aerial photo­
graphs. In this case, aerial photographs taken of the Sonne camera with a scale 
of 1 : 600 were used and the average tree crown closure of 11 forest stands Was 
4.9 percent smaller than that of the ground survey. 

The author tested the accuracy of photocruise concerning tree crown closure 
in Compartment 29 of the Horonai Working Unit of Tomakomai Experiment 
Forest by the following method: 

At first, an instrument with grid carved on the transparent film as shown 
in Figure 7 is placed on the area to be investigated, and then the tree crown 
density scale as shown in Figure 11 is placed beside the photograph and is slided 
up and down until tMie densities in each grid on the photographs and the scale 
correspond. 

The average tree crown closure of Compartment 29 obtained through this 
procedure was 61.1 percent. Next, the author selected 8 sample strips on the 
ground and developed the projection maps of individual tree crown to estimate 
the actual tree crown closure. Thus, the author obtained 56.6 percent. Namely, 
no remarkable difference could be recognized between both estimates. 



SECTION 3. Tree Crown Diameter 

There are 3 methods to measure the tree crown diameter, namely, 
1. Method of using tree crown diameter scale (Dot size) printed on a pIece of 

film as shown in Figure 1546
) 

2. Method of using a micrometer wedge shown m Figure 14 
3. Method of usmg a stereoscopic micrometer 

ALLEGHENY FOREST e EXPERIMENT STATION 

) SHADOW LENGTH MEASURING SCALE 

/""I'",I""i,",j"""",I"""",i"""",I"'II'",l"""",:,,,,,,,,,},,,,,,,,:,,,,,,,,,:,,,,,,,,,:,,,,,,,":""I"":"i'lii"~""""':' 
o I 2 :s " S 6 7 9 10 II 12 I) 14 " 

~lnIMcot'd'Gt.nc"l.t_.,.(Oft"""fI,HII"lfI""flcJ".I"'of"'hlcll 

Figure 14. Shadow length measuring scale. 

CROWN DIAMETER SCALE 

CENTRAL STATES FOREST EKPERIMENT STAlliON 

................................ 
1;1~1~!~I .. '!>tHlet;.!tsJ;ItI,~I". 
010 20]() 4050&0 70809OIOOlIO 

NUMBERS INDICATE ~OT SIZE IN THouSANDTHS OF AN INCH 

Figure 15. Tree crown diameter scale (Dot size). 

In the case of measuring tree crown diameter, it is very effective to use a 
supplementary table showing the relation between the tree crown diameter ex-

pressed by 1,~00 unit and the actual tree crown diameter in each photo scale 

as shown in Table 13. 
LOSEE65

) measured tree crown diameters of 22 uniform forests in Canada on 
aerial photographs with a large scale by usirlg a stereoscope. Tree crown di­
ameters were measured with the average error of -0.09±0.33' at a 95 percent 
probability on aerial photographs with a scale of 1: 1,200. However, tree crown 
diameters could not be satisfactorily measured on aerial photographs with a scale 
of only 1 : 7,200. 

WORLEY and MEYER H. A.12B) reported that 3 photo-interpreters measured 
36 trees 2 times by using the dot sized tree crown diameter scale and the mi­
crometer wedge. The results obtained by these tools were compared with each 
other. Through this study, no significant difference due to different tools could 
be recognized, inoreover, no significant difference in reg*d to the accuracy of 
measuring tree crown diameter between coniferous wood and hardwood could 
be recognized. 

NAKAYAMA92
) reported that the systematic error of the average tree crown 

diameter estimation showed plus or minus values and ranged from -0.2±0.2 m 
to 0.5 ± 0.3 m at a 95 percent probability, while the average value for all sample 
plots was -0.01 ± 0.06 m at the same probability. 

The second step in our photo-interpretation was to estimate the average 



tree crown diameter per plot. Tree crown 
diameters in each plot were measured with 
a crown diameter scale as shown in Fig­
ure 15. The same 44 hardwood sample 
plots which were used for the tree count 
test, previously mentioned, were also used 
for this estimation, and the crown dia­
meters of all dominant trees in each of 
the sample plots were measured on the 
ground. These average tree crown dia­
meters ranged from 4.0-8.4 m. The dis­
tribution of the number of plots by aver­
age tree crown diameter are shown in 
Table 9. 

Table 9. Distribution of the average tree 
crown diameters per plot. 

c!~~a~fa. I No. of plots I % 
~ __ (!p.l ________________ ~ __ 

3.0-4.0 

. 4.1-5.0 

5.1-6.0 

6 .. 1-7.0 

7.1-8.0 

8.1-9.0 

1 

20 

11 

8 

2 

2 

2.3 

45.4 

25.0 

18.1 

4.6 

4.6 

Next, approximately ! of the domi-

Table 10. Error of the estimation of 
average tree crown diameter 
showed by plus and minus 
symbols. 

nant trees in each plot were chosen at 
random on aerial photographs as sample 
trees for estimating the average tree 
crown diameter, and the estimates obtained 

Symbol 

o 

+ 

I No. of plots 

2 

3 

39 

% 

4.6 

6.8 

88.6 

through this procedure were compared = Total =t ___ 4~ __ I_ 100.~ __ 
with those measured from the ground. 
As shown in Table 10, most of the sample plots showed plus errors. 

The absolute errors in this case ranged from 0 to 3.5 m, which were dis­
tributed irregularly in each class as shown in Table 11. 

Table 11. Distribution of the number of plots by absolute and 
percentage error in average tree crown diameter 
estimation from aerial photographs. 

error class No. of plots % Percentage Nfl %0 Absolute I J 
___ ("-'m::..:) __ --;--____ _ ___ o __ --'", __ e_rr __ or class _~~p~ot_s--i--____ _ 

0-0.5 11 25.0 0-10 15 

0.6-1.0 2 4.6 11-20 2 

1.1-1.5 10 22.7 21-30 8 

1.6-2.0 2 4.6 31-40 4 

2.1-2.5 6 13.6 41-50 6 

2.6-3.0 10 22.7 51-60 9 

3.1-3.5 3 6.8 

34.0 

4.6 

18.2 

9.1 

13.6 

20.5 

--------,----------'-----------'"---- --';---------;----

L_~_I __ 100~_0 Total 44 100.0 Total 

Th ' df 0 60 d . 11 e percentage errors range rom to percent an approxImate y 5 
of all sample plots showed errors exceeding 50 percent. The reasons for this are as 



follows: 
1) The 3 interpreters who 

participated in this photocruise had 
a tendency to select the larger 
trees as samples. 

2) 2 or more tree crowns 
were liable to be interpreted as a 
single tree crown, especially in the 
hardwood forest. 

Table 12. 

M 

d 

t·test 

Error of average tree crown diameter 
estimation (at a 95 percent probability). 

Ground 

5.5±0.32 

1.1±0.24 

Photo 

7.1±0.26 

0.8±0.18 

Difference 

1.6±O.36 

1.2±0.26 

* 
M: Arithmetic mean. 
d: Standard deviation of arithmetic mean 

Through this experience, the author keenly feels that techniques for dis­
tinguishing individual tree crowns in hardwood forest must be further improved. 

The error of average tree crown diameter estimation· was summarized in 
Table 12. Through t-test, a significant difference could be recognized between 
ground measurement and photocruise at a 5 percent level. The average error 
of all sample plots is 1.6 ± 0.36 m at a 95 percent probability and the average 
error percentage may be regarded as approximateley 29 percent. 

Photo crown 
diameter 

, Thousandth) 
\ of 1 em 

5 

10 

15 

20 

25 

30 

35 

40 

45 

5D 

55 

60 

65 

70 

75 

Table 13. Actual tree crown diameter for photo tree crown 
diameter and photo scale. 

Photo scale (m) 

1: 10,000 1 : 15,000 1 : 20,000 I 1 : 25,000 

0.50 0.75 1.00 1.25 

1.00 1.50 2.00 2.50 

1.50 2.25 3.00 3.75 

2.00 3.00 4.00 5.00 

2.50 

I 

3.75 5.00 ! 6.25 

3.00 4.50 6.00 I 7.50 

3.50 5.25 7.00 
, 

8.75 

I 

! 
4.00 6.00 8.00 I 10.00 

4.50 I 6.75 9.00 I 11.25 

5.00 

I 

7.50 
I 

10.00 
I 

12.50 

5.50 8.25 11.00 
I 

1375 

6.00 9.00 12.00 

I 

15.00 

6.50 

I 

9.75 13.00 16.25 

7.00 10.50 14.00 17.50 

7.50 11.25 15.00 18.75 
"---

SECTION 4. Tree Height 

1: 40,000 

I 
2.00 

I 4.00 
1 

6.00 ! 

i 8.00 

I 10.00 

I 

12.00 

14.00 

I 16.00 

I 18.00 

I 20.00 

22.00 

24.00 

26.00 

28.00 

30.00 

When a tree height measurement is attempted directly from aerial photo- . 
graphs, either displacement or parallax difference or length of tree shadow is 
required. Displacement is obtained from a single photograph and others are 
obtained from pair photographs. 

1. Displacement method"6
) 
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The formula from which tree height is calculated is h = d· H , where h . 
r 

is the height in feet, d is the length of tree image in inches on the photograph, 
r is the distance of the top of the tree from nadir point in inches, and H is 
the flying height fn feet. However, this method is not actually used so' often. 

2. Parllax difference method,· .. ,72,lOo,,,, ,"') 

The standard parallax formula is II = r:~ ~, where, h is the height in feet, 

dp is the parallax difference in inches, b is the distance between P.P. and c.P.P. , 
and H is the flying height. With the exception of America and Canada, such 
measurement methods of tree height has been broadly adopted in every country 
lately. It is the author's hope that this method will be adopted in Japanese 
forest inventory based on aerial photographs. The most important instruments 
in measuring the parallax difference are a parallax wedge and a parallax bar­
height finder- as shown in Figure 16. In the case of using these American or 

1. Abrams H eight finde r Model HF-Z. 

3. Parallax wedge. 

2. Parallax bar commonly used in Japan . 

• Figure 16. Parallax ba r (H eight finde r). 

Canadian instruments for the purpose of investigating Japanese forests, it is 
emphasized that the measurement unit should be converted into Japanese unit 
prior to usage. We also need supplementary tables as shown in Table 14 to 
calculate the tree height simply. Since a parallax bar has a measurement unit 
expressed in mm, we can calculate tree height in m by measuring photo base 
in em. Accordingly, a parallax bar is far more convenient for Japanese forest 
inventory than a parallax wedge. 



Photo base 
b 

(em) 

6.50 

6.75 

7.00 

7.25 

7.50 

7.75 

8.00 

8.25 

8.50 

8.75 

9.00 

9.25 

9.50 

9.75 

10.00 

10.25 

10.50 

Table 14. Parallax bar conversion factors for use with deviced 
reading to 0.01 mm parallax (dp). 

Height (m) per millimeter of dp, for scales (RF) of 

1: 10,000 I 1: 15,000 I 1: 20,000 I 1 :25,000 I 
31.8 47.7 63.6 79.5 

30.6 46.0 61.3 76.6 

29.6 44.4 59.1 73.9 

28.6 42.8 57.1 71.4 

27.6 41.4 55.2 69.0 

26.7 40.1 53.5 66.8 

25.9 38.9 51.8 64.8 

25.1 37.7 50.3 62.8 

24.4 36.6 48.8 61.0 

23.7 35.6 47.4 I 59.3 

23.1 34.6 46.1 I 57.6 

22.4 33.7 44.9 56.1 

21.9 32.8 43.7 54.7 

21.3 3~.0 42.6 53.3 

20.8 31.2 41.6 52.0 

20.3 30.4 40.6 50.7 

19.8 29.7 39.6 49.5 

3. Tree shadow method 

1: 40,000 

127.3 

122.6 

118.3 

114.2 

110.5 

106.9 

103.7 

100.6 

97.6 

94.8 

92.2 

89.8 

87.4 

85.3 

83.1 

81.1 

79;2 

When the length of tree shadow and the angle of the sun at the time when 
aerial photographs were taken are known, the tree height can be calculated by the 
formula h=L tan X, where h is the tree height, L is the length of tree shadow, 
and X is the angle of the' sun in degt;ees. In order to calculate the angle of 
the sun, the date of photography must be known as well as the latitude and 
the longitude. 

SEELyIJ2) mentioned that when the angle of the sun was known, while this 
tree shadow method was highly convenient in practice, however, there were many 
limitations in measuring the tree height from the tree shadow. 

This method has been used in Canada for the past 20 years. When the 
tree shadow falls on the ground without any obstruction, this method can be 
used accurately. However, it is almost impossible in a dense forest. • 

NASH"7) reported that in the case of measuring tree heights ranging from 20 
to 60 feet, the standard error was 2.2--2.5 feet. Especially with regard to the 
characteristics of tree shadow, the splendid studies by COLWELL, JENSEN14

) and 
LOSEE") can not be overlooked. 

SPURR IJ
.) mentioned that if the photo-interpretation was done by skilled en­

/ gineers, the parallax difference method would give us far more accurate values 
than the shadow method and the error of height measurement would not be over 
10 feet and in general the difference of measurement value between aerial 
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photographs and the ground would be within 5 feet. 
MOESSNER, BRUNSON, and JENSEN71

) indicated that the average error of 38 
forest stand heights was not larger than 6 feet on aerial photographs with a 
scale of 1 : 20,000 and the standard error was 10 precent. 

LOSEE65
) measured tree heights on 2 large scale photographs of 1 : 7,200 and 

1: 1,200, and obtained the average error 0.6±2.1' for the former scale and 2.1 
± 0.5' for the latter scale. 

SAMMI106
) studied the cofficient of variation for repeated tree height measure­

ments and found that this increased with parallax difference. 
MOESSNER") calculated the average of forest stand heights directly fom 3 

different scale photographs and compared with measurement values on the ground, 
however, no remarkable difference could be recognized due to the photo scale. 

NAKAYAMA'2) reported that the systematic error of average tree height estima­
tion always showed minus values and these errors rabged from -1.1 ± 1.0 m to 
-3.0±0.8 m at a 95 percent probability. The standard error of estimation 
for the average of all sample plots was ± 2.8 m which was ± 14 percent of 
average tree height, however, this percentage decreased to ± 11 percent when 
the systematic error was excluded. 

The third step in our photo-interpre­
tation was to estimate the average tree 
height per plot. Tree heights in each 
plot were measured with a parallax bar 
as shown in Figure 16-2. The same 44 
hardwood sample plots which were used 
for the tree count and the average tree 

. crown diameter estimation tests, men­
tionedpreviously, were also used for this 
estimation, and the heights of all domi­
nant trees in each of the sample plots 
were measured on the ground. 

These average tree heights ranged 
from 11.7 to 20.3 m. The distribution 
of the number of plots by average tree 
height as shown in Table 15, most of the 
sample plots were under 18 m. 

Next, approximately ~ of the domi­

nant trees m each plot were chosen at 
random on aerial photographs as sample 
trees for estimating the average tree 
height, and the estimates obtained by this 
procedure were compared with those 

Table 15., Distribution of the average 
tree height per plot. 

Average 
tree height 

(m) 

11.0-12.0 

12.1-13.0 

13.1-14.0 

14.1-15.0 

15.1-16.0 

16.1-17.0 

17.1-18.0 

18.1-19.0 

19.1-20.0 

20.1-21.0 

Tolal 

Table 16. 

Symbol 

o 

+ 

Total 

I No. of plots I 

3 

3 

12 

10 

6 

2 

5 

2 

1 

44 

6.8 

6.8 

27.2 

22.7 

13.6 

4.6 

11.4 

4.6 

2.3 

100.0 

Error of the estimation of 
average tree height showed 

by plus and minus symbols. 

! No. of plots I % 

2 4.5 

37 84.1 

5 11.4 

44 100.0 
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measured from the ground. As shown in Table 16, most of the sample plots 
showed minus errors. 

The absolute errors in this case ranged from 0 to 5.5 m, and most of them 
were under 4.0 m. The percentage errors ranged from 0 to 38.4 percent, and 
most of them were under 30 percent as shown in Table 17. 

Absolute 
error class 

(m) 

0-1.0 

1.1-2.0 

2.1-3.0 

3.1-4.0 

4.5-5.0 

5.0-6.0 

Total 

Table 17. Distribution of the number of plots by absolute and 
percentage error in average tree height estimation 
from aerial photographs. 

I N~. of plots 0/ 
/0 

Percentage 
No. of plota I error class 

11 25.0 

7 15.9 

0-10 15 
I 11-20 11 

13 29.6 21-30 12 

7 15.9 31-40 6 

3 6.8 

3 6.8 

44 100.0 Tota-l 44 

% 

34.1 

25.0 

27.3 

13.6 

100.0 

The error of average tree 
height estimation was summa­
rized in Table 18. Through 
t-test, a significant difference 
could be recognized between 
ground measurement and pho­
tocruise at a 5 percent level. 
The average error of all sam­
ple plots is -2.3±0.61 m and 

Table 18. Error of average tree height estimation 
from aerial photographs (at a 95 percent 
probability). 

Ground Photo Difference 

____ (tn) (m) {m} 

M 14.9±0.61 12.6±0.73 -2.3±0.61 

q 2.0±0.42 2.4±0.51 2.0±0.44 

t·test * 
M: Arithmetic mean. 

the average error percentage q: Standard deviation of arithmetic mean. 

may be regarded as approximately -15 percent. 

SECTION 5. Stand Volume 

With aerial photographs suitable for the purpose of forest inventory and an 
aerial stand volume table or an aerial tree volume table, the total stand volume 
(X') of sample plots chosen from each stratum can be readily determined. Since 
the area of each stratum (N) has already been determined by the method men­
tioned previously, the total stand volume of each stratum is calculated from the 

formula X' =!{ x', where n is the area of plots sampled. Lastly, the stand 
n 

volume of each stratum is totalized. 
According to Spurr, the initial studies concerning the determination of stand 

volume from aerial photographs was carried out in Germany during 1925-1933. 
Later, foresters in Canada-Wilson, Seely, and Andrews-opened up a new field 
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from a view-point of practical application and developed aerial stand volume 
tables based on tree crown closure or tree height, together with volume tables 
from tree crown closure and tree height. Likewise, foresters in various coun­
tries have respectively developed aerial stand volume tables. 

1. Estimation of Stand Volume by Aerial Stand Volume Table,·,32"., •• ,97) 

The. accurate number of trees in forest stand can not be obtained directly 
from aerial photographs with ordinary quality and photo scale. Accordingly, it 
has been said in America and Canada that aerial tree volume tables fail to play 
an important part in photo-interpretaiton, if aerial phQtographs taken most recently 
and reliable aerial stand volume tables can. be obtained, average stand volume per 
unit area can be estimated with a minimum of field work. Estimates are made 
in terms of gross volume, as amount of cull or defect can not be adequately 
estimated. 

The aerial stand volume table by MOESSNER,3) which has a historical signi­
ficance in American and Canadian forest inventory was developed from the 
relationship between the volume per acre and stand variables-tree crowndia­
meter, tree crown closure, and tree height. The aerial stand volume table in 
American Central States developed by BRUNSON and JENSEN and the aerial 
stand volume table of Loblolly pine and Slash pine in California developed by 
MINOR are quite similar to MOESSNER'S table above-mentioned. In addition to 
this, SPURR developed aerial stand volume table of White pine and Loblolly pine 
from the relationship between stand volume per acre and tree height. Pole also 
developed aerial stand volume table of Douglas fir from the relationship between 
stand volume per acre and standvariables-tree height and tree crown closure. 
There are many others besides these in America and Canada. 

According to the preliminary plan for Japanese fore~t inventory based on 
sampling method31), the aerial stand volume table will be developed by following 
the procedure given below: 

1. Using base map, working map, forest inventory book, and working book, 
forest divisions such as working . unit, compartment, and· sub·compartment are 
filled in on aerial photographs under a stereoscope. 1£ a forest stock in a sub­
compartment or a compartment is not homogeneous, the forest stock is generally 
subdivided under the stereoscope so as to render it homogeneous. However, this 
division is usually done within the effective area of aerial photographs. 

2. The field book for sampling inventory is divided into dominant tree 
species and 5 age groups of forest stand age; 1-10 years, 10-20 years, 20-40 
years, 40-60 years, and 60 years or more,. moreover, hardwood natural forest is 
divided into young (1-20 years), medium (21-60 years), and old (61 years more). 
The stand-classification is in proportion to the idea of stratification. 

3. Forest stock division is done on tree species contained in the upper layer 
of the forest. 

4. . With regard to the points surveyed on the ground, in the case of an 
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artificial forest, at first, sample plots of 50 m square (One side line has a cor­
responding length of 5 mm on aerial photographs with a scale of 1: 10,000) are 
established on the photographs and then the number of tree crowns in each 
square on the photographs is counted. However, in the case of natural forest, 
the average tree crown diameter is calculated after measuring each tree crown 
diameter by using wedge or stereoscopic micrometer. If the average tree crown 
diameter can not be determined on aerial photographs, the number of tree crowns 
is used instead of the average tree crown diameter. 

5. The volume determination formula per ha should be made depending on 
the number of trees recognized directly from aerial photographs especially in the 
case of photo-interpretatioI;l in artificial forest. On the other hand, in the case 
of natural forest, the average tree crown diameter obtained directly from aerial 
photographs is used to make the volume determination formula and then the 
aerial stand volume table is developed by this formula. The form of the simplest 
aerial stand volume table is shown in Table 19. The procedure of developing 
aerial stand volume table in Japan may be considerably simplified since it is not 
necessary to express the content by "board feet" unit. 

Table 19. Aerial stand volume table. 

Name of working unit 

~
umber of tre~esl 

on the photo 

Stand age m" 

1-10 

11-20 

21-30 

31-40 

41-50 

51--60 

60 more 

Dominat tree species 

Remarks: i. This table is developed for each dominant tree species. 
ii. Number of trees in ( ) is per ha. 

iii. In the case of natural forest, tree crown diameter is sometimes used instead 
of number of trees. 

As mentioned previously, the estimation of stand volume in Japanese forest 
inventory has been done hitherto with measurement standards of sub-compartment 
or compartment. The calculation of stand volume in a sub-compartment or a 
compartment is done by following the procedure given below: 

1. Identification of age classes in sub-compartment or compartment. 
2. Selection of photographic points in each sub-compartment or compart­

ment by systematic or random sampling. 10 points are usually selected in each 
sub-compartment or compartment, especially in a small area, 5 points are correct. 

3. Using an aerial stand volume table, the volume per ha is determined 



53 

at every point established on the photograph whereupon the average of these 
measurement values is calculated. The stand volume of sub-compartment or 
compartment is given by the formula: V = Average stand volume x Area of sub­
compartment or compartment. Since it is very difficult to accurately determine 
the age class in a natural forest, this preliminary plan for Japanese forest inven­
tory leaves considerable room for improvement, at least with regard to age­
classification. With the general approach of the Japanese Forest Service as 
described above, the development of aerial stand volume table was initiated in 
1958. 

SUZUKI'23) developed an aerial volume table based on the relationship between 
stand volume per ha (V) and standva~iables-number of trees (n) and modified 
tree crown closure (r), the volume estimation formula he used is log V = a + 
b, log r + b2 log r, where b, and b2 are constants which change with each growing 
region. 

NAKAYAMA92
) used the following volume estimation formula to develop an 

aerial stand volume table, namely, V = (a + H2)j(b + H), where V is the stand 
volume, H is the stand height, and a and b are constants. 

NAKASONE developed an aerial stand volume table from average tree height 
and average tree crown diameter, the volume estimation formula he used is 
V = a + bH + c CD, where V is the stand' volume, H is the average tree height, 
CD is the average tree crown diameter, and a, band c are constants. 

The author developed 3 aerial stand volume tables of hardwood in the 
Tomakomai Experiment of Hokkaido University as shown in Table 20. The 

author's volume estimation formula is V=a+bN+cH, V=a+bN+cCD, and 

V=a+bN+cCD+dH, where N is number of dominant trees, CD is the 
average tree crown diameter, H is the average tree height, and a, b, c, and d 
are constants. 

The Forestry Affairs Division of Nara Prefecture30
) developed an aerial 

volume table for artificial forest-Sugi and Hinoki-from average tree crown dia­
meter and average tree height. The· volume estimation formula used in this 
case was V = 0.775 X1.371 yo .•• s, where x is the average tree crown diameter and 
y is the average tree' height, in addition to this, the number of trees per ha 
must be known in all such occasions. 

The volume for artificial forests can readily be developed from a yield table. 
As shown in Table 21, the author has developed an aerial volume table for 
Todomatsu (Todofir) and Ezomatsu (Ezo spruce) in Teshikage district, Hokkaido. 
The yield table by SHIMAMOT037) was used in this study. The volume estima­
tion, of artificial forest is conducted as follows: 

a. Several test trees are selected in 1 ha circular plot on aerial photographs. 
b. Height of test trees is measured. 
c. Using Table 21, volume of test trees is respectively estimated and then 

,the arithmetic mean of these volumes is calculated. 
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Table 20. Aerial stand volume table of hardwood in the Tomakomai 
Experiment Forest of Hokkaido University (m3). 

1. From the relationship between stand volume per ha and standvariables­
number of dominant trees and average tree height (N: fi.: V). 

Number of trees Average 
tree height 

(m) (25-74) (75-124) ! (125-174) I (175-224) I (225-274) I {275-325} 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

I 
15 

12 32 
10 I 28 47 

8 26 44 63 

5 24 42 60 79 
21 40 58 76 95 
37 56 74 92 111 
53 72 90 108 127 

69 88 106 129 143 
85 104 122 140 159 

101 120 138 156 175 

117 136 154 172 191 
133 152 170 188 207 , 
149 168 186 204 223 
165 184 202 220 239 
181 200 218 236 255 
197 216 234 253 271 
213 232 250 269 287 

2. From the relationship between stand volume per ha and standvariables­

number of dominant trees and average crown diameter (N: CD : V). 

33 
49 
65 
81 
97 

113 
129 
145 
161 
177 
193 
209 
225 
241 
257 
273 
'289 
305 

Average tree I Number of trees 
crown diameter -------,-----'�--"-'-'-'---.--1' --=--~~~'-TI------;-I-----

(m) {25-74} {75-124} (125-174), (175-224) {225-274} (275-325) 

2.0 I 18 
2.5 I 20 34 
3.0 8 22 37 51 
3.5 11 25 39 53 68 
4.0 13 

I 

27 42 56 70 85 
4'5 30 44 58 73 87 101 , 
5.0 46 61 75 89 104 118 
5.5 63 77 92 106 120 135 
6.0 80 94 108 123 137 151 
6.5 97 111 125 140 154 168 
7.0 113 128 142 156 171 185 
7.5 130 144 158 172 187 201 
8.0 147 161 180 190 204 218 
8.5 164 178 192 206 221 235 
9.0 180 195 209 223 237 252 
9.5 197 211 226 240 254 268 

10.0 214 228 242 257 271 ' 285 



3. From the relationship between stand volume per ha and 

standvariables-number of dominant trees, average tree 

crown diameter, and average tree height (N: CD : H: V). 

Average I Number of trees 
tree Average tree height \7.5-12.4 m) , Average tree height (12.5-17.4 m) . 

di~~~~r 1(25--74)1'(75- 1'(125-- 1(175-- 1'(225-- 1(275-1;~_74)1(75- 1(125-- -1(175-- 1(225-- i{275-
(m) 1 124) 174) 224) 274) 325) 124) 174) 224) 274) 325) 

2.0 1 28 8 23 I ' 38 54 I 70 
2.5 I 38 '2 17 33 I 48 64 79 

I 3.0 16 32 48 12 27 43 i 58 74 89 
3.5 I 26 42 57 21 36 52 67 83 98 
4.0 20 36 51 67 31 46 62 77 93 108 
4.5 14 30 45 61 76 40 56 72 87 103 118 
5.0 9 24 40 55 71 86 50 66 81 97 112 128 
5.5 18 34 49 65 80 96 60 75 91 106 122 137 
6.0 28 43 59 74 90 105 69 85 100 116 132 147 
6.5 37 53 69 84 100 115 79 94 110 126 141 157 
7.0 47 63 78 94 109 125 89 104 120 135 151 166 
7.S 57 72 88 103 119 134 98 114 129 145 161 176 
8.0 66 82 96 113 129 144 1(8 124 139 155 171 186 
8.5 76 92 107 123 138 154 118 134 149 164 180 195 
9.0 86 101 117 132 148 163 127 143 158 174 190 205 
9.5 95 111 127 

1 

142 158 173 137 153 168 184 199 215 

10.0 105 121 136 152 167 183 147 162 178 193 209 224 

Average Number of trees 
·tree Average tree height (17.5-22.4 m) I Average tree height (22.5-~7.5 m) 
crown I " I I I I--~I r- I --1- -I--diameter (75- (125-' {175-- {225- (275-- (75- {125-- {175- (225 (275-

(m) (25-74) 124)1 174)1 224) 274) 325) (25--74)1 124)1 174) 224) 274) 325) 

2.0 34 49 65 80 96 

I 

111 75 91 106 I 122 137 153 

2.5 43 59 74 90 106 121 85 101 115 
1 

131 146 162 

3.0 53 69 84 100 115 131 95 110 126 141· 157 172 

3.5 63 78 94 109 125 

I 

140 104 120 135 151 166 182 

4.0 72 88 103 119 135 150 114 130 145 161 176 192 

4.5 82 98 113 129 144 160 124 139 155 170 186 201 

5.0 I 92 107 123 138 154 169 1 133 149 164 180 195 211 I 

5.5 101 117 132 148 163 179 143 159 174 190 205 221 

6.0 
1 

111 127 . 142 158 173 189 153 168 184 199 215 230 

6.5 120 137 152 167 183 198 162 178 193 209 224 240 

7.0 130 146 161 177 192 208 172 188 203 219 234 250 

7.5 140 156 171 187 202 218 182 197 213 228 244 259 

8.0 150 165 181 196 212 227 191 207 222 238 253 269 

8.5 159 175 190 206 221 237 201 216 232 

I 

248 263 279 

9.0 169 185 200 216 231 247 211 226 242 257 273 288 

9.5 179 194 210 225 

I 

241 256 220 236 251 

I 

267 

I 

282 298 

10.0 I 
188 204 219 I 235 250 266 230 245 261 277 292 308· 



Table 21. Aerial volume table for Ezomatsu (Ezo spruce) and Todomatsu 
(Todo fir) Teshikaga district, Hokkaido. 

Tree height 

(m) 

5 

6 

7 
g 

9 

10 

11 

12 

13 

14 

15 

, 

I 
! 

Ezomatsu 

(m3) 

0.01 

0.02 

0.03 

0.04 

0.06 

0.08 

0.10 

0.13 

0.17 

0.21 

0.26 

I 

Todomatsu 

(m3) 

-

0.02 

0.03 

0.05 

0.06 

0.09 

0.12 

0.15 

0.19 

0.23 

0.29 

I 

Tree height 

(m) 

16 

17 

18 

19 

20 

21 
'22 

23 

24 

, 

I 

I 
i 
! 

Ezomatsn 

(m3) 

0.32 

0041 

0.51 

0.62 

0.77 

0.94 

1.13 

1.35 

1.59 

'I' Todomatsu 
(m3

) 

0.34 

0041 

0.51 

0.61 

0.75 

0.93 

1.15 

1.41 

1.67 

d. Number of trees in 1 ha circular plot is counted. 
e. The average volume of test trees and the number of trees in 1 ha make 

the stand volume per ha. 
With regard to tree count, tree crown diameter measurement,' tree crown 

closure measurement, and tree height measurement, literature surveys supple­
mented by the author's experience have been mentioned in the previous sections. 
While these are of little value in themselves, they may be useful in determining 
other factors that can not be seen or measured directly from aerial photographs. 
If the relationships that exist between the factors that can be measured and, the 
ones that can not be seen on aerial photographs can be determined, then it may 
be possible to estimate these latter factors in an indirect manner. The stand 
volume is one of them and is of prime importance. 

The 44 hardwood sample plots men-
I Table 22. Distribution of the number of tioned in the previous sections were a so 

plots by stand volume class. 
used for the stand volume estimation test. 
Stand volumes of all sample plots were 
estimated by 100 percent ground cruise 
using NAKAJIMA'S volume table and then 
converted to the estimates per ha. These 
stand volumes ranged from 29 to 185 m3

• 

The distribution of the number of plots by 
stand volume class is shown in Table 22. 

Stand volume I Nfl t class (m3) o. 0 P 0 s 
-_._----

0- 50 14 

51-100 16 

101-200 14 

Total 44 

31.8 

3604 

31.8 

100.0 

Per ha stand volumes using aerial photographs were estimated by using 
author's aerial stand volume tables and compared with those measured on the 
ground. 

The distribution of the number of plots by plus and minus symbols of error 
is shown in Table 23. ' 



Table 23. Distribution of the number of plots by plus 
and minus symbols of error*. 

Aerial stand volume table 

Symbol N:H:V 
[ 

N:CD:V 

I 

N:CD:H: V 
No. of plots No. of plots No. of plots 

0 - (-) - (1) 2 (1) 
- 40 (15) 6 (16) 17 (16) 

+ 4 (29) 38 (27) 25 (27) 

Total 44 (44) 44 (44) 44 (44) 

~ ~ -

* Bracketed figures show the distribution of the number of plots in the case 
that measurement errors were excluded. 
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The use of aerial stand volume table based on the number of dominant trees 
and average tree height has a tendency to produce minus errors frequently due 
to understimates of 2 standvariables-number of dominant trees and average tree 
height, and the use of aerial stand volume table based on the numer of dominant 
trees and average tree crown diameter has a tendency to produce plus errors 
frequently which is mainly due to overestimates of average tree crown diameter, 
particularly in the uneven-aged hardwood forest, while the use of aerial stand 
volume table based on the number of dominant trees, average tree crown dia­
meter, and average tree height has a tendency to keep minus and plus errors in 
check against each other and shows fairly good results. The distribution of the 
number of plots by absolute and percentage error classes is shown in Table 24 
and the error of stand volume estimation was summarized in Table 25. 

Judging from Table 24 and Table 25, the estimation of the average stand 
volume of all sample plots showed far better results than in the case of indi­
vidual stand volume. Although the average errors in the first 2 tests-(N: fi : V) 

Absolute 
error 
class 
(m3) 

0-- 30 

31- 60 

61- 90 

91-120 

Table 24. Distribution of the number of plots by absolute and percent 
error in stand volume estimation from aerial photographs*. 

Aerial stand volume table Percent Aerial stand volume table 

-N~-ii: V IN:CD: VIN~-CD: H: V-N:H: V [N:CD: V[N:CD:H: V class 
No. of plots No. of plots No. of plots error No. of plots No. of plots No. of plots 

16 (38) 7 (36) 31 (36) 0- 20 9 (23) 7 (19) 21 (19) 

18 (6) 19 (8) 8 (8) 21- 40 9 (14) 8 (16) 10 (15) 

7 (-) 11 (-) 5 (-) 41- 60 7 (5) 2 (5) 5 (3) 

3 (-) 7 (-) -- (-) 61- 80 6 (2) 2 (2) - (3) 

81-100 13 (-) 4 (1) 4 (2) 

OberlOO 21 (1) 4 (2) 

_T_o_t_al_,-I _4_4_(_44_)--'-.1_44_(4_4_) --'---1_4_4_(4_4)_---"--_T_ot_a_1 -L-I 44 (44) 1 44 (44) --,-1 __ 4_4_(4_4_)_ 

* Bracketed figures show the distribution of the number of plots in the case that measure­
ment errors were excluded. 
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Table 25. Error of stand volume estimation from aerial photographs 
at a 95 percent probability (m3) 

I Average Error of photocruise Error ot photo cruise excluded 
measurement errors 

stand Aerial stand volume table Aerial stand volume table 

I 
volume -- ---------

N: il: V ! N: CD : V IN: CD: il: V per ha N: il : V IN: CD: V; N: CD : il : V 

M 86±14 -41±10 
I 

46±12 

I 

7±10 O±20 

I 

1±8 3±8 i 

d 48±lO 31± 6 

I 

43±lO 31± 6 20±14 26±6 24±6 
I 

t-test * * I 
I I 

M: Arithmetic mean. 
d: Standard deviation of arithmetic mean. 

and (N.- CD.- V)-ranged as high as' 50 percent or thereabouts, the last test (N: 

CD: fl: V) was within 10 percent. Moreover, the average errors of aerial stand 
volume tables used in this study were within 4 percent. 

It is strongly suggested that in the photo-interpretation of uneven-aged hard­
wood forest, the interpreters must exercise special care in the selection of the 
aerial stand volume table to be used, particularly in the case of beginners. In 

this study, the aerial stand volume table (N.- CD .- fl .- V) showed fairly good 
results, which reason has been mentioned previously. 

The estimation of stand volume from aerial photographs can not be said to 
be accurate, mainly because of measurement errors. Since the correlation betweeri 
photo and ground estimates would form the basis for correcting the photo esti­
mates, the results fromphotocruise may be corrected by using so-called correc­
tion factors. These correction factors are very useful for correcting the photo 
estimates of those stands not measured on the ground. After such double 
sampling procedures, an aerial stand volume table must be used carefully. More­
over, photo-interpreters must exclude the error of the aerial stand volume table 
itself. 

In order to supplement the data related to the basis for correcting photo 
estimates, 13 out of 133 one ha circular plots, sampled on the arial photographs 
covering the Tomakomai Experiment Forest of Hokkaido University were trans­
ferred on the ground, and the volume of all trees in each one ha circular plot 
was measured by NAKAJIMA'S volume table. 

The photo estimates of 13 one ha circular plots were checked against these 
ground estimates as shown in Table 26. 

In comparison with the same plots measured on the ground, the total volume 
estimate by aerial stand volume table (N.- fl.- V) was 38_7 percent low, the total 

volume estimate by aerial stand volume table (N.- CD.- V) was 17.2 percent high, 

and the last one by aerial stand volume table (N.- CD .- H.- V) was 8.4 percent 

low. Again, in the case of using aerial stand volume table (N.- CD : fl.- V), a 
resonably good result was obtained. As seen in Table 26, although the stand 



59 

Table 26. Photocruise results in 1 ha circular plots*. 

Estimates trom 100 p~rc 'lit Deviation from 100 percent ground cruise 
photocruise 

grormd 
in percent Aerial stand volume table PI~t crrlfse 

I I 

--- ~~-~-

I 
No. N CD H V N:H:V N:CD:V 

I 
N:CD: H: V 

(m) (m) (m3) 

1 87 7.02 12.10 61 -60.6 (- 9.0) 
I 

109.8 ( 

I 
3.3 ( 39.3) 54.1) 

2 113 6.73 15.62 84 4.8· ( 64.3) 32.2 ( 9.5) 11.9 ( 57.2) 

3 156 6.83 15.10 131 -31.2 ( 6.9) 8.4 (- 6.1) -10.0 (- 1.1) 

4 131 7.02 11.84 91 -53.8 (-18.7) 56.0 ( 18.7) -14.3 ( 10.0) 

5 97 6.86 15.24 45 60.0 ( 166.6) 184.4 ( 109.0) 131.1 ( 182.2) 

6 122 7.36 13.50 121 -53.7 (-12.4) 19.0 ( 3.3) - 5.8 (- 9.2) 

7 116 6.29 12.42 120 -80.0 (-38.3) - 7.5 (-23.3) -55.8 (-24.2) 

8 174 7.02 15.78 155 
I 

-31.6 ( 1.0) - 8.4 (-20.6) -22.5 ( 1.9) 

9 146 7.10 16.12 129 I -17.8 ( 33.3) 10.1 (- 4.7) - 7.0 ( 22.5) 
I 

10 125 7.01 14.61 171 -47.2 (-28.7) -16.9 (-36.8) -29.8 (-41.5) 

11 128 6.86 17.46 178 -23.5 (- 4.5) -20.2 (-39.8) -10.0 (- 20.2) 

12 102 6.84 13.36 91 -56.0 (--20.9) 40.6 ( 3.2) 14.3 (- 6.6) 

13 111 7.25 I 12.80 112 -64.2 (-19.6) 28.5 (- 3.6) 1.8 (-10.7) 
J -

Total I I - 1,490 I -38.7 ( 0.0) I 17.2 (- 6.6) I - 8.4 ( 0.9) 

* Bracketed figures show the errors of the photo estimates which were re-calculated by 
correction factors. 

volume estimates are not accurate for individual stand, these errors tended to 
average out so that total volume estimates were accurate enough to satisfy the 
purpose of reconnaissance cruise. 

. In order to correct the volume Estimates for errors of standvariables-numher 
of dominant trees, average tree crown diameter, and average tree height, the 
correction factors were used. These values mainly vary with the characteristics 
of the photo user such as mental and visual acuity, however, as far as the data 
at the Tomakomai Experiment Forest are concerned, these correction factors may 
be regarded as 1.20 for tree count, 0.85 for average tree crown diameter, and 
1.15 for average tree height. The stand volume estimates from aerial photogra­
phs were re-calculated by the correction factors obtained through double sampling 
procedures, thus, the results agreed closely with the 100 percent ground cruise. 
The above test makes it clear that combined photo and ground cruises were 
considerably more accurate than the estimates from aerial photographs alone. 

The forest in question is located at the foot of Mt. Tarumae and while 
the terrain is partially irregular, as a whole it may be considered as a plain. 

Therefore, the variation in ground elevation and its effecet upon the area were 
not taken into consideration. 

2. Estimation of Stand volume by Aerial Tree Volume Table 

An aerial tree volume table is generally developed from the relationship 
between volume per tree and variables such as tree height, tree crown diameter, 
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or both of the above. The procedure of develping. this table is almost the same 
as in the case of .aerial stand volume table. The pnly point that difftf!? fmm 
aerial stand volume table is that the data in this case are collected tree by tree. 
The following aerial tree volume tables are standard in America and Canada: 
Total visible height-Crown diameter volume table by MINOR, Total height-Crown 
width volume table by SPURR and U. S. Forest Service, and Height-Crown width 
volume table for Red spruce, Balsam fir, and Eastern Hemlock in White Moun­
tain forest by BROMER and ]URAM. 

In order to estimate the volume of coniferous wood mixing sporadically in 
the hardwoods of the Tomakomai Experiment Forest of Hokkaido University, 
the author developed an aerial tree volume table from the relationship between 
volume per tree and tree height as shown in Table 27. Generally speaking, an 
aerial tree volume table is not suitable for estimating the volume of natural forest 
stand. 

Table 27. Aerial tree volume table for the coniferous wood in the Toma­
komai Experiment Forest of Hokkaido University (mS). 

Tr_ee(~~ght.J (~~~o;~~~e) .. Ji~d:fit:CJ _~re~~~ig~--,-~~O~~;e) I 

5 0.01 0.Ql 18 0.57 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

0.02 

0.03 

0.04 

0.06 

0.08 

0.11 

0.14 

0.19 

0.24 

0.30 

0.38 

0.47 

0.02 

0.03 

0.04 

0.06 

0.08 

0.10 

0.13 

0.17 

0.22 

0.28 

0.35 

0.42 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

3. Estimation of Stand Volume by Stereogram 

0.69 

0.84 

1.00 

1.19 

1.42 

1.70 

2.03 

2.38 

2.84 

3.41 

4.08 

4.91 

Todomatsu 
(Todo· fir) 

0.52 

0.64 

0.78 

0.95 

1.16 

1.43 

1.74 

2.18 

2.76 

3.77 

Stereoscopic photographs of a stand in which the volume is know are pasted 
on the field, book and necessary items of standvariables related to stand volume 
are filled in around the stereoscopic photographs in the field book. In this case, 
pair photographs must be pasted on the field book so that a stereoscopic vision 
can be obtained. This is called a stereogram"t). A stereogram for each tree 
species or forest type is necessary. The stand volume to be estimated is deter­
mined by comparison with this stereogram. 

4. Estimation of Stand Volume by Coefficient as compare" 
against Normal Forest 

The relationship between the ratio of each number of trees in normal forest 
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and actual forest to be measured and the ratio of their volumes must be deter­
mined previously55,5.). At the present stage, this method can be used only in 
artificial forests. 

5. Estimation of Stand Volume by Stand Profile 

A profile of the tree crowns in the tree crowns in the forest stand can be 
described with precise instruments-Aerocartograph, Multiplex, et al. From the 
relationship between the known profile area and the stand volume measured on 
the ground, so-called profile area stand volume tables can be constructed for a 
given forest type. It is obvious that the usefulness of such a stand volume 
table lies in the volume estimation of uneven-aged forest. However, the instru­
ments needed for such a photo-interpretation have not been .. broadly propagated 
in Japan as yet. 

SECTION 6. Stem Diameter 

Standvariables which are visible on aerial photographs are number of trees, 
tree crown closure, tree crown diameter, tree height, and some others. Espe­
cially at both edges of low-altitude continuous-strip aerial photographs, occasionaly, 
trees with the entire stem is visible are seen. The diameter of such trees can 
be measured directly from the photograph. First, the. breast height point is 
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c. D.: Tree crown diameter. 

Figure 17. Relationship of tree height and visible tree crown diameter 
to stem diameter for hardwood in the Tomakomai Experi· 
ment Forest of Hokkaido University. 
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mesured on the photograph and then the diameter at the same position is meas­
ured by a micrometer wedge. This is a special case, in most cases, a stem 
diameter is estimated in an indirect manner. 

A numher of independent studies have. demonstrated that a stem diameter 
is correlated directly with tree crown diameter and tree height. Figure 17 illus­
trates the relationship of both tree height and visible tree crown diameter to stem 
diameter at breast height for hardwood in the Tomakomai Experiment Forest 
of Hokkaido University. As seen in this Figure, the relationship approaches a 
straight line in form. 

SECTION 7. Stand Volume Growth 

Stand volume growth in an investigation area is generally obtained by repea­
ting stand volume estimation in the same area using the same method every 5 
years which is accepted as a working period. In other words, the stand volume 

growth is calculated from the formula Z = V2
- V, + N , where V is the stand 

c n 
volume at the beginning of the working period, V2 is the stand volume at. the 
end of the working period, N is the amount of cutting during this period, and 
n is the repeating period. The amount of cutting (N) is usually calculated from 
the working b~ok, however, this is also calculated on aerial photographs by using 
a similar method as mentioned in CHAPTERS (8-12) 

In Japanese forest inventory, the estimation of stand volume growth is car­
ried Qut together with the inventory concerned with the stand volume. The size 

of sample plots is approximately equivalent to 1~ of that of the stand volume 

estimation. The sampling design and the analysis of the data collected are ap­
proximately the same as in the case of stand volume. At first, the diameter 
increment during the past 5 years is calculated from a slender piece of annual 
ring taken from the tree by using an increment borer and then the volume 
growth percentage during this period is calculated from diameter increment 
obtained. 

The method above-mentioned is not as effective as estimations based on aerial 
photographs taken during a d€finite of time. However, when comparatively old 
aerial photographs-2 or3 years from the time of photography-are used, cor­
rections of stand volume are made by using the volume growth obtained by 
increment borer method. The idea concerned with the determination of stand 
growth from repeated photography in the same investigation site comes from the 
Sachsen Forest Experiment Station. This Station adopted growth determination 
methods based on aerial photographs as a supplementary method to "Control 
Method by Biolley" in 1931. 

SECTION 8. Forest Drain 

OSBORNE
96

) mentioned that a possible method III the estimation of a forest 



drain during a definite period was the repetItIOn of measurements of stand­
variables in the same sample plots. A forest drain usually occurs by fire, cutting, 
mortality, growth, and so on. 

BICHFORD9
,lO) reported a so-called "Modified method of OSBORN'S method" 

to estimate the drain. BICHFORD called this "the photo method". In order 
to apply this method, it is necessary to have aerial photographs covering the 
exact area investigated previously. Repetition of photography at the same site 
is essential for effective photo-interpretation. Stumps and their deterioration are 
used as criteria for repetition of photography together with obvious changes in 
forest appearance. The procedure of estimating forest drain is as follows: 

I. The distribution of areas belonging to each drain class is investigated. 
The condition of the forest drain is div~ded into 4 classes, namely: 

1. Cutting or cut over area; absolutely no indications are recognized on 
aerial photographs. 

2. Cutting or cut over area is barely recognizable on aerial photographs. 
3. Light cutting; trees not exceeding half of crown canopy were removed. 
4. Heavy cutting; more than half of crown canopy was removed. 

II. In order to secure the data concerning felled trees, sample plots are 
selected from each drain class as mentioned in CHAPTER ll-SECTION 3. 
BICHFORD used NEUMANN'S formula to determine the number of plots to be 
sampled. According to the preliminary plan for Japanese forest inventory based 
on samling method"), aerial photographs are taken every 5 years. Therefore, it 
will become possible to estimate the forest drain from these aerial photographs 
every 5 years. The author ventures to recommend this method to the Japanese 
Forest Service. 

CHAPTER 13. ' An Example of Forest Inventory by 
Aerial Photographs for Large Area 

The general description 

1. Location of flight: Tomakomai Experiment Forest of Hokkaido Uni­
versity 

2. Total area: 2,771 ha 
3. Topography: The forest in question is located at the foot of Mt. Taru­

mae and while the terrain is partially irregular, as, a whole it may be 
considered as a plain. 

4. Forest condition: Nearly pure -hardwood forest (Old growth) 
5. Season of photography: August, 1959 
6. Type of camera: K-24 
7. Film used for this' photography: Panchromatic film 
8. Focal length of camera: 5 inch 
9. Film sixe: 5 x 5 inch 



10. Photo scale: 1: 5,200 (Negative) 

The estimation of total stand volume 

1. The stand-classification and the area determination of the stands deline­
ated and classified* 

Working Unit I No. of 
Compo 

I 
Hf!,;~od I Sef~~~~ry I A[~~~~~al 

(hal (hal (hal 

Cut over 
area 

(hal 

Kumanosawa 40 798 I 12 

Kamihoronai 33 533 45 134 

Horonai 41 76 97 379 4 

Yamanokami 39 277 . 73 319 24 

Total 

I 

153 

I 
1,684 832 

I 

215 40 

% 60.8 7.8 30.0 1.4 

* Dot grid was used for the area determination. 

2. Sampling design: Proportional sampling method 
3. Shape and size of a sample plot: 1 ha 

circular plot Working Unit 
4. Necessary plot numbers: The formula 

4aC2* 
n= e2A+4aC2 was used for the deter- Kumanosawa 

Kamihoronai 
mination of necessary plot numbers. Horonai 

* Presumptive sampling error percent: 10% Yamanokami 

Presumptive coefficient of variation of 
Total 

standvolumes: 60% 

5. Correction factors obtained through doudle sampling: 

Total 

(hal 

810 

712 

556 

693 

I 

I 

2,771 

100.0 

Necessary 
plot numbers 

63 
42 
6 

22 

133 

1.20 ...... The correction factor for correcting number of dominant trees 
estimated on the aerial photographs 

0.85 ...... The correction factor for correcting average tree crown diameter 
estimated on the aerial photographs 

1.15 ...... The correction factor for correcting average tree height estimated 
on the aerial photographs 

6. Aerial stand volume table used: The author's aerial stand volume table 
developed from the relationship between stand volume per ha and 3 
standvariables-number of dominant trees, average tree crown diameter, ' 
and average tree height. 

7. Estimate of total stand volume; 
a) Total stand volume of hardwood forest (Old growth) 
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L (Ni ) f (Nt r-~i~ ~ (.xj_X')2~i-nil Standard Working Unit L: --Xt I Error i-I ni t=1 nt nt-l j=1 Nt error percentage 
(m3) (m3) I 

Kumanosawa 82,257.3 

I 

10,979,282.3 

Kamihoronai 48,122.2 12,791,352.3 

Horonai 8,329.6 

I 
295,718.4 

Yamanokami 25,201.2 
I 

4,887,636.6 

Total 163,9lO.3 28,953,989.5 5,380.8 3.28 

The total stand volume of hardwood forest may be regarded as 163,910 ± 
5,380 rna. 

b) Total volume of coniferous wood 
In order to estimate the volume of coniferous wood mIxmg sporadically in 

hardwoods of the forest in question, the author's aerial tree volume table as 
shown in Table 27 was used. 

Working Unit 

Kumanosawa 

Kamihoronai 

Horonai 

Yamanokami 

Total 

Sample estimates 

coniferous wood 
Number of I Volume of 

sample plots* (m3) 

63 (26) 

42 (12) 

6. (2) 

22 (-) 

133 (40) 

lO4.95 

68.70 

4.80 

178.45 

Assumed total 
volume 

(m3) 

1,329 

872 

61 

2,262 

* Bracketed figures show the number of plots contained coniferous wood. 

The sampling error percent in this case did not fall within the necessary 
accuracy-10 percent. 

c) It is regretable that the stand volume estimation of secondary forest and 
artificiai forest was not included in this paper because of the absence of aerial 
stand volume tables. The author intends to develop these aerial stand volume 
tables. 

8. Coefficient of variation and sampling error percent of the average stand 
volume. 

Working Unit 

Kumanosawa 

Kamihoronai 

Horonai 

Yamanokami 

Total 

Coefficient of variation 

(~;;) 

32.37 

50.23 

15.24 

41.80 

Sampling error percent 
(95% probability) 

(%) 

8.06 

15.01 

16.76 

18.25 

6.49 
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Also from the coefficient of vanatlOn estimated on the photographs, neces­
sary number of plots in each Working Unit can be independently computed by 

4AC2 
using the formula: n =- e' A + 4 a C2 . 

PART IV. CONCLUSION 

In the previous chapters, theories and techniques on the application of aerial 
photogrammetry to forest inventory were indicated and discussed. The methods 
of American and Canadian forest inventory based on aerial photographs were 
introduced in Japan since the termination of World War II. Several preliminary 
forest inventories have been carried out in such prefectures as Okayama, Nara, 
Nagasaki, Osaka, etc .. 

In February 1958, the Japanese Forest Service revised regulations related to 
the management of national forests and in May 1958, the Director General of 
the Forest Service issued directions on preliminary plans for forest inventory 
based on both sampling methods and aerial photographs to each Branch of the 
Forest Serviec. As mentioned in CHAPTER 1, our history concerning the 
utilization of aerial photographs is fairly long. Forest inventories based on aerial 
photograph~ were carried out in Saghalin and Manchuria approximately 25 years 
ago. The results compare admirably with techniques in other countries in those 
days. Unfortunately, the development of Japanese aerial photogrammetry was 
brought to a complete standstill by the war. In order to compensate for the 
time lost, strenuous efforts must be made in this field. From this viewpoint, 
the revision of regulations related to the management of national forest has a 
great significance. 

The main purpose of the author's work is to offer fundamental data. which 
can be effectiv~ly used in Japanese forest inventory, especially in Hokkaido forest 
inventory. However, our forests have many characteristics which differ somewhat 
from American and Canadian forests. Accordingly, it is pointed out that an 

. outright adoption of foreign techniques and principles in aerial photogrammetry 
without adaptation is highly inadvisable. Thus, modifications are suggested for 
Hokkaido forest inventory. 

CHAPTER 14. Fundamental Problems on the Appli­
cation of Aerial Photogrammetry to 

Forest Inventory in Hokkaido 

The author wishes to point out several fundamental problems which must be 
considered in order to establish practical investigation key points in Hokkaido. 
It goes without saying that the key to forest inventory based on aerial photo­
graphs can be established only through a great deal of experience. Since this 
thesis is confined to litrature surveys supplemented by the author's studies in 
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Hokkaido, further advanced studies must be progressed in order to cope with 
various difficulties in the application of aerial photogrammetry to Hokkaido forest 
inventory. 

1. Quality of aerial photographs 

In future inventory, much information may be expected directly from aerial 
photographs. Hence, the quality of aerial photographs to be used in interpre­
tation is a matter of first importance. Especially, photo scale should be at its 
maximum with due respect to financial limitations. It is suggested that at least 
1 ! 15,000 or more is necessary. Likewise, summer photography with panchro­
matic film plus a proper filter is recommended to insure satisfactory results. 

2. Identification of tree species and stand-classification 

In spite of the technical level of the present advanced aerial photogrammetry 
in the world, identification of tree species is not without difficulties. Even in 
America and Canada, researchers admit the existence of difficulties and unsolved 
problems in so far as identification of tree species is concerned. Fortunately, the 
introduction of low-altitude continuous-strip aerial photography is highly promising 
in the identification of tree species. However, the photography in question has 
not as yet been broadly applied in practice. 

It is strongly suggested that aerial photographs with the highest standard of 
quality as possible be utilized. As the nex~ step in line, the setting-up of stand­
ards of identifying dominant or co-dominant tree species from the shape of tree 
crown, the tone and color, the outward aspect of trees, and the ecological dis­
tribution of each tree species is necessary. In Hokkaido forest inventory, the 
standards of identifying tree species must be prepared for Ezomatsu (Ezo spruce), 
Todomatsu (Todo fir), Karamatsu (Larch), Nara (Oak), Sennoki (Castor), Yachi­
damo (Swamp ash), Shinanoki (Japanese linden), and Kaede (Maple) which are 
considered as the useful tree species of Hokkaido. In addition to these, in Ho­
kkaido, there are various secondary forests characterized by the abundant growth 
of hardwood, which plays an important part as pioneer stands at sites where 
wind damages, mountain fire, and land slips occuted. The distribution of these 
secondary forest can be accurately investigated from the characteristics of the 
tone and color, the shape of crown, et al on the aerial photographs. Such 
investigation must be done as soon as possible in view of the fact that hardwood 
problem has become serious in present Hokkaido forestry,. 

For instance, in aerial survey with the management plan in forestry in mind, 
the identification of each individual tree species is not necessary. Stand-classifica­
tion is sufficient for this purpose. Such a stratification in forests has an impor­
tant significance in jointly utilizing sampling methods. It is desirable to express 
the content of forest' stands classified by a code system. 

With regard to the intensity of the present Japanese forestry, the standards 
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of stand-classification should not be complicated. It seems advisable to approach 
gradually to the detailed classification system which is broadly used in present 
day America and Canada. 

Simple stratification is suggested for Hokkaido forests. In Hokkaido forests, 
3 classifying groups are suggested, i. e., coniferous wood, mixed coniferous and 
hardwood, and hardwood. The content of forest stand is expressed by a code 
system. Each of the standvariables such as tree crown diameter, number of 
trees, tree crown closure, and the tree height may be divided into 3,......,4 classes to 
indicate the content in detail. The interval of each class will be determined 
through a reconnaissance. The area determination of forest stands classified 
must be done on the base map developed by using radial plotting devices because 
most of Hokkaido forests are marked by entangled masses of mountain. 

According to the preliminary plan for Japanese forest inventory, stand­
classification based on sub-compartments or comparhnents is to be carried out in 
national forests. This is because sub-compartments or compartments have been 
accepted as the absolute working unit in our management plan. However, a 
strict adherence to sub-compartments or compartments which came from Germany 
will cause insurmountable problems in carrying out forest inventory based on 
both aerial photographs and sampling methods. 

The author's modified method is that after delineating and classifying forest 
stands on aerial photographs without being restricted by the limitations of sub­
compartments or compartments, the content-stand volume, stand volume growth, 
et aI-of each sub· compartment or compart~ent is estimated in detail, other 
periodic blocks do not need it. If the content of sub-compartments is required 
with regard to the first periodic block, the necessity of maintaining present sub­
compartments must be tested by using aerial photographs taken most recently 
and then the area· of each sub-compartment must be newly determined on the 
base map. It is of the author's belief that sand-classification must be done 
without being restricted by the limitations of sub-compartments or compartments. 

Besides these, our attention must be focussed on the man-made features. 
Plates 2,......,6 will give us some perception of identifying natural surface cover 
and man-made features on the aerial photographs covering the Tomakomai 
Experiment Forest of Hokkaido University. It goes without saying that such a 
work is only a qualitative interpretation. Accordingly, photo-interpreters must 
establish the quantitative key to forest inventory through a great deal of ex­
perience. 

3. Site-classification 

Site-classification of forest stands classified by aerial photograph is likeweise 
necessary mainly from a viewpoint of planting trees. The site-classification 
system based on topography by Moessner· or Seely is s~ggested as the most 
suitable for Hokkaido forest inventory. Most of the Hokkaido forests have a 



considerably steep grade and the distribution of tree species in natural forests is 
often influenced by topography to some extent. 

4. Area determination of forest stands classified 

For a flat or a near flat terrain, the area is determined directly from aerial 
photographs. In other cases, control lines, principal points, conjugate principal 
points, and other pass points are transferred to the base map by using instru­
ments such as radial plotting devices, at the same time, the boundaries of each 
forest stand are also transferred to the base map by using various projectors or 
sketchmasters. Next, the area of each forest stand is determined on the base 
map. The using of dot grid method is very simple and the accuracy is high 
as compared with others. Accordingly, it is desirable that a dot grid is used in 
our phto-interpretation. As mentioned previously, most of the Japanese forest 
are marked by entangled masses of mountain and it is desirable to develop base 
maps on all types of forest inventory. 

5. Sampling desigh 

Double sampling is highly important in order to ensure the accuracy of 
forest inventory based on aerial photographs. The most desirable size of a 

sample plot is 1 ha on aerial photographs and approximately ~,...", 110 ha on the 

ground, moreover, the use of circular plot is highly desirable. According to the 
author's study at the Tomakomai Experiment Forest whose terrain may be con­
sidered as a plain, even a 1 ha circular plot could be transferred to the ground 
without so much difficulty. To be precise, 6 cruisers took 5.3 hours to transfer 
a 1 ha circular plot on the ground and to measure the diameter and height of 
all trees in it. However, when applied to the irregular terrain, the shape of a 
sample plot is not always tied to the circular one. 

The idea of using stratification in forest inventory as advocated by the Japa­
nese Forest Service seems to be a little complicated. Thus, it is feared that 
considerable complications will be encountered in the actual application. 

In Japan, grid lines of 5 mm or 1 em square are drawn on a working 
map with a scale of 1: 20,000, a topographical map with a scale .of 1: 50,000 
is also sometimes used for this purpose. The crossing points are intended to 
be used as the center of circular plots or the starting point of rectangle plots. 
However, the method of using transparent plates on which circular plots are 
engraved at regular intervals as used in America and Canada is superior and far 
more effective than the japanese method. In the case of taking sample plots, 
the number of sample plots to be chosen from each stratum is determined by 

4ACz 
the most popular formula n = e A + 4a C' The method of determining the 

coefficient of variation (C) related to the stand volume or other standvariables 
directly from aerial photographs is far more effective than from the ground cruise. 
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The stratified sampling method or the proportional sampling method is recom­
mended to the forest inventory of Hokkaido and the most important thing in 
this case is that the photo estimates must be corrected and recalculated by the 
factors obtained through double sampling procedures. As mentioned in CHAP­
TER 13, a photocruise together with sampling design was conducted to estimate 
the total volume of the Tomakomai Experiment Forest of Hokkaido University; 
The forest in question is located at the foot of Mt. Tarumae and while the 
terrain is partially irregular, as a whole it may be considered as a plain. The­
refore, the variation in ground elevation was not taken: i.nto consideration. The 
sampling results were given as 163,91O±5,381 m'. This is only an example of 
our study on aerial photogrammetry in Hokkaido. 

6. Measurement of standvariables in each sample plot 

Standvariables which are visible on aerial photographs are number bf trees, 
tree crown closure, tree crown diameter, tree height, and some others. Especially 
at both edges of low-altitude continuous-strip aerial photographs, occasionally, tree 
with the entire stem is visible are seen. The diameter of such trees can be 
measured directly from the photographs. Sometimes, these standvariables are 
measured independently. However, these standvariables are generally measured 
as a function on which the determination of stand volume or stand volume 
growth is made. 

It is obvious that measurement methods of these standvariables which are 
being used in America and Canada can be used even in Japanese forest inven­
tory. However, some of the instruments used in American and Canadian forest 
inventory have a different measurement unit from that of Japan. Therefore, it 
is highly desirable to work out a conversion table. 

With regard to the estimation of stand volume, there are 5 methods: 

a) Aerial stand volume table 
b) Aerial tree volume table 
c) Stereogram 
d) Coefficient compared against normal forest 
e ) Stand profile 

Of the above 5 methods, the aerial stand volume table is the most popular. 
Thus, the prerequisite in the utilization of aerial photographs in Hokkaido forest 
inventory is to develop the aerial stand volume table in question. The author 
developed the aerial stand volume tables of hardwood in the Tomakomai Experi­
ment Forest of Hokkaido University. Moreover, under the guidance of the 
author, Forestry Affairs Division of Hokkaido Prefectural Government has been 
developing all kinds of aerial stand volume tables to be used in the forests 
concerned. 

The most difficult problem in Hokkaido forests, most of which are naturally 
generated, is to estimate the stand volume growth during a definite period. This 



71 

problem may be solved by using the photo method as indicated in CHAPTER 

12 SECTION 7. Namely; stand volume growth in an investigation area is obtained 
by repeating volume estimation ~t the same area with the same method at 
definite intervals, In this case, the amount of cutting during the period is 
added to the stand volume growth. The amount of cutting is generally calcu­
lated from a working book, this is also estimated from aerial photographs by a 
follow-up of the same procedure shown in the case of total stand volume. 

Low-altitude continuous· strip aerial photography was one of the epoch making 

trials in advanced countries. Photo-interpreters would obtain much more infor­
mation on stand variables by using such aerial photographs. Since the identifica­
tion of small sized trees is possible on color aerial photographs with a fairly 
high accuracy, such photographs may be effectively used in the field of Silvio 
culture. 

7. Future of forest inventory by aerial photographs 

ludging from the present stage of aeril photogrammetry in Hokkaido, a 
considerable amount of difficulties remain even in the case of black and white 
photographs, not to mention color photography. One of the most important 
things on hand is to emphasize the importance of gradually improving our pho' 
tographic techniques and to endeavour to reduce the cost involved . 

. It is regretable that in regard to sampling method or sampling method plus 
aerial photogrammetry in present day forest inventory, there is a definite, lack 
in the actual application or extension of the same. In other words, every effort 
should be made to bring about extension of the theory and in order to accomplish 
the above we are compelled to follow in the steps of advanced countries. It, 
therefore, seems vitally important to incorporate or otherwise innovate courses 
in studies on aerial photogrammetry into our present forestry education. By 
doing so, foresters may acquire advanced techniques in photo-interpretation. 
Further, foresters already in the service who lack knowledge in aerial photo­
grarrtmetry should be re-educated under the guidance of either Forest Experiment 
Station or University. Finally, the author cordially expects that our aerial pho­
togramtnetry will be improved and to advanced so that when the time arrives 
foresters can readily change over to forest inventory based on aerial photographs. 
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Plate 2 

Afforested land patterns in Co!npartme nts (15, 20, 30), Horonai W orking U nit, T oma­

komai Experime nt F orest, H okka ido Unive rsity. Negative scale 1: 5,200, photographed 

by K- 24 Camera wi th a 5" foca l length . Panch romatic sum:ner photog raphy. 

A: Co mparatively old aged afforested land o f Spruce 

B: Comparatively you ng aged affores ted bnd of Spruce 

C: You ng aged affo rested land of Spruce 

D: New ly afforested la nd of La rch 

E: Comparatively old affo rested land of La rch 

Where the planted trees are become old and are closely spaced, they are cha racter­

isti cally dark in color as compared wi th younge r aged planted trees. vVhere the planted 

trees are young enough to expose the ground su rface, rows of planted trees exh ibit a 

charac teristic tex ture. Larch gives us a lighter color tha n Spruce . 



Plate 3 

Cut over area, afforested la nd , and natural forest in Compartment 31 or near there, 

Yamanokami Working Unit , Tomakomai Experi ment Fo rest, H okkaiclo University. Nega­

tive scale 1: 5,200, photographed by K -24 Camera with a 5" focal le ngth. Panchromatic 

summer photography. 

A: Area which has been clea red recently 

Remai ning t rees and st umps are recognized unde r a stereoscope. 

B: S witchbacks on a t ransporta tion road 

Color tone is very whili :;h beca use the road is surfaced wi th volcanic 

ash soil. 

c: Comp~l rat i vely yo ung aged affo rested land o f Spruce. 

D: Natural fore st (H ardwood) devastated by " T yphoon 15" in 1954 

In general, an affo res ted land exhibits the finest texture and the regula r pattern as 

com pared with othe r types of for est. 



Plate 4 

Secondary forest and afforest~d land in Compartments (1 5, 16), H oronai W orking 

U nit, Tomakomai Experiment Forest , Hok~aido University . Negative scale 1 : 5,~OO pho­

tographed by K-24 Ca:l1era with a 5/1 focal length . Panchromatic sumrr.er photography, 

A : Secondary forest C~)~l s i s ted of Cherry, Oak, M aple, a:1:l other::; 

B : Co!nparativeiy young aged afforested land of Spruce 

C : Badly afforested land of T odo fir 

D : Affo rested land of Larch mixed wi th T odo fir 

The texture of th is afforested land slightly differs fro!TI that of 

L 1rch alone. 

E: Small breaking places along the road 

F : Path 

Secondary forest in this area does not exhibit a regular photographic pattern as seen 

111 other areas of H okkaido, the forest in question has l:een constituted by small s ize 

trees which came into failed planted area. 
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Plate 5 

Natural forest patterns surrounded afforested land and cut over area in Compar­

tment 32, H oronai Working Unit, Tomakomai Experiment Forest, Hokkaido University. 

Negative scale 1: 5,200 photographed by K-24 Camera with a 5" focal length . Panchro­

matic summer photography. 

A: Natural fore st 

B Comparatively young aged affo rested land of Spruce 

C Com paratively old aged afforested land of Spruce 

D: Dwe lling hou se 

E Farm 

F Cut over area 

Rows of planted trees are invisible. 

G: Afforested land 

Natural fore s t generally exhibits a characteristic rough texture as compared with 

afforested land and secondary fore st. 



Plate 6 

Man-made features and: natural surface cover near or in Compartments (17, 18) 

Horonai Working Unit, T omakomai Experiment Forest , H okkaiclo University. Negative 

scale 1: 5,200 photographed by K-24 Camera with a 5" focal length. P anchromat ic 

summer photography. 

A: Man-made water way 

B: Cultivated field 

Cultivated field is characterized by a finely Iineate and where different 

stages of cultivation are present , there will be contrasting bands of dif­

feren t color tone. 

C: Grass land 

D: Dumping ground 

E: Shrub growth 

Shrub growth is distinguished by its finer tex ture , where spare, by its 

peppery appearance. 

F: Newly afforested land 

G: Secondary forest 
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Plate 7 

An aerial ph otograph showing the classification of vegetation cover based On code 
system. 

For instance, bTl h\ d 1 in this Plate in d icates th e foll owing content: Artificial 

forest; Tree :; p€cies : T od a fir; Age : Up to 20 Yf(l r ::; ; Height: Up to 8 m.; Diameter: 

Up to 10 em . 


