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PART 6. CONCLUSION

  CHAPTER 40. SAMPLING METHODS IN THE FOREST OF JAPAN 

 131. General description. 

   In the previous chapter we discussed and illustrated the sampling meth

ods which were first introduced in Japanese forestry. There are two important 

problems. One is the inventory problem connected with the management plan 
and the working plan. And the other is the investigation problem connected 

with basic forestry mensuration. On both sides we see that statistics can give 

satisfactory answers or have possibilities of for solving complicated problems. 

Based on the variation of biological frequency, the former problems are mainly 
discussed from the economic view, and later problems from the point of men

surational and biological view points. Practically we can solve these problems 

by the statistical method. 

 132. Characteristics of Japanese forest. 

   Generally speaking, Japanese forest stands have the following character

istics, i.e. comparatively small areas, complicated geographcal conditions, 

artificial plantation, patched distribution of many kinds of stands etc. Conse

quently, the inventory is commonly not so simple as in large even-aged forest 
areas. But there are relatively detailed maps and former investigation results 

which were done during the past ten years. We must use these supplementary 

data. After the War II, the total area of Japanese forests was reduced to 

twenty million  cho. 38 % is National Forest, 19 % is Public Forest, and 43 

is Private Forest. (Agricultural and Forest Ministry's statistics, 1948). 

 133. Defect of former forest inventories. 

   In Japan, the former forest inventories were carried out on the basis 

of standard average stands judged by the investigator or on every tree 

measurement. But this method should be rejected from statistical and economic 

view points. Because these results can not supply the base of action. We must 

act on the base of investigated results. There are many important phases, 

such as forest policy, forest economics, forest management, forest utilization, 

silviculture, forest protection, land conservation etc. The old method doesn't 

give analizable data for action. This is the greatest defect of the old forest 
inventory. 

 134. Abandonment of old methods. 

   From this point of view, we must abandon the old accustomed methods as 

rapidly as possible, even though it will be difficult to introduce the new method.



For this reason the study should be developed more and more. This basic study 

will supply the starting point for the future development of the new method. 

  135. Adaptation of Sampling Method. 

   As in the other fields of science, forestry in Japan should adopt the new 

statistical method. In this study we supplied some practical satisfactory results, 

and have a foundation for new development. There are the procedures of 

sampling and the application to small or large areas suitable to Japanese forests 

and the basic sampling problem of forest mensuration in the previous chapters. 

Without hesitation, we must push into the new field. 

  136. New education basis of forestry. 

   Basically, we can say that forestry education and forestry research should 

be based on the new statistical method. Our young generation should be dis

ciplined in the field of mathematical statistics and then apply it to both eco

nomic and biological problems in forestry. Forest mensuration should give 

new foundational concepts to students through the reconstruction of forest 

mensuration itself. It should also be noted that the sampling method can 

not be easily executed in Japanese forestry by anyone who does not have 

a deep knowledge of statistics. Consequently, the most important thing is for 

forest education to decide to adopt this method in Japan. This method is also 

important in solving the more complicated statistical problems, such as under

standing and applying experimental design, quality control and planning in 

forestry.

  CHAPTER 41. SAMPLING METHODS IN THE NATIONAL FOREST 

  137. General description. 

   It is generally said that in the Japanese National Forest there are two 

important forestry inventories. One is the volume investigation of a stand and 

the other is the forest inventory for management plan. The volume investiga

tion of a stand is commonly limited to a relatively small area for volume 

yielding and the forest inventory for management plan is usually covered by 

a relatively large area. Of course, in the case of areas less than one or two 

hectare every tree measurement is preferable, but even in this case height 

measurements should be done by some sampling. In the case of areas more 

than ten hectare sampling methods are preferable. And in small areas the tree 

sampling method is preferable. Based on every tree measurement and stand

ard average stand, all investigations and inventories have been carried out 

in the National Forest. These methods should be abandoned for the random 

sampling method.



 138. Survey procedure on a small area. 

   Practically, we need the investigation of small areas or subcompartments 

for yield measurement, sell measurement and the other studies. In Japan 

subcompartment areas reach from areas less than one hectare to areas of more 

than one hundred hectare. Of course, in the very small areas, less than one 

hectare, counting every tree is more rapid than the sampling process. Sampl

ing procedure seems to be preferable in areas of more than 10 hectares. 

The stand of each species has individual variations. Simply we can use the 

following  formula  , (68)

where sm is the standard error of the mean, 

           s is the standard deviation, 

          n is the number of sample plot taken. 

          N is the total possible number of plots in the area.

For example, since a ten hectare tract has 1000 areplots, N = 1000. The num

ber of plots to be taken is according to changing the above formula as follows ;

For example, assume that an estimate of average volume per ha in a ten hect

ares tract is 300 m3, the standard deviation is 100 m3, and a standard error of 

the mean of 10 percent, or 30 m3 is desired. Then

   That is, the needed number of 10 x 10 m plots is 10 plots. If we use 

20 x 20 m plots, instead of 10 x 10 m plots, the standard deviation should be 

reduced. The results are gained from the graph in Fig. 21. In this case the 

standard deviation is about 80 m3. Then, where

   It should be noted that the variation of plot values is due to the area 

of one plot.



  139. New volume table. 

   The error of single tree volume measurement, the error of volume equa

tion and the sampling error were discussed in the previous chapters. There

fore we should show clearly the error of the volume table. It is clear that 

we could estimate timber volume within the necessary sampling error. The 

volume table equation necessarily shows itself in error. If it is necessary, the 

accuracy of  d.  b.  h.height curve should be cleared. 

  140. Sampling method in management plan or large area. 

   The plan and design of forest management is based on the older system 

and principle in Japan. It should be improved. First, the sampling method 

should be used in measurement and inventory. 

The order of procedure is shown as follows ; (68) 

         1. Preliminary reconnaissance, 

        2. Desicion of sampling method, 

        3. Stratification, 

        4. Allocation of samples under cost consideration, 

        5. Intensive sampling field work, 

        6. Computation, 

        7. Application of the results. 

   In Japan, if subcompartments are relatively laige, we preferably use the 

representative sampling. The subcompartment should not be considered as 

a cluster unit. As there are actual illustrations shown in the previous chapter, 

we can use the representative dispropotional sampling method and the regres

sion or ratio estimate. 

 141. An example of cost consideration. (69) 

   One example from Izumi data is shown as follows ;

(Cont'd on next page)



   If we assume that the costs of different species and age classes are shown 

as  follow  ;



Then values of n are shown as  follows  ;

   CHAPTER 42. SAMPLING METHODS IN THE PRIVATE FOREST 

  142. General description. 

   In Japan private forest areas occupy about 62 per cent of the total forest 

area. (Of course, this number involves 18 percent public forest). The inven

tory of the private forest is the most important for forestry industry and soil 

conservation. At the present moment we cannot say that Japanese forest 

inventory is accurate or objective. The following forest inventory was pre

pared by modern statistical method. Private Forests have smaller individual 

stands than National Forest subcompartments. Also they have complex dis

tribution, the steep topographic features, and obscurity of boundary lines. 

Adding to these facts, there are many political problems. 

 143. Adoption of sampling method. 

   In Japanese private inventories, we should utilize the usable supplimentary 

information. There are two main sources of supplimentary information. One 

is cadaster information and the other is corrected information. As we have 

discussed in the previous chapters, we should use the later rather than the 

former, because the correlations between them and the actual value in the 

later is usually higher than that of the former.



   In this case the criterion of stratification is related to the difficulty of 

estimating by eye. The steep topographic features, the irregular boundaries 

increase the difficulties of investigation. Based on these stratification we can 

use the regression method or ratio estimate as shown in the previous chapters. 

The mensurations of a large area can be considered the same as in National 

Forests. Both survey methods of private foersts and national forests can be 

replaced with another, if it is necessary. 

 144. Cost consideration of the private forest. 

   Lastly we will see the allocation of costs in double sampling for private 

forests. The method used assumed to take the ratio estimate. An illustration 

of Koyama investigation is shown as follows. 

   In the case of ratio estimate, (69)

Upon differentiating with respect to n and equating to zero, it follows that,

Expressing



   When the total cost is about 80,000 yen, we should allocate small samples 

in each strata as shown in the above table, that is, 73, 86, 55, 14, 12.

CHAPTER 43. THE NECESSITY OF HASTENING THE USE 

           OF AERIAL PHOTOGRAPHS

  145. General description. 

   In Japan the first aerial photography survey of Tokyo after the  Kanto 

earthquake, was made in 1923 to facilitate reconstruction. The first applications 

for forest survey were made in Korea and Kiso, in 1929 and 1930 respectively . 
In Korea the camera (Fairchild K. 8 type, f= 25 cm, RF 1/500) was used . 

After that, aerialphotography surveys of forests were made in Saghalien (1930), 

(Fairchild K. 8. f= 25 cm, RF =1/15000), Manchurian (1934), (1940) and Asa

kawa (1942). But they were not practical. After the War, the utilization of 

aerial photographs was begun from 1949. These photographs were loaned by 

the permission of G.H.Q. (1948) and their characteristics are shown as follows 

f= 6 in. (15.3 cm) . The size of the photos is 23 cm x 23 cm, RF =1/4000, airo

plane altitude 6120 m, coverage, 8464 ha, effective coverage, 2700 ha. At the 

present stage Japan cannot sufficently utilize them except for the observation 
of topographic features. 

 146. The first stage of utilization of aerial photographs. 

   It should be noted that advanced photogrammetry can make accurate 

planimetric and topographic maps by the use of precise and complicated 
instruments. We must study these developed methods of phtogrammetry. 

We must be trained for the interpretation of aerial photographs with the aid of



the stereoscope. First we must use aerial photographs for the purpose of 

clarification of the boundaries of the property in which we are interested. 

Secondly, we must use them for the purpose of stratification of forest type. 

They are very important for sampling procedures. Thirdly aerial photographs 

supply the flame of sampling procedure and are more valuable than a detailed 

map. We must utilize them in the most effective way. 

 147. It is necessary to hasten the use of aerial photograph. 

   The  value of the aerial photograph reaches the maximum point, when it 

is accompained with sampling methods. We do not know the true volue of 

aerial photographs until we obtain knowledge of , sampling methods. At the 

present time, sampling works can not be considerd without aerial photographs. 
In Japan we should study the developed methods of estimating from the aerial 

photograph with ground check cruising. In this case we can take double 

sampling under cost consideration. According to the photogrammetric cruis

ing supported by ground control, we can determine volume, area and so on. 
Systematic sampling can be used in spite of the appearance of the ground. 

These methods have the tendency of macrofication of forest mensuration and 

therefore stand density comes to be an important problem. The number of 

points and actual plot location can be obtained under the consideration of 
cost, compaering with the inventory errors. In Japan, we have many difficulties 

in the utilization of aerial photographs, such as steep mountaneous land, dis

tributed small patched stands and so on. But we must study to obtain the 

technique of high performance cameras, altitude and so on. From a statistical 

point of view, we have gained a successful goal, then absolutly we must hasten 
the study of aerial photogrammetric utilization for forest mensuration. Aereal 

photography is concretely successful, although there are many difficulties. 
But the difficulties can be overcome.

CHAPTER 44. THE EXPECTED FUTURE DEVELOPMENT OF 

           THE SAMPLING METHODS IN FORESTRY

 148. General description. 

   In Japan, the inventory of Forestry has been carried out based on an older 

method except in the test case of sampling. Sampling methods are not suf

ficently understood by many foresters. Japanese foresters have been deciplined 

and educated on the foundation of the old German school. They are accus

tomed to every tree measurement and the standard sample plot method. It is 

very difficult to substitute new methods for old ones. But the developed 

methods should be carried out. At the present Japanese forestry inventory 

is entirely behind the times. In the age of progressive science, the older 

method should be abandoned rapidly.



  149. Further progress of forest mensuration. 

   Based on new statistics, our forest mensuration should be expected to pro

gress more and more. The foundation and reconstraction of mensuration will 
be soon perfectly established. The problem of predicting growth should 

especially be studied. At the present, no one method is generally preferable. 

SCHUMACHER said, in his text book, that the technique of forest mensuration 

is constantly changing. There have been many important additions to forest 

mensuration in the past 20 years in America and other countries, but it is too 

bad that we can not see this progress and great improvement being made 

in Japan. Our greatest source of error was an errorneous foundation for forest 

mensuration. If we take the new way, forest mensuration will be scientific 

and the goal of our study and research will be reached. Of course, in Japan, 

the education of forest mensuration should be improved on this basis and it 

will come to be the true foundation of forestry. 

 150. Application to management plan. 

   In the previous chapters, we treated and discussed many actual illustra

tions of sampling design for management plan. We recommended the various 

sampling procedures suitable for both private and national forest management 

plan. There are many suitable sampling methods. Perhaps circumstances will 

always demand new techniques. We should study more the developed meth

ods accepted by the majority. Lastly we hope that management plan will 

develop into a science of prediction and a reliable test of results through 

statistical control.

The end


