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Spielwald 248
Bremgartenwald 618
Konizbergwald 229
Gurtenwald 42
Grauholz 162
Séddelbachwald 205
Kleine Wilder 138
Engewiilder 105
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T 13 BYLEHSH

ARRHRIEEORC 2N THREL TV 50T, 2RG2EMEPIMBR CRETHZ i TE R
hole, BREOMED H523% ORI BE—HRc X 5RE CHEE I, KEROHBOZN 2~3
BERIC X W RE I hic,

BEHFAIERAELZRAE L, BHREFIZ7E LT\ 5 AfiowCToR B b ®ik~o HREER>
To. 2B oL 16, £FEMBUL 103 WTH 5,

ﬁxau“mdmm,ﬁﬁﬁﬁ1mm% Av773IVvVvvX, FAGE74VvL, FRE7 4052 —BF
A, #R#& 1/10,000, Kel-O-Watt BEff,

FEHEIZ D TRFCHEBNC TR LR L,

1—4 HROBE

T DI TN b ¥ & (Spruce, Picea excelsa) HEBARTHBHH, EEIEL HIIRPE
OEERT D, A b v —FfR (Pinus strobus) L5275 A« 77— (Pseudotuga Douglassi) 1T4ERH L
LTEETHY, BERROREL DD, TLRMI TV RLURBES 7Y DREDRFTH %,

BREROBBALT 7 THEN N EENEL R Lt WEdT 5,

TR DI A4 AFRORBERL T 5,

EEHOLRND R ABEOHRIITEDNL 5> Th 5,

g E B B ¥ B
ER 7+  13.6%
BN e 66.9% B 0.7%
BTFATT — Fofts  1.3%
S 4 6.3%
Abr—F=v 2.4%
MBS LCHALF =Y 0.7%
Z DA 8.1%
Bl 84.4% 15.6%
EBEEMLAM 54 %, /INLKH 8 %, IR 38 % Th D,
1—5 HESE

HEOSRIFEEE L T OWMRLEREL L, BELs, KOoZCSELL, Tihhbb#EA Ly R



— 164 — HERBSMRRE £ 1295

T,
A. BTERBRES
SRR (C)  REEE (H) Bk (VD
SR E AR EROBE HHLE 80 L O ORHMiMkE L, 20~80 %D DREZMKE L,
B. #&k
%) 1IN 0~10m (Y)
ik 10~20 m (S)
R 1. 20~25 m (By)
7 2. 25~30 m (By)
ik 30m LE(O)
C. BEmER
ZIIRIETERERE 50 %LlE (00 & 50 T (O) ©2BEHTS, 50 U TOMRIIX TR
BHVAERL WA L2 FAIE T3,
EEEERD ¥ LDIETROSHE L 725,
srEE L3R B2k

ik CSs HS MS
fHEHk 1. CB: HB: MB.,

# 2. CBe HB: MB.
Wbk 1. CO: HO: MO:
Z#tk 2.  COs HO: MO-
Shiatk Y

Tihbh, 16 OHTHB,

BOPOREEEIT 1/4 ha ¥ Uiz,

1—6 BHYFEOHE

FEHRHFIBO= v 7 A, AFE, R0z, FEEOERELE, PHEEOMEERAIE LT
W, Fr ULTRELEFC X DIERv v X2 @R L CEB L,

ERBOHFERRILFE LOFA v+ TEHE LK Rapidograph O0* THAL, ThEfh LELOR
SREA L, BEQOHEIMECELDTHH TS ), BCHERCH O TR L A XELRAF
5%,

HERIEEOEMTIIE O THO A ABRKOHGRAFZHOBRERBC L H, A ARKOHEDOTFHM
BE DI EEOR, TOfFEiL Old-Delft MR MEHEC L 5 2 AORBHEENFEECHEHTHD
2o

HEROUFT LD 1/25,000 HHR L BR L CHERFOERBRELFEE EITFLA L,

1—7 WEBE

ek Lo hEBERE S 1/5,000 38 XU 1/7,500 OFEWARERK (Transparent planimetric map. <

* BHRAGTFERRA



BAREYEN L LB ORI 5HE (F8) — 165 —

A7 —R—AR L B) CBE LK, ZDIEERIL Zeiss Sketchmaster # A\ 7o,

BT ORBETRAL, BCARTS YA Lk, & ORE,HFHREHORLHM L1z,
EHHF L ZOEEOTRICON 63 ABZXELL,

1—8 Bubikst

BRI HFEE RR oM B s X OCHRRBOBRICBETSH D, ORI LT, NECKTHE
DEBRL T2, ¥ RBCHRER IS ORMRBOBLLHE LRET 5 LATTE 5,

TR 2 A 10, 1 KEHERY b o CHERREYETL, BCRNT<EACHET 5,
o ORFEERLHURLERET D, T L HHCE - THERC OV TONRETRVREY T %,
BH, WASOHIKE, FEECERY, $LABEL 3T, ARCRLROEBC X 52/L0
BVROTHHOT, EREHRE L bisy,

1—9 BEROES

| EHBREIC L OTHE, RERLhEML, NORE LCBE, BELFLS. BACLOTIED
C EDEHLWEE EICERRR X A FERARE R L hulie bicn,

COHBARIIG S ETHL, BHRNOSR L ThLMOUTER L, EEE HBIRD, LT
DHFERRIEEOLELBD LI & Xici, FREE0E EEDTH 5,

BEEROEMIAE DI, TheEll, SHENCERTBERTR . Bty 7 —RETHT
b, FOHT OBREHTIb L BELRL DT T ATy 7 WOK X /T RFFR27,

§ 2. BUHRTEEINEOHSFRERO LLE

FEHD 5 DB e A4 ARFROREL R T 1 M Bremgartenwald (618 ha) » RV, H
HRBISE AT DBR Y BT 5 & LIC X ) BEHEOME LR Lc,

HEI BB ERN L 820 2 ROKBERX S REEOA—HBEEY SETFERC I OTHEL, - o%E
DB EFTIe DN, A LSBT Lhe bich 16 HOEEX L2 DT, 1 8bkbh 0.0625ha %1t
ET53DTH%, RONBOEBOERERET 1~3ha OIS D L HHEL L,

D 2 ODOREDIHBROKBIIKR S~ ORCFT L 5 Th b,

ZOREENT,

ATBHRFMOAKREER L 553,
Bt ~» ”
CitA X BD%,

DITBHREHT X » HEEHBIC B L& £ Ut o A OEK L 54%,
EiXALDD% (AD 5 b TERFEINLER.
FilBLr DD (BD 5 H TRIEINLCER,

RERINEHERO L TROBRIAO N, HEERROMBEIIIZ LA CVERT, LEERS
HC R WTLERTH 5. SHER L KREMORINIFTHED X 5 TH 5, BRSO UTERLERE
BELNTWEBEND DN, NEROEF M, HERHOHEKKIL, L ERZEBAOBECHEIRT
RELINDZBAXELTE D, FRRERCHEREC L VRIAREAE 2 BYSE»LRER T
DEWCEL Tt



—166 — HERBBHERE F£1295

A B C D E F
ha % ha % | + | - ha % ha | ha

$t ¥ B C
H oK CS 7.3 | 1.1 7.1 1.1 0.2 — 6.2 87 1.2 0.9
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Forest Type-mapping in Combination with
a Forest Sampling Project

Iwao NakaJIMA

(Résumé)

The application of aerial photographs for forestry purpose has been considered as highly
important for forest management in recent times, and their frequency in forest surveys has
been increasing year by year in every country of the world.

However, there are many problems still to be solved if we are to get the forest data
more accurately and more efficiently by the use of air-photos at the intensive forest area as
in many European countries or Japan.

In this report, the author describes and gives an example of forest survey method in
which the use of aerial photographs for such intensive forestry purpose has been made.

The author was at the International Training Center for Aerial Survey in Delft, the
Netherlands, from Dec. 1958 to Nov. 1959 for studying the application of air-photos in forestry.
During that time the author carried out researches in forest type-mapping in combination

» with a forestisampling project for intensive Swiss forest with closed contact of ‘‘Burgerliches
Forstamt Bern” and ‘‘Anstalt fiir das Forstliche Versuchswesen, Ziirich’’ under the guidance
of Dr. D. A. Boon (I. T.C.) and Prof. A. Kurta (Sweitz).

The main part of this report consisting of the author’s final report for I. T.C. 1959 and
a part of this description has been published by Dr. Boon as an I. T.C. publication B4. 1960.

1. Forest type-mapping in Swizerland

1.1. General remarks

The normal way in which forestry inventory in Switzerland was made, was by making
a 100% cruise.

The total volume of a certain forest tract can be obtained by addition of the individual
values.

By using this method a total estimate of the timber volume for a certain forest part
can be obtained, but no information is available of the distribution of this total volume over
the different forest types. Such information can be obtained only from a forest type-map
and the preparation of such a type-map is possible in an efficient way only by using aerial
photographs.

The reason why the application of aerial photographs has so far not been very popular
in Swiss forestry, can be found in the fact that forest conditions in Switzerland are rather
complicated as a result of particular regeneration systems (improvement felling systems).
As such systems have been applied over a long period of time in Switzerland, this
resulted in unevenaged stands, with a high degree of mixture, whereas the type units are
relatively small; therefore the result is quite different from that in other European countries,
where the clearcutting system is still the most popular one.

Although by these facts the application of aerial photographs is rather difficult, fhis

typical forest condition in Switzerland is the reason, and without the application of aerial
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photographs type mapping work is hardly possible. Taking further into consideration that
there is a tendency to switch over from the 100% cruise system towards sampling methods,
by which only a small faction of the total area has to be measured, it will be realized how

important the construction of a good type map must be as a base for an efficient sampling
system.

1.2. Local condition of the surveyed forests

The Community forests of Bern, in which this fieldwork was done, are situated in the
surroundings of Bern, within a radius of 10 #m from the centre of this city. The forests
are situated upon an undulating plateau crossed by the river Aare.

The mean elevation of these parts varies between 600 and 800 m above sea-level. In the
western parts the forests are situated at an altitude of about 550 to 650 m, with steep escarp-
ments towards the river. The total area of the Community forests is 3,329 4a, and from this
total area 3,024 ha was surveyed.

1.3. The flight plan and photographical qualities

As the individual forest tracts are scattered over the whole region with some occasional
groups, it was not possible to cover the whole region with a complete coverage of flight lines
upon equal distances and in the same direction. The flight plan was made in such a way,
that most of the forest tracts were covered by one single strip. Only in some larger tracts
were more adjoining strips situated.

The direction of the flight lines was in general east-west, but in some cases, depending

upon the particular boundary situation, the direction of the flight lines was south-west to
north-east.

The whole region was covered by 16 runs and a total of 103 exposures. Photographs
were made with a Wild RC 5 camera, focal length of 151 mm and with infrared film (infragon
+red filter). The date of exposure was 6 and 14 June 1958. The quality of the photographs
was quite sufficient for interpretation purposes; in particular the tone differentiation between
the coniferous species and the hardwoods was quite apparent.

1.4. General composition of the forest

In this region Spruce is the prevailing tree species, but with a slight decrease towards
the higher elevations. White Pine (Pinus strobus) and Douglas Fir (Pseudotsuga Douglassi)
are important for timber production as these species attain exceptionally large dimensions,
whereas the Larch also shows good growing conditions. The hardwoods are predominantly
composed of Beech, which also show a decrease in the higher parts. Further, the total
appearance of the forest is typical for Swiss forest conditions as already mentioned.

1.5. Classification of forest types

The classification of forest types was based upon average stand height and its composition.
The differentiation of the forest composition was only based upon the difference between
Coniferous trees and Hardwoods. By using this method the following classification system
was obtained :

A. According to forest composition

aa. Coniferous (C)
bb. Hardwoods (H)
cc. Mixtures [eY))
Over 80 % of coniferous or hardwoods in the crown canopy was classified as

pure, whereas a participation of 20~80 % of one of these groups was classified as
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mixture.

B. According to stand height
aa. Young stands 0~10 m
bb. Immature 10~20 m
cc. Pole timber 1 20~25 m
dd. Pole timber 2 25~30 m
ee. Full timber over 30m

C. According to crown density
Within the full timber group a sub-differentiation was made according to the
crown density. The following 2 density classes were indicated:
aa. Over 50%
bb. Under 50%, indicated as open, mostly old stands where the natural regeneration
already was coming in.
This method of type classification results in the following system;

Young (Y)

Coniferous Hardwoods Mixture
Immature CS HS MS
Pole timber 1 CB 1 HB 1 MB 1
Pole timber 2 CB 2 HB 2 MB 2
Full timber 1 CO 1 HO 1 MO 1
Full timber 2 CO 2 HO 2 MO 2

or in total 16 different types.
The minimum area to be differentiated is 1/4 ha.

1.6. Method of photo interpretation

The interpretation of the photographs was done by observation of differences in contrast,
tone and texture; by determining special features in crown distribution and crown shape and
by measuring differences in the average stand height. This work was done under the mirror
stereoscope using binocular enlargement, }

The boundaries of each type were marked with red and blue ink upon the photdgraphs
using a Rapidograph OO, whereas each type area was indicated with the corresponding type
symbols as referred to above. The different crown images proved to be very useful as a
classification indicator, especially in the coniferous stands.

Before starting with the interpretation of the Bern region, the tract boundaries had to
be indicated upon the air photographs by comparing the boundary situation indicated upon
the topographic map 1: 25,000.

1.7. Transfer of detail

The definite type boundaries obtained by interpretation were transferred upon transparent
planimetric maps, with scales varying between 1: 5,000 and 1: 7,500. For this purpose

the Zeiss Sketchmaster was used. From these annotated maps lightprints were made to be
used in the field.

This work and the preceding photo interpretation had to be carried out by 3 persons in
the time of 3 weeks.

1.8. Field-check
This work was necessary to check the boundary location and the identification of the
different types in the terrain. By doing this work, possible misinterpretations made during
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the office work were established and also possible changes in the forest composition after
the photos are made, were indicated.

Young stands had to be studied carefully, because sometimes they were not clearly
visible upon the photographs as the individual areas were mostly very small. Further, since
the moment of exposure, one year passed before the field-check was made, so there was a

big chance that since that time new plantations were made which were not present at the
moment of exposure.

1.9. Construction of the final map

The corrections made during the field-check, after returning to the office, were trans-
ferred to the original transparent maps. If necessary a new interpretation was made upon
a duplicate set of photographs. The result of this interpretation was compared with the
field-check and with the former interpretations before the field-check was made.

After the final map was completed, it was printed using light printing, and afterwards
each print was colored to get a good overall impression of the distribution of types within

the different areas. Coloring was done with color pencil and afterwards the maps were
sprayed with a plastic liquid.

2. Comparison of interpretation results before and after field-check

To compare interpretation results before and after field-checking, the forest of Bremgarten-
wald was taken as an example. This was done because Bremgartenwald is rather complicated
in its composition as a result of intensive management procedures in the past, and therefore
a good example of interpretation difficulties typical for the Swiss forests.

The comparison was made by dot counting of 2 different type-maps of the same area,
one prepared before the field-check and the other after the field-check.

For this purpose a dot grid was used with 16 dots per ha.

The results of these 2 different area determinations are given in table (p. 166). In this
table the following indications are used:

A : Type area before field-check.

B : Type area after field-check.

C

D: Part of type area in which the interpretation result conformed to the
situation after the field-check.

E : Difference between A and D.

F : Difference between B and D,

.

Difference between A and B.

From the results of comparison indicated in this table, the following conclusions can be
made. The situation of the type boundaries was in general correct; this was especially true
for the boundaries between the different forest compositions. In particular the differences
between the coniferous groups and the hardwoods were always clearly visible in the photo-
graphs. For the mixtures sometimes errors in the exact boundary location were made. Young
stands were sometimes overlooked in the photographs, as they were obscured by the crowns
of the overcovering trees; furthermore, a part of the young stands were made after the time
the exposure was made. ‘

Within the same composition class mistakes were often made in the exact height class

indication. These misinterpretations were in general not more than one class interval (see
for instance the records under column F).
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Especially the coniferous full timber 2 group and that of hardwood full timber show
large differences.

For that reason a special analysis of the misinterpretations was made for these 2 special
groups.

These result are shown in p. 166. This is an indication that under rather complicated
forest conditions, as was demonstrated by the Bremgartenwald, it is absolutely necessary to
make a 100% field-check.

3. Sampling methods applied in the Swiss forests

3.1. General remarks

As already mentioned, so far sempling methods had never: been applied in Swiss forestry
on a large scale.

However, the necessity to introduce sampling methods in all Swiss forest regions is in
recent times strongly recommended, as by such methods there will be a larger possibility of
getting accurate information in shorter time, and with a limited amount of cost and labor.
For that reason the local Forest Service of the Community forests of Bern was highly
interested in the application possibilities of sampling work within this forest region.

3.2. General design for a sampling survey

To get better information about the general design for a sampling scheme under Swiss
forest conditions, reference could be made to the sampling methods applied in Orsieres,
situated in the south-west part of Switzerland.

Depending upon local topographic conditions, it is sometimes advisable to divide the
forest region into different production classes. For the forests of Orsieres 5 production classes
could be indicated:

As management procedures to be applied in these different production classes could not
be simmilar in actual practice, the following systems are indicated for the different classes:

Cl. T Managed under sustained yield conditions, with no change in the type composition.

Cl. II Managed as under I but with a possibility that the forest composition is apt to
change in the future,

Cl. I Forests with possible chance for production in the future.

Cl. Iv Forests to be converted by clear felling systems.

Mont. For. Not influenced by exploitation.

Based upon these differences in management procedures, also different standards of
accuracy in the computation of these forests had to be applied:

The most appropriate scale for type-map construction for such a sampling survey is
1: 10,000 or 1: 5,000. The scale for the photoplan should be equal. Based upon the type-
map, different height classes can be differentiated. As it will be advisable to take smaller
plot areas in the younger classes then in the older ones, the following plot radias are indicated

for the different type groups:

Plot radius Sampling % for 1 plot
in m per ha
Type group 1  Young and immature stands 3.35 0.35
Type group 2 Pole timber stands 6.63 : 1.38
Type group 3 Full timber stands 13.26 5.5

For the calculation of the standing timber volume local tables are used; the position of
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the plots is located upon the type-map by a systematic latticework system. One plot per #a
corresponds with a distance between the plots of 100 m in a square coordinate system.

3.3. Preparation of a working plan

To be able to carry out the survey in a systematic order the following working plan
was prepared :

1) Construction of the type-map based upon interpretation of aerial photographs.

2) Construction of photoplans by making an assembly of partial rectifications of the air
photos according to the slope direction.

3) Location of sample plots upon the map after the correct sampling intensity is deter-
mined (distance between the sample plots). Each sample plot location has to be trans-
ferred from the type-map towards the photoplan, for a better location in the terrain.

4) The determination of the surface of individual type-areas by dot grid counting; then

the resulting area estimates are marked upon the punch cards for further computational
work.

As the sampling intensity is determined by the distance between the plots in a squared
lattice system, it will be advisable to select such values for distances that correspond with
simple figures for the number of plots per ha.

3.4. Execution of the fieldwork

The execution of the field work can be divided into the following stages.

1) Location of the sample plots in the field. This is obtained b.y determining the plot
centres by pacing off and using a compass for ‘the exact baring. Under difficult terrain
conditions, where pacing off the distances between succeeding plot centres is hardly
possible, the use of the annotated photoplan can be very handy.

2) Determination of the plot-radius (different radius for different type groups), and
measurement of the timber volume for each plot.

4. 'Application of sampling in the Bremgartenwald

The type composition of the Bremgartenwald is already demonstrated in the table
discussed in Chapter 4 in the ‘B’ column. As this forest tract belongs to Production Class
I, a sampling intensity of one sample per ha can be taken. Based upon this sampling
intensity and the individual type areas the Numbers of plots can be prepared as table (p. 169).

5. Conclusion

Although it was not possible to start with actual sampling based upon the type mapping
work made with the Swiss photographs, it will be clear that the usefulness of aerial photo-
graphs for forest inventory work is undoubted. In such cases, in which the area of the
individual forest tracts is not too small, the application of sampling seems absolutely justified.

In the matter of preparation of the type-map, it will also be clear that the same amount
of information with the same accuracy means much more extra time, cost and labor, when
only terrestrial methods are applied. Moreover, it could be ascertained that taking into
consideration the rather intensive management systems and complicated composition of the
Swiss forests, the application of aerial photography was absolutely necessary to obtain better
information about the local distribution of the different forest types.

In connection with the photo interpretation it was absolutely necessary to combine this

work with a field-check afterwards to get accurate mapping results. Only in combination
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with this fieldcheck will the application of aerial photographs give the most efficient results.
Nevertheless, the interpretation results without field-check proved to be exact for a large
part of the area, which means less time to spend in the field for rectification.

For the transfer of the type-boundaries from the photographs to the map, the Zeiss
Sketchmaster proved to be the most appropriate instrument, as the mapping accuracy obtained
by this method could be considered as adequate.

Finally it can be remarked that the quality and the scale of the photographs used for
the type-mapping work proved to be sufficient for this purpose.



