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P r e f a c e
T his w ork  has been su g g ested  by m y P ro f. Anton G eorgopu los, 
d i re c to r  of F o r e s t  m anag em en t and F o re s t  m e n su ra tio n  of the 
U n iv e rs ity  of T h essa lo n ik i (D epartm en t of A g ric u ltu re  and F o r e s t  
School).
He had a c c re d ite d  th a t a g re a t  help  would be o ffe red  to th e  F o re s t  
M en su ra tio n , i f  i t  would be p o ss ib le  to e s tim a te  the vo lum e of 
a stand ing  t r e e  by R e lascop  w ith th e  re q u ire d  p re c is io n  to the 
fo re s t  p ra c t ic e , so he ch a rg ed  m e  to in v es tig a te  th is  p ro b lem .
F o r  th is  p u rp o se  I co m p ared  in  re fe re n c e  to th e ir  p re c is io n  the 
known m ethods of th e  vo lum e e s tim a tio n  of a stand ing  t r e e ,  
u sing  the  R elascop  w ith the  m ethod of the vo lum e m e a su re m e n t 
by sec tio n s  of a fa llen  t r e e ,  u sing  c a lip e r  and tap e , in  th e  
U n iv e rs ity  F o r e s t  of P e r tu l i ,  du ring  th e  su m m e r of 1965.
I p ro ceed ed  in  th is  co m p a riso n  b eca u se  no one up to now has 
re f fe re d  th e  above in  th e  ex is tin g  b ib liog rap hy , giving a so lu tion  
to th e  p rob lem  in  th is  way.

1 . I n t r o d u c t i o n
The sp ie g e l- re la sc o p  has been  proved  th a t i t  is  an  in d isp en sab le  
and m u ltip u rp o se  in s tru m e n t fo r  f o r e s t e r s ,  w ith w hich we can  
find out by  in d ire c t e s tim a tio n  the p a ra m e te r s  of the  vo lum e of 
a s tan d in g  t r e e  o r  a s tan d , eco n o m ica lly  and w ith the re q u ire d  
p re c is io n .
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But with th is  in s tru m e n t, i t  is  obvious, th a t we o p tica lly  e s tim a te  
the  c h a ra c te r is t ic  of a t r e e  o r  a s tan d , from  a d is tan ce  with an 
angle count o r  by the point and line  sam pling , so th a t a s e t of 
random  and sy s te m a tic  e r r o r s  a re  in troduced  which f ina lly  in ­
fluence the  d eg ree  of a c c u ra c y  of the e s tim a ted  p a ra m e te r s  a b ­
so lu te ly  o r  p e r  cen t.
C onsequently , we put up the question: With what p re c is io n  can we 
es tim a te  the c h a ra c te r is t ic  of a t r e e  o r  a stand  by u sing  the r e -  
la sco p?
U ntil now, as  we know, the in v e s tig a to rs  (BITTERLICH , GROSEN- 
BAUGH, B L U TE L , H ELLRIG L, GUDE, HIRATA e. c . t . ), have 
been  w orked m o re  on th e  point sam pling  th eo ry , by an  angle count. 
T hey have a lso  w orked with the ap p licab ility  of the  in s tru m e n ts  
(R elascop , P r i s m , C onom eter) th a t depends on th is  th eo ry .
But, u n til now li t t le  is  r e fe r re d  in  the b ib liog rap hy  about the  p r e ­
c is io n  which we can  ach ieve by u sing  th e  above in s tru m e n ts  fo r 
es tim a tin g  a t r e e  o r  a stand  p a ra m e te r .
H ELLRIGL (1960, P . 14) r e la te s ,  th a t UN TERDO RFER estim atin g  
the  num ber of the t r e e s  of a stand p e r ha by R elascop , has 
proved  b ased  on PRODAN's and H A B E R L E 's s ta t is t ic a l  in ­
v e s tig a tio n s  th a t th e  to ta l m ean  e r r o r  is  about + 4 % and the 
m axim um  i l l  %.
The GIBBES and GARTER (1964, P . 580) have proved  a f te r  u sing  
the re la sc o p  fo r  heigh t m e a su re m e n ts  tak en  on four sp e c ie s  of 
A ppalachian  hardw oods th a t th is  re la sc o p  did not d iffe r  s ig n if i­
can tly  from  tap e  m e a su re m e n ts  on the sam e t r e e  a f te r  fe lling . 
A verage heigh ts b ased  on re la sc o p  m e a su re m e n ts  w ill p robab ly  
be su ffic ien tly  a c c u ra te  fo r g e n e ra l p u rp o se s .
B esides the above, up to nothing has been  re la te d  in  the  ex isting  
b ib liog rap hy  about the  su c c e ss fu l a c c u ra c y  re g a rd in g  th e  e s tim a tio n  
of th e  vo lum e of a stand ing  tr e e  by sec tio n s  o r  by th e  PR E SSLE R 's 
fo rm u la  by the  re la sc o p .
BITTERLICH  (1958), B LU TEL (1962), HELLRIGL (1960), and 
PATRONE (1963) recom m end  the m eth ods, by which we can find 
out the  vo lum e of a standing tr e e  by sec tio n s  o r  by P R E SSL E R 's 
fo rm u la  using  B IT T E R L IC H 's R elascop , w ithout re f fe r r in g  to us 
the d eg ree  of a c c u ra c y  we can succeed  by using  the  above 
m ethods.
C onsequently , the  p u rp o se  of th is  r e s e a rc h  is  to be shown: with 
w hich d eg ree  of a c c u ra c y  we can e s tim a te  the  volum e of a 
standing t r e e  by B IT T E R L IC H 's R elascop  using  the  m ethods of
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the  vo lum e m e a su re m e n ts  by sec tio n s  and by P R E S S L E R 's fo rm u la , 
com p ared  with the m ethod by sec tio n s  using  c a lip e r  and tap e  on the 
sam e  t r e e  a f te r  fe llin g .

2 . M a t e r i a l  a n d  M e t h o d  o f  R e s e a r c h
F o r  ou r study  we cho se  the  i r r e g u la r  se le c tio n  fo re s t  of A bies 
H ybridogenus (A biesA lba X A bies cephalonica) of the U n iv e rs ity  
F o re s t  of P e r tu li .
The sam ple  tr e e s  had been m a rk e d  and they  w ere  going to fa ll 
down during the m anag em en t y e a r  of 1965 by the ind iv idual s e ­
le c tio n  sy s tem . F ro m  th e se  t r e e s  th a t w ere  about 850, a sam p le  
of 169 t r e e s  and 165 t r e e s  fo r  each m ethod, have been tak en  by 
sy s te m a tic  sam pling  and by the  ru le s  of s ta t is t ic a l  m eth ods.
F o r  each m ethod ev e ry  sam ple  s iz e , as we w ill see  in  the 
follow ing, has been  judged th a t it  was v e ry  su ffic ien t fo r  a 
sig n ifican t lev e l 5 % and with a re q u ire d  p re c is io n  of 1  5 %.
F ro m  th is  ex p erim en t m a te r ia l  the  volum e of ev e ry  one of the 
sam p le  t r e e s  th a t have been tak en  as a sam p le , has been e s t im a t­
ed by B IT T E R L IC H 's R e lascop , u sing  the m ethods by sec tio n s  
and the  P R E SSL E R 's fo rm u la  and has been m e a su re d  by c a lip e r  
and tape a f te r  fe lling , as  following (HELLRIGL 1960 p 15-18).
a) Cubic Volum e by S ections (Method A)
In th is  m ethod we alw ays u se  the b a sa l a re a  fa c to r  F  4 of 
the  in s tru m e n t, a f te r  se ttin g  o u rse lv e s  in  a d is tan ce  15 m , 20 m , 
and 30 m , from  th e  m e a su re d  t r e e .  So th a t from  th is  d is tan ce  
we can e s tim a te  the  d ia m e te r  of a t r e e  in  d iffe ren t h e ig h ts , if 
we have in  m ind th a t ha lf  of the b a sa l a r e a  fa c to r  F  1, gives 
an e s tim a ted  d ia m e te r  of a t r e e  in  cm , as the e s tim a ted  d is tan ce  
in  m betw een t r e e  and point (figure 1 ).
On the  b ase  of th is  p r in c ip le , the  e s tim a tio n  of the  d ia m e te r  
ou tside  b a rk  of each  sam p le  t r e e  w as done in  heigh ts 1 m , 5 m ,
9 m , . . .  e. c . t .  and heigh t m e a su re  by the  heigh t s c a le s  
15 m , 20 m , 25 m ,a n d  30 m of the  in s tru m e n t.
F ro m  th e se  se lec ted  da ta  th e  d .b .h .  and the  d ia m e te r  in  one 
m e te r  heigh t, ou tside  b a rk  have been  taken  as the  av e rag e  
of the long and sh o rt ax es .
F in a lly , if  we c o n s id e r  a t r e e  s tem  with d ia m e te rs  d^, dg, 
dg, . . . ,  dn m e a su re d  in  m , a t in te rv a ls  of 1 m e te r s  along 
the s tem , the vo lum e of th is  s tem  by sec tio n s  can be found by 
applying the  fo rm u la  a s  follow s:
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Fig. t
Volume estimation by  sections- using Relascop

Calculations

X  .2 5 4 * 5 0 0  -  42.333 cm3
3
254+49/ x 4oo = 149.000 

2

491+755
2

X400= 249.200

755 +1257 
2 X400-402 .400

125741590
2

1590 x lo o

*400-569 .400

- 159.000
- 157/333 cm3
-  1,57/3 m3

M easurement from a di&tnce 20 m, by basal area fa c to r  F -4
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Fig. 2
Volum e estimation by Pelascop, using the PresslerS formula

'/\»/ 'A **f*s
Measurement o f L on the height-scale 25 m
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V 7t
~T

d l1 <4+ H + n . TC
T ) + T xi 1 71 ^  i+ 3 * 4 dn X2

w h ere 4 m
1 m and
the leng th  in  m e te r s  of th e  top sec tio n .

b) Cubic V olum e by P R E S S L E R 's F o rm u la  (M ethod B)
F o r  th is  p u rp o se  we s e le c t  th e  b a sa l a r e a  fa c to r  F  4 of the  
in s tru m e n t and we s e t o u rse lv e s  in  such a d is tan ce  fa r  from  the 
t r e e ,  from  which we m u s t do the e s tim a tio n  of the vo lum e.
F ro m  th is  d is tan ce  th e  w idth of the above b a sa l a r e a  fa c to r  m ust 
co v e r ex ac tly  th e  d .b .h  of th is  t r e e  (figure 2). A fte r th a t we read  
the  re g is te re d  va lue  on th e  h e ig h t-sc a le  25 m of th e  in s tru m e n t 
(fast read in g ).
A fte rw ard s  along th e  s tem  we seek  again  a po in t, the d ia m e te r  
of which c o v e rs  ex ac tly  the  width of the  b a s a l  a r e a  fa c to r  F  1 
and on th is  point we re a d  again  the  re g is te re d  v a lu e  on the sam e  
h e ig h t-s c a le  25 m (second read in g ).
T hese  two re m a rk s  a re  added o r  su b s tra c te d  re sp e c tiv e ly , if 
th e se  had been  re a d  in  e ith e r  s id e  from  the  z e ro  of the  h e ig h t- 
s c a le  25 m o r  to th e  sam e  d ire c tio n  of i t ,  g iving a nu m ber L th a t 
is  equal to : „

L - .  f h  (2)
With th is  nu m ber and w ith the  m e a su re d  d .b .h  ou tsid e  b a rk  by 
th e  c a lip e r ,  i t  w as found out the vo lum e of ev e ry  t r e e  by the  
fo rm u la :

w here:

7l 3 (L + -3 m .V T  d • — . —  ) 2 d ;
m 1,3 m
d th e d .b .h ,
f the fo rm fac to r and
h th e heigh t; of the tr e e .

(3)

c) Cubic Volum e by  Section U sing C a lip e r and T ape (M ethod C)
A fter the end of th e  two d e sc r ib a b le  m e a su re m e n ts  of the  vo lum e 
by th e  R e lasco p , e v e ry  sam ple  t r e e  was fa llen  down. The vo lum e 
of th is  t r e e  w as m e a su re d  by  sec tio n s  ou tsid e  b a rk  u sing  c a lip e r  
and tap e .
F o r  th is  p u rp o se  th e  a r ith m e tic  a v e rag e  d ia m e te rs  of the  drnax
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and the  p e rp e n d ic u la r  to  i t  dp w e re  tak en , at in te rv a ls  1 4 m
beginning from  one m e te r  le v e l up to th e  ground .
W ith th e se  m eans d ia m e te rs  d j ,  dg, dg, . . .  m e a su re d  in  cm  a t 
in te rv a ls  1 m , 5 m , 9 m , e . t .  c . up to  th e  ground and from
th e  to ta l heigh t, we have m e a su re d  th e  r e a l  vo lum e ev e ry  sam p le  
t r e e  by th e  fo rm u la  1 (GEORGOPOULOS p 14 - 16, 1963) . Xj

3 . C o m p a r i s o n  B e t w e e n  M e t h o d s
In o rd e r  to be shown, if  th e re  a r e  s ig n ifican t d iffe ren ces  betw een 
the  above m ethods of th e  vo lum e m e a su re m e n t, A - C and B - C 
co m p ared  by tw o, we c a lc u la te  th e  d iffe ren ces  of th e  sam p le  
t r e e s  vo lum e th a t w ere  tak en  as  p a ire d  v a r ia te s  and a f te r  th a t 
we co m p are  the  m ean s of th e se  d iffe ren ces  to  ze ro  (Null hypo­
th e s e s , SNEDECOR p 49 and so on).
If th e re  w ere  no r e a l  d iffe re n c e s  in  th e  vo lu m es of the  two g roups 
A - C o r  B - C, i t  would be lo g ica l to sa y  th a t the  m ean  of each  
a r r a y  of d iffe ren ces  would be z e ro . On th e  o th e r  hand, th e  
1  d iffe re n c e s  fo r  each  p a ir  would be n o rm a lly  d is tr ib u te d  about 
a m ean  of z e ro .
But the ta b le  I show below  th a t th e  sum  of th e se  d iffe re n c e s , on 
169 and 165 p a irs  of m e a su re m e n ts  a re  re sp e c tiv e ly  not z e ro . 
C onsequently , i t  m u st be shown fu r th e r , if  th is  to ta l d iffe ren ce  
of each  co m p ared  m ethod is  o r  not s ig n ific an t, a t a cho sen  
sig n ifican t lev e l.
F o r  th is  p u rp o se  we m u st c a lcu la te : x)

a) The m ean  of th e  d iffe ren ces
* d X 1 X 2 (4)

b) The s ta n d a rd  dev ia tion  of th e  d iffe ren ces
2 £ ( X 1 X2 ) 2 - { [ £ ( X 1 X2> ] |-} (5)S

n 1

c) The s ta n d a rd  e r r o r  of th e  d iffe ren ces

x) The an a ly tica l e lem en ts  of th is  w ork  a re  deposided  to the 
L a b o ra to ry  of F o r e s t  M anagem ent and F o re s t  M en su ra tio n .
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With the  above s ta t is t ic a l  nu m b ers we p ro ceed  fu r th e r  to the 
com p aring  of th e  m ean  vo lum e of th e  d iffe ren ces , using  the t - t e s t ,  
by the fo rm u la

t = X 1 - X 2

The ca lcu la ted  value  of t com p ared  with th e  th e o re tic a l va lue  of 
to ,05* t ° r  d eg ree s  of freed om  n 1 and p ro b ab ility  95 %, w ill 
show us if  th e re  a re  s ig n ifican t d iffe ren ces  betw een the  com p ared  
m ethods of the vo lum e m e a su re m e n t (HUSCH 1963 p 375 - 376).
a) C om parison  B etw een A and C M ethod
F o r  th is  p u rp o se  we ca lc u la te  the d iffe ren ces  of the t r e e s  volum e 
by tw o, which have been  tak en  as a sam ple  and from  th e se  p a irs  
we co m p are  the  m ean  of the  d iffe ren ces  to z e ro .
The tab le  1 show s us th a t the  e s tim a ted  to ta l vo lum e by sec tio n s  
(m ethod A), u sing  the R elascop  is  £  305,3713 m 3 and the
m e a su re d  one by sec tio n s  (method C), u sing  c a lip e r  and tap e  is  
£  V3 300,3285 m 3, on 16 9 p a irs  of o b se rv a tio n s . S im ila rly  
th e  sum  and the  sq u a re  of th e  to ta l d iffe ren ce  betw een th e  co m ­
p a red  m ethods A - C a re  £  (Vi V3) + 5,0428 m^ and
£  (V1 V 3)3 12,2098 m 3 re sp e c tiv e ly . This to ta l d iffe ren ce

m u st be shown, if  i t  is  o r  not s ig n ifican t, a t a chosen  s ig n ifican t 
lev e l 0,05.
The re s u lts  of the  s ta t is t ic a l  c a lc u la tio n s , betw een  th e  two com pa­
red  m ethods A C show us th a t th e se s  a re  the follow ing (T abel II):

— 3The m ean  of the  d iffe ren ces  0,02983 m
The s ta n d a rd  dev ia tion  of the  d iffe ren ces  
Sv ±  0,2670 m 3 and
The s tan d a rd  e r r o r  of the d iffe ren ces  0,02054 m 3.

With the  above s ta t is t ic a l  n u m b ers , it has been  proved  by the 
fo rm u la  (7) th a t the  t c r i te r io n  is  t  1,452. This ca lcu la ted  
va lue  of t 1,452 com p ared  with the  th e o re tic a l value  of tQ gg 

1,96 th a t can  be found out on a s ta t is t ic a l  tab le  (SNEDEC(!)R 
1961, p 46), fo r  d eg re e s  of freed om  n 1 = 168 and p ro b ab ility  
95 % shows th a t t <  tg  g5. F ro m  th is s ta t is t ic a l  r e s u lt  we a re  
led  to  the  conclusion  th a t th e re  a r e  not sig n ifican t d iffe ren ces  
betw een the two co m p ared  m ethods and the nu ll hypo thesis is  
not re je c te d . C onsequently  the  m ethod of the volum e m e a s u r e ­
m ent by c a lip e r  and tap e  of a t r e e  is p o ss ib le  to be su b stitu ted  
by the  o th er th a t e s tim a te s  the  volum e of the t r e e  by sec tio n s  
w ith the R elascop .
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Thus during the  e s tim a tio n  of a vo lum e by sec tio n  of a standing 
t r e e ,  w ith th e  R elascop , we o v e re s tim a te  i t ,  in  opposition  to the  
e s tim a ted  volum e th a t we m e a su re  by c a lip e r  and tape on the  sam e 
t r e e  a f te r  felling . The s iz e  of th is  po sitive  e r r o r ,  p a r tly  is  a 
random  one ( e r r o r  of re ad in g , e r r o r  of o b se rv a tio n  e . c . t . ), which 
is  n eu tra liz e d  by th e  in c re m e n t of the m e a su re m e n ts , and p a r tly  
is  a sy s te m a tic  one, th a t cannot be ze ro  with the  in c re m e n t of the 
m  e a su r  em  e n ts .
But th is  sy s te m a tic  e r r o r  m a in ly  is  due to the follow ing c a u se s :
As i t  has been  o b se rv ed  in  th e  ac tio n , the p ro jec ted  angle count 
by the  R elascop  on a vo lum e m e a su re d  t r e e  from  a d is ta n c e , in  
o rd e r  to e s tim a te  the  d ia m e te rs  by  sec tio n s  in d iffe ren t heigh ts 
fro m  the  ground , u su a lly  o v e re s t im a te s  th e se  d ia m e te rs  of the 
u p p e r-h e ig h ts .
T his is  eviden tly  due to  th e  fac t th a t th e  c r i t ic a l  angle is  alw ays 
touched on th e  t r e e  in  acu te  angle to th is  ax is and low er than  the 
r e a l  heigh t of c a lip e r in g . C onsequently  ev e ry  tim e  the  d ia m e te r  
is  e s tim a ted  a l i t t le  o v e r the r e a l  one.
The su b jec tiv e  se le c tio n  of the sig h t of the tr e e  from  which we 
e s tim a te  th e  vo lum e of a stand ing  t r e e  alw ays g ives o v e re s tim a te d  
u p p e r heigh ts d ia m e te rs , b eca u se  of th e ir  in c re m e n t to the  po in ts 
con tribu tion  of b ru n ch es , w here  they  a re  touched by the angle 
count s id e s .
If we exam ine ev e ry  d iffe ren ce  of the o b se rv a tio n s , we a c c re d it 
th a t t r e e s  w ith m any b ra n c h e s  and w ith in fec tion s by m is tle to e s , 
show d iffe ren ces  of vo lum e w hich a re  betw een + 15 % and + 25 % 
th an  the  r e a l  one.
The sam ple  s iz e  th a t h as  been taken  169 t r e e s ,  is  g r e a te r  than  
the  re q u ire d  one, fo r a s ig n ifican t lev e l 5 % and a c c u ra c y  i  5 % 
of the  m ean  r e a l  vo lu m e. T his can  ea s ily  be proved  by the  
fo rm u la :

0,05
ir .

( 8)

W here: 6 The population  d iffe ren ce  from  the  m ean  
r e a l  vo lum e

Sv The s tan d a rd  dev ia tion  of the  d iffe ren ces  and
n The sam p le  s iz e  (SNEDECOR 1961, p 60,

sec tio n  2.15).
F ro m  th e  above fo rm u la  (8) i t  has been proved ( tab le  III) that 
fo r  a sig n ifican t lev e l 5 % the  ca lcu la ted  population  d iffe ren ce
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ni s ,  6 0,04023 m ° and the re q u ire d  one, <51 tg  05 • sv 0,05.
1,777 0,0888 re sp e c tiv e lly . Thus the  sam ple  s ize  with
<5  ̂ 0,0888 and fo r  a re q u ire d  p re c is io n  + 5 % of the  m ean

r e a l  vo lu m e, would be 36 t r e e s  and not 16 9 t r e e s .
b) C o m p arison  betw een B and C m ethod
We a lso  ca lcu la te  the  d iffe ren ces  of the  tr e e s  volum e by tw o, 
which have been taken  as a sam p le  and from  th e se  p a irs  we co m p are  
th e  m ean  of the d iffe ren ces  to z e ro .
F ro m  the tab le  I is  shown again  th a t the  e s tim a ted  to ta l volum e by 
P R E S S L E R 's fo rm u la  (Method B), u sing  the  R elascop  is  

E ^ 2  260,6997 m^ and the m e a su re d  one by s e c tio n s  (m ethod C),
u s in g  c a lip e r  and tape i s ,  ¿7 V3 294,6117 m ^, on 165 p a ir s  of
o b se rv a tio n s . S im ila rly  the  sum  and the sq u a re  of the to ta l d if ­
fe re n c e  betw een the  co m p ared  m ethods B C a re

ZJ (V 2 V3) - 33,9120 m 3 and E  (V2 - Vg)2 34,7548 m 3

re sp e c tiv e ly .
C onsequently  it  will, have to be shown again  if  th is  to ta l d iffe ren ce  
is  o r  not sig n ifican t at a cho sen  sig n ifican t lev e l 5 %.
In o rd e r  to p rove the above we c a lcu la te  the following s ta t is t ic a l  
nu m bers (table II): _ 3The m ean  of th e  d iffe ren ces  Vd 0,20553 m qThe s tan d ard  dev ia tion  of the  d iffe ren ces  sv 0,4110 m

The s tan d ard  e r r o r  of the d iffe ren ces  Sy 0,03199 m^
W ith the  above ca lcu la ted  e lem en ts  it  has been  proved by the 
fo rm u la  (7) th a t the  t c r i te r io n  is  t = 6,424. This ca lcu la ted  value 
com p ared  with th e  th e o re tic a l va lue  of t g  g s  1,96 which can  be 
found out, on a s ta t is t ic a l  tab le  fo r  d eg ree s  of freed om  n - 1 164
and w ith a p ro b ab ility  95 %, show s th a t t  >  t g  05. C onsequently  
we a r e  led  to the conclusion  th a t th e re  a re  sig n ifican t d iffe ren ces  
betw een the  two com p ared  m ethods B C and the null hypo theses 
is  re je c te d . Thus we cannot u se  the  R elascop  to e s tim a te  the 
vo lum e of a standing t r e e ,  when w ith th is  in s tru m e n t we get the 
vo lum e by the  P R E S S L E R 's fo rm u la .
F ro m  the above fo rm u la  (8) i t  has been proved (table III) th a t 
fo r  a s ig n ifican t lev e l 5 % the  ca lcu la ted  population d iffe ren ce  
is  again  6 0,06894 m ^ and the  re q u ire d  one <5 \ 0,0840
re sp e c tiv e ly . Thus the sam p le  s iz e  w ith (5 1 0,0840 m^ and
fo r a re q u ire d  p re c is io n  i  5 % of the m ean  re a l  vo lum e, would
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be 112 t r e e s  and not 165 t r e e s .

4 .  G e n e r a l  C o n c l u s i o n s
As we have p roved , by B IT T E R L IC H 's R elascop , we can e s tim a te  
th e  r e a l  vo lum e of stand ing  t r e e s  w ith th e  re q u ire d  p re c is io n  to 
th e  fo re s t  p ra c tic e  and r e s e a rc h  using  th e  m ethod by sec tio n s  and 
not the  m ethod by P R E S S L E R 's fo rm u la .
U sing the above m ethod to  e s tim a te  the vo lum e of the  t r e e s ,  we 
have th e  following advan tages:

a) We e s tim a te  the  vo lum e of standing t r e e s ,  not a f te r  
fe lling  them . Thus we do n 't d e s tro y  the  fo re s t  and we 
do n 't d is tu rb  its  m anagem en t.

b) The fo re s t ow ner using  th is  in s tru m e n t fo r th is  p u rp o se , 
sav es  up tim e  and m oney w ithout s a c r if ic in g  the re q u ire d  
p re c is io n .
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V e r g l e i c h e  z w i s c h e n  d e r  s e k t i o n s w e i s e n K u b i e ­
r u n g  v o n  S t ä m m e n  u n d  d e r e n  S c h ä t z u n g  m i t  

d e m  S p i e g e l r e l a s k o p  v o n  B i t t e r l i c h

P ro f . D r. A. GEORGOPOULOS, d e r  L e ite r  des In s titu te s  fü r  F o r s te in ­
rich tu n g  und D en d ro m etrie  d e r  A r is to te le io n -U n iv e rs itä t , hat uns 
b e a u ftra g t, die G enauigkeit d e r  Schätzung des V olum ens d e r  s te h e n ­
den B äum e du rch  das S p ieg e lre la sk o p  von BITTER LIC H , m it H ilfe 
sow ohl d e r  D u rc h m e sse rm e ssu n g  in  v e rsc h ie d e n e n  Höhen (b -M es- 
sung, M ethode A), w ie auch nach d e r  u n m itte lb a re n  F o rm h ö h en ­
m essu n g  (fh /d -M essu n g , M ethode B), zu u n te rsu c h e n . Zu d iesem  
Zweck haben  w ir  im  Jun i und S ep tem b er 1965 im  L ehrw ald  von 
P e r tu l ix  ̂ von 850 ang eze ich ne ten  B äum en in  d e r  A bteilung "W athy" 
169 bzw . 165 Stäm m e s y s te m a tis c h  ausgew äh lt und d e re n  V olum en 
v o r  d e r  F ä llung  nach d e r b -M essu n g  bzw . fh /d -M essu n g  b e re c h n e t. 
Nach d e ren  F ällung  haben w ir  den Inhalt d ie s e r  S täm m e du rch  
sek tio n sw e ise  K ubierung genau e rm i t te l t  (M ethode C) und das E r ­
gebnis m it den M ethoden A und B v e rg le ic h e n  (siehe  T a b .I)* xx).
D er V erg le ich  zw ischen  den D u rch sch n itten  d e r M ethoden A und 
C e in e rs e i ts  und B und C a n d e re r s e i t s  m itte ls  d e r  t-V e r te ilu n g  
nach STUDENT hat e rg eb en , daß die b -M essu n g  s ich  von l ie g e n ­
den (genaueren) S tam m in h a ltsm essu n g  nu r zu fällig  u n te rs c h e id e t, 
w ährend  die  fh /d -M essu n g  und die  M essung an lieg en d en  S täm m en 
w esen tlich  vo ne inan der abw eichen . Die s ta t is t is c h e  S ich e rh e it e r ­
g ib t 95 %, d .h . U n te rsc h re itu n g sw a h rsc h e in lic h k e it 5 % (siehe 
T ab. II). Zum Schlüße haben  w ir  fü r  eine G enauigkeit des M it­
te lw e r te s  i  5 % in n e rh a lb  e in e r  s ta t is t is c h e n  S ich e rh e it von 95 % 
d ie  nö tige M indestzah l an M essungen  fü r  beide  M ethoden A und 
B b e re c h n e t (siehe T ab. III).
Aus d iesen  U n tersuchungen  geh t h e rv o r , daß das S p ieg e lre la sk o p  
von BITTER LICH  ein  w e rtv o lle s  und r a s c h  a rb e ite n d e s  F o r s t ­
in s tru m e n t fü r  die genaue Schätzung des S tam m inh a ltes  s te h e n ­
d e r  Bäum e d a r s te l l t ,  u n te r  d e r  V o rau sse tzu n g , daß eine A nzahl 
von S täm m en g e m e sse n  w erden  m ü sse n , um  den F e h le r  des 
M itte lw e rte s  in  b e s tim m te n  G ren zen  zu ha lten . In fo lg ed essen  is t  
es auch m ög lich , M asse n ta r ife  in  einem  Wald a u fzu s te llen , ohne 
d ie B äum e d e r  S tichprobe fä llen  zu m ü ssen .

x) D ies is t  ein p le n te ra r t ig e r  T annenw ald , d e r  den Übungen 
d e r  F o rs ts tu d e n te n  d ient.

xx) O rig in a lw e rte  sind  im  In s titu t fü r  F o rs te in ric h tu n g  und 
D en d ro m etrie  d e r A ris to te le io n  U n iv e rs itä t h in te rle g t.
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