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Table 1. The number of stems per ha (N;) and 95% confidence
point to the i-th nearest tree (% is the number of

k= =16 k =25 k=
i N;
T B|E BT B|E B|{T ®B|E B|T R
1 2500/%% 918/%% | 4859/%% | 1307/%% | 4077/%% | 1539/%% | 3693/%% | 1695/%%
2 5625/%% | 2967/%% | 9126/%% | 3669/%% | 7998/%% | 4068/%% | 7433/%%| 4329/%%;
3 8789/%% | 5323/%% | 13119/%2% | 6263/%% | 11743/%2% | 6788/%% | 11048/%% | 7129/%%
4 11963/%2% | 7825/%2% | 16976/%2% | 8963/%% | 15395/%2 | 9593/%2 | 14594/%% | 10000/ %2,
5 15140/%% | 10416/%2% | 20747/%2% | 11727/%% | 18989/%2 | 12450/ %% | 18095/%% | 12913/%25
6 18320/%% | 13067/%% | 24458/%% | 14535/%% | 22542/%% | 15340/%% | 21564/%% | 15856/%%
7 | 21501/%2% | 15765/%% | 28124/%% | 17376/%% | 26064/%2 | 18256/%% | 25010/ %2 | 18820/%2;
8 | 24682/%% | 18498/%% | 31756/%% | 20242/%% | 29561/%% |21192/%% | 28437/%2% | 21800/ %2
9 | 27863/%% | 21259/%% | 35359/%% | 23128/%% | 33039/%% | 24144/%% | 31849/%2 | 24793/ %2
10 | 31045/%%0| 24045/%20 38939/%210| 26031/%%0| 36501/ %210| 27109/ %210| 35248/ %210| 27797/ %%10)
) SHAROARK
hadb7c Y A OHE N =8789/%%
o= 10*{ 15 /3 —(15/16)? n}2 10*{ 15 /3 —(15/16)® n}2
Z =2 ¢ /8 =(19/16)" ™ =2 ¢ /3 —Uo/lb)" 7
95% fERAMR 75116 o <N<Zl16 T o
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LB, Ci, Dy, B, @EhTh—RLR YD, [EERR

L Ny <EL e (5)

%2 %2
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EPPFTHs, HF1R (F) OHADARP»LHE LKL i =3 0HERREIE 1RO LDLERII—K
+5,
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BEHERIE 2177 5 AN CEROSIAROH B EWE L, BATSHE 7 2HEL,  FRISEWVSE
AECTOEHEHE (£,) »0FE1REAV Thadb iz VAR (N) #ETIUT, hadbc VMR (V) B
VZOBBERDE D izHE2bh 5,

V= NF  eevereereernareminiaeniiiienernieeentneeeneent st srierannes (6)
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limits estimated from the mean distance (%;) from a sampling

sampling points)

36 k =49 k

=64 k =81 k=100

Lt BT ®B|{E BR|T R

E RBR|T B|E B|T B|LE R

3461/%%4

7090/ %%,
10623/%2;
14102/%2,
17545/%%
20962/ %%
24360/ %%
27743/ %%
31113/%%
34473/ %%

1806/%% | 3306/%%
4514/%% | 6858/%2
7368/ %% | 10335/ %%
10285/%2, | 13768/ %%
13238/%2 | 17171/%2%
16216/%% | 20552/ %%
19213/%% | 23917/%%
22223/ %% | 27270/ %%
25244/ %% | 30612/ %%
28275/ %210| 33945/ %219

1890/%%

4651/ %%

7545/%%
10495/ %24
13478/ %2
16482/ %%
19502/ %24
22535/ %%
25577/ %%
28628/ %24y

2008/%% | 3045/%2

4844/%% | 6464/%%

7793/%2% | 9845/%%
10789/%% | 13197/%%
13812/%% | 16530/%%
16852/%% | 19849/ %%
19905/%% | 23157/%%
22968/ %% | 26457/%%
26039/%% | 29749/%%
29117/ %%0| 33036/ %210

3195/%%

6691/%2%
10128/%%
13526/ %%
16900/ %%
20255/ %%
23596/ %%
26926/ %%
30248/ %%
33561/ %2

1955/%2, | 3111/%%
4758/%% | 6564/%%
7683/ %% | 9969/%%
10659/ %2 | 13342/ %%,
13664/ %25 | 16693/ %25
16688/ %% | 20028/ %2
19727/%% | 23351/%%
22776/ %% | 26664/ %%
25834/ %2 | 29969/ %%
28900/ %210} 33268/ %210
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(i) A%xhaTHRbLIAERE £ %3

- A

! 100/ A
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LSt 95% 15 IR St _
i ’ had 7e Y A3 ‘ HIHEE (Py)
Cm) F OB | £ B %
1 1.02 2403 1930 2928 20.8
2 1.38 2954 2544 3394 14.4
3 1.59 3477 3083 3894 11.7
4 1.88 3385 3053 3734 10.1
5 2,16 3245 2960 3543 9.0
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Table 2. Volume estimation of oak (Quercus acutissima CARR.)

F7 (v IHMERMEE 1,000 L7fETH 5. LTREL.)

‘ H()
ﬁ\ 2 3 4 5 6 7 8 9 10 | 11 12 %fuk {fmvm Pys Fig P37y %fmvzuk
4 | fisr 6] 19] s0| 20 6 1 1 103
v gk 2 2 3 4 4 5 10 319 | 0.379 | 8.097 1.174 1091
6 | fin 2 7| 17| 22| 16 2 1 67
Vi jk 10| 10} 10| 10| 10] 10| 10 670 | 0.246 | 10.000 2.460 6700
g | Sfisk 12| 17 4 4 1 38 )
Vi gk 20| 20| 20| 20| 30 770 | 0.140 | 20.263 2.837 15700
10 | fie 1 2 7 9] 10 1 30
ik 20| 30| 30| 40| 40| 40 1090 | 0.110 | 36.333 3.997 40500
12 | fioe 1 2 3 4 7 1 18
vy gk 40| 40| 50| s0| 60| 60 950 | 0.066 | 52.778 3.483 51100
14 | fisx 2 4 1 3 10
Vi gk 60| 70| 70| 80 710 | 0.037 | 71.000 2.627 50900
16 | feo® 1 1 1 1 4
Vi gk 70 100 100| 110 380 | 0.015 | 95.000 1.425 37000
18 | Sfiie . 1 1
Vi gk 140 140 | 0.004 {140.000 0.560 19600
20 fifk 1 1
D4k 120 120 | 0.003 {120.000 0.360 14400
272 5149 | 1.000 18.923 | 286991
p, 5149 g —18.028 F S o
1000 1000 | 236991
=5.149 =0.019 ~ 1000000
=0.236991

F5 Ohab iz U HHE & HIHBEOHE

W2REY Pi=fi/f =212/500=0.544, p.1100 D (a) OFRELY N=3245 (5FBIGEVIIAKRE COELHEMEND) THEH5, (24) XV FTFDhadbic
DAY N;=P; N=0.544X3245=1765, L7zd3->T (26) XV, + 5 Dhadbiz Vi, V=N, 5,=1765X0.019=33.5m?%

¥ AR (20) XY, Py, =2X 0540 002 67,05, p.100 ® (a) PFELY Pty=9.0:=81.00 ThHBHHE

500x0.544

AR (28) XD Pty = 67.05+81.00=148.05, F7A3 (14) kv o, = 0:236991-5.1490/272 _ 000001322326
i i

272X271

LrettoTAR (30) XD Py = 2x%°(;)119><1°° =10.5% .. P% =110.25

AR @) ERAVWTV, OMHBREOESRIE Py, = v148.056+110.25=16.1%,

[ ) =0.0011

— 80T —
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Table 3. Volume estimation of chestnut (Castanea crenata SIEB. et ZUCC.)
7Y 1,000 f&
H(R)
) 3 4 5 6 7 8 9 10 11 S fise |3 fisevisn Pij 514 Py 94y I fianv? sk
D) k k k
4 Sfix .3 7 3 13
Vs gk 2 3 4 39 0.255 3.000 0.765 123
6 | fiax 3 5 1 9
vk 10 10 10 90 0.176 10.000 1.760 900
g | Sisx 3 3 3 3 2 14
vy gk 10| 20| 20| 20| 20 250 0.275 17.857 4.911 4700
10 Sfik 2 2 4
Uy gk 30 30 120 0.078 30.000 2.340 3600
12 | fiae 2 1 1 1 5
Vigk 40| 50 50| 60 240 0.098 48.000 4.704 11800
14 fi-f"’ 1 1
Uik 70 70 0.020 70.000 1.400 4900
16 | fax 2 2 4
vy gk 80| 90 340 0.078 85.000 6.630 29000
26 Siae 1 1
Vyk 220 220 0.020 220.000 4.400 48400
fi=51 1.369- 1.000 26.910 103423
2
v‘=1369 E‘=26’910 ?%‘ftjkv 13k
1000 1000 103423
=1.369 =0.027 =m
=0.103423
7 V@ ha iz h ML HHBREOHEA 7; =0.0051
N, = P,N = 0.102X 3245 = 331 os
~ 293, 2 X0.005 o .
V,=N;7; = 331X0.027 = 8.9m? Py =—5—X100 ="—g=o7— X100=37.0%, P2%; =1369.0
i Uy . .027 ‘
2 — 4%(1-0.102) 2 2 —0 02 = _ _ _
P2y, 500X0.102 X1002 = 704.31, P2,=9.0%> = 81.00 Pyt—\/ PZN1+P25i =+ 785.31+1369.0 =46.4%

L7cd3>T, P2y, =704.31+81.00 = 785.31

s2 —0.10342—0.036748 _
Y1 51 X 50

0.0000026147

(M) 2N 207 5l OB OWHRET T}
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Table 4. Volume estimate of other broad leaved trees
¥ 1,000 %
H (k)
) 4 5 6 7 8 9 | 10 | 11 | 12 | Sfes |Zfuskvean Pug | By Piyois | Sfisnvtose
D() R k
4 fiik 30 17 5 1 66
Vi jk 3 4 4 10 214 0.537 3.242 1.741 774
6 Stk 1 7 4 8 1 1 22
Vi jk 10 10 10 10 10 10 220 0.179 | 10.000 1.790 2200
8 Stk 1 3 5 7 1 17
Vijk 10 10 20 20 20 300 | 0.138 | 17.647 2.435 5600
10 S 1 1 1 3
Ve jk 20 30 30 80 | 0.024 | 26.667 0.640 2200
12 Seix 3 1 2 1 1 8
v jk 40 40 50 60 60 380 0.065 | 47.500 3.088 18600
14 Stk 2 1 3
Vi jk 60 70 190 0.024 | 63.333 1.520 12100
16 Sk 1 1 1 3
Vijk 80 90 100 | 270 0.025 | 90.000 2.250 24500
22 Stk 1 1 .
Vi jk 210 210 0.008 |210.000 1.680 44100
fi=123 1864 1.000 15.144 110074
2
v, = 1864 5, =15:144 F X fig0t sk
1000 1000 K 10074
=1.864 =0.015 ~ 71000000
=0.110074
¥ Dhad iz ) MR L MHBREOHE - “a‘=0-0023
N,;=P;N =0.246 X 3245=798 v
20, 2 X0.002 o
V,=N,#; =798X0.015=12.0m3 Py =—57-X 100 ==57% X100=26.6%, P*; =707.56
_ 4X%X(1-0.246) _ _ _ _ _ —
P2y, —waoz—ms.zo, P2y=9.0=81.00 Py =v P2N1+P2.7‘ = v 326.20+707.56 =32.2%
L7z oT P2Nt=245.20+81.00=326.20
?%‘filkvziﬂ‘"vzi/ft .
o, = _ 0.110074—0.027946 =0.00000547301

i

fe(fi—1)

123X122

—0IT—

SRR

£ 8224
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Table 5. Volume estimation of other broadleaved trees not suitable for charcoal
&Yy 1,000 fF
H(E)
2 3 4 5 6 7 8 9 11 St Sfiskvigk Pyy T3 P74 X fraev? gk
D(#) x x k
4 Stk 2 4 9 5 3 . 23 ]
Vijk 2 2 3 4 4 71 0.426 3.087 1.315 233
6 Seix 1 2 8 11
) Vijk 10 10 10 110 0.204 10.000 2.040 1100
8 Siix 1 4 2 1 8
Vi gk 10 20 20 20 150 0.148 18.750 2.775 2900
10 Stk 1 1 2
., Vi jk 30 40 70 0.037 35.000 1.295 2500
‘ 12 Sftix 2 2 4
Vi jk 40 60 200 0.074 50.000 1.850 10400
14 | fiom 2 1 1 4
Vi jk 50 60 80 240 0.074 60.000 4.440 15000
16 | frox 1 1
Vi gk 70 70 0.018 70.000 1.260 4900
18 | ftoe 1 1 -
Ve gk 130 130 0.019 130.000 2.470 16900
ft =54 1041 1.000 17.445 53933
2
vy =1041 ??.V__17.445 %‘%’fwkv £k
1000 1000 53933
=1.041 =0.017 71000000
=0.053933
Y DR L MO TR 9,=0.0035
Nt=P1: N=0.108X3245=351 205 5 %0.003X 100
pa— e — —_— = U = - = 2. =
Vi=Nt71=351X0.017=6.0m? Pai 72 X 100 0.017 35.0%, P s, 1225.0
: _ 4x(1-0.108) e t —0 (2= _ 3 T —44.39
P2y, ~—E00X0.108 X100%2=660.74, P2y=9.0?>=81.00 Py,=v P Ni+P 7, 741.74+1225.0 =44.3%
LizhioT, P?y,=660.74+81.00=741.74
?%‘ftﬂc v24 56— 024 /f1
ot — —0.053933—0.020068 _ ) 110118326

i Fi(fim 1) 54%53

QGRE) 2\ 2173 O T OIS

— 11—
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Table 6. Volume estimation of all species

2 f&
H(k)
k 2 3 4 5 6 7 8 9 10 11 12 g fi Pj
4 {;I; 213 I 5 e 205 0.410
s |2 ol 10| fol ol il 1ol 10 9] o218
8 {;’; : 1(1) 1c7> fé gg 2(9) 28 3c1> i 0.154
L 2| 3| 0| 0| s0] 40 | o.om
2 {;Z 0 w0 50| so| eo| e % 0.070
" {;: , o] | 70| 70| 80 ' 0.036
6 {;: 0] 8] | 10| 100] 110 - 0.024
'8 {3’; 13c1> 14(1) ? 0.004
0 {jﬁ 12c1) ! 0.002
2 {;: 2 1(1) ! 0.002
* {;Z | 22(1) ! 0.002
500 1.000
BHEEIS S L Uhad 7= D AEOHE
ﬁf & fi Pi =_f}_z_ Ni= P;N
Ea 7 272 0.544 1765
7 Y 51 0.102 331
¥ b4 123 0.246 798
K ¥ 5 0.108 351 (5FEITEVIAE TOERE
=500 1.000 N =3245 D BHEE Lichad 7o b 50
SEOHER X UHHBREDHE

25 (20) &Y

1 S

t

had 7z D &I AR (21) &y
F7 7Y FY KFY

V =N 7=3245%X0.0186=60.4m?* (33.5+8.9+12.0+6.0)
FfE2~5KLY R
¥y Y

F7 7Y
%‘%’fi}k v% ¢ 5 =0.236991+0.103423+0.110074+0.053933 =0.504421

AKX 12 kb . .
FZ 7Y ¥V EKRFY
=X vi=5. 149+1 369+1.864+1.041=9.423

i
Liedis TAR (15) Xh

o2, __0.504421—9.423%/500
500X499

AX (22) XY P, = %xl@dﬁlo.s%

F72p.100 (a) DRIV Py=9.0%
L7ed>TARK (23) &9 Pr=v10.52+9.02 =13.8%

=0.00000130996 .. 0;=0.001145=0.001

5 By
= =0.544X0.019+0.102X0.027+0.246 X0.0154+0.108X0.017=0.0186=0.019
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%'fijk
I 7

N:;j=Pi5 N ('—:

TKRED, bbAA

;'NU:?PtJ'Nith (N %'Pu=1)

L72%, EBEI L Dhad iz Y M (18), (24) kY

Vi=N 3 D;  seeeesesesecriritiiiiiiiiiiiiiiiiiit e

ZOMHBEDETRIT 5% EHEET

7=iEL,
<

=iZL,

e (14) KXY

PVi=‘/ PZNi+P2r:A ......................................................
PzNi= P27i+P2N ......................................................
2 t2q
Pz, = T X 1002 = eeecesscereccenticintiiettteititcentttttintticennaanie
PiTFP,
9;=1—P;
t 05
Py =——=1-XI100  eeeeereeeseeeeniiiniees s
ZH]
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B2 ~6ROHABEFICAVIENZ S FRITEVARDOELERS AV THELIEEZ A, Zhickh

i ha bz ) T, BELSMAETI13.8%, AENENT T TIH16.1% DREETHES LTV 3,

4. & T U

(8) KXY P, BEXUPyIZIET S Py 2dtETIIE, KEROLBVIZRS,

P P 2 4 5 6 8 10
2 2.8 4.5 5.4 6.3 8.2 10.2
4 4.5 5.7 6.4 7.2 8.9 10.8
5 5.4 6.4 7.1 7.8 9.4 11.2
6 6.3 7.2 7.8 8.5 10.0 11.7
8 8.2 8.9 9.4 10.0 11.3 12.8
10 10.2 10.8 11.2 11.7 12.8 14.1

L7z232T, Py 210% LINDRETR S 2 LI & ThE, Py Py DU ThhkEhEh 8%, 6
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A Simplified Sampling Method for Estimating

the Volume of a Fuelwood Forest

Masahisa NISHIZAWA?

(Résumé)

A simplified sampling method for estimating the volume in a fuelwood forest being
administrated by Kooriyama district forest office of Maebashi regional forest office was developed.
The volume of this forest was estimated not by the plot method, but by both the number of
stems per hectare estimated from the mean distance from a sampling point to the i-th nearest
tree, and the mean volume per tree which was estimated from a few of the trees measured in

each sampling point.
1. Theory

Assuming that trees in a forest are randomly distributed, the distribution of the distance
from a sampling point to the 3rd nearest tree has been derived by T.E. EssED (1957). A
revised proof was given by T. Suzuxki (1965). Results of this were as follows:

Estimated number of stems per ha : N=8789/%2  ++roeeserermrrvrmemmmeeecccieeccene (@D)

Confidence limits of N : 1_34 {i— /3 —(15/16)2 “}2<N
%% L 16 kT
10* [ 156 \ /B —(I5/16)ET VP .o
<f23{ 6 VT —} (2)

where X3 is the mean distance from a sampling point to the 3rd nearest tree and % is the

number of sampling points.

Though MORISITA (1954) and SUZUKI assumed that trees in a forest were randomly distri-
buted (i. e. PorssoN distribution), S. KUMAGAI (1966) did not assume POISSON distribution
and derived the probability distribution of the mean distance from a sampling point to the i-th
nearest tree. The mean and variance of distance from a sampling point to the i-th nearest tree

derived by him were as follows :

“.=_££_ﬂ )
T ING) Tm (3>
. I+
ngi__{ l_.(—’z(i_l)/i)}”_l_ ............................................. (4)

where m is the number of stems per unit area.

From the results we can get the following formulae of the number of stems per ha (N;)

Received October 2, 1969
(1) Chief, Mensuration Unit, Management Section II, Forest Management Division.
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and 95 % confidence limits.

i e e e s et
N; JEZ: ................................................. (5)
?zi<Ni<§_zi ............................................................... (6)
x x2;
where if we put Ai=%2—and Bi={ i—Lg_,’;—_&l)/i)},

o= (4e) x10t

bi= (12 (4 vEE )

bim () (441 vETe)
where ¢ is a value of Student’s ¢ distribution with (#-1) degrees of freedom and 5% level.

Table 1 shows the number of stems per ha (N;) and 95 % confidence limits estimated
from the mean distance (%;) from a sampling point to the i-th nearest tree for i from 1 to 10
and £ from 9 to 100. N3 and its confidence limits derived from SUzUKI’s formula (1) and
(2) coincide with the result of Table 1 perfectly.

When a distance from a sampling point to the i-th nearest tree, and d. b.h. and tree
heights of a few trees around a sampling point are measured in %-sampling points, we can
estimate the volume par ha in a forest as follows:

V = NE ............................................................... . ........
02, = N2 0%+ o2y

where V is estimated volume per ha in a forest, N is the number of stems per ha estimated

from the mean distance (%;) from a sampling point to the i-th nearest tree (Table 1), 7 is
the mean volume per tree estimated from f-sample trees, 0% is the variance of V, 0%; is the

variance of 7 estimated from the formula (9) and 0%y is the variance of N estimated from
Table 1.

2 = EEE (OB e
T =1 9

If standard errors of N, # and V are expressed by percentages of the mean, i.e¢. Py. P,

and Py respectively, we can get the following formula.

Py =V PI A P2y cevererccienren e (10)
2. A field test

A field test was done in 6.6 ha of a fuelwood forest in a sub-compartment of 87 compartment
being administrated by Kooriyama district forest office. Systematic sampling was adopted and
the interval between sampling points was decided by the following formula.

I =100V Ak ceeeeecrrmmmiiiiii s an
where / is the interval between sampling points in meters,
A is total area of the test field in hectare and
k is the number of sampling points.

In this field test 100 sampling points were sampled from 6.6ha of a fuelwood forest, so

from the formula (11) we got
/ =100v6.6/100 =25.7m
Accordingly, a systematic sampling with the interval 25m was carried out in this forest as

shown in Fig. 1. Horizontal distances from a sampling point to ¢ = 1, 2, 3, 4 and 5th
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nearest trees, and d.b.h. and tree heights of these 5 trees were measured in each sampling
point.

Number of stems per hectare estimated from the mean distances (¥;3 i =1, 2, 3,4 and 5),
95 % confidence limits (= 100) calculated from Table 1 and sampling errors are shown in the

following table.

Ni 95 % confidence limits
i % (Number of Sampling error
(m) stems per ha) Lower Upper (%)
1 1.02 2403 1930 2928 20.8
2 1.38 2954 2544 3394 14.4
3 1.59 3477 3083 3894 11.7
4 1.88 3385 3053 3734 10.1
5 2.16 3245 2960 3543 9.0

Estimated number of stems per ha from the 5th nearest tree (N =3245) has a minimum sampling
error (P x=9.0%).

Calculation methods of mean and variance of volume per tree for each and all species from
500 sample trees are shown in Table 2 ~ Table 6.

In these tables, i, 7 and % show species, diameter class and height class respectively. And
fijx and v;jx are the number of stems and the tree volume for i-species, j-diameter class and
k-height class respectively. If f; and v; are total number of stems and volume for i-species
respectively, the mean volume of i-species is given by the following formula.

17i=”i/fz=Zj’Zk'f¢Jk viﬂ:/?%fﬁ]lﬂ .................................... a2

When total number of stems and volume in a forest are expressed by f and v respectively,

the mean volume per tree is as follows 3

5=v/f=3v;/3 [1=333 Fijr 0sgu/ X T 5 Fogu soovereemeeenes as
i i it ik i J ok

Now when P;j and #;j are the proportion of number of stems and the mean volume for

j-diameter class of i-species respectively, we have the following formulae.

Pi=% Fagk/fe e (14)
5ij=%'f”,w”k/_§f”k ................................................... (15)
Then we get
5i=§ P i3 Did  eeesresesssesiesiciciiiiee (16)
If we put P; the proportion of number of stems for i-species,
P =S i/ e Qan
Then we have also the following formula of the mean volume per tree in a forest.
7 =%’ P Ty e (18)

Variances of 7; and # are given by the following formulae.

"zai=§%‘ Fi3e@ege—0)2/f: (fi— 1)

=(§%’fijkvzijk_vzi/fi)/fi(fi—1) ........................... (19)
023=§§§ Foae@eg—w)2/f (fF— 1)
:(%‘%‘Z’;fijkvzijk_vz/f)/f(f_1) ........................... (20)

Total volume per ha in a forest is given by the following formula.
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V =N T  eeseeettciciuisicceteitiontctainniacnas SRLIITRLILE (¢2)

Sampling error (%) of # is given by (18) and (20) as follows :
Po=(20;/5) X 100  cecerrsecemssrentntiniiiiininininiiiiiiiie (22)

Then we get the sampling error of total volume per ha in a forest from the following formula.
Pyr= v PeyF P2, e (23)

According to Table 6, total volume per ha for all species and its sampling error were 60.4 m?

and 13.8 % respectively.



