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A Study of sampling error percentages
of various calculational techniques in

forest inventory
Kenkichi Kinashi

1. Object of this study. There are many sampling methods in forest inven—
tory. From simple method to complicated method we have more than ten.
At the first glance,simple random, simple systematic, simple random with
restricted two plots in eaeh blocks, disproportional sampling in each
stratum, proportional sampling in each stratum, subsampling random, sub-—
sampling systematic, cluster sampling randam, cluster sampling systematic,
double sampling for stratification, double sampling, two occation sampling
and etc. we have. Moreover, we have many conditions, many plot shapes
and areas, many types of strip, various methods of Bitterlich system,
various kinds of instrument, different types of forest and tree. This
study is unable to cover all things,but tries only two or three cases.
But it is important that we inform where sampling error in forest inven—
tory comes mainly from.

2. Data of this study. Used data is a part of large forest inventory
conducted by Obihiro National Forestry Bureau. The area is located
south-west from Mt. Tomuraushi (2141 .6m).

Rough shape is about 1 1Kmx1 1Km. A set of plots is consisted with two
rectangular plots, 20mx4 0m each, separated with distance 50m. Plot
allocation was originally considered by Mr. Gan Nakashima based on
various types of foliage on the aerial photographs.

Total number of the large plot is 80. Main speacies are Todomatsu(Abi—

es Mayriana), Ezomatsu(Picea jezoensis), Akaezomatsu(Picea Glehnii),

and broad—leaved tree included with Betula,Acer,Ulmus,Alnus,Populus and




Salix, etec.

Almost natural

stands age more than 100 vears and they are

stocked highly. There are scarcely so large, stocked forests in Japan

recently.

3. Case study.

Data are changed to volume(cubic meter)per ha.

Four strata;AIN > 80 per cent, B180 >N > 50 per cent, C:80>L > 50

per sent, D:L > 80 per cent, in which, A=soft wood stands, B=soft

mixed with hard wood stands, C=hard mixed soft wood stands, D= hard

wood stands.

(I} Random sampling separately from each stratum.
strata sum size mean variance error error
du+2x b per cent
2+ 2% no T Twm 2 V 7
A 96872.85 o 30448 10822.6781 14.43 4.45
B 19710.76 42 317.92 9582.4153 12.43 3.91
C 6893.09 26  265.12 8569 .59564 16.15 6.85
D 3724.60 18 204,92 8383.5720 21.53 10.43
Simple r‘andom fromM;;érigate
47202.28 158 298,75 11029.0124 835 2.80
(M) Representative sampling
strata block sum variance of sum square root error percent
(Xi +X2) (X1 —x2)?
) "A‘““ 146872.83 368530.1627 607.0669 %.;E_
B 19710.76 192779.04730 439 .0661 2.23
C 689249 900192.7281 300.0329 4.35
D 3724 .60 97644 .6116 ©312.4814 8.39
bX 47200 .88 748973.5424 865.4325 1.83
(1) Cluster sampling in stratification
strata sum size variance of sum error per cent
5 EL_;_XZ " s root
A 6436.49 26 191201.1101  437.27 5.18
B 7855.44 31 252206.9502 5C2.2¢L 5.10
C L4456 ,37 13 91684 .4847 352.79 8.79



D 1861.63 9 52620.2100 229 .39 12.32
b 23599 .95 79 587712.7569 766.6243 (1 ;62)
(X2=47199.9) - 13,24
(ly) Cluster sampling separately
strata mean variance standard error error percent
‘ Z(E_;‘l)/n 22 A AT
A 324 .48 7353.8889 16.82 5.18
B 317.92 8135.7081 16.20° 5.10
C 265.12 7052.6528 23.29 8.79
D 206.84 3846.69 25.48 12.32 :
Simple random from aggrigate,(sum of two plots) n=79
600.52 34801.9908 20.99 3.50
(1.,/2=300.26)
(V) Correlation betw.een A plot zlnd B plot
strata A B C J D A plot 3 main plot
pair 26 5.1 13 Q B plot o sub plot
r = 0.3%3 0.48 0.58 0.48 '
w) Uorr&eiation between species,within plot
gtrata A B C D
plot A B A B A B A
pair 26 26 31 31 1% 13 9
ricea-abies ~0.44 —G.36 —0.21 -0.11 .22 —0.28
N-L 0.29 -0.21 _ 0.01 —0.17 C.14 0.17

(Vt) Stratified random sampling(based on one plot)

gtrata sum of squares within strata degree of fre.edom
S{ G —yo ) }
A 551956.5842 51
B 584527 .5793 61
C 214239 .8901 25
D 1425é0.7245 17
z 1493244 .7781 154



9
4* (within strat;a)—*1245’244 7781 - =9696,394662 ¢

vnst =1 1532030. 356596 1257 752138

error percent = 1237.752138/47201.28 = 2.62

(M) Stratified cluster sampling(based on two—plot—sum/2)

strata sum of sguares within strata degree of freedom
g{ (v —yb)?}
A 183847.2213 25
B 244071.2421 49
C 84631.8338 12
D 46773.5200 . 8
E 559323 .8172 75
4 (within strata) = ?%ml: 7457 .6506896

Vrs? =767 .563952

error percent = 7457 .450896,23599.95 = 3.25
4. Consideration
Representative sampling(li) abows the smallest error percent.
Cluster samvpling showsdarger error than stmple random sampling.
(I, (V) >(1). These may be shown as followings:

Error pnercent of various kind of sampling techniques

(1) Random Slmple (1) Representative () Cluster
STRATA —-—
éunrestr.t’:ted restricted| unrest. | rest. | unrest. | rest.
!
| —
A ' 4,45 3.60 5.18
B 3.91 2.23% 5.30
C ; 46.85 4.35 8.79
D | 10.4z 8.39 12.32
y o 2.80 | 2.62 1.8% 5.50 3.25

If correlation between pair plot is high, representative sampling may be
excellent. Likeness may or may not decrese in various ecological beha—
vior. We can not estimate it exactly, blocking, however,will supply some

idea to us . (Dec. £31968)



KIREDRMRHARIC 1T A FELEEH D PI5E
—— 2 UOHREBEAXHFLEL T—

(Hierachical classifications (€ X % 4+ 8 7 41 )
K OR @

REACRE A R £ 0O 2 VS USR] 4T pholg JLH KSR/ e mit 1R 7 6 1 7 R P SRS e g
gomxg0m Section 7fi HWLB8Om-3DEC L hadbg1, 0 2 0 mbA <L hIAEK
MO TiRELRo

RBEE R EIR 2, DTS R AT TR Ay, v AL FesE] 2 ) \

| Y YR I X TEY I TARLELLIXN, VI T, AT, IAAR LW,

\

NopZ 0ol Ffie, S0 ~100omdDd Dikds ‘ /"

ARSIy BT 20 mX 2 0mgak wplot 2 U7 OB Hiarachical Classi -
fications!Z & 9 %5 41 % 7T\ Repnresentative Sampling (Z.0F %% Bloek .0 K& “Tilig

DM ET S

Bection DR AFHMD Y %6, A2 TTAELCHalf, ch i X ZilbloC quar-
R ter, X & I TTHH L TEight mmelTa .25

!
' \\\ 2 CPlot b7 5ba

2

mx 8 0m

mxggagm

T~—

| o =
xS
(aw)

mxX 4 Gm
0

mxZ20m

.
o
———— ..@..—-v

o

o

3
Fa QO
=

<
N
[ew]




e — _ e
1 ! I
nlot # Yshgha | Ysnagn ] Yshq Yoy, Y, ; Y |
o oy o — —— e U I ]
4Lz | 10772 | |
! e I g B ’ i '
' 3L2 | 7120 o :
i -t 45976 1 |
L 4L 9569 l g
{ - et 18078 ! :
i 3L1 | 8509 ! R ! . z
| i : + 83.062
2L2 | 4438 1 ; ! |
— d 9340 ! ! ]
1 L2 ' 19258 23596 | g § }
| 2L1 « 12538 | ToaRbvzy !
« SR ! !
1Lt | q1sss | 278 | f
j : : e e i 174478 11056791
L 4R | 7657 ! | !
‘ ——y 12,042 |
- 3R1 | 4385 L | ;
. LR2 14245 | R %
5 S e 52049 |
\ 3R2 9524 [ P '
P e e 89414 ;
I 2R 12125 ; ,
vR1 Taser E4478 | { | | |
oR2 13400 T B4Tns i | i
! i : {
L Re 16229 2P0 ; g

Section #, 1 TOWTHRTEELEDEFOVTHL, ML, Yderoupd: i b,

7 — 78 L EIAIES ( base plot ) (ZDwWwT i,

Eight Quarter Half Section Total
Number of n i Nq=nk _l-\Ih=nkq Ns=nkah N=nkql—1§~’
groups 2 4 8 16 112
Number of K=%0 Q=aH H=hS S 1
observations 56 28 14 7 i
Tz n=k=g=h=2, ThAFERFIDYDITNnOLLLTH 5o
7 AT
Source df ssg msg o E—-“—--—
Section groups S—1=¢ Bs-—c Azs ,AZS/AZH B
Half groups H-S=7 BE—Bs Azﬁ AZH/AZ’



Quarter groups O)-H=14 Bq—-BH 2 AZQ/AzE

Q
Tight groups K-Q=28 BE-Bq A’F AZW/A%V
Krror N-K=5¢ A-BE Azw
Total N—-1=111 A-C

ELTHRYHZ DA D%

A = YY3YYy?shoka =125791641
shqgkd

BE-= TL'.‘JZ(YShq»k) =11385852%8
shqg k n

Ba-= Z’L’L'(Yscf‘q) 167817767
s h q e

?a

BH - L’L(yf’h =1 06231325

P Nh
Y?s i

B:=Lq(—§§) =10230.6254
2 { [~ ?

C - =037 L 99714870

O pES T8 A

E{ A J=E{23Yy }“N/L’+\Ia7 +Nrf +N(I +\Ia7 +Naf,
E{Ru} =48 ZLYT“X—S—h—q~k } =N#* +No, +Ndi+Naqz +Na/ +Ka?,

E{Ba} =E{LSEY?Sh’ }=N#* +Nal +Na? +N¢1“ +;,n o2 +Qoa?
; Ngq Nq = B

E{BH} =E{ V)‘Y?S,h } =N## +No? +Nol +

Ng?, }L_ .
2T Ny a? + a? +H6_

Nh'%G “Nn‘x

N Y2 s N n’
sl =F1{> = 2 vo’ R YA g2 2
E{Bs}=E{2 NS} Ny +).ds+ Nsat Nsak+SdE

) et Yy oy NS, (NB yNa? , | 'n
E{C}=E{ N}—l\,u AL AT AR 2RO

E{SSqS}=E{Bs}~E{C} THAHHbH O coefficients L

a? o? a? o’
k ’ q ?r h ’ S

n’ o' _w’kahS _ n’kahS _o. _ 3
~“Nz "~ N~ nkah nkahg ~Sm-n=n(S-1)




yNa’ Na” Sn’k?’ah _ n’k’qhS

Snk—nk=0k{(S-1)

= Snkg -nkgq=nkq(S-1)

Snkagh—nkqh=nkq h(S-1)

“Ns “ N nkah nkahS
N’ oNh? n’k’9’hS _ n’k’q’hS
“Ns =~ N nkqh nkqghs
Ns’ _ _n’k’q’h’S _
N-2 N =nkahS nkg hS
wo>T
E{"Sssj‘q =0l +na] +nk( 7 )+nka o] +nkdho?

Total

SW 560724 .
DOV 220 et A0

Soy Ti1sz1g HTARS
Sir? 56. 4

ST 560724,

S 213091

26076771 11

EERIC LT
wy8saH ? ? 2
DRI -9 }—ag+nak+nkaq+nkq al
N qf"*k_}tg = g? > 2
4 Q=T }_"Tﬂ,*ndk+nk‘7q
v ssak o, ,
PJ{“”KS;}'"T' ):—'(I}i*nd‘,:v
"3‘3}.".‘7 V42
BNz 7%
L B B aaro+ steta -t h &, 33 £KICDNTD R i
Source SS df MS
Between Section 2591384 6 431897 al+lal +4 (’C;. +8ap +1 607
Between Half, within Scction 3925071 7 560724 o7+24] +d o) +8d7
Between Quarter,within Half 1584442 14 113317 a;,+201"<+40(;
Between ight,within Quarter 6040741 28 215741 J?+20;(
Within bight (Ewor ) 11933113 56 213091 a;



b A CEight( 20mx40m), Quarter( 4 0mx40m)OHREAEDLRT

Half( 4 0mx80m )X Brror HITH LS %D EETH b, L*C%O’Ci)bd"d’“ﬂé:y

T 112 x0&ELT Ouarter #minor, Half #major group & 3% T.
single E
minor Quarter
major Half
'Section

SEHMTET A E

Source SS df MS F
Hetween major(half)(BH-CH 6516455 15 5012864 234
minor
netvmen(gua,rter)\ -ithin major(B3-—-BH) 1584442 14 113317
min

“ithin gu arter (A-Bu)

Cotul (A-C) 26074771 111

T o0 iERS Tt Half v Bloek & U € % Bloek 42 2plot .o & % Representative sampling
DL AT LENTDAH 94 Smajor % Section & Lminor v uarter 4.5 &
LODBEAN TN D®B O THETI TS S

source SS daf MS F
2591334 6 4%1897 2.018

Between Section(Bs—C)

Beiween Quarter ,within Section(Bq-Bs) 5511514 21 252453

~ithin Quarter(A-By) 17973874 34 213975
Total 26076772 111

HMEDZENSL, BRANLERTRD L 9 KRBENKOLE L 2KE 4 0 mx 80 mDBlock

I, FORRS2mO20mX20mplot & 0, 20D plot MEDED 2D HE Hn

Block Sum 2 (X + Xy )
TD 20X —-X )?
,-, VXX +X ))=20(X =X )7 J(5)



ELZFOD.F. i Block it % o 2RI L2 5 %O &R DHDTARBEMRERECTHD
D& Block % KELKTALOICAEESHMEDL W HEENRY 2 ABTHA 90
Rk (JUM - R ) ORI T RE S B S84 5 &

80mx8Q0m Between Section 6 S(Y%
40mx80m Between Half ,within Section 79 4%
40mx40m Between Quarter,within Half 357%
40mx20m Between Eight ,within Quarter 49 2%
20mx20m Between plot,within Kight 4 89
20mx20m Between plot ,within Total 51 4%
R20mx 20 mplot base TD 2RO LINIRMOE 9 TH Ho

(7H3113,1969)



Volume Distributions due to Different plot Size, volumebase 2 0mX 2 0 m, Ebino Natural broad
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