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EB=WRFAZE (19584F) IR\, Wb A =ZH HRHOFHAEY 6K T LD T, 19594
3H, R AMFERMORELEE L. BIbE 15 EHRO AL #© oI5 B R EHEED
HEEMNCALE L, JbPEBREARIRPREEIK FANCEEL, (2TaREs HALERIC D b7t b 445
WCEEE (1607m), Bof&E (1437m) #BFEC L 5 L, 1~ 84k, EFE 486.07ha T
5. AMEEECERAI, DTEZARE (E5) L3, N, A= F5EEn
CEULTRY, BWERCHBEREDOIT o i s M e KR TR SRR T d 5.

ARMBEAIEFRN T 0 X5 RERREMROTEELY BFIEIRCESTEBLTE
fcbitbiul, FA4RBCIFAEFRL LTCUIED L3 FEN I VAR E L 7. (33
BIOFEED DA CAREINEAFIN, —BRD X 5 L B¥EL b,

B LEH (1956 4F) CiX=FEHMEIEBHX C Systematic line-plot 3%, F7:% 2 [HH
(1957 ) WX RA#M KX C Cluster sampling #:% i\ 7= %3 EE (1958 45) (kR
XC Representative sampling % i\ 7c. DL ED D A THDOINE, #2250 % ) Zi b 1T
BREFABLT LT AR e b T v L S B bz, bbb AFREROL
BB B0, T2 kv 2o £ 2 CHOEH LI 8o T4 EILTE 5120 FHEBh o
TRy POIEWI S E WS ERND, T O HFHK IO Systematic line-plot A2 L 7.

B, HMFAETIODRHEATY, B TLO»D LiHEiE L L #2 5.
RBEMCH T HREOEFICEN CE o L HHEF LT, HEOHHEEDE 2D T
FI3EL D B ENTUICBREL TEH B IRERELYEL - LT E T

(Uzd, ZOFEEITFAMELHEUAIUC L ST, 8mm KL 555 —7 4 L A C i
g3, HEEBO--Flr LCHEEIRE.)
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P IR 3 HE A< R T TH 2T, TORAMITET « AMERM OB EER L +
DERROWTECD D, AR CEER, EREBOBRSHOTELRAL LT\ 5.

Eio, FERRCHTE L [ U < ARERSEAE O HIBIEE & U CIg W3 0 E % 30T
Iz, Toks, AMRITEHMETER S0ha 235 523, = DAL —SEsd S m D
DIXERSN LTz,

i, ZOWECIIINETHE VBRI A o BELHIEL LT, whdd o
my POEBOBEC OV, b7 ry FOHEEEZ LD LW LELED I
MDEVD T ERDWTETOEEEAI.
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ZEE AR S LTER, o TIRbAHRCAI L CEs B2 E 2R, B
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%, HIGEHEHFTESRERK, MBRESMOMPILE, IO IIEE A
RS E, R4 N4, YWAK, STHEROBROB A WIciEwie. £, &
EEEEET OV TS FBER, e EC o TR E BEIERCH A 225 .
¥ 1RO EHER TR Lok,

§ 2 2=& 7

CREROB YR THRETEHS.

A T BN ETE 2 IE R U Th 548, BIRIFEECR U CORED b DR,
(1) AIECEAG L ottt

=T Y N A
Weise @l = &
L R
% S i
Swedish bark gauge
A — b HE (50m)
—~ 7 (20m)
r — i (30cm)
v Sy (YUY E)
5 4 A = U
e

— beR—LF—
7K P BB OBE MR OGE 2R

N XN

MARBHER GEAERD)

T ey PEGEMEN AR 1:5000)

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

(m) EFBR, FfCH XOCEE (FIHCHE)

m ok EH K

ey PRAEIER



54

o o M R %

core Jj & ¥ IE

TOM, TG, w2 va v e o= (A-4), 7 RFy 77 (A-3), EHg (I,

Fa —2, “=FV T e Fa—r, TANEE, ¥YarIy 7 (N, KL
() &ABEAGFIEES

HIRHERR « SMFER SRS S

BEAFRAE R Y v FECEAMER (1 : 20000)
(=) ZTOMWDOEETHR

BT R(RE), FRMRLE, FIREEMRAIIAES, HOES, sret—2—,

NS Rre=pe—, 7Y 2=~ B (71 5), B8 (1246), ERLHE.
LLEDOEEATROM, FEMREE 7oAy b EBIARNEOEITE, SIHBZeE B0 BT
5 I -0y AN
(Fgds, T X5 TeRECI, Bic2EFHAFC L Pdbo eind, TEICR LT
L ChERE, b& 7 my MECAREEE, BRBOSEY Y A%, ik kb 2FHfF
COWTRRT B0, R2ay 7, Bii=7, ©= -2 EE0BMOET 4Tl e
250

IV # & 5 A

S ENEIET 3 [E OB H YN Systematic line-plot sampling Ht& & b, TX 57500
L DT ey PHEDIIEC L.

FAE O LAAILL 1 ~ 8 AR, £ DOWEFE 486.07Tha i X » & Ak HIEIFERY S0ha 14 < 436
ha gL, IR T X HIC NSW ORBHREZEEC X 5 200m interval o fHiE %
0T vy FPRRHENCE D, F7 2y Fid 20mx30m (0.06ha) ¢ 106 {Hx L7c.

ek, 17 ry POEFEL 0.06ha X Uiy, % 1 @HE (19564:) o 0.04ha, %3
FH (1958 4£) @ 0.10ha [IZFe- 3\ THGE LTc b DC, FDBEER[EE A S0 % 2325 L, 100
HOEAT vmy tELBEE, FOBEERILS0%+10=5%L1ch, 13 95% OHRT
AR 0 BT & FHIZNS. 33 HoFERETIE, WIndEERII0%
% O TNBEDT, SEE DB EE D L&~ S0 HEE L.

7 ey MR FEC 30m, BdLFFNT 20m & U, HEIEHIEC YD Tk e 5 < compass
HHEHHC U THIET S X 5L, fERD L —E (HE) 2EHATHD, #—A%3
CHIDTEEEAREETHE NI X5l L a2 A BWT A X 5 L. A, compass
DBEENOHPEL, 2RE UTEEDORERL B HRBRLRDLZERL V1B ThHD.

AT IEERE 8 cm P EON AR 2 em HAFER, HiEik Im¥Efoe LCHElEL,
FICEI A A E Weise F721% Abney level CHIEL, 3T HEILAS X 31>
Hh, ERIC O HE L.

BRI cE B0 LLEAL, Rillcd O h 4w Huic.

BARIZIZIT 50 Kol EmECL b, MABHIT#EEL L, %1, core 11T 25 K
FEOFMUREIC X DTk ic, $EOTEATFHMIC L ARELZEL DRI 7 ry FOHN
M LD b AN, Bl 10 £ o\ Ta mm BATGHEIE Uz, 7ok, MR EITRT
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EWEDLRE LT

1. ey POKIE 30mx20m=0.06ha & 17z
2. HBEBEICEE L TRt & 5757 compass &4 TE Ll

w1 % oA R HE & 2 0 £ 1T
AadgE iy T R & 52 T
322(H) | 12:00 miGmEme e | W | B 1:23~7: 28AF T:34~8: 155
%é‘ éJ'f:i’ /ﬂJEU"’{’JJ'Lu INZA, {L}m"'?ﬁiﬁ
p.m. 5 BE B4 2 PR O B Sk (#10km) :
HDTE 12:00 SUfERHLA
WEFEOHE, 3T, £
DAt p.m. éHUJUJHﬁ%ﬁM W B IR D B
SRR, Higl, MMOBEE, ITA,
Zc@ﬂxé@&“" HIEHER
Era)
1~ 33 : e Pe3rr, 4, SHEAMER
FKICHTE
3.23(B) | HERHREE I R AR E TR ARG
1. A SRR ¢ 1~8 $R3E FEUTI~3F : I~45KHE, 4,58: 5
2 T oy b ~ 8 pk 10
a) @ ¥ 106 oy AR 10
b &K B B #E: 2517m
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3.24 (¢ T T 7 I -
©.9) o B fi 55 W icHiEadil
0.06ha (20m < 30m)
| 3 mABE
3:25 (IO — D.B.H. $em Pl LDk I Ty bIHEREK 18
X UT— B % B BE: 3208m
— ) B
326 CK) | by D.B.H QemiEg) W oy ramg: 19
¢ # B (m #FH) ook B OEE: 3754m
T R 257 Wl ey pmEmR: 20
2B 10T L w e wE B .
- ggg@&u éﬁﬂ ROV B B\ OB 4275m
328(t) | 5. mEAAKORE W5 | oy PIEEEH: 18
Mg S0k W # PE E: 3000m
o AR KECTT 0 HHEETIY
. Ingrowth DHIE R e g =
7. ThEREA oy FEEEK 85
' N ; Bk PE O BE: FH16754m
GRAERTFE) AT my l*[ﬁh FF 5.10ha
329(H) |amF Il Lo | amd~ S QIR KulEEI
b AFNGAER, ST er
DT, Sk, WH p.m. KB Héﬁﬂ& %/fjﬁwc%ﬂikﬁﬁ, Z0it
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330(73) |amB # & # am 3 M B &K

}m&%




57

3. e BRLHFEENDI L S5, TEHRTEFHECHRL vy POl
4. :ﬁ%ﬁgﬁfﬁg (Ingrowth), I X OWFEARGIZEZ T L e 0 gl +45b23 b7k
ot
ERbTbnA.
V # & & %
§1. FHE & KT - AEHRE _ ,
HE?FH 29 42 3 H 22 HAET 18 23 408 L ERFEVIE CHIZE, B4 RiRICR/EECEE L

. BIESTTAOODL 4, STHXAMBICHEEIL THmE L.

%3 A 23 Hovb 28 HIG, F—BWOCHRALEEEE S BiE@EHEAL, 29 BEOX%R
MAEEFNCIES U CURZEOUEEMA oL, 30 H&BRMAE L. R UCDOFETCEReT R
v bt OMEEE 106 [HTH D723, EENCHRAEL b O 8S i Th 2T, FTHFILII8S %
Th 5HH, EEOFEEERL 5.10ha ©iEL, FiED 4.20ha L 121 B Lo b,

ks, FEVEFTE TEFFCS O CREM S ¥ CORERREY CE 2150 /h& < L.

R (R 1R WEHE L RTOHRER LD THB.

CHNHHRICAD L, F1IHES 21O 7 ry PR L D>TED, FH1HYD 4
Ty PEEELTWA. Fi, —BLRAOREYHERIS ey G, FH1IHE3 TR
vy bEigh, ey FEFEHN 006ha XS5 LI LD, EI4ED 0.10ha ey FMTHLT
DIED & BN TE I b5,

Fio, HEGEEEED 1 B0 50 240m 75 1260m 1k LA TR D, 48 1 §EH 925m
HEIEL TV 5. SENXERO & b HFi3 A UM/ FiE e LT, compass %4ET&4, #
- bﬂ/ﬁé@iﬁ%%%jiﬁl%r IDOTHEIzHI S5 L. FHEMATIRZD X 5 ahiE
MEERFThHB. L L, ey PHNOHEILTE 2R D EZENL Y HRTTDHENRD.

CEENE B

¥ K | 323 | 325 326 | s | s | g

l

g2 ()R | 8.00 6.05) 8.30¢ 7.35) 7.05( 5.45)| 9.00( 8.00)! 8.10( 5.20)| 40.45( 32.45)
I | A oy b 2 4 5 7 3 21
BOgr §E o 562 550 980 1261 790 4143

;ﬂﬁ@?ﬂj)ﬂ fii | 8.00( 7.00) 9.00( 8.00)| 7.53( 6.48)| 7.05( 5.35)| 7.20( 6.20)| 39.18( 33.43)
IT | & oy Hjé{z 2 3 4 4 4 17
WA RO 260 800 710 923 625 3318

2 (2B 8.05(3 7.05) 7.25(3 6.10)) 8.10(4 7.00) 7.15(2 6.15) 7.55(46.55) 38.50( 633.25)
1

I u}ﬁﬁ7u/ =
B B OBE 560 493 1068 881 715 3717

u}%ﬁ(%@;)%ﬁgﬁ 8.00( 6.50)| 7.40( 6.4(})I 7.20( 6.20)_ 6.40( 5.55) 7.55( 6.55) 37.35( 32.40)
IV | s my b 1 4 3 4 4 16
ok BBk 630 800 600 600 630 3260

A CEEOIR] | 7.15C 6.15) 8.14( 7.14) 7.01( 6.01)| 7.14(_5.44)| 5.19( 3.56)| 35.03( 29.10)
VI #ET oy M 2 4 3 3 3 15
kR PEOEE 505 565 396 610 240 2316

TR CHAISA 139.20(33.15)40.49(35.39)/37.29(31.54) 37.14(31.29)[36.39(29.26) 191.31(161.43)
Sk HE Sy M 10 18 19 20 18 85
B M BB omE| 2517 3208 3754 4275 3000 16754

(HAL : = [ 43 MUEREERE=m)
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REDT, BUMERRRASRIEEEED 100m D 40 53755 29.8 I U T B DIEE Db b
NThhH. ey FOREEER LEYSD 2984, i, 7wy b REARFEERC 1EFT
D499 H5HE LTI D, AMRKI7RRERII RN R 42.5 270338 ST % ST
FlEi2FE LD, FHEOMEEEL 17 7y 124D JEEO W & TR A C
HEX VH20 B EH LI ALRD.

3% WAENRMIIRBLCXT MO LESER

- o oW & 7ay FXHEE B/ K W &
HIgE FREER b 7oy NETEEERD K R | W OB FhERRR b &R
m Six % | 47 % ha v %
1 4143 | 993, 429 21 56371 243 126 | 760 | 328
i 38 | 103 | 431 | 17 sis | 218 | 102 | 835 | 351
i 3717 | 940 | 490 | 16 335 | 174 | 09 | 645 | 336
v 3260 | 1150 | 378 | 16 665 | 219 | 096 | 1225 | 40.3
v 2316 | 895 | 423 | 15 49 | 212 | 090 | 7113 | 365
B % | 100 29.8 o 29.8 006 j 49.9
E 3 125 | | | aLs ! 36.0
- » ; - R § Y /r“
wom s o m o, FHEHEOBHD FAE Gf
HoE E K THIEE LRWHCTFHEIES R L TR
30 D, FEENERLTTTOLNTWET
20 o &b,
10 — §2. EERSIARHEEHE
e AR IR 5345 A& (N-L45), i 51.4

%n:8cm & 10cm DEEMET Hbdbh
TR, WD CUMNERRROMI ChH 5. £/ TE 588.302m® D i 51.8 %73 8 cm~26cm
ECORMEBEERTHDON TS C & SRR OSAREEIC BT 2L EE RTH0
ThhHS.

W (B 452) 138t - IR, EEMEBNC R 5 AW O CHERE OS5 Ak e R L d
DTHBH. Ik, BERLCEF LA~y 7 —20F, & ERESAERECRT S G0
R, FLATMIAKCAT 54 EEMOLREY LT

Fie, B3 RO2EDII AR L ST, ML HT, Ahdeh BaiheonT, oh
7T TR DT 5.

o4 R RN, ERESIARREL O MRS R

Z % i # B
D.B.H. - — - : e
IR I N AN B -
cm % % % | m3 % mé % m3 %
8 26(11.6) 1468(28.7) 1494( 28.0) | 0.536( 0.6) | 30.574( 6.1) | 31.110C 5.3)
10 22( 9.8) 1227(24.0) 1249( 23.4) | 0.743( 0.9) | 40.512( 8.0) | 41.255( 7.0)
12 14( 6.2) 701(13.7) 715( 13.4) | 0.705( 0.8) | 35.645( 7.1) | 36.350( 6.2)
14 21( 9.3) 446( 8.7) 467 8.7) | 1.399( 1.7) | 32.094( 6.4) | 33.493( 5.7)
16 11C 4.9) 299( 5.8) 310 5.8) | 1.169( 14) | 29.327( 5.8) | 30.496( 5.2)
18 14( 6.2) 225( 44) 239 4.5) | 1.901( 2.2) | 28.685( 5.7) | 30.586( 5.2)
20 13( 5.8) 17i( 3.3) 184( 3.4) | 2.167( 2.6) | 28.475( 5.6) | 30.642( 5.2)




wn
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2 6(27) | 113(22) | 119( 22) | 1.418( 1.7) | 23.782( 4.7) | 25.200( 4.3)
24 5¢ 2.29 89( 1.7) 94¢ 1.7) | 1.404( 1.7) | 21.360( 4.2) | 22.764( 3.9)
26 12{ 5.3) 64C 125 . 76C 14) | 3.766( 4.5) | 18.561( 3.7) | 22.327C 3.8)
28 11¢ 4.9) 54( 1.0) 65( 1.2) | 4017( 4.8 | 18.825( 3.7 | 22.842( 3.9)
30 12¢ 5.3) 60( 1.2) 72( 1.3) | 5.155( 6.1 | 25.100C 5.0) | 30.255( 5.19
32 13( 5.8) 37( 0.7) 50( 0.9) | 6.416( 7.6) | 17.103( 3.4) | 23.519( 4.0)
34 3( 1.3 30( 0.6) 33 0.6) | 1.677( 2.0 | 17.419¢ 3.5 | 19.096( 3.2)
36 4C 1.8) 29( 0.6) 33C 0.6) | 2477¢ 2.9) | 18.242( 3.6) | 20.719( 3.5)
38 40 1.8) 21 0.4) 25( 0.5 | 3.101C 379 | 15.469( 3.1) | 18.570( 32)
40 5(22) 19C 0.4) 240 0.4) | 44350 5.3) | 15.041( 3.0) | 19.476( 3.3)
42 3( 1.3) 14( 0.3) 17C 0.3) | 2.985( 3.5) | 12.509( 2.5) | 15.494( 2.6)
44 6( 2.7 11¢ 0.2) 17¢ 03) | 6.623( 799 | 9.056( 1.8 | 15.679¢ 2.7)
46 50 2.2) 6( 0.1) 110 02) | 6.121¢ 7.2) | 6.448( 1.3) | 12.569( 2.19
48 3( 1.3) 9¢ 0.2) 12( 02) | 3.983( 4.79 | 10.151¢ 2.0 | 14.134( 2.4
50 4( 1.8) 2 6( 0.1) | 5.990¢ 7.1 | 2.575( 0.5) | 8.565( 1.5)
52 1((145% 4 5C 0. | 1.519¢ 1.8) | 5509 1.1) | 7.028¢ 1.2)
54 1¢ 0.45 5( 0.1) 6( 0.1) 1638 1.9) | 7.083C 1.4) | 8721( 1.5)
56 3 3 4.401( 0.9) | 4401 0.7)
58 2( 0.9 1 3 3498( 4.1) | 1.559¢ 0.3) | 5.057C 0.9)
60 4C 1.8) 3 7C 0.1) | 9.489(11.3) | 4.970( 1.0) | 14.459( 2.5)
62 3 3 5222 1.0) | 5222( 09)
2g 1 1 1.456( 03) | 1456( 02)
68 1 1 2.064( 04) | 2.064( 0.4)
70 1 1 3.782( 0.7) | 3.782( 0.6)
72 1 1 2.615( 0.5) | 2.615( 0.4)
74

76

78 1 1 3.984( 0.8) | 3.984( 0.7)
80 1 1 4372( 0.9) | 4372( 0.7)
= 1 225( 42) | 5120(95.8) | 5345(100.0) [84.332(14.3) | 503.970(85.7) |588.302(100.0)

§ 3. EREFISRELVICEAE

SHEER L IRER ORI, ABC 42% 958 %, MBEDOEHA 143% :857%Ch D,
HEBZ=E s, Y, THYNET, )b IO 69.1 % (M) 5D T3,

RN 105 R L0 5Bh, 205 b

=74 (147%), 77 (120%), 3 X% (82%), 3 x2 (13%), v A+ ¥ >

(6.5%), 4 %> 5 (525%)

EHRHBIHE A — 2 PREVET, MOBRA LS BT, L 1RV
DPIFELC L. £D5 D

F=rrs (47%), "3 (40%), ==/% B4%), 7w RI%), Fx)=

20%), v7/% (19%), v 78 (1.65%), &7 /% (14%), hv 5 (0.85%)

AV XY (05%), x~F (03%)

EOFIHCHE L CHTETH B0, IELEDFBA EFAVERTE S.

Ik, BRI D bbhvicgl, [REBTEEO ARG OCHEED ST REGE 5 ) IR
THBY ThHD. KW, TOMDEERLLBDIE, —BEOAKNS AfiED DT, +
FRAIE, A¥E, IJRED, RAF, CHVYVIT, TIFX, TT5FYy, 4%
VI, vy, UVX, X2V Pa, LY AI=FTETHLD.
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P3N O ERBEANAKYCEHBESRS T T

o

¥
30
[ — M
25 F
20t

8 16 24 32 40 43 56 64 72 80 D.B.A.(cm)

§4. REBOHT &

¥, 0.06ha 7wy FRICEITBEN KIABGOCCHED —ERETT L %E (B6
) OFEY Th 5.

g7, &7 vy P OMFEBESANIE 4 CRTEDY ©, HENESH MO By R
LTW5b.

WE, N-L, K, MEECT vy b OREEERTTH &

RO« A¥IFEEMIC B 5 486.07ha, 5 % S0ha oi&kiia g < AHFE% 436.07Tha
LTBHL, 17my O 0.06ha L 85 7"y  OFRMIEIE (fiet.) 1L

N—n 7267.83—85
N T 76783 09883

BTERLECBWT
~ _85 . 85 2 Z( ) 85
BATN=23(x), PHM=32x), P =""0", WiTEE=[D(x)]?/85, BT FHfu—
CEEFD — (B, sP= (E3EYhn)/84, Béi@fﬁﬁ\%ﬁ:gs(o.%%)=0.0116s2, ha M43

= (‘() @6>><(:F 1) =16.6667 < SF-3fE, ha M FifEO 5= <'(%)’6>2 X 0.0116 s> =

2777778 < (0.011652) 7 B3kadbHIB.
e, AR B I

85
SI(N-L)=12772.0000
C.T. =13552.9425

—  780.9425 Cov(N-L)=—9.296935
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y4
9)

N

i

af
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W
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- [«RNoNo TN Jo ) NP WN -

ek e ok
DnhH W

DD bt bk ek ek
[e-RXeNoL N Jo

N
—

m3
2.888
3.590
6.212
6.519
3411

3.042
7.993
4757
5.953
4450

4.518
5.137
7.159
0.386
4.921

8.945
3.426
10.384
0.722
0.754

12.446
10.680
6.909
8.332
9473

5.530
5.193
2.990
8.620
7.571

6.519
3.570
3.393
7.267
10.200

5.319
5.206
6.015
7.711
6.081

3.638
11.921
5.376
6.030
6.791

7.173
5.610
7.782
4.983
5472

4.361
3.280
9.603
2.636

104
131

29
53
57
71
76

85
52
67
48
70

45
38
37
60

m3
2.888
5.897
6.212
6.519
3.713

3.042
8.079
4.757
5.953
4.450

4.518
5.137
7.178
0.803
7.001

8.945
3.444.
10.776
1.931
0.927

14.153
16.092
6.909
8.753
9.949

6.902
5.193
3.740
8.620
7.671

7.763
3.570
7.940
7.267
12.228

5.389
5.206
6.829
9.968
11.708

3.638
11.921
7.833
10.404
7.018

7.222
5.610
7.782
9.720
8.136

4.361
5.900
10414
3.110
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55 63 — — 42 4.543 42 4.543
56 64 2 0.380 49 6.939 51 7.319
57 65 40 5.829 13 0.202 53 6.031
58 69 1 0.991 43 11.611 44 12,602
59 70 7 0.502 79 6.667 86 7.169
60 71 3 1.622 59 15.557 62 17.179
61 72 — — 69 5.106 69 5.106
62 73 1 0.234 103 6.227 104 6.461
63 74 4 0.782 77 10.808 81 11.590
64 78 3 4.796 44 4.850 47 9.646
65 79 2 1.017 46 4.539 48 5.556
66 80 — — 74 6.861 74 6.861
67 81 — — 41 3.221 41 3.221
68 82 1 0.157 26 1.552 27 1.709
69 83 2 0.142 71 5.276 73 5.418
70 84 1 0.045 91 7.107 92 7.152
71 87 — —_ 58 7.237 58 7.237
72 88 4 0.983 69 4.132 73 5.115
73 89 — — 54 4.598 54 4.598
74 90 10 3.166 62 6.532 72 9.698
75 91 — — 59 6.311 59 6.331
76 92 5 0.443 50 7.267 55 7.710
77 93 — — 48 7.876 48 7.876
78 94 4 1.664 50 5.736 54 7.400
79 95 3 1.752 43 5.792 46 7.544
80 96 6 0.699 55 4.088 61 4.787
81 97 2 0.209 60 5.717 62 5.926
82 98 11 6.189 15 1.124 26 7.313
83 99 1 0.495 56 4.809 57 5.304
84 100 — — 76 6.910 76 6.910
85 105 — — 63 5.921 63 5.921
> . 225 84.332 5120 503.970 5345 588.302
g4 0.06ha 7'ty QM ESHE S
3 o5
&
B
20}

10}

1.500

5.000

4.500
6.000

?.500

9.000

10.500

12.000

13.500
15.000
16.500
18.000

: MR (md)
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w7k ha X 5 % H OB %
N L NiL
£ A 4 4 ; 42
/N ¥ Mo R KoK Mo VN 5 ) I
[
ok oA (85) | 225 84.332 5120 503970 | 5345 588.302
% w264 2017351 | 360492 | 36327187 | 388677 4855.8895
EEOE T 26471 | 09921 602353 5.9291 62.8824|  6.921
W L 3B | 595.59 83.6658 | 30840474 | 2088.0885 | 33610643 | 40717558
W 3 o5 A | 2045.04 | 2080693 | 5208726 | 644.6302 | 5257057 | 784.1337
52 243501 | 24770 6200864  7.6742 625.8401| 93349
T E 4 N 02825 | 00287 71930 0.0890 72597| 0108285
ha % 3 7 f& 4412 16,5350 100392 | 98.8183 1048.0400 |  115.3533
ha 3 43 # 784722 | 7081390| 1998.0557 24727780 20165835|  30.079169
PFEC R B HaEni
85
SUN- L) —465.717840
C.T. =500.012861
— 34295021 Cov(N-L)= —0.408274

Db A, MBEOHTL FOHEELRDDHLLERDIED Th 5.

A) &K %
(ha )

N: 44+ 8.7 (95%38363839.4%)

L : 1004+ 44.8 ( " 8.7%)
N+L : 1048+ 450 ( " 8.4%)
(GRZ4aEl)

N: 19238 L : 437780
N-+L : 457018
B) #f T
(ha %) s
N: 16.54+2.83(95%3535333.5%)

L: 98.844.98( " 9.9%)
N+L: 11544549 ( 1 9.3%)
(FHAELE)

N:7211m® L : 43091m?

N—+L :50302m?

B, @BEREIR s A8 H H# ¢
50302m?, Z DHEEFRZEL 95 % DIERIT
KWT93BThD.

¥, AR 5 REEEEOER
B X OFIHEAEROMTEY, 2FBRCHAT
Y bl e SAGN (W ES a2 YAl
LEMET B L I1zIEhRE (E8FE) DiED
Thh.

8% BERIEHE L ORI

(1) GHEERHAER 7211ms
(FI AR 36cmp) | 61.4%)
B M MEESE #F B BT
% m? ms
Ea N 69.1 4983 3060
v il 20.8 1500 921
TN 9.1 656 403

(I1) JEZERHAERT 43091m3

CFIBEE 26cmp) - 46.4%)

i1 METESR  #F R FIAME
% m3 m3
f1 T 78 139 5990 2779
Vi + 12.0 5171 2399
I X F 8.2 3533 1639
DA - | 7.6 3275 1520
I X A 7.3 3146 1460
EXAYY T 6.5 2801 1300
7 v 3 4.7 2025 940
+ 7 K 4.0 1724 800
P& Y 3 2.0 362 400
v/ F 1.9 819 380
r Y/ F 14 603 280
+ 7 I8 1.2 517 240
Y7 0.9 388 180
N FY 04 172 80
EXVNEY 0.3 129 60
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C) 7rrmy FOEFEEEZOR
AEOMMEEER 93 213, FHEIEOLOFHEL Y FEEN I V. ZHHITEFE LWL
FHAE ST L 1ITE USRS U ORI F L L CE o L BT 5. o

HO—2iE7 vy FOKI% 0.06ha i[cr oz LI bEEbhA.

7 ey MIFHERENRSZ SO Th B L,

—44.14%

N— 1) 22
< N Sé~—>0
YT
(%%%; 1) %9.3349-:9.3349—50°
Y45y
_1/9.3349 _ 3.0553
CV =512~ 69212
Ll oT\wh.

A7 B> 0.10ha ©

¥ BT 2 EO 0.04ha 7w v b CILSEHRE
D\ RACAEIC T % 0.06ha TOREEH C.V. 1% N+L ¢, 7z (G 7%) O
5$2=9.3349 75

1956 725 1959 421C B % 4 EOFESERD B, 777 v T OEH, T-HoFH2R,
B, AR CY ., B L0 — R L ORT L, WE@FH IR DAY ThH 5.

FRAR

A= N T

B9 % oy PrOEHBEFAERMbBIUES
= Tk 2w e 1 70 a vy I‘ % __CK
AR 7 oy R W& [ n C.V. E%hl/l;—
ha Ay ‘ %

1956 #* 0.04 31.0 84 88.%9 9.68

1959 #* 0.06 494 85 44.14 4.79

1959 Fk 0.08 51.2 63 55.37 6.98

1958 #%& 0.10 73.5 \ 42 4761 7.35

S E 7'y NERE FTER(R), AR ®), EREHC), Bl UHhzEaRd)
(a) ) ©

o n cC.V.
100 100 ¢ 100y

! 80 } : 0.80}

g0} 80} 0.60}

wl af a.40} '

20k 20 | o.20}

0 2 8 T 0 2 8 T2 0 5 T2

7 —n(a) 7 —n(a) 7 —n(a)
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Flo, ey PORIC L BHFREEM,
SAEE, CV., BIOVEXEYRRTS
LRI CGESK (a), (b), (), (d))
DX 5Tl >T\N5.

WE, RFRoESERYR/NERRT
Xoskdps e

E=23.33—4.84 x+0.33 x2

(SE=1.99)
Yish., R xE 7 — o (a) BALThH
bblicrry POEETSHY, EXE
ZERThSD.

COEE, MTRTIICxH6 &
8 D HR/INERDL B DT, WAL TO
Ly, BADOELED x=137T (T~

2 2 ¢ 8

TEEERY L) IS h, FDLEDEMETSB L
7—n(a) TeoT\5%.

BEOT, HERET 7 —ABHED 7 vy P HRHFEERR LT bALbET, HHERETR/NC

LESLEZDNS.
x x2 X8 x4 y 2 Xy x%y
4 16 64 256 9.68 93.7024 38.72 154.86
6 36 216 1296 479 22.9441 28.74 172.44
8 64 512 4096 6.98 48.7204 55.84 44672
10 100 1000 10000 7.35 54.0225 73.50 735.00
28 216 1792 15648 28.80 219.3894 196.80 1509.02
¢=0.3284 1 x x2 y
_ 1 4 28 216 28.80
b=—0.24—14x<0.3284 x 216 1792 196.80
09 x2 15648  1509.02
=—0.24—4.5976 x 083504
=—4.8376 7 20 280 -4461.8(;
T _ _ 54 3984  —46.1
a=17.2-—7x(—4.8376)—54x0.3284 % s 12.0204
=7.2+33.8632--17.7336 14 64 21.02
233296 24 ’ 10.8774
E—23.3296—4.8376x+0.3284x? 0.3284375 3.9736
e Y (B L odmEFicid x, 8L x2 OF¥II
SE=,/3.9736==1.99 AT
x — 48376 x 0.3284 x2 1.23.3296 E (%)
4 —19.3504 52544 9.2336
5 ~-24.1880 8.2100 7.3516
6 29,0256 11.8224 6.1264
7 —33.8632 16.0916 5.5580
7.3654 5.5141 (min.)
8 —38.7008 21.0176 5.6464
9 —43.5384 26.6004 6.3916
10 —48.3760 32.8400 7.7936
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dE _ _ 48376+2%0.3284 x=-0
dx
4.8376 : .
X= 6568 =7.3654 (min. point)

E=23.3296—4.8376 x 7.3654+0.3284 % (7.3654)2
=23.3296—35.6309--17.8154
= 5.5141%

§5. BERERBOWE
ERAREHEE O 7 DS R 30 A&, [AEERS 140 A&, & 170 KD core 23 &vic.
T ey PRI 2ERAERAELSMS KTH B L 32 WYL, # 30 A 1 R0
e bl Liind. 7ok, 170 KgHEERINs 30 R Th %00 H £ D 3L 17.6 % T,
FIFAROBRELR L AF L T 5.
A g OB
E=I2LEK, VHIAK, TH=Y1IRLInDODTWA.
WE, EILVH (T A=) @onT
X =i e R K=1.0406~1.0418
Y=RENE&E4LEER
T EYEE (F10R(1]) @I TH 5.
8010 % BIFRIER (X0 RAERERE (V) —EX
(ry ¢ #¥ #

i i [
X y | x | Y X ‘ Yy X \ Y
mean |
N 27.0 027 > 7
P 2097 0444
28. 63 ‘ ;
@ 305 02> (37 =) |
8.2 031 34.5 1.16 (99
104 0.84
10.7 0.22 36.8 0.81 35 1.25
125 025 38.9 0.48 9.6 0.29
13.0 0.94 39.9 0.94 (15.1 0.25]
433 0.50 16.7 045
15.0 128 450 0.22 239 0.44
15.3 0.86
18,5 0.75 55.0 102 | 243 0.30
223 0.88 276 036
225 079  |Tmean | gg.g 8'33
34 027 26.26 0.650

X, Y oEfEL

(= S (VY HBLUOT =]
1 X Y 1 X Y
] 1 21 551.5 13.64 1 9 188.7 4.00
X 18030.87 364.727 X 4878.77 69.511
Y 11.1808 Y 2.5668
26.2619 3547.43 6.515 20.9667 922.3601 —14.355
0.6495 2.3213 0.4444 0.7891
2.309 —0.0156 0.5660

0.0018
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(23 -vH - TH= oD General reg.) (Common reg.]
1 X Y X Y
1 30 740.2 17.64 4469.7901 —7.8400
X 22909.64 434.238
Y 13.7476 3.1104
24.6733 4646.4387 —0.9996 —0.001753997 3.0966
0.5880 3.3753 —
—0.0002151 3.3751

Zi X ESESHTIR

G SS DF MS F
flH & @ [a] JgiEzE DR 2.8750 26 0.1106

Reg. diff. 0.2216 1 0.2216 2.00
Cmmon reg. @D 7% 3.0966 27 0.1147

Adj. mean 0.2781 1 0.2785 243
General reg. OF4 3% 3.3751 28

B, M8 2« D EIRROFE ke 2 ORRRIX RO T (+) ThBHOTHL,
VHEFRIOCT I YiE (=) Thb. ok, ZIULEIHEOFHESER ThL 5 Thole. Al
B 3 LR PR EREREOWE N L B ORI L, YA ETERO X 51CH ST
bivh. To7itL, FTOEEIEES & bEPTHOTC, T zif=3=00018, Y H=-—
0.0156 Th 5. 7o¥, FICRT X5 IS4 1T) & ERREMO Z3FELRDD
e\, BIfEIC O TIEE £ 0 0.6495 1k L, Y 418 04444 Th 503, v LRI
CEELIBASOFMEDRES ¥ e EOERSBSTART I ST BEVRLTEBLITW
O CHEERRE —AIC ¥ £ o General reg. XFHVDHZ L ETeb.

% 7-, General reg. DEZEDHSESMEEHAD &

SS DF MS
Const, 10.3723 1 10.3723
Reg. on X 0.0002 1 0.0002
Error 33751 28 0.1205
Total 13.7453 30

i, chBEROBEIEEZAIRDRVO THRHEDAE & DT
Y0 =0.5880

5.88mm CEIE I,

B) [k ¥ &

[EEERIO core [L4AERT 140 A Th %, HFLIHY 3T HICE D QW5 0O T Na LI
OWTELDTERTH LB 05 (1) 0EY Th D (FH, X TENREERY, ¥ic
Y (X 1 EHOENEREREE D D).
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W10 K RHEIEE (XD : KAERERE (V) KK
(Iy 5 & #
X 1’ Y x | vy | x | v | x Y
NS 75 0.10 E XY ¥ 5 7.7 ’ 0.46
(144) 8.0 0.44 (474) 9.3 0.23
8.1 0.41 18.5 0.67
g.z 0.35 8.7 0.17 6.5 ’ 0.31
7 0.19 15.0 0.28
6.8 0.22 18.9 0.23 17.5 0.20 s
8.1 0.33 238 0.11 294 | 031 ML
8.4 0.73 %5}51 0.07 | "
1. 0.25 |
12.1 0.73 380 0.19 104 1 029
5 P 7 ® 5 127 | 029
ﬁ:s 8:73 (44 17.2 1 0.31
15.6 0.49 6.8 | 022 :
18.4 0.35 (8:4) lgg | 017 S om0
. 0.19 S A
18.5 021 81 | 027 53 | 020 (349
25. 0.31 113 | 048 |
294 0.17 149 | 064 lﬂ 8'5:1;
29.7 0.46 %}/ g ' 823 > (74 2[3) Hi 140 0.31
5 307 | 060 86 | 023
(134) 36.1 0.19 93 0.16 4 2y
37.8 0.35 156 | 062 (2K
%"71 g'zg - 223 . 044 4.1 0.44
6.5 0.28 N —e 56 0.37
8 | o
' ' 77 1 094 (42 o5 s %
6.9 0.19 9.5 | 017 7.8 0.08 (27K)
8.0 0.40 9.9 0.07 11.7 0.11
9.2 0.20 11.2 0.14 B33 | 021 9.9 0.27
lgilg 8% 11.6 0.14 29.4 0.30 20.8 0.33
137 oi7 11.7 0.14
. . 12,6 1.87 R s 3
A I N e
B 67 | 031 67 | 025
. + 7 5 67 | 067 253 | 020
7 v 3 ) 7.0 0.27
(149 - 0.1 11.7 0.12
9.6 1.98 6.7 0.29 — e 3 F
9.9 1.16 1038 0.26 A e s % (249
13.7 0.44 133 0.37 S : ‘
22.7 0.21
166 0.29
210 0.5 97 | 046
. : 11.5 0.48
I L P
21.1 060 | | (27)
21.4 . T =) J 3“‘4 N
224 0.71 £ VAN 11.0 | 058
(645 (34 20.1 ; 0.37
31.9 0.35 6.3 L 026 54 0.25 N
& | o3 21 %% FF A F
N 9.2 0.19 1. : (2%4)
(107) 10.4 0.33
P R 147 | 026
5.6 0.23 17.0 0.33 (349 221 | 031
|
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¥ = v v ¥ =¥ FF v = A F
(24) (149 (1A (14
6.4 0.22 90 | 023 9.4 1 0.08 10.3 ' 0.23
133 ' 0.17 1 o
B [ S - o J  #* 7 v 7 #F
T oA X7 (1A (1A (1)
(14
11.1 ‘ 0.27 14.6 \ 0.31 222 4 0.08
94| 0.14
v 5 2 5 J F A
vy ¥3 9 QW) (149 (1
(14D
480 ‘ 0.37 23.8 ‘ 0.44 13.1 ‘ 0.22
nz‘ 0.16
hhF 7 F/)F ~ 7 /J *
v v v (1) SED
(14
126 | 031 36.1 \ 0.31
m7‘ 0.28 ‘
B B B
WE, 140 A0 core o Z AT LTc/AER RO EIRX L KD &
1 X Y ck
1 140 2088.5 43.93 2277.43
X 43148.27 718.3300 45955.10
Y 26.9761 794.2361
14.91785714 11992.3256 —11.6007 11980.7247
0.34950000 9.8751 —1.7256
 _0.00096734 9.8639 9.8638
F fo T DT
~8S DF MS
Const. 17.1010 1
Reg. on X 0.0112 1
Error 9.8639 137 0.0720
Total 26.9761 140

i, X WCEET A EURIEE TV O TEHEBOE & & Mk
Y 1y=0.3495

Ll b,
§6. HHEHF B K

%7 vy OB AEAFEMEL D, FEERIMELZEHL, TN ChORE TR
U CH—A Y ) 0L KD, REOEASEOZRALY AV THERLE, RINCk

HHERDBED Th 5.



& % &

1 wD wD?2 wo wek
1 225 52.50 16.6164 84.332 378.4484
D 16.6164 6.3290 33.4140 108.8594
D2 2.7311 14.7392 40.4175
v 84.1264 216.6116
0.23333333 4.3664 24518 13.7365 20.5547
0.07385067 1.5040 8.5112 12.4670
0.37480888 52.5180 74.7657
0.56151521 0.1273 0.7979 0.9252
3.14595547 9.3036 10.1015
6.26787117 4.3025 4.3025

ol ()
Vimy=—0.0009—0.3735D+6.2679 D*?

L%,
UR S 155 ]

w wD wD? wo wek

1 5120 687.1C 121.5500 503.8944 6432.5444
D 121.5500 30.3130 136.7664 975.7294
D2 10.4233 50.2462 212 5325
v 249.4037 940.3107
0.13419922 29.3417 14.0011 69.1442 112.4870
0.02374023 7.5377 38.2836 59.8224
0.09841688 199.8120 307.2398
0477174124 0.8568 5.2898 6.1466
2.356516493 36.8726 42,1624
6.17390289 4.2139 4.2139

b ()]

Vy=0.0310—0.5895D-+6.1739 D?
it b.

ks, K (B 6 X)) 13RS (a), KU (b) JIC, EAEOTRVEL L, Ehx
DFIHED, FALCBTHDMBEHBEZRLICEDTHS. ZhXD, ERE DTG
BINERDOHHECHENEL, L ACREHOGALIIEL .



06 (a) #F MM O R

2.40 ¢
¥
I X1 §
g 0O
g uwf
N>/
180}
160}
1.40 b
ra}b
Lol
0.80
0.60F
0.40 F
.20}
0 : N . . . N N . . . N . R . " :
6 14 22 30 38 45 54 62 70
, D.B.H.(cm)
WE, & BTN TNOHMBERDOBREDST AL D LRDOED Th 5.
(BT5ERT) LRk )
SS DF MS SS DF MS
1 31.6084 1 1 49.5917 1
D 43.2144 1 D 162.9394 1
D2 5.0011 1 D2 32.6587 1
Error 4.3025 23 0.1871 Error 4.2139 31 0.1359
Total 84.1264 26 Total  249.4037 34

B, BRCIRT X5 WCeHER, REME $, £FURMREIL0 L FEEE2RT. 21,
TNENDEZEI MSWTIRTEBY Th 50, ZOoOMBEHFERICIIENVE BEbRAS.
T8 BT IAEBE T 5.

TR SOFERL, AT ETR—BEN L5 0L LT 4 I DB/,
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EEERREAR L HERO o0, #h BTN ERCOWTERROHALAT S &
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WDHEY Thb.
A g oE
R MO A E &E G B K
(1) ¢ )
D.B.H. v dv 0.29404v N 0.29404v-N
cm m3 m?3 m3 m?
8 0.0093 0.0151 0.0044 26
10 0.0244 0.0202 0.0059 22
12 0.0446 0.0252 0.0074 14
14 0.0698 0.0300 0.0088 21
16 0.0998 0.0352 0.0103 11
18 0.1350 0.0401 0.0118 14
20 0.1751 0.0452 0.0133 13
22 0.2203 0.0502 0.0148 6
24 0.2705 0.0552 0.0162 5
26 0.3257 0.0602 0.0177 12
28 0.3859 0.0652 0.0192 11
30 0.4511 0.0703 0.0207 12
32 0.5214 0.0753 C.0221 13
34 0.5967 0.0802 0.0236 3
36 0.6769 0.0854 0.0251 4
38 0.7623 0.0903 0.0265 4
40 0.8526 0.0953 0.0280 5
42 0.9479 0.1004 0.0295 3
44 1.0483 0.1053 0.0310 6
46 1.1536 0.1103 0.0324 5
48 1.2639 0.1154 0.0339 3
50 1.3793 0.1204 0.0354 4
52 1.4997 0.1254 0.0369 1
54 1.6251 0.1304 0.0383 1
56 1.7555 0.1355
58 1.8910 0.1413 0.0415 2
60 2.0323 0.1446 0.0425 4
e  ame .
» 225 3.5383

b, 7ry FOLEFY 5.10ha &35, ha ) HMEERRIX

A AT ¢

ha ¥4 4£& R
4k E

35383
225
& : 3.5383+5.1=0.6938m3/ha
B 1 0.6938 x436,07=302.55m3

=0.0157m3

F 7o R O 2L 84.3320m? ¢

ha ¥ b #f
peo>TARERIZ

b,

& . 84.332+-5.1=16.5357m?/ha

0.6938+16.5357=4.196 %
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B) K % @

WALk M OBk K & b W %
() k%

D.B.H. v Av 0.1748 4v N 0.17484v-N
cm m3 m3 m3 ms3
8 0.0233 0.0104 0.0018 1468

10 0.0337 0.0155 0.0027 1227
12 0.0492 0.0203 0.0035 701
14 0.0695 0.0253 0.0044 446
16 0.0948 0.0301 0.0053 299
18 0.1249 0.0352 0.0062 225
20 0.1601 0.0400 0.0070 171
22 0.2001 0.0450 0.0079 113
24 0.2451 0.0499 0.0087 89
26 0.2950 0.0550 0.0096 64
28 0.3500 0.0598 0.0105 54
30 0.4098 0.0648 0.0113 60
32 0.4746 0.0697 0.0122 37
34 0.5443 0.0746 0.0130 30
36 0.6189 0.0796 0.0139 29
38 0.6985 0.0845 0.0148 21
40 0.7830 . 0.0895 0.0156 19
42 0.8725 0.0945 0.0165 14
44 0.9670 0.0992 0.0173 11
46 1.0662 0.1043 0.0182 6
48 1.1705 0.1092 0.0191 9
50 1.2797 0.1142 0.0200 2
52 1.3939 0.1191 0.0208 4
54 1.5130 0.1240 0.0217 5
56 1.6370 0.1289 0.0225 3
58 1.7659 0.1340 0.0234 1
60 1.8999 0.1388 0.0243 3
62 2.0387 0.1438 0.0251 3
64 2.1825 0.1488 0.0260 1
66 2.3313 0.1536 0.0268 0
68 2.4849 0.1586 0.0277 1
70 2.6435 0.1636 0.0286 1
72 2.8071 0.1684 0.0294 1
74 2.9755 0.1735 0.0303 0
76 3.1490 0.1784 0.0312 0
78 3.3274 0.1862 0.0325 1
80 3.5136 0.1975 0.0345 1
82 37111
> 5120 21.2779

gﬁﬁﬁﬁiﬁgzgﬁ%gﬂmMMﬁ

212779 . .
ha % A B R Oar =41720mi/ha, AAUEE 41721 X 436.07=1819.33m’
ha % L i gy 0 =98.8176m'

. 4.1721,_ y
£ R Higgee T2

¥z, ERR IOCERESOLEEARE ha XD
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0.6938-+4.1721=4.8659 m®/ha

4 #  F5:588.302+-5.1=115.3533 m®/ha
AN el B Ve o= U
4.8659
115.3533 — 2183 %
Ll b,

E, AEEESEEEEC O IR W T EEO R 2F@ED b ienolk
e, FHEREREENBVDRICZ &

L, MEEE, Hb 2em fECH LM T X gl = o
Ehng WIS . E% 19564 3.05 9 416 9 388 4
%m%kbféxﬁémﬁ%% L a%® on® B~
BHEOEL I Th . 155745 48 . o
BEOEEROIWABRELEEDID 19584% 5.32 3.46 107
SO Mz DHEFEDED LinD>T5b. 19594 420 42 s

FH 1956 20 () OFFIIEEDE R

CAEENT WY bbb T ENE AW ADEREE AT L Lin, B
PMETFTLTCOHOTCHERHASYETCCEHEY LB L 2HF T, TRI D EFFEL LR
EE 4 BHHEDEEEBNR AR EN5. ,
W (BETRD) 38 10RCB T DREBOMBEREX 7 7 7R LD Th 5.

7 M TREBI BT AERCH S ONIEEBGOMIAERER
H: 40000 ¢

3.0000

¥

2.0000 ¢

1.0000 |

8- 16 24 32 40 48 56 64 7‘2 80
D.B.H. (cm)
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ZOYZ b, FEPHEEOEC/AERDOEERNRD T 285 bbb,
R, KERMEINC 01748 4v-N Z4ERE L UCHiic R & LT 5.

XD, AMSOLEEREDKESSH 8 ~20cm MHED, \Wibd B/INVEREED AEBIC
KELDPIERON TS LR INS.

§8. HEEERBEELE

ERBOHETICIISL L OFEEREENADTNT, HERMETESEYENR T LN
ENRFMEDD B S DO ChBMEENTRERERCA, UL ER, ORI ORE
HLEDLDLERND S, —BHEERBC OV TEIEREEAEEAHEL TR 2 Lk
FTLLIEEEClI v Ebh 3.

8, PERNLEREVTT O TE AREEROEEEREORIE LEHND F 4 M
AT, —~ELT, & LT H A Meyer OER X ERLRERO BRI FIHT 2R B
ATETHD. i, 3, 4EHCIEEHRIC X 2HBORHEE LB L CEAMBEOF
BT X 2HEGRERN L KD, TheERERC I 2H#FEOMAbR L Licn Tt
X OFESRCHRINCIL, MEFEROEELEREEBOHEDOREL L CHETE 5.
(1) #MEHFERCOWToHEE

ﬁﬁfﬁTkLTmP%wMD+dﬂ%%bh.:EKV}M%(%KMQ,D;ME
B&E (em), a, b, c: FBRKTH 5.

ERY 2em ¥ERE L, k{AOERRE

“Mpﬂﬂ MEECV) Mz (4y) DGl & & iTs £ 5 I 4 0
Dy Vi Vo— Vi =d; P D LTS B D ,
D V2 "3 : V2 - Ve=a-+bDs+cDy?
Dlr I:/k VM{_szdk Vi=a+bD;+cDy?

R Vo—V1=b(Ds— D1) +c(Ds?*— Ds?)
=(Dy—Dy)§b-+c( Do+ Do)}
2em FERGET5 L D3;— D;=0.02m
#72, Do % D1 Thbirid Dy=D;+0.02
e, Ve—Vi=0.02§b+c(2D;+0.02)}=d
MEDT—IT d OHEUL b, ¢ DHFITE SN
V(d)=(0.02)2§V(d) + (0.02+2D1)*V(c) +2(0.02+2D1)Cov(b-c) }reerrrvrenes (D
(1) Ricsds VB), V), Cov(b-c) 13h & OHBERDEEDHNE c— Tk FL-
TRDDHZ LMW TES.
(1) ERERRICOWTDESE
EREEREFIUL z=a+8D ZHWE. 2
z: EERERR (em), D: [&EHEE (cm)
LD E I
V(z)::V((x)+D2V(ﬁ) F2DCOV(UF) +errererentinniiiniiiiiniiiiiain, 2)
(2) Ko V(a), V(#), Cov(apf) FEZBFRXOEBENORDDZ ENTES.
() MEALRROE:E
MIRERERIZ -2 TROON TS DT, ZTOHEILd &z RERTHMSICHE S
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TWBHZ b
V(d2) =d2V (2)+ 22V (d)-erveeereessmmemsisiiiiisiisi s ©))
G)FoEme (1), (2) XxALT
V(dz)=d2§ V() +D*V(8)+2DCov(a-B)}
4 (0.022)2§ V(b) + (0.02+2D)2V () +2(0.02-+2D)Cov(be) § - vvreesees 4
(DRNT—DoD ERBICOWCETEINDEDT, ¥, FEXEOAKREZ N LL, EE
BemoMEEEROE A Thbhi &
A=Nd 21+ Nodozo+ oo+ + Nydi 2
Yich. A DR A DESEOFE It TT
V(A)=N2V(dyz)) + N2V (dyzs) + +vveoe F NV (diZp) voeeereeerereeremnsininnns ©)
L, GOOR WXz ATHE
V(A)= V(@) -SUNP) + V(BYSI(ND?) +2Cov(afY S (N D)
(0,022 V(BYSI(N22) + V()33 [N*22(0.02+ 2D)]

+2C0ov(be)SI[NP22(0.02+2D)] §o+vevevens 6)
OFNEK T, a, 8, by, ¢ DFHE XIVERSGHEARKD LR THIE V(4) FEFIh
%.
EEEERORRR z=a+8D 1%, FiERIC4HEE S A=0 LEFEENRCDOTH
J& V(8),Cov(a-8) DHETHEDL%.
2cm BEOMBEMMBACH L, ERERR 2 T 2HMEOHESMIILBIEER
2 cm dm?®
zem xm?

DB HRDBNTNB DT
_dz
xX=-y

PED CERPE k fADFIL
k
S1(x) =y 33(d2)
IHRLEEBEOARE N ikl T
k k
S(xN) =5 3I(Ndz)
L hhs, B=0MhE z % const. & AR Xh, Rk
z &
2 Sy(va)
Lieh. b, 2N OBLEOHBEERLAREDINDLLZOSEY L LDHB L
z &,
/{5 S0
1

= [ VN2 + P Nozdy) 4 ove - V(N2 ]

— L V@R 2SNV (D))
o V() 3 (1) R bETE 50T
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:71([ (0.022)* { (b) ﬁ(N2)+V(c)§j[N2(o.02+2D2]

+ 2 Cov(be)SIIN3(0.02 2D) 1§ + V(2 SINE) | ovvvvvvrssvrivnn <
DPOMEERBOBEZIFETE 5. FOHEEEREY, Br v bR L Rk0ED Th
5. |
A K om
Y, REBHERORREROSHERD DD, c— BHEEYRD D, HERII TR
HTh DD L OB N RAUL TROED T 5.

an aze as ayy C33= Ao
ase dass asy 33
a a
88 8y C23= —C33B93
Ayy
- - C13= —Co3Bio—C33 B3
By Ass Ass Aszy .
By — — ck @ c33a33+ Coa@s+Crams= 1
By —
I C32=Cqy3
By Ass Asy
Bsy — Co2 = 2~ ~~C23Bo3
22
By SSR Cig=~—Co2B1s—C23 B3

ck : €303+ Caaos+Croti2= 1
1
C31=C13, Co1=C12, 011:;‘E"012312~C13313

ck @ c31a31+ €@ a1 = 1
SRED e BHAE T B S BRSO S E RS RS 5.
1

3= ( 8568 =1.16713352
co3=—1.16713352 < 0.47717412
=—0.55692591

c13= —(—0.55692591) x 0.13419922
—1.16713352 %} 0.02374023
=0.07473902—0.02770802
=0.04703100
ck : 1.16713352 % 10.4233+- (—0.55692591) % 30.3130+0.04703100 x 121.5500

=12.16538282—16.88209511-+5.71661805
=0.9999

cap=cg3=—0.5569 2591

1

—0.03408119 +0.26575063=0.29983182
cia = —(0.29983182) (0.13419922) — (—0.55692591) x 0.02374023
— —0.04023720+0.01322155
— —0.02701565
ck : (—0.55692591)(30.3130) + (0.29983182) (121.5500) - (—0.02701565) (687.10)



=—16.88209511+ 36.44455772—18.56245312
=1.00000

¢31=¢13=0.04703100

Co1=cio=—0.02701565

i = 51-26 —(—0.02701565)(0.13419922) — (0.04703100) (0.02374023)

—0.00019531 -+0.00362548 —0.00111653 '
—0.00270426
ck : 0.04703100 x 121.5500+ ( —0.02701565) (687.10) +0.00270426 x 5120
—5.7166 1805—18.5624 5312+ 13.84581120
=0.99998
0 ck BB TEE IR c— BHIZELWE B b, S8 e— T
2= 0.29983182 '
c= 1.16713352
Co3=—0.55692591

42139 4.2139
- 2 ool el
¥, Sy = g = 013593226

. V(b)=0.13593226x 0.29983182 = 0.04075682
V(c)=0.13593226 X 1.16713352 = 0.15865110
Cov (b-¢) =0.13593226 % (0.55692591) = —0.07570420
EEEROFE T T HORRSH ORER, X OERIFR TRV Db
Y=0.3495

LD

9.8751
2__ 7000
5= "139 0.07104388

HOTZ T Y=2 £ L<C
0.07104388

V(2)=V(03495)= """ .57 =0.00050746

LT LINTED. MEOTIREROAEER 4=212719 D4HE1T
V(b)SI(N2) + V()3 [N2(0.02+2D)2] +2Cov(be)S) [N2(0.02-+2D)]
—185682.52899248 -+ 36065.12345777 — 149549.37738312
~72198.27506713
(0.02 % 2)2== (0.02 % 0.3495)2=0.00004886

(0.022)2§V(b)2I(N)*+ V()21 [N?(0.02-+2D)%] +2Cov(bc)> [N?(0.02+2D)]

—0.00004886 X 72198.27506713 = 3.52760772
V(2)S)(N2d?) =0.57428665
MeoCHEE (BB 12 [(10) MHHEHE I 4EROSHUT
V[é ~ j(d-N)] = :11 (3.52760772+0.57428665)

=1.02547359

Z OB 1.0126
BRI 21.2779-+1.0126m?

81
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T DOREERZERILATO % LD,
¥/, ha Yo oo&ERX 41721m® ©, TO45E0: 00394 »/c 5.

(RPN N
(1) & % M

DBH| N | & i N2.d2 | 2D-+0.02 {(2D+O.02)2 N2(2D+0.02) N2(2D-}0.02)2
8 2155024 0.0001 0.18 0.0324
10 1505529 0.0002 0.22 0.0484
12 491401 0.0004 0.26 0.0676
14 198916 0.0006 0.30 0.0900
16 89401 0.0009 0.34 0.1156 i
18 50625 0.0012 0.38 0.1444 |
20 29241 0.0016 0.42 0.1764 |
22 12769 0.0020 0.46 02116 |
24 7921 0.0024 0.50 0.2500
26 4096 0.0030 0.54 0.2916 :
28 2916 0.0036 0.58 0.3364
30 3600 0.0042 0.62 0.3844
32 1369 0.0049 0.66 0.4356
34 900 0.0056 0.70 0.4900
36 841 0.0063 0.74 0.5476
38 441 0.0071 0.78 0.6084
40 361 0.0080 0.82 0.6724
42 196 0.0089 0.86 0.7396 |
44 121 0.0098 0.90 0.8100
46 36 0.0109 0.94 | 0.8836
48 81 0.0119 0.98 0.9604
50 4 0.0130 1.02 1.0404
52 16 0.0142 1.06 1.1236
54 25 0.0154 1.10 1.2100
56 9 0.0166 1.14 1.2996
58 1 0.0180 1.18 1.3924
60 9 0.0193 1.22 1.4884
62 9 0.0207 1.26 1.5876
64 1 0.0221 1.30 1.6900
66 0 0.0236 1.34 1.7956
68 1 0.0252 1.38 1.9044
70 1 0.0268 1.42 2.0164
72 1 0.0284 1.46 2.1316
74 0 0.0301 1.50 2.2500
76 0 0.0318 1.54 2.3716
78 1 0.0347 1.58 2.4964
80 ' 1 0.0390 ; 1.62 2.6244
I |
> 4555864 ’ 1131.6885 ‘ ‘ 987721.80 1 227323.5008

B) & ¥ M
BT HERIA N
Vw=-—0.0009—0.3735D+6.2679 D*
s % e— FRATIRGERS & FERORIH, D
= 270584180
= 7.85549059
C23=—4.41096001

¥, EURROBEZDOFEHFETHREICK S
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243025
23

P>, EF b=-0.3735, ¢=6.2679 OSEILENTR
V(b)= 0.50616889
V(c)= 146948908
Cov(bc)=—0.82513720
2Cov(bc) =—1.65027440

¥70, EREREOHTERESTX

=0.18706522

Y=0.5880, V(Y)= (_2—39%% =0.00387966
Y% z AT
z=0.5880, 22=0.3457, (0.02z)*=0.00013830
V(z)=0.0039

V(b)S(N)?=0.50616889 x 3105 = 1571.65440345
V(e)31[N?(0.02+2D)?] =-1.46948908 x 550.5316 =2809.00017990
2Cov(b-¢)3I[N2(0.02+2D)] = (—1.65027440) x 1142.14= —1884.84440322
DT
w12k £ R B M E B E R R
QIS

D.B.H.] N2 ‘ d2 N2 d2 i 2D-+0.02 | (2D+0.02)2|N2(2D+0.02)|N2(2D+0.02)2
A it i o~
8 676 0.0002 L 018 0.0324
10 484 0.0004 0.22 0.0484
12 196 0.0006 0.26 0.0676
14 441 0.0009 L 030 0.0900
16 121 0.0012 0.34 0.1156
18 196 0.0016 0.38 0.1444
20 169 0.0020 042 0.1764
22 36 0.0025 \ 0.46 02116
24 25 0.0030 | 050 0.2500
26 144 0.0036 0.54 0.2916
28 121 0.0043 0.58 0.3364
30 144 0.0049 0.62 0.3844
32 169 0.0057 0.66 0.4356
34 9 0.0064 0.70 0.4900
36 16 0.0073 0.74 0.5476
38 16 0.0082 0.78 0.6084
40 25 0.0091 0.82 0.6724
42 9 0.0101 086 0.7396
44 36 0.0111 . 090 0.8100
46 25 0.0122 L 094 0.8836
48 9 0.0133 . 0.98 0.9604
50 16 0.0145 102 1.0404
52 1 00157 106 1.1236
54 1 0.0170 L 110 1.2100
56 0 0.0184 L4 1.2996
58 4 0.0200 118 1.3924
60 16 0.0209 l 122 1.4884
| 3105 6.6401 | 1142.14 5505316
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(0.02x2)*{V(H)SI(N2) + V()X [N2(0.02-+2D)?] -+ 2Cov(h- ) SI[N2(0.02 +2D)] }
=0.00013830 % §495.81018013} == 0.06857055

V(z)S1(N2d?)—0.0039 x 6.6401 = 0.02589639

B (O 1232 (D) »HEHE SN B EEROSHIL
V[“E‘Z(d- N )] = 31 | 0.06857055-+0.02589639 |

=0.02361674
DR 0.1537
AEE1T 3.5383+0.1537m®
FOBEERIT A B LD,

i, ha Y0 4L£81% 0.6938m® T, FD4E% 0.0009 Th 5.

ERE R
L 22 10126
N 3.5383 0.1537

= use2 L1663

§9. HRERFOBEENE

15k, SFHE, [RUEEARIT oW,
EREOHEHEEYRTLFEREDWY ©
H 5 (EAF.
Flo, TOEIERT
+4.70 95
Thh.

AR L T OLEREOAMBEEERL THL, FOBEEZIKRDO L 5 1ThH B4 b

MTED.
Bl
4z FK:.P
] T A
£ E ¥:B
ETHE

TDGEE, WE A, B OHEN AL ML &N L LT, HOHOEL X

V(P =5 V(B + 2, [viay)
A A
L3 5.
FRERLT
A ERHEE XD kb
V(A) 1 A DI EEE
B: £EgHT
V(B) : &= Eg&HT 0458
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Résume

1. Introduction

This area is divided into two parts called Yatate and Kasebaru respectively. The
forest survey was carried out in March, 1959, by 21 students and some assistants as forest
mensuration field work of Kyushu University. Northwest range consists of two moun-
tains called Mt. Tsuno (1607 m) and Mt. Baguchi (1437 m) respectively. And com-
partments numbering from 1 to 4 belong to Yatate and from 5 to 8 belong to Kasebaru.
Their stand conditions and also topographic situation are very similar to Mt. Sampoo
area, which is almost covered with small size vegetation, natural broad leaved trees
and partialy cut down in some past time and not a fully stocked area.

For Miyazaki district of Kyushu University Forests this is the fourth time we have
tried sampling methods. The first time was a simple systematic sampling, the second
was a cluster sampling and the third was a representative sampling. Looking at the
results of these various sampling methods systematic sampling looks very simple and
special sampling seems to show no additional results. So we decided that this time
we should take systematic sampling. We wished, however, that the schedule of taking
plot be strictly followed and the way of line survey and plot shape should be con-
sidered. All of these points were developed. Moreover this report will describe the
most efficent plot shape and also discuss the principle of error computation of estimated
growth. Actual error percentages should be computed accurately. During field work one

of authers recorded various practices by students on 8 mm moving colour films.

2. Method used

The total area is 486.07 in hectares and includes about 50 ha of plantation. In
this specific case plantation area was excluded, so the objective area is 436.07 ha.
Magnetic declination is W 5 and plot interval is 200m, systematically made. Plot
shape is 30mx20m=0.06 ha. At the first planning the size of plot was 106, which
covered the total area with 200 m intervel lines. During the survey the compass man
advanced and the one measuring distance followed. Usually a poleman is followed
by the compass man in Japan. In this case rough survey may be permitted.

One party consisted of 7 persons, 4 students, 1 instructor and 2 laborers. Three
parties camped in Yatate and two in Kasebaru. Both camp sites are situated in about
the center of the base of each mountain.

Tools used for survey are the same as previous surveys, so details are omitted.

A sample tree for growth measurement was taken from every 30 trees, sample trees
for volume check were cut down every 50 trees and these trunks were measured with
caliper. Ingrowth and mortality measurement are not complete. It is very difficult to
identify trees that have died during the last decade. This point will be considered more

completely later. The objective of this inventory is of course the estimation of total
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data for volume and growth.
3. Schedule for survey versus actual field work

This survey was carried out from 23 to 28 March, 1959. One day was rainy
throughout. Field work took 5 days and 85 plots were entirely finished. Actual plot
area was 5.1 ha which corresponds 121 % comparing to the last year and it was the
maxiumum area through 4 years of work.

The average of the 4 plots were measured one day. Average line survey distance
is about 900 m. Working hours expended for each field are shown as follows:

1. Survey of line: per 100 m 29.8 minutes average.

2. Plot establishment: per one plot 29.8 minutes average.

3. Bvery tree measurement: per one plot 49.9 minutes average.
and ratio in time is: 1:2: 3=42.5%: 21.5%: 36.0%.

In the four surveys, this time shows a maximum in work. 11 plots were dropped
from the initial plan, the number of plots intended were 106 but completely worked
ratio was about 85 %.

Survey speed improved about 10 minutes per 100 m.

4. Volume and number of tree percentages by diameter class

Total number of trees is 5345 in sample sum. Out of 5345 trees more than half,
51.4 95, are between from 8 cm to 10cm in DBH. And total volume is 588.302m? in
the sample sum. Out of total volume more than half, 51.8 %, occupied DBH range
between from 8 cm to 26 cm. These facts show that there is scarcity of large size trees

and almost no trees will be economically profitable.

N L N+L
Number of trees 225(4.2) 5120(95.8) 5345(100.0)
Volume (ms3) 84.332(14.3) 503.970(85.7) 588.302(100.0)

( ) shows percentage

5. 'Tree species

There are 5 conifer species and more than a hundred hard wood species. (about 105
species). In the conifer Momi has a majority about 69.1 % in volume. Tsuga is
second and Pinus shows very few. Hard wood is shown by the following;

Kaede (Acer) 14.7 %
Buna (Fagus) 12.0 %
Mizuki (Cornus) 82 %
Mizume (Betura) 73%

Himeshara (Stewartia) 6.5 %
Inushide (Carpinus) 5.25%

6. Sampling data and volume estimation



The distribution of plot volume is very close to the Normal distribution.

(a) Number of trees per ha:

(Pr. 0.95%) E.P.

N: 44+ 3.7 394 %

L: 10044-44.8 8.7
N-+L: 1048+45.0 8.4
(b) Volume (m?):
N: 16.54-2.83 335%
L: 98.84:4.98 9.9
N-+L: 115.44+5.49 9.3

For total area :

trees volume(m3)
N 19238 7211
L 437780 43091
N+-L 457018 50302

Sampling error percentages in num-
ber of trees and volume are under 10%,
in probability 0.95. We could not reach
this level in the previous three surveys.
With almost the same numbers of survey-

ors and about the same area, we had tried three times, but we could not reach desired

precision. However in this we had under 10 %

error percentage, 8.4 95, in number of

trees and 9.3% in volume. This may be considered carefully. Plot shape may be

considered as in the following section.

Total volume estimation by species is shown by the following table ;

Species volume(ms3) useable volume(ms3)
Momi (Abies) 4983 3060
Tsuga (Tsuga) 1500 921
Akamatsu (Pinus) 656 403
Kaede (Acer) 5990 2779
Buna (Fagus) 5171 2399
Mizuki (Cornus) 3533 1639
Shide (Carpinus) 3275 1520
Mizume (Betura) 3146 1460
Himeshara (Stewartia) 2800 1300
Kurumi (Jugrans) 2025 940
Nara (Quercus) 1725 800
Toneriko (Fraxinus) 862 400
Shinanoki (Tilia) 819 380
Hoonoki (Magnoria) 603 280
Sakura (Prunus) 517 240
Katura (Cercidiphyllum) 388 180
Harigiri (Kalopanax) 172 80

Kihada (Lespedez) 129

Commercially useable tree size is based on
26 cm DBH in hard wood.

7. The relation between plot area and error

60

above 36 cm DBH in conifer and above

Four surveys between 1956 to 1959 have various plot areas and sampling errors.
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In all cases total inventory area and survey members are almost the same. This survey
is the most precise over all inventory. So we should discuss the reason for such

superior results.
Here in the table of sample areas and sampling errors there are;

Inventory Plot Hours spent v
year area(ha) per one plot (min.) " C.V.(%) EC%)
1956 0.04 N 31.0 84 88.69 9.68
1959 0.06 494 85 44.14 4.79
1959 0.08 51.2 63 55.37 6.98
1958 0.10 73.5 42 47.61 7.35

In this table the third column ‘means hours spent in measurement of trees and
additional measurements in a plot average. C.V. is coefficent of variation of volume
based on plot. E means that C.V. divided by square root of number of plots, equals
CV/(n)'2. There is no data for 1957, because time record was not made. So in
autumn 1959, we tried 0.08 plot again. The data of 0.08 plot in 1959 is due to Mr.
Shiiba, Kyushu University Forests. From the above table the relationship between
time and plot area seems upward in straight line and the relationship between plot
number and plot area seems downward in straight line. The relation between CV and
plot area seems a downward curve. Finally between plot area and sampling error the
relation may be expressed by quadratic equation. From the least square solution we
can find the following equation;

E=23.33—4.84 X+0.33 X?
where E denotes error percentage and X expresses the area of a plot. Upon differen-

tiating the above equation with respect to X, put equal to zero, for seeking minimum

condition.
dE
ax = —4.8376+2x0.3284X=0
4.8 ..
when X= 06%%2 =7.3654, E=5.5141 % equals minimum.

From the above facts when plot area is 7.37 are, error percentage is minimum. So
plot shape, 27 mx27 m square, may be a reasonable one.
8. Diameter growth estimation
30 conifers and 140 hard wood cores were taken and that percentage is 3.2% to
total number of measured trees. The ratio between conifer and hard wood is about
17.6 % which. is very close to ratio between conifer and hard wood in plot sample.
If X=diameter with bark in middle of the period
Y=diameter growth with bark,
data for 21 Momi, and 9 Tsuga and Matsu give the following regression equations;
Momi: Y=0.6495-+0.0018 (X-—26.2619)
Tsuga and Matsu: Y=0.4444—-0.0156 (X—20.9667)

These regression coefficents are not significant and the adjusted means of the
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regression are not significantly different according to the analysis of variation. General
regression also has no regression coefficents. Then, Y y,=0.5880.
In hard wood the number of cores is 140 which includes about 37 species. This
regression is shown as the following equation ;
Y-=0.3495—-0.00097 (X—14.9197). The regression coefficents are, however, not
significant. Then, Y;,=0.3495.
9. Volume equation
Tree data was computed from classes of diameter through over all plots and average
volume per tree and the number of trees may be used by weighted least square solution
for quadratic equation.
For conifer;
V (wy=—0.0009—0.3735D + 6.2679 D
for hard wood;
V(y=0.0310—0.5895 D-+6.1739 D?
If we calculate the volume equation without weight, large and small size tree

residuals may result in same degree.
10. Estimation of volume increment
The difference between two volumes adjacent ranged 2cm is d, diameter growth

is Y=z and number of trees in the diameter class is N. Then volume growth will be

expressed as follows.

;; ~ZSV(dN)
(i) Hard wood: Volume increment in sample sum =212779 m?
N=5120
Average volume increment per tree :212%: 0.0042 m?®
Volume increment per ha —:2;%719: 41721 m?
Total volume increment over-all area  =4.1721x436.07=1819.33 m?
41721
Growth percentage =98.8176 =422 %
(ii) Conifer: Volume increment in sample sum= 23,5383 m?
N=225
Average volume increment per tree = 3223 = 0.0157 m®
Volume increment per ha :»372—31—%2—: 0.6938 m?®
Total increment in over-all area =0.6938 < 436.07=302.55 m?
~0.6938 s
Growth percentage —= ﬁ57375*7 —4196%

Total sum of conifer and hard wood growth is
0.6938+4.1721=4.8659
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4.8659 ”
Growth percentage = 1153533 = 42183 %

In four years growth percentages are shown by the following table;

Year N L Total
1956 3.05 % 4.16 % 3.88 &%
1957 4.28 4.28 4.28
1958 5.32 3.46 4.07
1959 420 4.22 422

From the above table roughly estimating, growth percentage including all trees, may
be about 4 % through out the University Forests.

11. Formulation of computing of growth estimation error

The procedure of growth estimation in this inventory series is based on the method
of H.A. Mayer. But the error of growth estimation was not analyzed, because the
error of growth is so complicated and there may be many unreliable factors. In alterna-
tive method here, we used one quadratic volume equation and diameter growth regres-
sion. Consequently the error of growth may be led by the product of volume difference
and diameter growth, In principle, the error of growth estimation may be reduced
by error of the product.

(i) Error of volume equation:
Volume equation: V=a+bD+cD?
Diameter class 2 minus diameter class 1 is shown as follows;
Vo=a--bDs+cDs?
() VimarhDitebs
d=V,—V,=0.02|b+c(2D;+0.02)]

Then variance d may be expressed with variance b and ¢, and covariance be.
Therfore,

V(d)=(0.02)2[V(b) -+ (0.02+2D)*¥(c)+2(0.02+ 2D)Cov(be)] sevvrevevnerennes e
(ii) Diameter growth regression error
Diameter growth regression on DBH is shown;

z=a-+A/D

Variance z may be expressed generally as follows:

V(z)=V(x) A D2V(B) - 2DCOoV( ) reremnsrnnmrnrinmtiiieiiiiaianenes (2)
“ii) Error of volume growth
d and z may be estimated independently, so variance dz will be expressed by the
following ;

V(d2) =2V (2) 422V (d) reeereernensensassesnmeisninniiii i (3)
Inserting (1), (2) into the right side of (3),

V(dz)=d*§V(a)+ D*V(8)+2D Cov(ap)}

+(0.022)2§ V(h) + (0.02-+2D)*¥(c) +2(0.02+ 2D)Cov(be) ++oveeoee 4
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(4) stands for one diameter class. The number of trees in any diameter class denotes
N and sum of volume growth in each diameter class is A,
A=>(Ndz)

Variance A may be expressed

V(A)=STNZV(dZ)] +eevreeererennneeminiinimiiiiiiiin e et erae ettt e eee e es ©)
inserting (4) into (5),

V(A)=V(a)2(N* ) +V(8)3(N2D?) +2 Cov(ap)S(N2d2D)

+(0.02)2f V(b)>I(N%22) + V(c) SI(N?*22(0.02+2 DHYH)
+2 Cov(be)ZT[N?22(0.024+2D) ] §vvvvveeeererinnunnn (6)

Then if we can compute variance «, #, b, and ¢, and covariance ap, and be,
variance 4 will be computed numerically. They are all parameters of two least squa-
res calculations. Fortunately in this case diameter growth regression missed regression
coefficents. So (6) may be a more simple form.

Corresponding volume increment for 2cm interval of diameter class, diameter
growth z will be proportional,

2cm d cubic meters
zZcm x cubic meters.
dz
Then X = ,2

sum of k diameter classes }](x):%Z(dz).

Each class has N trees Z(Nx):%E(Ndz).

But in this case z is constant for all diameter classes.
(z/2)23(Nd).
The variance of >)(Nx) is the following,
Vi(z/2)-23(Nd)]

=} SIV(Nzd)]

= ) VSN &)+ 253 N ()]
inserting (1) into V(d), then finally,

= i [(0.02 2)3(V(D)ZI(NDH+ V()X N2(0.02+2 D)z}
+2Cov(be)>T§N=(0.02+2 D)§)+ V(2)SIN2A2) ] oeeeeernnn (D
12. Actual computation
(A) Hard wood
From the least square calculation of hard wood volume equation, c-multiplers were
computed as follows;
c20=0.29983182
¢33=1.16713352
ca3=—0.55692591

§e= """ =0.13593226
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Then V(b)=0.04075682, V(c¢)=0.15865110, Cov(bc)=—0.07570420
Average diameter growth of hard wood z=0.3495,

. 9.8751 _
si= 155 =0.07104388
V(z) — 91971%@ —0.00050746

Volume growth of hard wood in sample sum A=21.2779
V(B)SUN?)+ V() [N2(0.02+2D)?] +2 Cov(bc)>I[N2(0.02+2 D)]
=185682.5289248 +36065.12345777—149549.37738312
=172198.27506713

(0.02 )%= (0.02 x 0.3495)%=0.00004886

V(2)SY(N2d?)=0.57428665

Variance :

Growth of volume of conifer in sample sum is
Viz/23(dN)] = —‘11—(3.52760772+0.57428665): 1.02547359

Square root ,/1.02547359=1.0126
Then, 21.2779+1.0126, Error percentage 4.76 95,
per ha: 4.1721 and its variance 0.0394,
SW(N?2)=4555864, >1(N2d?)=1131.6885, 3] [N2(2 D+0.02)] =987721.80
SVN2(2D+0.02)?] =227323.5008

(B) Conifer :¥(yy=—0.0009—0.3735 D +6.2679 D*
V(b)=0.50616889, V(c)=1.46948908, Cov(bc)=—0.82513720 and V(z)=0.0039
V(b)Y N?)=0.50616889 x 3105=1571.65440345
V(e)SI[N2(0.02+2 D)?] =1.46948908 x 550.5316 = 809.00017990 _
2 Cov(be)SI[N2(0.02+2 D)?] =(—1.65027440) x 1142.14 = —1884.84440322
These values are inserted into the former half part of parenthesis of (7)
(0.022)2§ V(B)SIN) +V(e)>I[N2(0.02+2 D)?] +2 cov(be) > [N*(0.02+2 D)1}
=0.00013830 % 495.81018013=0.06857055
and the second term of parenthesis of (7) is
V(2)S)(N2d2) =0.0039 % 6.6401 =0.02589639.
Then total of (7)

V[gz (dN)] = 411 (0.06857055+0.02589639) =0.02361674
/0.02361674=0.1537.
Volume growth and the error is 3.5383+0.1537 and error percentage is 4.34 % and

volume growth per ha is 0.6938 and its variance is 0.0009.

SIN2)=3105 SU(Nd2)=6.6401 SI[N2(2 D-+0.02)] =1142.14 SI[N2%(2 D+0.02)?]
—550.5316

Total summarized growth and error are shown as follows:
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Growth Error
L 21.2779 m3 1.0126 m3
N 3.5383 0.1537

Total 24.8162 1.1663 +4.70%

13. Error of estimation of gwowth percentage

Growth percentage:««+-«+-eeeeven P
Volume .............................. A
Growth Of Volume ............... B

Growth percentage Pz%

Estimation of 4 and B are independent, so there is no covariance term,

1 B?
V(P)= v V(B) + e | R ®

From (8), the variance of growth percentage may be made :
For conifer P=0.6938/16.5350=0.04195

1 (0.6938)"
VIP)= rig5350)2 (0-00090798) + - e a3y

(7.9814)
=0.00005472

The square root is 0.007397

Then growth percentage and error are shown as

4.20% £0.74%.
Also for hard wood, P=0.04222 and V (P)=0.00000855
4229 +0.29%.
If growth percentage and sampling error will be combined, both percentages are
accidentally the same, 4.70 %. So,
V22X (4.7)2=6.65%
Various errors of growth are tried and calculated as in the above procedures. But
we ommited very important terms. They are ingrowth and mortality,
which may be assumed to be balanced, and must be determined more accurately later,

for they are quite necessary and important things.

14. Sample trees
12 conifers and 31 hard wood trees were taken as samples which may be combined
with other sample trees later for more detailed analysis. Roughly speaking the range of
sample trees may be shown as follows:
(i) Conifer (3 sp.)
Age: 20-139 yrs.
DBH : 9.9cm-44 cm
Height : 4m-17.8 m
Volume:  0.02867 m*-1.53005 m?®
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(ii) Hard wood (about 16 sp.)

Age: 18-213 yrs.
DBH : 7.8 cm—44 cm
Height : 6.2m-18.0m

Volume:  0.02041 m®*-0.81795 m?

15. Summary

(1) Location: Shiiba, Higashi-Usuki, Miyazaki District, Kyushu University Forests.

(2) Forests: Ooya, Compartment numbers 1-4

Kasebaru, Compartment numbers 5-8

(3) Total area: 486.07 ha including Sugi plantation of about 50 ha.

(4) Forest condition: Mainly small size hard wood forests and they were partially
cut in a past time. The topography is very steep and the elevation is between
about 1000 m-1600 m.

(4) Sampling design: Systematic sampling with 200 m interval. Plot is 20mx30m
and sample trees and cores were drawn.

(5) Date: From 22 to 29, March, 1959

(6) Personell taking inventory :

21 students of forestry of Kyushu University.
5 parties were formed.

(7) Plot: One plot area=0.06 ha and 85 plots.

(8) Time spent in investigation:

One party, one day of work; 3.4 plots, 670 m in survey line.
Survey of line; per 100 m, 29.8 min. (42.5 %)

Plot establishment; per one plot, 29.8 min. (21.5 %)

Every tree measurement; per one plot, 49.9 min. (36.0 %)

(9) Total volume of plots:

588.302 m? N: 84332 m? L: 503.970 m®
(143 %) (85.7 %)

(10) Main species:
N:; Momi (Abies), Tsuge (Tsuga), Akamatsu (Pinus).
L; Kaede (Acer), Shide (Carpinus), Buna (Fagus), Mizuki (Cornus), Himeshara
(Stewartia).
(11) Volume per ha (m?):
N: 16.5+2.83 error percentage 33.5 %
L: 98.84-4.98 9.9 %
N-+L: 11544549 93 %
(12) Total volume estimate (m?):
N: 721141234, L: 4309142171
N+L: 5030242394
(13) Diameter growth :
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N:588mm L: 3.495mm
(14) Volume equation :

N: V=—0.0009—0.3735 D+6.2679 D?

L: V=0.0310—0.5895 D+6.1739 D?
(15) Volume growth (per ha) (m?):

N: (per ha) 0.6938+0.0310, (total) 302.5454+13.1257

L: (per ha) 4.1721-0.1985, (total) 1819.3276+86.5599
(16) Growth percentage :

N: 4209% 40.74 %, L: 422 9%+029 %
(17) Growth percentage with sampling error: 6.65 %
Of the four surveys made, this recent one is the most precise. As we desired from the
first time, the sampling error decreased to under 10 %, in probabilty 95 %. Volume per
ha is relatively low and the other conditions are very simmilar as compared to the
other surveys. In this report we analyzed the most effective plot shape and the best
may be about 7 are plot. Formulation of error variances of growth estimation was
tried in more detail. We computed growth percentages. In the long run, growth
precentage may be about 4 % through out all surveys and it may be rather a precise
estimation. There are, however, important problems which remain to future study.
They are ingrowth measurement and mortality estimation. From the first survey to the
fourth we have discussed various problems concerning our school Forests. Remaining
problems will be made subjects of research in the near future. We wish always to
thank the persons who encourage and help us to complete these survey series and
reports. Especial thanks are due to Miss G. M. Byler for her diligent efforts in
correcting the English manuscript of two reports.



