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BEN, FISMUERK 16 EIV/IBEND A, B EELB X O /NENO C, D RUEHTHEL DO
THb. BEOREBBRDOLBOBI & L TTTOBIEIC DOV THITEITRDOTHI 5,

2. REHORE

ENENOREMENE — DD RER & L TREDHEDHEREZTTE S . £ & S BEEREHR 2
W 2mm FERT 2 AFEIE L, BEE 10om BT T — 2 54 ZEREAVCEE L, WEEE
BCLOABERLED, EEBILCKERLE LTREH A ZRI MR L, X5IZDHB/ME
A B U C BRI 21T ot DV THEEIBIZ OV TRIBHE 21775\, HE 0.0 m OFRES X
VS EZLOEFREESR L mm FHTHRE L, BT & D& FIEARLKIT Table 1 DL EHTH,

Table 2. & # Hh T & O #¥
Tree volumes of each age class

Plot
No. y53 Vis X50 X45 X40 X35
2 0.08124 0. 06797 0. 06344 0. 05530 0. 04330 0.03221
20 . 22042 . 17624 . 15632 . 12692 . 09598 . 06477
31 .26112 . 22133 . 20447 . 17743 . 14866 . 11402
79 . 50511 . 45113 . 40701 . 34594 . 26791 . 19596
83 . 21072 . 17761 . 16492 . 13667 . 11519 . 08953
84 . 33840 . 28236 . 25451 . 21203 . 16942 . 11906
85 . 38423 . 33858 . 31719 . 25494 . 20603 . 14926
100 . 22706 . 19306 . 17552 . 14991 . 12508 . 09640
107 . 21393 . 18176 . 17070 . 14538 . 12354 . 09881
110 . 17162 . 14823 . 13672 . 11948 . 09846 . 07857
B—1 . 24726 . 20711 . 18725 . 15091 . 11268 . 07992
”—2 . 52756 . 47852 . 40875 . 33235 . 24861 . 17921
”—3 . 25838 . 23209 . 21109 . 16521 . 12781 . 08998
"—4 . 35719 . 32263 . 29147 . 23379 . 18566 . 13650
”—5 . 22578 . 20417 . 19186 E 16143 . 12849 . 08672
"n—=6é . 26217 . 22808 . 20869 . 17283 . 13678 . 10454
"n—17 . 15371 . 14081 . 13616 . 12638 . 11357 . 09515
”—=8 . 12347 . 10810 . 10169 . 08931 . 06976 . 04830
"—9 . 49370 . 43903 . 39390 l . 31865 . 24651 . 17902
Plot
No. ys3 Yiso X50 | X45 X40 X85
6 0.11171 0. 09264 0. 08520 0. 07042 0. 05815 0. 04153
16 . 08945 . 07835 . 07139 . 06151 . 05131 . 03948
24 . 38244 . 32619 . 28222 . 21838 . 15323 . 09545
43 . 02433 . 02081 . 01936 .01583 . 01245 . 01019
52 . 15604 . 12717 . 11241 . 10020 . 08146 . 06171
94 . 06354 . 05461 . 05232 . 04728 . 04200 . 03648
100 . 03677 . 03047 . 02769 . 02290 . 01903 . 01627
105 .31186 . 26411 . 22784 . 18644 . 14902 . 10765
112 . 08364 . 06840 . 06387 . 05682 . 04821 . 03640
&—11 . 23401 .21080 - . 18652 . 15505 . 11860 . 09113
"n—12 . 17991 . 16085 . 14055 . 11542 . 09975 . 07396
7n—13 . 17704 . 15607 . 13780 . 11933 . 09429 . 06801
"—14 . 13422 . 12161 . 10761 . 08989 . 07379 . 05647
7n—15 . 11777 . 10701 . 09109 . 07074 . 04852 . 03239
"n—16 . 09159 . 08279 . 07371 . 06242 . 04813 . 03702 .
"n—17 . 06385 . 05579 . 05061 .04182 . 02937 .01787
‘1 —18 . 04790 .04182 . 03776 . 03129 . 02402 . 01608
"—19 . 04734 . 04341 . 03878 . 03075 . 02304 . 01708
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Table 1. {RHEENLOD % FAEAEK
Investigated stem numbers in each plot.
5 1 e Plot | a | B ( C D
@ ik Area (ha) | 0.1641 | 0.1497 | 0.0990 | 0.0958
Vo N i Age (year 53 ‘ 53 32 32
N ¥ Stem numbers (per plot 131 . 131 131 91
Ji% & # 4= ¢ Stem numbers of increment borer investigation 61 62 64 44
HiEp T4tk Stem numbers of stem analysis investigation 19 18 19 17
XIRFIE AL, Stem numbers of stump investigation 106 108 133 104
BB X BB T L, 54T OMMOfHE Table 2 XY ThHoD,
® B K o @& % 5 M
by stem analysis in each plot.
A
X30 X35 X20 X15 X10 X5
0. 02362 0. 01851 0.01463 0. 00990 0. 00240 0. 00001
. 04153 . 02312 .01373 . 00915 . 00246 . 00017
. 08248 . 05699 . 03707 . 02652 . 01067 . 00075
. 14580 . 09930 . 06757 . 04837 . 02608 . 00349
. 05970 . 04175 .03118 . 02037 . 00347 . 00010
. 08129 . 05369 . 03797 . 02478 . 01003 . 00042
. 10533 . 07157 . 05165 . 03250 . 01242 . 00043
.07178 . 04811 . 03156 . 02084 . 00833 . 00068
. 07717 . 05747 . 04655 .03115 . 01049 . 00020
. 06067 . 04430 . 03572 . 02537 . 00997 . 00049
. 05072 . 03425 . 02229 . 01304 . 00307 . 00016
. 11783 . 07721 . 04848 . 03328 . 01323 . 00069
. 05930 . 04177 . 03297 . 02262 . 00696 . 00011
. 09852 . 06634 . 04580 . 01326 . 01383 . 00065
. 05978 . 03732 . 02689 . 01677 . 00433 . 00001
. 07285 . 05140 . 03415 . 02571 .01011 . 00061
. 07417 .05158 . 03802 . 02721 . 00813 . 00009
. 03009 . 02206 . 01533 . 00722 . 00089 . 00001
. 11698 . 07960 . 05853 . 04095 . 01331 . 00080
B
X30 X35 X20 X15 X10 X5
0. 03268 0. 02066 0.01464 0. 00899 0. 00206 0. 00014
. 03207 . 01809 . 01397 . 00775 . 00126 . 00006
. 07229 . 04011 . 02637 .01771 . 00396 . 00021
. 00791 . 00653 . 00522 . 00271 . 00061 . 00003
. 05383 . 03581 . 02658 . 01602 . 00407 . 00030
. 03034 . 02461 . 01658 .01182 . 00270 . 00006
. 01356 .01143 . 00931 . 00484 . 00065 . 00100
. 09409 . 06732 . 05571 . 04081 . 01503 .00108
. 03233 . 02752 . 02410 . 01522 . 00350 .00018
. 07653 . 05012 . 03503 . 02193 . 00446 . 00018
. 06235 . 04125 . 02981 . 02039 . 00563 . 00007
. 04987 . 03368 . 02365 . 01459 . 00337 . 00039
. 04756 . 03546 . 02792 . 01999 . 00714 . 00016
. 02799 . 01727 . 01255 . 00869 . 00159 . 00016
. 03181 . 02287 . 01902 . 01497 . 00480 . 00039
.0I178 . 00571 . 00353 .00143 . 00012 —
. 01297 . 00798 . 00583 . 00343 . 00022 _
. 01396 . 00940 . 00696 . 00443 . 00091 . 00002
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Plot. C
No. ys2 Vi X80 X35 X20 X15 X10 X5

8 0.03919 0. 03079 0. 02869 0.01981 0. 00796 0. 00258 0. 00055 0. 00006
22 . 01047 . 00837 . 00770 . 00544 . 00245 . 00077 . 00011 . 00001
23 . 11800 . 09622 . 08836 . 06437 . 03182 .01172 . 00162 . 00010
28 . 01361 . 01090 . 01034 . 00637 . 00331 . 00077 . 00018 . 00001
35 . 02888 . 02384 . 02202 . 01835 . 00955 .00372 . 00061 . 00003
36 . 04124 . 03275 . 03099 . 02351 . 01290 . 00484 . 00079 . 00005
49 . 03653 . 02971 . 02666 . 01646 . 00699 . 00146 . 00015 . 00001
51 . 03634 . 02884 . 02778 . 01730 . 00818 . 00236 . 00040 . 00003
67 . 03117 . 02415 . 02277 . 01604 . 00888 . 00373 . 00066 . 00006
70 . 03761 . 02940 . 02769 . 02016 .01122 . 00384 . 00038 . 00005
79 . 05464 . 04797 . 04533 . 03488 .01588 . 00689 . 00132 . 00009
109 . 02825 . 03166 . 02999 . 02432 . 01403 . 00606 . 00104 . 00013
117 . 04173 . 03280 . 03134 . 02374 . 01195 . 00472 . 00066 . 00005
122 . 11905 . 09793 . 09306 . 07344 . 04742 . 02092 . 00330 . 00027
128 .08312 . 07147 . 06721 . 05763 .03657 | . .01653 . 00268 . 00023
E—21 . 04672 . 03919 . 03694 . 02867 . 01835 . 00501 . 00082 . 00008
" —22 . 02750 . 02245 . 02097 . 01485 . 00781 , 00286 . 00026 . 00002
n—23 . 01083 . 00919 . 00805 . 00649 . 00347 . 00165 . 00028 . 00005

+—5 . 01862 . 01449 . 01335 . 00704 . 00347 . 00080 . 00014 —

Plot. D
No. ya2 Vis X380 X2 X20 I X15 l X10 X5

S 0.12284 0. 10293 0. 09350 0. 06702 0. 03866 0.01758 0.00372 0. 00030
7 . 07767 . 06517 . 06212 . 04712 . 02989 . 01250 . 00230 . 00017
19 . 10636 . 08995 . 08561 . 05770 . 03229 . 00885 . 00057 . 00002
27 . 09777 . 08292 . 07948 . 06223 . 04027 . 01537 . 00248 . 00024
39 . 10995 . 09287 . 08584 . 07095 . 04376 . 02154 . 00377 . 00031
45 . 06749 . 05612 . 05272 . 04342 . 02911 . 01443 . 00240 . 00008
55 . 07657 . 06339 . 05876 . 04568 . 02947 . 01399 . 00157 . 00007
61 . 18201 . 15357 . 13971 . 10576 . 06278 .02916 . 00384 . 00010
64 . 09358 . 07629 .07134 . 05372 . 03735 . 02059 . 00403 . 00031
67 . 08422 . 07009 . 06522 .05162 .. 03502 . 01700 . 00211 . 00006
79 . 11012 . 09187 . 08577 . 06929 . 04869 . 02471 . 00514 . 00043
87 . 13448 . 11650 . 10962 . 08674 . 05792 . 02790 . 00530 . 00029
95 . 03593 . 03041 . 02904 . 02454 . 01971 . 00804 . 00087 . 00003
J&—31 . 12599 . 11286 . 10135 . 07868 . 05538 . 02660 . 00472 . 00025
7 —32 . 09363 . 08255 . 07210 . 05575 . 03686 . 01751 . 00284 . 00025
1 —33 . 06788 . 05950 . 05317 . 03773 . 02225 . 00581 . 00046 . 00002
+— 6 . 09905 |- 09428 .07915 . 05492 . 03433 . 01287 . 00170 . 00009

3. REOMHSBEOHIT

TFAEEIT OV TEREOK L L INERO Th L OILE:, HX O ERE, Bl HHOEET:
A, B {FEHME L0 C, DIEERITY 545 »ORELTEOTHE 5, Thbb, F—IJIAO
SRS REL DR RIZ LTV A0 E 5 22T TH S,

(a) WHROHKE L DLLH

A, B Bibis X 08 C, D EEHIOFIEIRE, FRER X OXOMHIE, he b7V ARBH X O ha b
OMREGMME » 5 <~ vk INFERD (BF314E3F) &LHigd 5L, Table 3 kXt Table 4
DLEDTHD. BEMHREAIEE AR AR GHER, W32 £78) 2V THEL
oo THRUCIREEIL 5 mm 589, BIEIZ m EHTRLTS 5, '



MR EFTICBET BRRE GELH) (TR « )11 « #7) -5 —

Table 3. A, B {FHih & INFER & DHLE
Comparison between stand structures of A and B plots and corresponding

values of the yield table.

FHER | FHEEE | Ao AR (ke Dl-oFE| ke D-OME| B OF
Mean Mean Range of |Stem number Volume

D.B.H. height tree height per ha per ha Age
cm m m number md year

A 20.3 16.7 16.4~17.0 798 226.3 534F

B 16.4 12.3 12.0~12. 6 875 124.2 S34E
Ik o fE 15.8 12.2 10.9~13.5 964(1119) 114.9(127.1)35&(2”3%)
Values of the yield ~ HhAL
A i e diey | 215 15.5 13.9~17. 1 600 (659) 165.0(177.o)|55$(4 %)

H) FBARNEERIETOEF TSI ERRD B ZR T,
Note: Values in bracket show figures of total crop, and others are figures of principal
crop.

Table 4. C, D {Z¥eHh & INFER & D H#g
Comparison between stand structures of C and D plots and corresponding

values of the yield table.

FHEE | FH6E | B S mE (ke BIoOEE| ke BI-OME| B O#F
Mean Mean Range of |Stem number Volume

D.B.H. height tree height per ha per ha Age
cm m m number m3 year

C 11,1 7.9 7.5~ 8.3 1323 60.7 324F

D 15.1 11.8 11.6~12.0 950 104.7 324F
: AT
I £ 0 11.0 8.3 7.3~ 9.3 1531(1830) 55.0 (61.0)|204E 4 =
Values of the yield ~ Huhr
s or e Jield | 142 1.1 9.9~12.3 1119(1306)|  98.1(108. 4)[304%(* %)

) FBMNRERETORETEANEERADZR ZRT,
Note: Values in bracket show figures of total crop, and others are figures of principal
crop.

TRTHNE A B D B ChIRERD 45HucHc b, B, CRIILUTT, Thth 354,
20 0 4 FHOMICHALL, 10~20 EEFREBR TV 2 RBEMALEN L TH S I LET LTV 5,
(b) A, BEBLY C, D BENEEFOILE
D A, B &0 C, D FEHMOTFYERE, FHHRE, FOMROMCEND L, L S HrOREE
fIle>THL 5. £#RFE xTRDbL, A, C2thzhl, B, D 22hZNn 2L vS5RFEDFITE
b¥LThid,
= | F1—Xa|
Vg 2tse,?
CED tRERTRXEI Ve TTIT sz, KLY 85, BTN TN I B X2 ORERETH S, ZDAD
CIET 82,2 & 85,7 L5 HHOF—HRRE LB T ERORERTbRIFIER BV, BB
HEH BB X OREORKFIT Table 5 35X O Table 6 D& k) TH5.
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Table 5. A, B {Ziiiffi Otz
Test of significance between A plot and B plot.

= n x 5,2 F=5zy"/5z," o sz?=s,%/n C=(sxé}“()
B Tl |G So, /52 " x100%
- Gaw| | o | et (cpigont) ¢ | @B
actor . [} ariance O oefncien
Plot| No. Mean Variance 'Variance ratio mean of variation
A| 131]20.3 | 11.316506 0. 086386 166
B D-BH)| 5| 13 | 16,4 | 12 104321 1.070 0. 092399 9.2200 515
BiE (Height) A | 131 16.7 2.816014 L. 231 0.021496 0 033 10. 1
& (Height)| g 1 137 | 123 3. 465583 . 0. 026455 - 15. 1
e A | 131| 0.2835 C.0121773440 0.0000929568| ., **| 38,9
Mif(Volume) | 5 | 157 | 07420 0.0051744613 2.353+x | 0. 0000394997|'% 274 507

H) ¥ 1B THEETHHZLETT,
Note: ** Significant difference at 1% level.

Table 6. C, D {ZHEHIRIOBRE
Test of significance between C plot and D plot.

mooF g | ox st h:j:;::: | smsam | o | O
me | § | 310 | S | aiee | 20EE adl 22
i caegeo| § | SH| 12| 40 | e | 000 el
sacvome) § | 3] OO0 SRS on | RSS2

) ** 1% THEETHBZE%ETRT,

Note: ** Significant difference at 1% level.
FECEBHLLDOENDID, bbb A, B ZHEHMOME, C, DEMEILOERE, #EC>VWTiX
CochraN-Cox DEFEV IZX Y, t1=ta%1.98 EH\W\T

1.98sz,2+1. 9853,

Bk, TO U Lt LOHBITE VEEMRORE 21T/, Table 5, Table 6 iz X AUiE[F—/NBEMN
THRED A, B HBICRC, DK IFHERE #8 MBIELL R Rz b 2RkEZLT
WBZER) pRbRD,

4. BEOMIBEBEOHH

FHE TR DV TRBBAT ORB ORI ESC BRSO RZBRE 5. ZOFHEITLS
iR & L CREOHSMINIER, BEOHEMEY: DMIMEICL VkD DTV HDT, ZOHHERICK
% (B2 BRI X 2 EMICHIET 5 BESD 5,
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(a) PHERMEOEME~ORE

BEORGHREHEE L TP IFEL, BEOKIMRBERTRS, LAROTERE #HEofiEc
X DR Y HoRDIHR R, BBRIFT 2T O ZARRDEM R & MREMTE & OBREFIA L CEM
RCHETSLERD D, Yates OFEY it Xhud, HEEMEEZ x, ThXET3EMREE v & +h
i3

y:y-{-%(x—x) ................................................ (1)
VS EFERICX VHREMBE2EMBRICHIETE %, 22T b X y TlT+5% x oEIFHRET

b= Sxy _ -G -
Sy? 20@-9)?

TEZBNS, ZD X THMREI X 5 2KOFEHE X 2vhiud

Y =NT ceeerermiiiic (3)
XV EROEMBIPHEI NS,
(2) omlsEex
~X=x)War(b) , var(X) {var(®)—var(xpD} , (m—n)var(x) ........
var(¥)= bt + b'3 var (x) St b’2nny : S

TExbh3, i

var(b’) = SSI;: =(Sy?—b'Sxy)/(n—2)S;?
var(x) 13 x D&

var(X) 13 X DiHiaEk

var(x,) =szy? GRESFHD

ni ik x OHED D DEFREK

n REYFEER LA

TdhHb,
AFIcix var(X)=0, m=N TH55:5

- X —%)2 ' — 2
var(Y) = & x)b’\‘rar(b ) 4+ NN n tsﬁ;x .............................. (5)

ThHY, (3) O&HENZ .
var(Y)=N2var(Y') (6)
TRDOND, WEDOHSHEDHZITIZZD var(Y) BEFHE ST biv,
A, B, C, D &fFHEMIC DT Table 2 ORI ADBREDEMIR L, £ hiZIGT SHRBRMTZ
ErRTHIE Table 7 DE R TH5,
(2) AR XV (5) REAVWTERY LIHE LLEMROHER, FIIUXOHERZNE Table 8 D
LBV THB,
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Table 7. MEEMH & EMROBR
Relation between actual volumes by the stem analysis and

presumed volumes by the volume table.

A B
No. b'd y No X y
2 0. 0860 0.0812 6 0. 1210 0.1117
20 0. 2160 0. 2204 16 0. 0940 0. 0895
31 0. 2840 0. 2611 24 0..3950 0. 3824
79 0. 5450 0. 5051 43 0. 0230 0. 0243
83 0. 2200 0. 2107 52 0. 1670 0. 1560
84 0. 3540 0. 3384 94 0. 0730 0. 0635
85 0. 4230 0. 3842 100 0. 0360 0. 0368
100 0. 2580 0.2271 105 0. 3380 0.3119
107 0. 2160 0. 2139 112 0. 1080 0. 0836
110 0. 1970 0.1716 E—11 0. 1970 0. 2340
E—1 0. 2670 0. 2473 n—I12 0. 1780 0. 1799
n"—2 0. 5090 0. 5276 7 —13 0. 1780 0. 1770
n”—3 0. 2430 0. 2584 n—Il4 0. 1250 0. 1342
”"—4a 0. 3690 0. 3572 n—15 0. 1250 0.1178
"—>5 0. 2200 0. 2258 n—16 0. 0880 0.0916
"n—6 0. 2840 0. 2622 n—17 0. 0640 0. 0639
"n—7 0. 1560 0. 1537 7 —18 0. 0500 0. 0479
7 —8 0. 1370 0.1235 n—19 0. 0460 0. 0473
7" —9 0. 4800 0. 4937
C D
No. X y No. X y
8 0. 0340 0. 0392 S 0. 1290 0.1228
22 0.0110 0.0105 7 0. 0800 0.0777
23 0.1170 0.1180 19 0. 1080 0. 1064
28 0.0140 0.0136 27 0. 1080 0.0978
35 0. 0340 0. 0289 39 0. 1210 0. 1100
36 0. 0420 0.0412 45 0. 0630 0.0675
49 0. 0330 0. 0365 55 0. 0800 0.0766
51 0. 0340 0. 0363 61 0. 1820 0.1820
67 0.0310 0.0312 64 0. 1030 0. 0936
70 0. 0400 0.0376 67 0. 0950 0. 0842
79 0. 0460 0. 0546 ' 79 0. 1140 0.1101
109 0. 0360 0.0283 87 0. 1400 0.1345
117 0.0310 0.0417 95 0. 0330 0. 0359
122 0. 1360 0.1191 3E—31 0. 1250 0. 1260
128 0. 0920 0.0831 n”—32 0. 0950 0. 0936
E—21 0. 0460 0. 0467 n—33 0. 0640 C. 0679
n—22 0. 0260 0. 0275 +— 6 0. 0880 0.0991
”n—23 0. 0090 0.0108 '
+—5 0.0160 0.0186

) x: #FEFEHMIE Presumed volume by volume table.
y: E#F Actual volume by stem analysis.



RGBT W GE1 8 (TR « )15 « #7) -9 —

Table 8. EMB~OMIREMMOME

Calibration presumed volumes by the volume table to actual volumes by regression.

MR L 5 o Y ofgE | Y OFHIER | pamew
) SRFEHHE | #EEEMK OVW) (T +t/par 2 ) S
Plot| y=vy+ ll (x—%) 0:9) an Standard error| Confidence limit Ct/‘%’ar go
b Mean plot Estimated of Y at 95 % of Y at 95 % B X o
volume by thelactual volume| confidence confidence er cht; .
volume table coefficient coefficient p 8
m3 m3 m3 m3 %
y =0. 27701
0. 2835 0. 27291 0. 27291 +0. 00796
A -+ 1. 0040 0. 00796 - 2.9
(x —0. 28758) (226.3) (217.9) (224.2~211.5)
y =0. 13074 0. 1420 0. 13895 0. 13895 +0. 00753
B +0. 98582 ’ o 0. 00753 y o1 S. 4
(x —0. 13367) (124.2) (121.9) (128.1~115.0)
y =0. 04334
0. 0459 0. 04548 0. 04548 + 0. 00294
C +0. 92383 0. 00294 ~ 6.5
(% —0.04358) (60.7) (60.2) (64.1~56.3)
y =0.09916
0. 1102 0. 10743 0. 10743+0. 00322
D +0. 96715 0. 00322 ~ 3.0
(x —0. 10165Y (104.7) (102.0) (105. 1~99.0)

3 (1) FBIRANOEFT ka 72 %EbT, Figures in bracket show values per hectare.
(2) t13295% EWiETD t £ofit A, C TiX2.101, B 132.110, D 132.120 TH %,
t is a value of t table at 95% confidence coefficient.
t=2.101 in A and C plot
t=2.110 in B plot
t=2.120 in D plot

ThicXhig A SEIMREMRIC X sREIEMR AR LESBD ONB 2, iUl 213E0 5
DAVe ThpBOSHTE ¥ B30 var (D) 2 2R LTBROKSHBEOMERTE ST <.

(b) AAROHDBEMSHEDMEES

BT ROBREDKEMNHHRE v, RAMEE v, BEOMEBZ x5 (13 1 BV 5 OFKT iz
EFTHUE, v & X4, Xjo5, Xjo10, Xj-150+X10, Xs OFBMREUIZZAZZA/NE 0T T L3RRS
o, Lo T, xj OMBEHRETSHE, x5 & yv: OBE»S

xj=a+by;
OEBEREED (2) Rk viggshi ¥ %2 vy tvwhT
)_(j=a+b? ................................................... (7)

LD § ORETOEATHBAHETE 5.
ERBOFEE LT, £F vi & vio OBFE

yis=a'+b'y;
LTk
Y;b =a’+b’Y

X EROEEMBE KD, DWT vy & x5 OFMRE
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xj=a"+b"y;s
L LTRDT

R j=aldbrT p ceveereessneeeeennine (8)

X D#ETHIHELELDONS,

(7) & (8) DHEEDWThRMENRI VARKDOI S LTHEXNS, B EFHTh2rEX5IT
HEEOMBOMBIZIEF CH VO T, EFREOMHERELERTIE, ELANC (7) OFEGIRRT
Ezb6n5,

var(X;) =sz3(1—1z;0,9) FD2var(Y) ceerreeerreneeennni (9)

TTiT s ik xj OFHEDIHL Taj, Vx5 &y OHEBIRE, var (1) 13 (5) Ricko>THx
55 Y OESEHTH 5. ,
R (8) ROHSHIIRATE XS5,

var(X;) =sz 2(1—rzv;,D +b"var(¥:s)
=sz 21 —15,;,D +b"?[s5,,2(1—ry;,5,>) +b’2var(Y¥)]
=s,j2(1_rxiy”2) +b”2Sy‘.b2(1—ry,.by,.2)+b”2b’2var(Y) ..................... ¢))

(9) K& (10 RoZEE LhE
A=32 }(t5;9;,2~ 129, + (= b/ Dvar (¥) —b%s5,,2 (1 ~ry,;, 5,2

ZTERVT, 13,<fzu;,, D'<D'<b THBHH5 bP2<b Lo T 1HE 2IHIETH S, L
L3ERATHSH» D, 413ERBE Db, b, b BRI 1250,y Tojup Tvypy, BECHH S22, var (D),
$3,,2 DRANCE DEICDECHE S,

L3> THIEFEIR X D (9), (10) DR/ LT (7) E22ik (8) WFhrDEEFEEZR
Adhiive,

WIC xjos OEERAELAD (7) ofERIcE) X BEEshE T g, xjs & x5 L0
jm

xj-s6=A+Bx;
#1ED

Xis=A+BXj ereereerei an
X DskdhuZX ve ZOHELKE

xj_s=A'+B'y;

VS ERES D

)_(j—5=A'+B’Y~"--““~~~j ....... P PPN a2
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X VHELLD DL OMEDET

var(Xj-s) =sz, (1—rz; 52, +Bivar &

var(Xj-s) =sz;_*(1—rz; 5% +B'var(¥)

DIRPMCE D ASWHERATHEI Vo

DX S HFEEBRIPZILT 1 ETOHRELTRIIRFLHEERS X T OMBRESFH S
X5,

A BHEMOEFICTE DT, ZOFETBERSHROMELTROTHL S,

FF yss, Vis, Xo0, X5, X0, X85, X0, Xas5, Xa0, X15, X10, Xs FHIFIDFERIREEZFTE T 5 L Table
9DEBY THB,

ZhERRFIUE Fig. 1 X 5icis,

ZhiZ XL RS OMEIE T IGE VIS O L HBEEL, ThE D ES B ON THRER
iINE D TVw5 2 e bh b, PRICRWTRMROKRSIERL /D2 0L K TR HE
BN E 7D, R RIS X 5 BB A SRy, FFICEWTIE 15 £EUTICEWTED
AR SbhTv3, ILEERELRTFNEL LRV &3, Z0FId 50, 5REOM
BiIEn & b SFEEZOMBOL NS EFMOMRE Y LMEXFH 2L THD, L LKSHMBHROSHNLS
FBI DD SEMOFIVNIVDT, EEREID I ENEVTHA 5, WTFhITLTHbhbhig,
BEDRER, LI pDED>TEEREZHE L TR ITIUTLR SV, ANROREBIKI D A BT
HEZTROTHI S,

yss & xs0 & DEIFR A Table 2 @ 19 KDFERATHET 5 LRDOLED TH 5,

x50=0. 000739 +0. 79185795 yss

Z @ yss i Table 8 @ Y=0.27291 %\ vh 3 & 50 4D HA T E M

Table 9. #f & © # B % %%

Correlation coefficients of the volume.

Y53 YVio X50 X45 X40 X35 X30 X25 | X320 | X15 X10 X5
ys3 1.0000| 0. 9985| 0. 9967| 0.9928| 0.9812| 0.9594] 0.9093| 0.8760| 0.8112| 0.7921} 0.7734| 0. 6295
yis | 0.9985( 1.0000, 0.9983| 0.9948; 0.9832| 0.9626| 0.9140| 0. 8825 0.8198| 0.8012( 0. 7791| O. 6278
x50 | 0.9967] 0.9983| 1.0000| 0.9973| 0.9895| 0.9705| 0. 9267 0. 8968 0.8396| 0.8190| 0.7933| 0. 6367
X45 | 0.9928| 0.9948| 0.9973| 1.0000| 0.9955| 0. 9810| 0. 9446| 0. 9169 0. 8587| 0.8411| 0.8218| 0. 6736
x40 | 0.9812| 0. 9832 0.9895| 0.9955| 1.0000| 0.9932 0.9670 0.9433| 0.8924| 0.8786| 0.8453| 0. 6770
X35 | 0.9594| 0. 9626/ 0.9705| 0.9810] 0.9932| 1.0000; 0. 9864| 0.9712| 0.9270[ 0. 9148| 0. 8745 0. 6889
x30 | 0.9093] 0. 9140| 0. 9267| 0. 9446[ 0. 9670f 0. 9864| 1.0000| 0. 9938| 0.9596] 0.9525| 0.9296] 0. 7401
X5 | 0.8760] 0.8825| 0.8968| 0.9169| 0.9433[ 0.9712} 0.9938| 1.0000| 0.9800| O.9746| 0.9429| 0.7419
xg0 | 0.8112| 0.8198| 0.8396| 0.8587| 0.8924| 0.9270| 0. 9596 0. 9800| 1.0000| 0.9912| 0. 9244| 0. 6869
x15 | 0.7921] 0.8012| 0.8190| O.8411| 0.8786[ 0.9148| 0.9525| 0.9746| 0.9912| 1.0000] 0.9406/ 0.7139
x10 | O0.7734| 0.7791| 0.7933| 0.8218| 0. 8453| 0.8745| 0.9296| 0.9429| 0.9244| 0. 9406| 1. 0000 0. 8685
X5 0. 6295| 0. 6278| 0. 6367| 0. 6736| 0. 6770 0. 6889| 0. 7401| 0. 7419| 0. 6869] 0. 7139| 0. 8685 1. 0000
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NN
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Correlation coefficient

18 B R

6 o
0 g3 gip Xs0 Xas X40 X35 Lo X5 X20 x5 Xio X5

% & Successive volumes m?

Fig. 1 #{8F 5 ToOMBEOMBIGRE

Diagram of correlation coefficient of successive volumes in plot A.
X50=0. 21684
2E5h 5,
E72 yio 2PRMCHIRTHIE

yis=—0.010253+0. 91080255 yss

B WWT yes iz ¥=0.27291 2\ 1T

Y:5=0.23831
%18, X5iT Table 2 @ y;p & x50 OREARLD
x50=0. 009595+ 0. 86964639 y,
%18, yis 1@ Y:i,=0.23831 2\ hT
Xs50=0.21684

%9 %, ChIZFTCELONARREFLECRA L TH S, D2 O20EEOWTHUSRBRES L WL
THL 5, Table 2 5

Sxp0% =] (x —Xs0)2=0. 1828689748

ThHo2b

253 = Sxo0t/n(n— 1) - 1828689748

—Tox®8 0. 00053470460

Trgouss=0- 9967 255
1—r25y55=0. 00658911



LiciDT

£
Table 8 »> i
THoHrDH

L7chioT

WIT yio ZHECFIALBEOSEHITKROX S LTEESh S, Table 2 55

THE»H

L7cadoT

k3

ThH50b

LicHoT

ThHod0D

Fic

o RHTICB T B GE1 ) (BER « )l - WA

82502 (1 — Irgeu55%) =0. 000003523227
b=0. 79185795
var(Y) =0. 000015871346

b2var(Y) =0. 000009951953

var (Xs0) =0. 000003523227 + 0. 000009951953
=0. 0000013475180

<+ v/ yar (Xag) =0- 003671

Syi2=21(y—¥i5)2=0. 2410656318

2 0.2410656318

83,3 =—1gsog— —=0- 00070487027

1-ry;,y,2=1-0.99852=0. 00299775

$5;,3(1—1,,7,) =0. 00000211302
b’ =0. 91080255
var () =0. 000015871346

b’var(Y) =0. 000013166254

var(Y;5) =0. 00000211302+ 0. 000013166254
=0. 000015279274

1—Tagyus? = 1—0. 99833 =0. 00339711

S2502 (1 — Txgougs?) =0. 00053470460 x 0. 00339711
=0. 000001816450

b"3var{¥;,) =0. 869646392 x 0. 000015279274
=0.000011555483

— 13 —
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L7c3oT

var(Zs0) =0. 000001816450+ 0. 000011555483
=0.000013371933
'+ v var (Ko =0- 003657

ZHIIETICE Stz 0.00367 X 0 Tt/ E Vs, DL IEHE TORERIZ, WEHIT

_ 2.110%x0.003671 7 . _2.110x0. 003657
3.57% [ == ) B a-s6m [ =S

LFEAEED LIV, LAsoT, bhubhidfilas xo & yss & OBRE Xeo OHEEICHHET 5.
Thbb
Xs0=0.21684, var(Xs0) =0. 000013475180

A33kis B 50 T OHEE FHEAMR L MBS TH 5,
Wiz X REETH O x5 & yos ORIREAVAHEEL, xo & xo0 OBREAVEHEERLRL
X5,
Table 2 @ x4 & x50 & DBEFE S
x45=0. 006624 + 0. 80088064 x50
w18, BTicskdiz Xs0=0.21684 % x50 iZ\ LT
X45=0. 18029
%55, 7 x5 & yss & DRSS
x45=0. 007428+ 0. 63341624 ys3
248, ek Y=0.21684 % vy icvh<T
X45=0. 18029

%5%, WFhIFRUKRETH 5. BT & [ ARITHEMRIL rrpr5=0.9973, Iry,zv5=0.9928, var(Xso)=
0.000013475180, var(Y)=0.000015871346 % f\ T Hia st E 3, TT& X 0.000010502599, #HEix
0.000011315296 &7z, RIEMDFTHICTI V. LD T

X45=0.18029
var(Xs) =0. 000010502599

23R % 45 T OHEE PR IM IS X CHIHABTH 5. ZOHAEDORERI
~ Var (X5 =0- 003241

THB2 b,

_ 2.110x0. 003241
3.8% [_ 0. 18029 ]

*2.110 I EHHE 19-2=17 TOBIRE 0.06 D t ROETH %,



WORRITICBAS BRI (BE 18 (FR - )l - #7) — 15 —

) ) p_2 110*/_var 68}
1= , —
[l =3 i\“‘ X var(X) Vviar ) 100 X
%

x40=0. 013504 +0.-59949206X50 0. 14350 0. 000008942437 0. 002990 4,4
©x40=0, 008089 +0. 75103863x45 0. 14349 0. 000007686348 0.002772 4.2
x35=0.009715+0. 5333581 1x45 0. 10587 0. 000006824321 0.002612 5.2
©x385=0.003151+40. 71579593x40 0. 10586 0. 000005319776 0. 002306 4.6
x80=0, 003465+ 0. 49350610x40 0. 07428 0. 000005189936 0..002278 6.5
©x30=0. 000326+ 0. 69846697x3s5 0. 07427 0. 000003976164 0.001994 5.7
X95=0. 001667+ 0. 46354569x35 0. 05076 0. 000002461260 0. 001569 6.5
©x35=0.000988+0. 6697973930 0. 05075 0. 000002070838 0.001439 6.0
x20=0. 002544 +0. 44890977X30 0. 03589 0. 000001686914 0. 001299 7.6
©x320=0. 001368+ 0. 68020337x35 0. 03589 0. 000001401127 0.001184 7.0
X15=—0, 000007 + 0. 32675945x 30 0.02427° 0. 000000982481 0. 000991 8.6
©x15=—0.000914+0. 49609843x35 0. 02426 0. 000000811390 0. 000901 7.8
X15=—0. 001822+ 0. 72689074x30 0. 02427 0. 000000845728 0. 000920 8.0
x10=—0. 0045204 0. 3710656 1X20 0. 00880 0. 000000455157 0. 000675 16.2
©x10=—0.003698+4-0. 51485583x15 0. 00879 0. 000000422857 0. 000650 15. 6
x5=—0.000747+0. 05151887x15 0. 00050 0. 000000017517 0. 000132 55.7
© x5=—0. 000507 +-0.. 11449646x10 0. 00050 0. 000000013241 0.000115 48.5

ThH5,

R FEZ L D 2 LTRdK Ko, Xss, oo, Ko Offids X OE DHEEBRER BRI DT THL B
EOIHHB LR BHLELTEIZ 5. RALLDDOROB2IFTH 5,

15 £ OMBOHZIT 10 770D 25 FOMEEZFIA L 2LSNT, T TOFEFOMBERVISE &S
BIEASREN I Ve EBERCR BT LR OTLOHEHEIIEL LD, SEOHMBEOHEIZA8.5%L
mOAEV, Lirl, WEETORER 0% BNTEIhbhTwa Z LEEHCELE Y. Z0X5
TR OMBOMBSE VX 5 AT, B S EEAME X D RERERVERZ OERSIKTH
52ED, OB LIbPBETHSS. Tibh, EROSEIIEESMBOLSED 3~10% Ok & X
ThHY, HEOEVSEDHEETHIN5% Thok,

roFw B, C, D BEMICEA L THE LAERADHE FHEAME, MRS X C#ERE
2y A EEHORBRE L HbT Table 10 KhAHIFTH<

(c) HIBABEHC & ZAMBEDHE

BARIIHE 0.0 m THEBEFNIC X OEREZHEIE L, RIBERD DXAMBEHE T D0, #iEg
ETAOHE 0.0 m DEWMIET & OERE Do &L DR DL NHTE L OR%R%Z

XDk, WROREE LD
log V=loga’+blog Do

log V=Y, loga'=a, logDy=X &EWT
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Table 10. IFHEM T & HER N TFHEMHE, HEEGRKS X CHEEHRER
Estimated mean volumes inside bark, correlation coefficients and error percentage
at 95% confidence coefficient of each plot.

| EEER BB EHET | R T95% [EHE C
EREEMD| MRED | A R | ABMREK | OHEEIREE IBUEKL) Wb | AT Bt | ARBIGREK | ofEERRAR
Estimated' Correla- [Error percen- Estimated| Correla- [Error percen-
volume tion tage at 95% volume tion tage at 95%
Plot | Age | inside |[coefficient] confidence | Plot | Age inside | coefficient| confidence
bark coefficient bark coefficient
(year) (m®) (%) (vear) (m?) (%)
X5:X10 X6:X10
S 0. 00050 0. 8645 49.0 B) 0. 00021 0. 8636 40.9
X10:X15 X10:X15
10 0. 00879 0. 9406 17.2 10 0. 00372 0. 9661 21.4
X15:X25 X15:X20
15 0. 02426 0.9746 9.3 15 0.01384 0.9916 13.1
X20:X25 X30:Xa5
20 0.03589 0. 9800 8.4 20 0. 02085 0.9873 11.4
X25:X30 X25:X80 ¢
A 25 0. 05075 0.9938 6.0 B 25 0.02777 0. 9806 10.0
X80:X385 X30:X385
30 0.07427 0. 9864 7.1 30 0.04114 0. 9933 8.3
X35:X40 X85:X40
35 0. 10586 0.9932 4.6 35 0. 04996 0.9893 7.4
X40:X45 X40:X45
40 0. 14349 0.9955 4.1 40 0. 06881 0.9922 6.3
" Xd51X50 X45:X50 )
45 0. 18029 0.9973 3.8 45 0.08792 0.9975 5.3
X50:yY58 X50:y58
50 0.21684 0.9967 3.6 50 0. 10641 0.9984 4.9
X5:X10 X5:X10
5 0. 00008 0. 9681 18.6 5 0. 00020 0. 8530 23.4
X10:X15 X10:X15
10 0. 00090 0. 9906 15.7 10 0.00314 0.9307 14.2
X15:X20 X15:X320
c 15 0. 00569 0.9919 14.5 b 15 0.01892 0.9468 8.8
X20:X25 X30:X35
20 0. 01445 0. 9827 11.7 20 0.04137 0. 9687 5.2
X25:X380 X25:X30
25 0. 02653 0.9931 8.0 25 0. 06441 0.9838 3.9
X80:ys2 X80:y32
30 0. 03530 0. 9950 6.4 30 0. 08435 0. 9968 3.0
Y =a+bX reeeeeenrcecntarcriiiiiiiiiiiiiiiiiiiiieiiieiiiien, (14)
AW LR,

DV TSR DS B O — iR DR E & BARTLETT DFED #HWVTITRV, S SICEURRE, ERER
DORED TR >TREBEICEOR VWS DI—FIC LCERER2Eok. TOFEE A BENEHIC &
DTHALL 3.

BHARFHTA 19 KD 5 b 9 AT b DEDRIZEARTHILE 0.0 DEIERTARDRT VLA DIDT, bh
DUBSHIE L 10 KDL ZDFIA VI, BT LM, RETFHM, REHEM REFHM, &
£5%01 Table 11 DL kD TH 5,
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i Sx2=1(X—-X)?
Sxy=3(X-X)(Y-X)
Syr=3(¥ -9
Sdyx?=Sy?— (Sxy)?/Sx?
2
syxt=S0r.
=E5EK
ThHbd,
Table 11. A ZEEMOBRTEUE(RE
Preparation table of test of significance of variance.: A plot.
@ |BAK
: Sample 2
Class size >X >Y Sx Sxy Sy? Sdy.x? Syx?
n

1 (s E) 10 4. 6509 | 14.72880 | 0.51750223| 1.38006554| 4. 012799486. 0. 33246579| 0.04155822
2 (10$) 10 9.1204 | 28.79150 | 0. 13334602| 0.34926096| 1.01004019| O. 09525310 0.01190664
3 (leﬁ) 10 10. 7149 | 33.49686 | 0.05937419| 0. 16028789| 0.44825117| 0. 01553440} 0.00194180
4 (20@) 10 11.2885 | 35.20804 | 0.05744284| 0. 15553895 0. 43526238| 0.01410693| 0.00176337
5 (254) 10 11.8845 | 36.67751 | 0.06426758] 0. 15625031| 0. 41878090 0.03889793| 0. 00486224
6 (305[5.) 10 12,5684 | 38.30673 | 0.05277080| 0. 14302432| 0. 42482165 0.03718386| 0. 00464798
7 (35@) 10 13.2251 | 39.74433 | 0.05789481| 0. 14857755| 0. 40928249 0.:02798254 0. 00349782
8 (404F) 10 13.7068 | 41.00541 | 0.06781082| 0. 16036800| 0. 41686329 0..03760382( 0.00470048
9 (454F) 10 14.0656 | 41.91843 | 0.07652168| 0. 17089473| O. 41484040! 0.03318374} 0.00414797
10 (505¥~) 10 14.3902 | 42. 65329 | 0.08753622| 0.18884381| O. 436020215 0.02862331§ 0.00357791
11(53% 12)) 10 14.5491 | 43.02382 | 0.08926907| 0.19322223| O. 44566929i 0.02744123] 0.00343015
12(53% D) 10 14. 6947 | 43.73196 | 0.08863528| 0. 18696233| 0. 41948937i 0.02512143] 0.00314018

HEiE%Z f=n—2 XL, E&R»D log(sysD, flog(sys?) ZERT LITHRD,

(class 1, 2)

ERELT

»h

>Sdys?, =f, Xflog(sys®

g2 > Sdy«?
>if

S f—>f log(sya?)

ZkdTHL . MIEHELT

REELT

C=ltag= 3(k HeES)) (2%‘"’2%“)

= 1 S2zf Zf log(syx?) ]
0.434294 L

+D 25Dz OWT
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=2.3026[ STt —Z(f: log(sys®) ]

Z3kd, BHEL (class O —1), BRE0.05D x2 DfE xo? BHIELT 22>x2 ThHhE HaicE
W7 —H#IT L, <22 THDNESEICERBD b5 OTHRIRIT T 5, #& 1 L5k 2 2322 InFhis
WORE 3 LRRBEMEEL D XL THRb I 2T, DX 5 X LTRERTR > i RIT, &1 LK
281 DD, FRLLESR S~ 12551 SORD 2 SDEIT b b,

DSV TEMORNCEIRRE, b=28, EiEs a=y-bx (y=25, x=ZX) 2, £35

BT X O CEIRREOREEZITEV, ZEBRVEDI OV TRIFGEKROBREZITIR D7k RE, Table
120X 5 EThiFoh, BAORFER K X CHEREK @) BEbhik. B0 Y Oo58% s? &3hiE
sy2(1—r2) _ 1}

FHEOHHIT s5?=2 THY, ss2(1-1D BEWATRD, ThEHHICHELT {10
X 1009 ik D HEEDMERZRDI L OBPRRLTHEY. BAOIEBINORFITENIT & ENHHE
#7573, B, G D RERMITOWTRHREREZ S D X U THDY LR LRI 2 2Tk 5,
Table 12 ThH 5 & SICHHUBRERIIFEEIT NS VO THEDBRERERA LTIV OBWTHE, T
NBORIREE SIARENHTRZHET SEMREAT, LT & AR O & I RIREENE K

b BIAKE R R ZHEE L7cd D% Table 13 Th 5,

Table 12. RXIBREZED SHFEHET HEIFK
Regression equations which are used to estimate the tree volume from the stump

diameter: X=logDy, Y=IlogV, Dy=stump diameter, Y=tree volume.

B | B GRED | R M I S s | JH BRI
Group Sa{nple . . Error coefficient
Plot (age class) size Regression equation percentage of X and Y
year
1(5, 10) 20 Y =0.14247+2.95331X 0.32 0.9821
2(15) 10 . Y =0. 45707+ 2. 69962X 0.04 0.9825
A 3(20~40) 50 Y =0.75107+2.44743X 0.02 0.9801
4(50) 20 Y =1.1056142.19497X 0.04 0. 9640
5(53) 10 Y =1.15324+2.16449X 0.07 0.9688
1(5) 9 Y =0. 25034+ 2.35930X 0.07 0.9282
2(10) 9 Y =0.49616+3.47261X 0.05 0.9484
B 3(15) 9 Y =—0.02172143.03370X 0.07 0.9888
4(20~50) 63 Y =0.78670+2.37477X 0.02 0. 9858
5(53) 9 Y =1.00200+2.22998X 0.04 0.9951
c 1(5~20) 60 Y =0.2274142.64540X 0.18 0.9758
2(30~32) 45 Y =0.5762242.45352X 0.05 0. 9489
1(5) 13 " Y =0. 36937 +2. 25802X 1.28 0.7795
2(10) 13 Y =—0.83776+4.00772X 0.39 0. 8607
D 3(15) 13 Y =0.31902+2. 68100X 0.11 0.8912
4(20, 25) 26 Y =1.2315141.97004X 0.04 0.9318
5(30, 32) 26 " Y =1.51845+1.80000X 0.03 0.9319
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Table 13. {XIREED DHEE LIIKE MR

Tree volume inside bark estimated from the stump diameter.

W A B .
‘ R B AR K AR R &R B R K LR PIRFAR
Age class Number of stump Tree volumes Number of stump Tree volumes
g measurement inside bark measurement inside bark
(numbers) m3 (numbers) m3
S 105 0.09268 81 0.01503
10 105 0.96456 81 0. 30411
15 105 2.23811 79 1. 17455
20 94 2.74158 60 1. 42198
25 88 3. 42600 37 0. 98045
30 84 4.18799 29 1.00871
35 62 4.19199 21 0. 86493
40 49 3.93162 14 0. 80709
45 16 1. 62072 11 0. 85227
50 3 0.33857 7 0.70138
WK ¢ D
A I N LR IR % B R K SRR IR
Age class | - Number of stump Tree volumes Number of stump Tree volumes
g measurement inside bark measurement inside bark
(numbers) m3 (numbers) ’ m3
5 99 0.01025 85 0.01166
10 99 0. 12509 85 0.18851
15 93 0.37661 75 0.72126
20 51 0. 36847 | 49 1. 20397
25 28 0.56294 20 0.92564
30 17 1.00953 14 0.99234
32 2 0.07900 2 0. 15121

5 BEOMSBENME

WOAROBR LA LCREOHSHEREELTHE 5.

(a) ha HizhIKRKEOIHEE

BAEDIATE LS & & OLIBTESL & 2N 2 72 b OSMEHEH ORI Z & OMASTK T, LhiE
HEHER CEO b D ha b HEELATE TH S, FHEOBRES Table 14 1T A, B, C, D 04
DDIEEHIT SOVWTRLTH 5,
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Estimate stem number per hectare in each age class.

HRHBRBYIRHE F 1415

Table 14. #58 ha H7-0 STAAE

iy R =~ % St?m numbers 7~ % Stgm numbers
Age class 1‘%%1&5)7‘: ] ha »i=D REHLBDIZ D ha 7Y
er plot Per ha Per plot Per ha

5 236 1438 212 1416

10 236 1438 212 1416

15 236 1438 210 1403

20 225 1371 191 1276

25 219 1335 168 1122

30 215 1310 160 1069

35 193 1176 152 1015

40 180 1097 145 969

45 147 896 142 949

50 134 817 138 922

53 131 798 131 873

L v = % Stecm numbers = £k St?m numbers
Age class @ifiﬁ{bf: U] ha Hizh BB D ha &7z h

er plot Per ha Per plot Per ha -

5 230 2323 176 1837

10 230 2323 176 1837

15 224 2263 166 1733

20 182 1838 140 1461

25 159 1606 111 1159

30 148 1495 105 1096

32 133 1343 93 971

Hod 72 b SRR AMEAT, “Thiz Table 13 ORIRE RS SHESIAEAMIRAN 272 DB EIAKEN
DIET SRS R RECE TR U TREMSLAMBICIBE L2 b 0285,
5%, BB EREICHER X D BB DIC LD TR LB EMSE D
B L »bhbhiliZbdy b0 T, RECHRMHEERKESFRCEA L, BHREIE k&
ky BHSFTARORECEMNMK v LEFMER v 25

MBETHB, =

k,= >y
! 2¥ib

ELThkDT, BEMITED ky OEIIIROEED TH 5,

A=1.14444
B =1.15199
C =1.20727
D =1.16948

ZOX S L THE SN MR ZIZEINEE TR 27 b0 ka DI METH 5,

AHHIE T & OMGHMIRT
5, BEFRIHTHH
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Table 15. W Z L HHMEF I URER

Estimate stand volume and increment in each age class.

A plot
R ZUEH /b Per plot ha & 7= b  Per ha
Age class Vcﬁx:lﬂe*?nﬁde Voﬁnﬁ JIZj-uﬁtide ) i Curé;i}zzi%lal R R
bark bark Volume growth | Mean growth
m3 m3 m3 m3 m?3
S 0.15818 . 0.18103 1.1 2. 74 0.22
10 2.11605 2. 42169 14.8 4.60 1.48
15 5.41617 6.19848 37.8 2. 82 2.52
20 7. 44317 8.51826 51.9 3.68 2. 60
25 10. 07556 11.53087 70.3 5.36 2.81
30 13.91736 15.92758 97.1 5.76 3.24
35 18. 05965 20. 66819 125.9 6.52 3.60
40 22.72881 » 26.01176 158.5 3.50 3.96
45 25,23871 28.88419 176.0 4.90 3.91
50 28.74461 32.89648 200.5 5.80 4.01
53 — - 35.75121 217.9 4.11
B plot
B B2 ) Per plot ha » 1= b Per fa
R & 3 -
Age class Vo%lr?e*?nﬁde Vo%nﬁ ﬁxtf?ide ﬁVolu m :ﬁ Cuﬁﬁ?i%al quzaix‘?ﬁzﬁith
bark bark growth grow
m3 m3 m3 m3 m3
5 0. 04254 0. 04901 0.3 L16 0.06
10 0.79143 0.91172 6.1 3.38 0.61
15 2.98759 3. 44167 23.0 1.80 1.53
20 4.15333 4.78459 32.0 0.70 1. 60
25 4, 61832 5. 32026 35.5 2.74 1.42
30 6. 39805 7.37049 49.2 156 1. 64
35 7. 40969 8. 53589 57.0 3.72 1.63
40 9.82120 11.31392 75.6 302 1.89
45 12, 36979 14. 24987 95.2 3.50 2.12
50 14. 64109 1§. 86639 112.7 2.97 2.25
53 — 18. 20245 121.6 2.29
C plot
W KE#EHL 7= Per plot ha B 7= b Per ha
= S b =
Age class Vci%u?e*)ifn?de Vojl-%n{;—g ?ufide # & Cuﬁi@ﬁ%al PR E
bark bark Volume growth Mean growth
m3 m3 m3 me m3
5 0. 02073 0. 02503 0.3 0.54 0.06
10 0. 24299 0. 29335 3.0 214 0.30
15 1. 12200 1. 35456 13.7 2.78 0.91
20 2.26142 2.73014 27.6 4.32 1.38
25 4.03837 4.87540 49.2 3.90 1.97
30 5. 6338? 6.80155 68.7 425 2.29
32 — 5.95788 60. 2 1.88
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D plot
B B b Per plot ha % 7z b  Per ha
~ =N
Age class Vo%lr'?e*?ngﬁde Vojl-%nﬂ 7f;j.ufjs%ide # fit Cu%ﬁ)?zﬁial PR R
bark bark Volume growth Mean growth
m3 m3 m?3 m3 . m3
5 ) 0. 02986 0.03492 0.4 1.08 0.08
10 0. 47425 0. 55463 5.8 . 4.80 0. 58
15 2. 44298 2.85702 29.8 6.12 1.99
20 4.96864 5.81073 60. 7 4,44 3.04
25 6. 78696 7.93721 82.9 458 3.32
30 8. 66819 10. 13727 105.8 1.90 3.53
32 — 9.77613 102.0 3.19

DLEDBETHE LIIRER T L R L O R, BB, ke o0 HR, EERRESIC
FEREES Table 15 TR LTH 5,

(c) MABEDMS LR & DLLE

ZOESRWLTHEINHSEEOHBOREE, NEROLNEFILELTARL S,

AW MERIGRELRABDOEMMS D 7 <~ YIRS INERD Th D, ha b VFE, ha Hizhit
B, BERXOCFHRER ZINER 4 ShOME & LB LD Fig. 2~9 TH 5,
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Studies on Stand Analysis (1)

Masahisa NisHizawa, Ko6z6 Kawasata and Kiku KANBE

(Résumé)

The purpose of this article is to determine the estimation of the past constructions of
a stand. As the estimation method of past constructions of a tree is called stem analysis,
we may call this method stand analysis.

We shall be able to consider the following various cases in stand analysis.

A. Estimation methods of the present construction of a stand.

a. Every tree measurement method.
b. Sample tree or sample plot method.
B. Estimation methods of the past construction of standing trees.
a. Stem analysis of sample trees.
b. Increment borer measurements of every tree and stem analysis of sample trees.
c. Increment borer measurements of large sample trees and stem analysis of small
sample trees.
C. Estimation methods of the past construction of stumps.
a. Past records of a stand.
b. Stump investigation method.

In this article we analysed the following cases.

The estimation method of the present construction of a stand using every tree measure-
ment method, the one of the past construction of standing trees is stem analysis of sample
trees, and the one of the past construction of stumps is stump investigation method.

We used the results of four plots of poor Larix plantation in Tanzeyama National
Forest of Maebashi Regional Forestry Office as an example. The area, age and investigation
stem numbers of each plot are shown in Table 1. Table 2 shows tree volumes of each age
class by stem analysis in each plot, where y is the present volume outside bark, y;;, is the
one inside bark and x are the past volumes inside bark (suffix of x shows age). The
present structures of four plots are compared with the corresponding values of the yield
table in Table 3 and 4. While plots A and D are almost the same as the values of site
index IV in the yield table, Plots B and C are poor plantations having their growths delayed
at 10~20 years. Tests of significance of differences between A and B in mean d.b.h., mean
height and mean volume are made in Table 5. Differences are highly significant. Some
tests of C and D are made in Table 6 and the results are highly significant too.

Now we many explain the estimation method of the past structure in due order by these
plot data. We assume that the individual plot is a population or a stand.

1. We measure d.b.h. and tree heights in our objective stand. If we use d.b.h.—height
curve to estimate volumes, we must measure the heights of stem analysis sample trees by
hypsometer before felling.

2. We make a stand table. Sample trees for stem analysis are drawn from all diameter
classes as much as possible by the aid of this stand table. When the aimed-at precision is
decided in advance, sample size for stem analysis can be calculated by the following

formula.
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n=( 2?; )2(1_‘02)

where C, is the coefficient of variation of the present stand.
p is the aimed-at precision.
o is a correlation coefficient of two successive volumes at a time when -above
precision is claimed.
An example of successive p of plot A is shown in Table 9 and Fig. 1. We must always
measure numbers of annual ring and growth of diameter at the stump of ground level 0.0 7
for stem analysis trees.

3. Stump growth measurements are made at ground level 0.0 7 and diameter growth
of every age class must be measured. Diameters and numbers of decayed stumps must be
measured too.

4. The stand volume by the volume table is adjusted to the actual stand volume by
the regression of presumed volumes by volume table and actual volumes by stem analysis.
Formulae are as follows:

Estimate of actual mean volume is given by equation (2).
where X=mean volume of sample trees by the volume table.

§=mean actual volume of sample trees by stem analysis.
X =mean presumed volume of a stand by the volume table.
'=a regression coefficient of x on y.

Y=an estimate of mean actual volume of a stand.

Variance of this estimate is given by equation (5).

where var (b')=variance of &'
var (x;)=residual variance. =s,;?
n =numbers of stem analysis sample trees.
N =total stem numbers of a stand.
Estimate and error of estimates of four plots calculated by these formulae are shown in
Table 8.

5. Estimation of successive mean volumes inside bark for each age class.

In stem analysis sample trees, let y be the present volume outside bark and x the past
volume inside bark of the nearest age class to y.

We decide the next regression line by the least squares method.
xj=a+by;

Substitute Y obtained from equation (2) to y, we have an estimate of mean volume inside

bark at age class j.
Xij=a+by

The variance of X is given by equation (9).
Where sg 2=variance of x.
rxl.g‘.=correlation coefficient of x; and y;.
var (Y)=variance of ¥ given by equation (5).
The successive past mean volumes inside bark and their variance are given by the following

equations.



WEEHTICBE T 0 GELH) (ER - )t - thFD — 29 —

Xis=a +b'X;

{var Xi-)=8z; J(A=7z, 2/D+b' var (X7)
Xi-w=a"+b"Xjs

{Var (Xi-10)=8z; 1 (A=7z;_jz; D+ var (X; 9

|

Numerical example of plot A is given in this article, and the results of estimated mean
volumes inside bark,. correlation coefficients and error percentage at 95% confidence coefficient
of four plots are shown in Table 10.

6. Estimation of successive volumes inside bark from stump diameters for each age class.

In stem analysis sample trees, let Do be the diameter at ground level 0.0 » and V the
corresponding volume inside bark of standing tree for an age class. The relation Do and
V is given by equation (13) and it reduces to equation (14). We decide this equation
for each age class by the least squares method. Next we carry out a test of significant
difference of variance between age classes by means of Bartlett’s method and test the
significant difference of regression coefficient and constant. Then the regression equations
of the grouping age classes are given by Table 12 for four plots. Error of estimate is so
small that we can neglect it. We applied to stump data these equations for each group of
age classes and estimated the standing volumes inside bark from stump diameters. These
results are shown in Table 13 for four plots.

7. Estimation of successive past stem numbers.

We can get all stem numbers of plot for each age class by means of adding up stem
numbers of standing trees and stumps. These values divided by plot area give stem numbers
per hectare. These figures are shown in Table 14.

8. Estimation of past constructions of a stand.

Multiplying stem numbers of a stand by the estimated mean volume inside bark of
each age class, we get successive past volumes inside bark of standing trees. This volume
plus the estimated standing volume from stumps equal all standing volume inside bark of
each age class. Multiplying this value by bark coefficient (ky), we get all standing volume
outside bark, and dividing this value by the stand area, we get the volume per hectare
of each age class. Bark coefficient of volume (%) is the ratio of sum of volumes outside
bark (Xy) and sum of volumes inside bark (X y;;) for stem analysis sample trees. For
example,

plot ky
A 1. 14444
B 1.15199
C 1.20727
D 1. 16948

Estimated past constructions by this method are given in Table 15-1~15-4 for four plots.
Comparison of these estimated results and the corresponding values of /the yield table
are shown in Fig. 2~9.
This method of stand analysis will be applied to the estimations of successive past
mean d.b.h. and mean height of a stand, too.



