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DESCRIPTION AND GROtiTH SIMULATION OF DOUGLAS-FIR STANDS

by

K. J. Mitchell

This illustrative report introduces a technique of describing

stands in mensurational terms that makes it relatively easy to predict the

growth and yield of managed stands. It may also allow foresters to compare

the outcome of alternative silvicultural practices without resorting to

expensive and time-consuming field trials. The procedure outlined is

designed for single-storied stands of coniferous species and is currently

being applied to Douglas fir (Pseudotsuga menziesii (Mirb.) Franco). (Back­

ground information and objectives were reported earlier) (Mitchell 1970).

White spruce (Picea glauca (Moench) Voss) has also been studied (Mitchell

1969) and the investigation of hemlock (Tsuga heterophylla (Raf.) Sarg.)

is in the planning stage.

The basic information is obtained from photo-plots rather than

conventional field plots. Low-level stereo-photographs are taken 350 feet

above the forest canopy, from a helicopter equipped with a photographic system

developed by the B.C. Forest Service. The height, ground level, crown dimen­

sions and relative location of each tree are determined with the aid of a

Wild A40 Autograph provided by the B.C. Forest Service. This instrument is

similar to those used to construct contour maps from aerial photographs. A

plotter attached to the A40 Autograph produces a map of each plot (Fig. 1)

and a keypunch automatically records the X Y Z coordinates on cards (Fig. 2B).

A computer is programmed to reference the A40 coordinates to one corner of
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the plot and a point of known elevation (Figs. 2A and 2C). The new

coordinates are illustrated in Figure 3, which corresponds to the subplot

in Figure 1. Note that the plot is visualized as having an overlying

grid that divides it into units of one-square foot. The 0.225-acre plot

in Figure 1 has 99X99 = 9801 discrete units of growing space. Trees can

be located in any unit to simulate a hypothetical or actual spacing regime

(intersection points of the grid represent the actual center of each unit

in Fig. 3).

A second computer program elaborates upon the description of the

trees in the plot by outlining the crown of each tree (Fig. 4) and filling

the interior (Fig. 5). Tree 3 shows that branches radiate from the bole

in such a pattern as to occupy all growing space in the plot if competition

and time are not limiting. To avoid measuring surrounding trees, it is

assumed that the plot is simply replicated to simulate outside competition.

This means that a person looking north from point A would see exactly the

same stand as he would looking north from B. Consequently, any portion of

a tree crown that extends beyond the boundary appears to enter the plot on

the opposite side as in the case of tree 5 (Fig. 6). That portion transposed

from one side to the other is of the same area but not necessarily of the same

shape, as is evident by comparing Figures 4 and 6. If sufficient growing

space cannot be occupied (e.g. tree 3), that portion of the crown within

the plot is increased in size and will occupy those locations denoted by

small circles. This method of simulating outside competition gives good

results when the plots are of a realistic size (e.g. Fig. 1). A three-.

dimensional description of the surface of the crown of each tree is shown

in Figure 7. The numbers represent the height a particular point on the
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surface of the crown is above a reference plane. Cross-sections through

the stand along rows 5 and 24 are plotted in Figure 8. The information

displayed in Figures 6 and 7 is coded and stored on cards (Fig. 9) or tape

for later use.

A third program projects the growth of the plot forward in time

to obtain estimates of yield at various points in time. The process is

demonstrated in Figures 10 to 27, with the data cards listed in Figure 9.

The trees are Douglas fir but two are assumed to be of a species that adds

most of its height growth in the first 50 years. This hypothetical species,

the removal of one tree in a thinning and the growth of a young tree are

introduced solely to illustrate features of the program. The results shown

are probably not biologically correct because some of the growth relation­

ships used in the simulation are based on incomplete data. The main purpose

of this trial is to demonstrate the capabilities of the program.

The program that simulates the development of the stand is comprised

of empirical growth models and a variety of techniques that allow variables

to operate as they do in nature. The height growth of a particular tree is

based on the site index curve of the plot (input information listed in Fig.

10), estimated vigor (Fig. 11) and current inter-tree competition defined by

STATUS in Figure 12. Branch growth and crown size are dependent upon height

increment and the availability of growing space. Estimates of bole diameter

and volume are based on crown size and tree height. The description of the

plot prior to growth simulation is shown in Figure 12. Figures 13 to 26

follow the development of the stand to age 45.

A series of physical models depict the simulation of another plot

from age 0 to 45 (Fig. 27). Note that branches are growing out of the bole
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at various heights. Growth ceases when a branch meets the crown of another

tree but other branches located slightly higher up the bole may grow over

the leading edge of the competing crown or vice versa, depending on the

relative rates of branch growth. Consequently, crowns may decrease or

increase in size in response to competition and available growing space.
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Figare 1-

CROWN MAP DRAWN, BY THE AhO PLO'1'TER FOR PLOT 5 ~FAIRSERVICE CREEK)

'll1e X Y Z coordinates at the top and near the base of each tree ~

and at points around the per:1lteter of the crown are punched on
cards and later expressed in relation to the upper lerthand corner
of the plot. '1lle coordinates for a small part of the plot (out­
lined by a broken line) are shown on the next two pages. A 28 x 40
foot subplot 1s used for demcnstration because it can be conven1ent-ly
displayed Q'1 a single page by the cooputer.



®
FROM Aha
KEY-PUNCH

®
] C~ r£uuTED

z1
REFF1lEl«:E CORNER

I ,Y I
.H01.6 I b5!>2.4 9lB.1J

COrNER TARGET 1 TAlmET 2 CmTF1l

ln~.HJ.t15 ~4";;,09~? $7;12,'85rl ~\J9~ ;j~37;d'l5;1 oIo9fo~37:bo~5r9bp9f61] =1
TOP BASE l1AX. CROWN RAmuS

'~_72~~R5rt:~01l~;l8:H34<;i1'~~221oqfq~37239185~3 8~7 ]
''1 3QlIj5t>ON.,631t3 B4o.l\13c;S2 ~~ql <; 31405:8555!871~ TREE.
'3724 Ib b~'>l; ~672!j71Sl'i'5d1~'12 31 :H2 75ja ') '>3 817 CARDS
l~713010\5 5J"01l S7 JiJ 11 ~~15 I> 31i:.l92 3137 i 52!,B <; 58 ,0871
:3703~tl5{·5<'03 51li;31 bt>cl" 1>31~n.n31002 'J 5003to817

COORmNATES AROUND PERIKETffi OF CR~

I " y Z.".Y,:' >< Y,z.)(,Y,Z
.H30 '1:135 4200!' !l;:~:q7 3? 1:f:I~45<.l']902bi37:t. 7l~554z;o905 H 23Zfl5 534K:8994

1 ,3719"~54')«,)P~2b;l722.fl~530I>Uii"n7 72li3''lS39~089u 2
f 7367!1S 5"<;J ~07i7439f155410 ')0 1:' 14'> b"l" ';6 -':0901 H466~562I>D89)5

1 .:745t>eSClCli0S"'t 13740B51>1'iOSB3 7H91:15,~31C897 3135;)~55b5(l9040

2 i31H1'l5'i4T0904 2 "
-" 7.:? ')2'I>S ''',3t 0 II 1 n 31 ~ 1351>1 ~'J9021 13 2585b61099R~ 37292~571408880 CROWR

1 :;>725l!b12:4oJIlHl:'~121;::f!56~:jf)8815 120485.3440901 31226~51>05C9019 CAROO
2 1728~855jdJ9019 2

'j72 3 oid5 sniueHll 72C185 <;11>08'1 11 7159~5b0308911310BOl!5571C8910
1 3104a:t!55~ ~Jt!q1 OH; 02t!5444U8QI0 1) 10f\S"410il91 '1201d54j808910
2 1 '

311331R55c'7:0 11 H 37125:'l5b9<;Utl910 lu!>9~5739v891 3103085724C8144
1 ';699 iI85(,'1t-L tloc, B,H:.I !lId') 50 1~>j698 106118,=, 56OP8945 107 2~5!>5ZP~945

" 1

TREE
') "I '3l11
~ "2. ::'\dl
~ '"'7 :301

~ 2~ :~~~

:; 41 3d.
5 I.: -~01

'3U1
30,

r; 42301
? ~:! 3U~

:> ~?30;

<; 52 301
~ 53 30'1
r, ~3 30.
-J .. , 301
:J 5 .. 301
r, ~,4 3lH

30,1

ANGLE OF
ROTATION

PLOt' AGE ISpP.
51 I~dl

POIN'!' OF
TOP BP.S£ ~lAX CRO'1M RADIUS

J' J K 3 1 r, J
,

J<, I ••
~ ,.. I 3ql zq I ~: 15~ 35 14 ! 100 24 ,11 1141

42' 301 31 i 24,! 55 35 14 100 39 19 141 ]~2E., 52 301 ZI !Z3:1~2 13

1

17 'II> 23 i 22 i141 CAROO
.~) 53 J 021 cbanpcl !r 11 5 102 13 17 Cl6 1<' 112 141
~ 54 .3 O.?) ==.ttoa 2 ' 14;161 13 11 96 7 11 )41

:r COORDINATES AROUND PERI!'.E1'ER OF CR~
I K J I .- .J ' I : K J ' I I K

, 41 11 34 4:1.35 35 j 'I ::11> 21 I 13 11 Z3 I 11 ,119
©'J '1 '1 1 23 2 ~26 2d -1 ill 'l 33 I 0 lZ2 200 I

r 4 3 1 35 11 112 4' 19 '112 44 23 ~1l\ 41 : 28' 125 COMPUTED
::. 42 1 1 39 31 123 34 30121> 30 25 121 33 18 115 PROGRAM 1
5 4? 1 Z 200
'J 52. ·,1 27 18 1011 28 22 111 21 : 21 lZl 22 ' 30 131 CR~
:, 57 1 1 18 2° 131 16 2.. 131 10 20 llZ 20 11 III CAROO
'J 52 1 2 21> 10,'.1 Jr,;:-oo
:J 53 1 24 10;128 19 J 4 '128 14 ' 14 128 8' 'l lZ8
:> 53 1 1 7 =!1281 15 -2 128 21 0 lZg 24 . 3 128
'J 51 :1 2 100

54 12 : 1 Z 112 '1\ 7 22 ,12'1 0 73 lZB -2 21 144
) i 5..: 1 1 -4 i 16 j'4'll 1 >3 149 I> : 1 )2 8 b 1Z4

;51541 1 2. 100

Figure 2.

LISTIOO OF oo:JRDINATES

" ,'!'be axes were rotated 22.5 and translated 3101.6,
8552.1.' and 918.8' for the X,Y&2 axes respectively.
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~ MAP BASED ON OOMrorED COORDmATES

'!he mmt>ers around the per1neter of each
crown show the location of each X Y Z
coordinate and the sequence in which they
were recorded 00 the A40 plotter.
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7j 4it 41 37 41 45 4Q 52 55 58 6U 61 1.12 61 uO 58 55 41 45 48 51 53 5', ';j 51 411 4'i 41 •.. • j ~

l:li 53 53 ~3 52 5U 48 45 36 4U 44 4l:l 51 53 56 ~8 5 j 5/ 59 5f\ 56 53 51 4. 31 42 46 411 50 50 5C 4& 40 42 38 3~__ . __ ._. ~_o_:~ .L 9

0* 57 57 57 56 54 52 49 42 46 4'-' 51 53 55 5~ 56 56 55 53 51 49 1 3f> 31 42 45 4& 47 46,5 42. 3<; 52 54 56 * '1

I __._ ~.. I. '--'--
10i 60 60 60 59 ') 7 55 ,2 43 40 4'J 51 52 ; 3 53 5 3 ~ 2 5 1 4.9..46 4 :3 2 3" .3 8 41 4 2 4.~.. '+ 2 41.. _. _.._. . ~~. ~ 7.. ~: _ j 1 ~ __ •.__

llj 63 64 63 62 60 57 54 ~(J 46 4'; 46 48 44 50 50 50 4'! 4>3 4~. 43 3 27 31 34 36 37 3.;1 37 _ 5.4. 5_7_~.~.~~ jl~ .. _
12j 66 66 66 64 62 5'1 56 52 4A 43 3~ 40 42 44 45 46 46 46 45 44 42 29 31 32 .... __ . ._ 51> 59 1,2 6 4. rz.__..
13j h8 6<; 68 60 63 60 57 53 49 44 3" 38 '.u 41 42 42 4.2 ttl 40 .... __ P'1 :.5 __ . :_t _6~_~~ .. ~~_ i_13
14" 69 iP 69 66 1,4 'JIJ 57 5' 4'·/ 1,4 37 3'" 37 gure 4'-' 53 ':>7 b() 64 h!> *1e.

I CROWN !'lAP WITH Z COORDINATES .__ _ .___ __I ._
15* 68 6e; 69 60 63 hO 57 53 4CJ 44 The distllnce from the reference plane to 57 60 61 0" *115

I the upper sUrface of the cro.m is computed _... ...-
1&* 66 66 6e> 64 62 59 56 52 48 according to a function developed for 56 5 J 62 64 j I"

I .-.. -- -.. . . .. .. - _ Douglas fir. Profiles of the stand along . - .. - .

17j 63 64 63 62 60 '>7 54 !'O 46 ._. _ ... .. __ 2.1 2.0_.27__ . rows 5 and 24 are shown on the next page•. :.6._ .. _. 4. :7.. _b_O_~2•.r 7

1Ar 60 60 60 5CJ 57 55 ~2 4A _ . __ _. :>1 33 33_33"31 '0 2, 1~ 17 212~2~21 2.7)~ ~I.~ _

19* 57 57 57 56 54 52 4'1 45 29 :J3 37 39 39 39 37 33 ;>" 13 l'{ 2·, 29 32 34 j5 34 32 2.-J *U

20t 53 53 5~ 52 5U ~d 45 ·.::·.·~~~~~~·.~i8·33:3~ 42 44 45' 4'4 42 ]~ 3~ 28 21 30 35_;9·.~·1 4'1- -41~.~';~5.12j:·.~~~·
21" 49 4<; 4

0
48 46 44 41 ... ._. 37 42 45 4l:l 49. 48 45 42 37 31 24 29 35 ~~ 44 ~:'__4.7_40.. ~4 ~.'J r1

22l 44 44 4', 43 41 39 37 .3 3 39 44 48 51 53 51 49 44 3 <; n 26 19 32 .3 J 44 4 i:l 5 1 52 51 40 44 .. 2l
.. I"' ..-. -.. - _- _ - j

~3" 41 34 2.7 lq 33 39 45 ,+9 S3 €9 53 49 45 39 ~3 27 18 27 34 41 46 51 54 50 54 51 46 j23

=:::>iJ 41 35 28 19-·' H 39 44 48 51 53 51 4A 44 39 ~3 26--- ·----2H 3-5 ·4-i·"Y-5-2--S·i,··O 56 ~2 47 r~<::::::::::
-- 1 __ . _.. .. .._....- .- .-
25" 41 34 27 III 37 42 45 4 II 4 q 4 e 45 42 37 3 1 24 18 2.7 .3 4 41 46 51 54 56 'i 4 ':i 1 4:> r'"
26l 39 32 25 1" . .... '--44 45 40-,." 3'3 ,.;> 44 45 44 42 3rl 33 211 21 25 32 3~ 44 4'; 51 :;2 1\1 40 ... ·1.2~I - .
27* 352921 U' <,3464849 50 ~\3 n 39 30 39 31 33 29 2317_38--_ 2'.' 35 40 44 4047404" 4J ·17

I ./ '...... I
2 A'" .3 U 24 17 43 46 4 '" 51 ') t: 5 ~ 5 i i( A H .3"3 5 3 3.3 3 I 2 -1 2.3.b 4) 4 Z 42 1.2 Itl 3 I ,-' J .' 5 3 <; .:.1 41 41 .3 <,; 3' * 2. ~

!_f.r-J1._'"_*~ _I): _*_*_*-*_'>C_*- );:._*-:)._::r_~-*-:$:_*_~_*-*-~-*-..~~l-~ _*_*_*_IGI_ ~_~_*_t:._._~._... --J
2 3 4 5 b 7 8 0 1 u 1 1 12 1 3 14 1 , 1 6 11 ( S 1'l .~ 0 2.1 <: 2 2 3 ? 4 2; ? 6 2 7 21:l " 0 '; (J 31 3 2 3 3 ~ 4 35 j b 3 7 j '1 ; ~ 4 J



II. 10 !EARS

Figu1'l' 8.

VERTICAL PIlOIPlml THROOGH THE STAND

Note t.hat. the C:l'03s-aec:t.ion does not. pus t.hrougb the top
of tree J giving it a 1l.1ghtJJ- flat.ter than nol'lll.1 pro!1le.
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Figure 9.

INPUT DECK ~UIRED TO INITIATE SIItJ!ATION

This listing contains the preceding in!ol'll\Btion
in a fOl'll\Bt suitable to initiate simulation of
stand erowth. The trees are )0 years old 1dth
the exception of one which 18 not scheduled to
start growing for 10 years - hence its age is
-10 years.

COLUMN
ROW 1 2 3 4 5 6 7 8

1 1 24'0(1'>\([2 UlOOOU02
.... 0---. -_. 0----·-_· -·0·.. ----- -0 . -_ .... --0------. "'0

2 1 .. \ is j'; io 0 0 0 0 0 0 0
J 1 is "'1:/ 0 0 0 0 0 o 32000004 37000004
4 1 ~ ffi~1 ~o 0 0 0 0 0 o 3'lOOOO04
5 1 0 0 0 0 0 0 o 38000004
6 1 0 0 0 0 0 0 o 3HOOOO04
7 1 0 0 0 0 o 44000005 41000005 37000004
8 1 5100U005 53000005 53000005 52000005 50000005 48000005 45000005 36000004
~ 1 .,70b'iOO5 57000005 570~5005 5b05d005 ~408500S 52083005 49000005 3410;004

10 1 600000U5 60000005 60000005 59000005 0;7000005 55000005 52u69005 48000005
11 1 6'068u05 6~OUOUO~ &306~005 620~1005 ~OOOUO()5 57000005 54085005 50000005
12 1 66C72005 t)6000005 (';607?005 6<,0.00005 1>2u77005 59000005 56090005 52000005
11 I &~OlI005 6Q06500S 68070;005 66C72005 6308700S 60000005 570970U5 51000005
14 1 bQ07500, 71000005 (,Q:l'l'i1)05 61>000005 o40JOOO~. 60000005 57000005 53000005
1:> 1 6B04700, ~90q5005 6807'005 66C7l005 ~307700S bOCOOOO~ 57a7~005 53000005
16 1 0004 Q OOS 66000005 6(,014005 64.l0\lOOS J?'0770l)5 59000005 5008100S 52000u05
17 1 1>30'-bC05 64000UU5 idlld(005 620'I)CO, I,UOOUO'j' S(000005 ~4C63005 50uOOO05
! ~ 1 ~oounoo~ 60000005 ~OOOOOO5 S9000005 5700000~ 5500C005 52G83005 4~000005

19 1 57C7~005 S700U005 :;707;>00' ~;,() l0005 ~40q90U') S2lJIl300S 4 c'00000S 45000005
20 1 53000005 53000005 53uto005 510lJ0005 .,0100005 4dC00005 45000005 0
2 I 1 4400000' 49uOOOOS 4'10UOOOS 4clOUOOOS 460000U5 44COOOOS 41000005 0
U 1 440U~UU5 44000005 _40aS005 43000005 41000005 39UOOO05 1700000S 0
?J 1 4100U002 340750U2 i70000u2 ltiUI)\lOO2 0 a 0 a
/4 1 4.000002 35000002 ?8000002 10001)002 0 a 0 0
1'> 1 '-<" GLUUO? 34075U02 27000002 J ,IOUU"U2 0 0 0 0
Zo 1 HO(lOuu2 3?U"UIJ02 2S(;lUOO2 160UOOO2 0 0 0 u
:: 7 1 l:iUcllJOO. 2'10"5U02 ~~OU0U02 I..J1.)(, ,Ju U.> 0 0 0 0
iB ! 30 )(;0001 240i1300l 17UOJ.,C? U I) 0 0 a

REHAINll'IG 112 CARDS FOR COWl-ms 9 - 40 ARE NOT SHOWN



---------_. -_.~----------------------------------------------------~------------------------------------------------------------------

(be~~t ffiooRAK 3f
P'1«an 10.

INPUT INFORMATION

.---**.*~*~***.*$*.~*****.**.*.*.** ••**.***••*.*.*****.*••• *.**~* •• ,' •••* *••••••••~••••••••••••••,.•••-•••••••••------
• •· - - -.. .- - - ------ -GRIO -iHt"l:'R"VAC----- -[.-00'6 .. -'---N"l;MBEIf'Of -sPEcffs -" -- --.- -2 _.. - - - - - .. - - - - - - -' ... -- -- - - - - - -- -.-------
• •---•.-. ...,-.... - .. ·_'·---·Nu~RERijr·Row-s---- '28'-""'" -- NUM6ER-drr·Rt:Es-·------i, ---'-'" '--'-' --.---.--- •.---
• •· - -- ' .. - -. - .. -- - .------------ - ------N·LiMI"Ek'-(Jlq;6CUHNS------~6· -, '._-- .. --- .-. - -- -- "',.)( J HlIM' -A'G'f' "SfMU(ATED - - -t;5' -- - - -- -- - - - - - -- - - . -- - - _.. - - - -- --.-------
• •·--,.--'- - ,. ---- ---. -------------------- ---- -- ,._--- --- -----_.- - -----_ •. _- _.. ---- ----, -- - -. - ,. --- -- - -------- ----- - -- ---------- -- -- _._---- -- ---- --.-------
• SPECIES MtAN RATE OF STANDARD SUPPRESSION DISTANCF. OF MEAN RATE OF HEIGHT GROWTH STANDARD •

-. ---·---·-----aHNCHGROWTi-!"--OI'VIAT ION-- --HCi'ofC---'--P-EN'EfRATION --'RHAT I ve-to -OOMINANt 'tRees---oE'ihtlo.. •
• •. ' - --: - - - - - ---f----------- -·O~1~~_:;~~!O.· -- -----------'T;000' --------- --f;oOcj" -- .. ---..- - - -- - - -o~ 900 - -, -- - - - - - - ---.-----0;1'00· - -- ------:-- - ------

--- .. - --------[ - ------------0SAT AGE 0 tEARS {O.---- -----------f .·000---- - --.--- -i;o'oo --------- .. -- ----- -0:900 ...... - .--- .. - -- ------o-;iCjo--------.- - -----
• •- '" ._- ..._-----_.__ .._--_ ..__._-- _._---_..".., "--'-'.--""'-- ...._,_. .
'" IIEIGHT/AGE RElfITlONSHIP •-. -•. " - - - -SpE·cfES--·--- .-- ----... ... .. ,---.- ---- ------- .. - ,. - ----- - --- . ...... ---- - --------- -- ---. -. - -- --- --.---- - -. - -.-.-- --- ---- .. ------ .. -. - -----

'" .• . -- -- --'HI: fGtil' -. - . -0. Z·~-- 21>. ·..·4i;--56':--69'; --ai;-·cj2'.--,-oz;-ffo. 1 fa; Tz6';TU.-Tf9.- '145.--UO.· TS5;-1'59;T64';-168.--------·.- - -----
• 1 .•

--. -- ----~GE "b~ -'lO.---; 5'~--2~i5:---3(f.-3~:_-·40:--4i;.--50'~·-5,;__60~~70-:-75.-- n~--"85;-,O~· n;'loo~ i----

'" .• .. - - .... , - "-Hf fGti-r- - - - -0 ;--~ r;-4·c)'.- -54';--6'1; - -"0'.-- -fb'~ -'aT; - -~5.- - '89; - -9[.---94.---9'1;- '94;-f01: --102 ~'-ioj; -1'0''-'- -f05:T06'.--------.------
'" 2. •
• - - - -- --. ,. · .. ·AGJ: .... - -- --- -·o~·" -10. -1'5; - -2 0.' --2 ,;- -1'0;- -3'5'.'-''0'0; - 45 ~ 'SO~' - ~5: - -t;0;--6'5.----70;' 15. - "eo.- - "ss;" '9'0~' - --95.- -100.------- ... - -----

'" .·,-- , _ ..... " ..- ._-_. .....-. " .. ' - - . --_.. -_.. -_...-_. .._.._... .. - --' -_. , ...- .. __ . __ ......_------..---
• SPECIES AND TREE COORDINATES •·._- -------- -_.,.,------,_.- ... __ ... _._. . .... --- .. -.. ,,-_._--_._. -_... --- ._, ---- '_ .. _. __.... ---_._-----... _-----
• nEE 1 2 3 4 5 6 7 8 9 10 •.-- -. ·-NUM8f·t{---- - ----, ---- -----. -----. - ----.---- .. --- -- .. --- - ---. -- ------....---.-.- -- --- -., -- ...,------- ----. ---- -- ------ --- .., -- - -- --- - . - .-, -------------.-------

,. 1 1 ~ 29 1 24 31 1 23 21 2 5 11 2 1't 2. 2 24 35 •.-. _..- ------- _. --._----- ..._.- -_.._-_.---..---,.._-_... _.._---_.---_._---- ..- ._--_._---_.. - ._--_... _... _..- .
• •'. --- .. -srM(j{'Af nJN--RE OliLSH'OAT A'G'~ -- - -,. -)S'--J;O--tiS" - -=0- -~o~-- -'=0 - -';;0 --.=0- '';0 -. -0' -- ---0" -'=0 . -'=0 - --0' ""-0 -'=0 "-0 --0 - "';0- --.=0---------.-- -- ---

• •- - -. . - - -- ,- -sa '~t5 'C;U"io1AFlY 'Rf"QuB T" --- - - -- - .. - --rr---rr-ref--'=0--=0' --=0' - "'=0"-'=0 --'=0' --';0 - -':0' -'':0'' "';;0 -- -';:0 - -'=0 -0 - -';'0 --'0 - '';0 -- ---0 - -- ----- -•. - -----

• •
. - .- ----STANO "iAPR1:QUI C; f . - - --' I 1 ·-T~-o--'.;(j·--::o-- ..~o"·-=o--;;,-o-·,.;.o-·-=o "'';0' -0 -0 -0 -0 -0 -0 '-0 -0 '--- •.---

• •
.. .. ""n:ifMHNGPf'OUfST {Z --alitTH MA'Pf- '-0 .- "2 '-';;0-0 --":'O'---O'--';;(j' "-':0--':0 --';'-0 --':0---0' ---0 '--0 -0 -0 -0 -0 -0 -0" ----. --- -•. -----

• •.• •••* "' .-•••••.••.•.•••••.•.•••' ---.-•..- ------
This page diBp1ay'II 1ntormtion whioh 111 provided at tile beg1ml1na ot
the a1JlaJlatlon (e.e., he1gbt-age ourves) or passed on troll the preTioua
progr&lllo I'll wo shows tile various options requested. the three digita
across trom "STAND SUltWlY ~UEST. under a particular age cause a ta1.lT,
tree charact&rlatics and stand oharacteriatics repectively to be printed.
Note that a thinning wall requested at age 40.

The tollO'oT.1n€ output which 18 DI011~ self-explanatory describes tb9
simulated development ot the stand.



Figure 11. Listing of growth coefficients and tree numbers.

CRG.. Td v [G'JUk
C(l[Ff'ICIUH

PEE ROW eel SPtC! FS L,-,n.;'; hrl(;IlT

TREE r'IU'lIH:'RS FO'~

U{I)SS RtFfKfNCE
44() "So>

1 5 21 1 l'.Z .. ' (). f\'J ~ 41
2 24 37 1 ( • \4 r; O.~4? 42
3 23 21 1 (,. tIt, u.'JIJ 57
4 '; 1 1 2 lu. "J 7 I). <)57 5)
5 14 ? 2 '1.427 ~ • Ut·, ')4

b 24 35 2 10. ,lOU 1.000 44

J
'J
,J

I)

J
f)

~ '- stochastic variable which expresses the rate of height growth (inherent vigour) relAtive to site index curve

expresses the amount of branch growth added per unit of height growth (after transformation)



Figure 12. Summary of the stand at age 30.

----.••-•••••••••••- ** -•••;;•••••••••••••.••••••••••••; -

AGE 30 SPECIES_
(diU....at. '1'01. "'l"&t1o... )

C~OWN CROWN CROWN BASAL m~

• IREE~OW_CO"- __ !l(J~ __ AREA WIDTH lENGTH AREA oaH HEIGHT VlllUMEl VUl\JME2
1 5 29 30 128.0 12.8 23.4 0.34 1.9 55.0 1.60 1.52

, 2 _,_24 31,. _ .. 30, .. 13~.0 13.1 .36.2 0.36 8.1 55.0 1.90 7.85
3 23 21 30 125.0 12.6 31.8 0.35 8.0 56.0 1.~0 7.85

STAT US _ lMpoM of ftIlIlI'N*I,oD 0 .... cOllP*t1tiOl>
-0.442 -2.S-_rd.-tIl
-0.154
-0.24b

-----------------------------------------------------------------------------------------
ruTAl 3 TREES 338.0 38.5 91.4 1.05 24.0 Ibb.O 23.30 H.21

AVERAGE

"-----/ACRE 117 'TREES

129.3 12.8 30.5 0.35

40.13

8.0 55.3 7.77

906.20

7.14

902.84

....................' * ~~ .. ** .
.~----- ----- ----------- ------*

-_ ..._-------_.

TOTAL-

AVERAGE

i fREES 310.0

leS.o

30.7

15.3

47.2

23.6

1.39 22.0

0.70 11.3

137 .0

68.5

35.90

17.95

35.9j

17.97 ---------------------
fACRE 78' TRE-es 54.17 1~9b.25 13S7.58

................................................................................................._. "..-.

•••*•••••••~* * *•••••**••••• *••• *••• **.~••••••* .

AGE 30 SUMMARY OF ALL SPECIES

CROWN CROwN CROWN BASAL
,. ~.REEROW COL AGE AREA wlllT!i LENGTH AREA OOH Hl:'lGtH _VOLUME! VOLUME2 STATUS

-----------------------------------------------------------------------------------------
69.2 133. bTOTAL" -.- ". .,-

,_, __ AVERAGE

5 TREES 758.0

J51.6 13.8 27.1

2.44 40.b

0.49 __9.3

303.0

. bO.~

59.20

1l.1l4

59.15

11.83

.------ - ----_._---

-_._----------------------

,,_._.!ACRE 1 .. 4 !REES 94.90 2302.4b 2300~42

-----------------------------------------------------------------------------------------
••• _., >l< •••••••••••••••••••• ** •••••••*•••



Figure 13. Summary of the stand at age 35.

***••••• **.**•••*~.* •• *••******••******,,*~*********.***••••••*** ••••••••***••••• **•••••**

: ------ - --., - - -, ._._-- ---- AGE 35 SPECIES

CROWN CROWN C~U"N fit. SAL
TREERCIo COL AGE AREA WIDTH LEtJGTH AR t- A D'lH HE IGHT VOL\JXU VOLIJ'<E2 STATUS

1 5 29 .'_. 35 170.0 14.7 28.13 iJ.57 10.2 63.1> IB.26 13.77 -0.4'i'>
2 24 37 35 lLd.O 13.5 37.9 0.51 9.7 65.1 17.43" 1:'-.00 -0.247
3 23 21 35 131. 0 1 ~. 9 ?3.0 0.4iJ 9.4 6'i.5 16.d2 12.4n -0.311,

TOTAL "3 TREeS 444.0 41.1 <'9.7 1.5t> 2'1.2 10 4.2 52.51 ~o. ! 7

, AVERAGE 1411.0 13 • ., 33.2 0.52 9.7 64.7 )7. 50 13.06

/ACRE 117 TREES 60.53 2042.4(} 1'523.43

.~***.*.**•• ****~*.~***.**.*******~*.*****.*.**~**.***********.*********.~**.~**.**$.*.~*

.****.**.***.*«***qg*****~***~c~***~*~**¥**~***~*~~~***~******A****.*********g**~*.*.****

*****+ •• ~q*~:*****$~*****$~**~*~*~*¢~.*.*.***~:****~.~~~****.~:.********~*.~~~*.~*.****~*~~~

AGE 35 SPECIES 2

CK~IWN CK[lwN CROW~' UI\ SAL
TREE Rew COL AGE HEA WIDTH LE1;GTH ~~ EA [)flfl HIOIGHT VOLU~IEl VJLU:~F.2 S T.HUS

4 5 17 35 237.0 17.4 21>.6 0.91 1~.9 70.2 n.'HI 23.33 -0.510
5 14 2 35 207.0 16.2 27.3 0.92 13.0 75.5 30.47 25.66 -0.5')0

----------------.----------------------------~-------------------------------------------
TOTAL 2 Tl{E' ':: S 444.0 ::3.6 53.9 1. 8 j 25.9 145.7 5ll. 4 5 4<l.'n

AVERAGE 222.0 l6.A 27.0 0.92 13 .0 72.9 29.23 24.50

IACRE 78 TREE S 71.35 2213.16 190'i.44

5 f"-EES 1\3.16110.'97339. -}

HEIGHT VULU"'Ifl VOLU>-1E2 STATuSOi31f

3.39 55.274.715j.7

AGE 35 SU~MARY OF ALL ~PECIES

CROWN C~O~N CROWN KASAL
:\;"E A "I CTH LENGTH ,~" EA

88&.0

A'';E

TOTAL

TREE RCW COL

I
I

I

I
AVERAGE 177.6 14.9 30.7 a.61l 11.0 68.0 22.19 17.63

b******.**.* •• ********~****O****************.**.**~*********~****o*.~*o~~~*******~o*.~***I
I

IACRE 194 TREES 131.H8 4315.76 ~42~.79



---- Figure 14. Crown map at age 35.
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Figure 16. Sunmary of the stand at age 40.1------._ ... __ '._. __·_0_ .. ..
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Figure 17. Crown map at age 40.
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hO !EARS Figure 18. Crown profiles at age 40.
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Figure 19. Summary of trees thinned at age 40 (only one tree removed).
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Figure 20. Crown map after thinning.
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,_ __ Figure 21. SUIIIlIary of t he stand at age 45.
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Figure 21. (Continued). _ _ -
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Figure 23. Crown profiles at age 45.
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Figure 24. Change in crown profiles from age 30 to 45 (Row 5).
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Figure 25. Change in crown profiles from age 30 to 45 (Row 2~).
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