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DESCRIPTION AND GROWNTH 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 toc 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 ALO 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 ALO Autograph produces a map of each plot (Fig. 1)
and a keypunch autcmatically records the X Y Z coordinates on cards (Fig. 2B).

A computer 1s programmed to reference the ALO 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 treese 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 1is 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 illusﬁrate 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 O 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.

LITERATURE CITED
Mitchell, K. J. 1969. Simulation of the growth of even-aged stands of
white spruce. -Yale Univ. School of Forestry Bul. 75.
. 1970. Growth prediction in managed Douglas-fir stands.
Department of Fisheries and Forestry, Forest Research lLaboratory,

Victoria, B. C. Internal Report BC-20.
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Figure 1.
CROWN MAP DRAWN BY THE ALO PLOTTER FOR PLOT 5 (FAIRSERVICE CREEK)

The X Y Z coordinates at the top and near the base of each tree,

and at points around the perimeter of the crown are punched on

cards and later expressed in relation to the upper lefthand cormer
of the plot. The 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 i1s used for demonstration because it can be conveniently
displayed on a single page by the computer.
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Fipure 8.
VERTICAL PROFILES THROUGH THE STAND

Note that the cross-section doss not pass through the top
of tree 3 giving it a slightly flatter than normal profile,

The bases of trees 1 and 2 are four feet above the reference
plans as illustrated on the lower right.

The crowns of trees 1 and L do not meet at the same level
probably because of an error in the J coordinates at the
top of the tree. Changing this value from 29 to 26 would
correct the discrepancy.
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NUMEER OF |

FLOT| GRID [ROWS |COL PP TREES iTOP HEIGHT
i '
5 1.000 28 140 2 6 | 6B.5
ALO
CROWN TREE
TREE | SPP.| ROW|COL |AREA | © NO.| AGE
1 | 17 57297128 | 0 0 0 '4l 30 O
2 | 1.2 37135 10 0 0,42 30 0
3 1 {23{21)1t25 1 0o 06 0 52,30 0
L | 2! 5 177138 0 0 0 53 30 0O
5 (214 2’172 [0 0 0 5 30 0
(6 + 2 24,35 0|0 0 0 99i-10, 0] ADDED FOR PURPOSE OF DEMONSTRATION
CROWN MAXIMUM  HEIGHT INIEX (AXIMUM
VIGOUR BRANCH VIGOUR OF SUP- CROWN GROUND
| COEFF. | LENGTH | | JOEFF. | HEICHT PRISSION ARRA _ DBH VOLUME LEVEL
1 | 8.2418.45570.700898, 0L 55,0 =0,442 | 309.9] 7.9;'7?6'61 4.
2 ! 64345 7,200 0. 0.842' 0] 55.0!-0.154 | 183.7! 8.1 7.9'04 4.
3 £at26 7481010, 0,900 V.| 56.0'-0.245 | 20446 8.0, 7.8 0. -0.
L 116.26710.196 0.10.957 04| 66.0.-0.547 ! 561.4 11,31 17.1 0. =0,
§ 0 5.42710.19% 0. L1.06R Ouf 7140 =0.572 | 579,9 11.3/18.8 0. -0.
6 110,000 0.0 0./1.000 0. 0.0 0.0 | 0,0 0.0, 0.0.0J 4. |ADDED
COLUMN
ROW 1 2 3 i 5 6 7
71 240830027 19000002 0T T T T T T 0
2 1 pige 8O 0 0 0 0 0 0
3 1 Blzgigo 0 0 0 U 0 32000004
.1 HiEall 0 0 0 0 0 0
5 01 0 0 0 0 0 0 0
6 1 0 0 0 0 0 0 0
71 0 0 0 0 0 44000005 41000005
8 1 53000005 53000005 53000005 52000005 50000005 48000005 45000005
3 1 57065005 57000005 57065005 56058005 54085005 52083005 49000005
10 1 /0000005 60000005 60000005 59000005 57000005 55000005 52069005
11 1 02068005 64000005 63068005 62091005 0000005 57000005 54085005
12 1 60C7200% 66000005 66072005 64000005 2077005 59000005 56090005
13 1 6HCC1005 69065005 68075005 64C7200% 53087005 60000005 57097005
14 1 69075005 71000005 69085005 66000005 64030005 60000005 57000005
15 1 68047005 69045005 68075005 66C72005 3077005 60000005 57375005
lo 1 66049005 66000005 6604005 64300005 32077005 59000005 56081005
17 1 53066005 64060005 63047005 62093C0% A000VO0US 5TDGO005 $4C63005
18 1 A0O0CN005 60000005 ¢0000005 59000005 57000005 5500C005 52€83005
18 1 57C7%005 57000005 57075905 56030005 54099005 52083005 49000005
20 1 53000005 5300000% 53000005 526U0V05 50100005 48L0000S 45000005
Z1 1 49000005 49000005 49000005 43000005 46000005 44C00G05 41000005
2?7 1 44085005 44000005 44085005 43000005 4100000% 39060005 37000005
23 1 41000002 34075002 7030002 18Y0V002 0 o 0
J4 1 451000002 35000002 28000002 190600002 0 0 0
25 1 4'0LU002? 34075002 27000002 14000LU2 (¢] o] 0
26 1 49000002 37000002 25GLJL02 16000002 V] 0 0
ot U000 29045007 11000002 L 3uaJuo? 0 0 0
SR 1 3UCI00Z 2403002 17000uL2 0 0 0 0

REMAINING 112 CARDS FOR COLUMNS 9 - LO ARE NOT SHOWN

Figure 9.

INPUT DECK REQUIRED TO INTTIATE SIMIIATION

This 1isting contains the preceding information
in a format suitable to initiate simulation of
stand growth. The trees are 30 years old with
the exception of one which is not scheduled to
start growing for 10 years - hence its age is
=10 years.

37000004
34000004
38000004
38000004
37000004
36000004
34103004
48000005
50000005
52000005
53000005
53000005
53000005
52000005
50000005
44000005
45000005

ococooCcOoOoOo



’ T e e s s e
(beginning of PROGRAM 3) INPUT INFORMATION

B e mam e e mm am o o om  te m m m t mem m  eaa e e e e e e e e o o o o e o o = o =~ = - e s e e e i e e i e e e o e e i e e e o 0

* ®
* o ' T GRIO "INVERVAL ~~~ 777 f.o00 7777 NUMBER OF SPECIES 7 R 2
* R S :
* NUMBER OF ROWS 28 ~ NUMBER “OF TREES’ e I .
- L
: """""""""""" NUMBER UF COLUNNS ~ "7 4o T TTTTTTT TTr T MAXIMUM "AGE SIMULATED ~ 45~~~ ~~~ 77 TTTTTTTTTTTTTTTTTTA « 7T
»
T T T T R T T T P
% SPECIES MEAN RATE OF  ~ STANDARD __ SUPPRESSION _ _ DISTANCE GF  MEAN RATE OF HEIGHT GROWTH _ STANDARD S
* BRANCH GROWTH DEVIATION FACTOR PENETRATION RELATIVE T3 DOMINANT TREES DEVIATION *
* .
* T TTTTITTTTTTTT T U0 ) SPRCIFIRD ONLY (0. 777 0007 TTTTTTTTT 2,000 77T TTTTTTTE.900 T T TTTTTTTTTTTTTT 0.100 """ 77T
o e — IF STAND SPARTS) e S, .
* z 04 AT AGE O YRARS (0. 1,600 2,000 6,900 6,160 *
* *
~ . - - e e e e -
e e o HEIGHT/AGE _RELATIDNSHI P e PO, S
* £3 22 =1 30 13 TTTToTTmTTmmemmEm e T L]
* *
L TTTTTHEIGHT T T 0. 30 26 G20 TTS6. 7769, Bl T 98 102, TT10. 118 1264 1330139, 1454 180, 185, 159, 164, 168, " T® 77777
* 1 *
T T T TTAGE T 0. 104 7715.7720. 2%, 30. 35. 40. ‘45, 50. %5. 60. 6%. 710. T15. B80. 85, 90. 95,100, - *
* *
B CHETGAT T 7T T T0. T T 40, TS TS, T T T e, T e, T8 T 89 T 98 T 94, T TGT T 99 101 102,103 104 105 TT06S T T T T T LI
= 2 *
DR AGETTTTTTT 0 <7104 150720077850 7300 T35, T 4007 454 504 55. 60. 65, 7O 75. 800 85.  90.7 795,100, "7 L
* . *
g [ e P, =u = == O e
* SPECIES AND TREE COORDINATES *
o m o mmmmm- s B S S G o e e T NG TREE el Y s e e e m e B
Rl T{Eﬁ_ R 2 3 4 5 6 7 8 9 10 s
o NURBER === = e e e e e T e e R e s e .
_* 1 1 529 12437 12321 2 511 214 2 22435 *
« el e o A e e & e 2 e e s
* . -
T T “TSTMOLATION REQUESTEN AT AGE ~~ 77 "7367740 48 50" <0 <0 =0 =0 <0 -0"=6 <0 <=0 -0 -0 <0 -0 =0 -0 -0 777" L
. . -
TR T TUUTEYANG CSUMMARY REGUEST T T T T T TS0 T 0T TS0 T S0 0T -0 -0 <0 S0 S0 ;0750 -0 -0 -0 0 -0 T L A
L ' *
X TTTRTAND MAP REQUFST ) Ty LTy SoTTR0T =0T =0T 00 =07 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 T — ¥
*® *
T TUTUTHINNING REGUEST (2 = WITH MAPY -0 "2 <0 -0 0" -0~ -0 -0 -0 -0"-0" -0 -0 -0 -0 -0 -0 -0 -0 -0 T 77T & "T777
* *
R T 11 T I T I T G T e T T O T L L T T S r R R R R P P T T 7 111 X LY

This page displays informetion which is provided at the beginning of

the simlation (e.g., height-age curves) or passed on from the previous
program, It also shows the various options requested., The three digits
across from "STAND SUMMARY REQUEST® under a particular age cause a tally,
tree characteristics and stand characteristics repectively to be printed.
Note that a thinning was requested at age LO,

The following output which is mostly self-explanatory describes thse
simlated development of the stand.



Figure 11. Listing of growth coefficients and tree numbers.

GROWTH VIGOUK TREE MUMBERS FOx

COEFFICIONT CRNASS REFERFNCE
TREE RCW (CCL SPECIES (ROuN HETGUHT A4Q PSP
1 S 22 1 U224 0.6 41 J
2 24 37 1 e 365 Qer42 42 ]
3 23 21 1 Gat 206 Ue910 52 J
4 5 17 2 L. 267 Ca57 53 0
5 14 2 2 Get27 laues 54 J
6 24 35 2 10000 1.000 99 0

New stochastic variable which expresses the rate of hesight growth (inherent vigour) relative to site index curve

expresses the amount of branch growth added per unit of height growth (after transformation)
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Figure 12, Summary of the stand at age 30.

T L TN T T T T T TN T M

SPECIES 1

AGE 30
(different vol. equations) -
CROWN CROWN CROWN BASAL BOFS
.. _TREE ROW COL___ AGE__ AREA _ WIDTH LENGTH AREA DBH  HEIGHT VOLUMEL VOLUME2 STATUS o degree of mppression 0 = no competition
1 5 29 30 128.0 12.8 23.4 0.34 7.9 55.0 7460 1.52  -0.442 -2,5 = oear death
e .. 2 24 37 __ 30 _135.0 13.1  36.2 0.36 B4l 55,0 _ 7.90 T.85  =Q.154
37723 21 30 125.0 12.6 31.8 0.35 8.0 5640 7.80 T.85 -0.246
"""" TUTAL 3 TREES 338,0 38.5 9l.4 1,05 24,0  166.0  23.30 23.21 ThommThoTTTT T Tttt
T AVERAGE 129.3  12.8  30.5 0.35 8.0 5.3 7.77 .4 T TT
“TTTT/ACRE 117 TREES 40.73 TT906.20 7 902.84 TTTToTTmmTommmmmmmm T m e
. *#‘t#)Ct*#*i*t*!‘ilﬁ*‘¥t#t$‘¥t*t*ﬂ#‘l#*“*‘#*#‘#*#‘l‘“#t#ittt###t*!f*Ot###‘t!‘*#t##**##‘#ttt . S .
_AGE 30  SPECIFS 2 i
R ... ... __ . CROWN CRCWN CROWN - BASAL o U
TREE ROW COU "7 AGE ~ 'AREA  WIDTH LENGTH AREA OBH  HEIGHT VOLUMEL VOLUME2 STATUS
4 5 17 30 1S8.0 15.9  23.3 0.70 11.3 _ 66.0 _ 17,10 _ 17,22 =0.547 ____
s 14 2 3077 172.0 14.8 23.8 0.70 11.3 71.0 16.80 18.71  -0.572
“TTTTToTALT 2 TREES 370.0  30.7  47.2 1.39 22.6  137.0  35.90 35,93 U7 TTooTTmommsToommosmoooomoomoooes
77T AVERAGE 165.0 15.3 23.6 0.70 11,3  68.5 17.95  17.97. 0 onormommmmmmmmmmmmmmmmTmT
- /ACRE T8 TREES i ) S4.17 1396.25 1367.53 )
_ “*###“t’k_‘##‘t#t***##t##t#‘*##‘ft####tl‘*#t»_#!#t‘l‘##*##lt*#t#lt#t!y#?“##“#l?*#ﬁ*“‘****“* ____________________________________
s t‘tt#*tt*#*####*#'t‘**#*ttt‘##*t*“*‘###*t“#*4“‘#“#######*#*ttt#t*tv***#t##t#t‘tt#t*ttt
T oo AGE 30 SUMMARY OF ALL SPECIES i T TTTToTTT T mTmmm T m T E e
"""" CROWN CROWH CROWN  BASAL orTmemmmmmemmmmmmmm
TREE ROW COL  AGE  AREA  WIOTH LENGTH AREA DBH  HEIGHT VOLUMEL VOLUME2 STATUS o i
,____TOTAL 5 TREES  758.0 69.2 133.6 2.44 46,6  303.0 59,20 59.15 ) il
w_ .__ AVERAGE _151.6  13.8 27.7 0.49 _ 9.3  60.6 _ ll.84 11.83 . i
. /ACRE 1S4 TREES - 94,90 2302.46 2300,.42 o

o “““tttt#t*#*#t*#*l#“-‘*#**#*tlt#***#**‘#*tt*t#t#itt**t'ﬁ*#*lt**#***#** (222 ES 22222322222 L



Figure 13.

Summary of the stand at age 35.

tfﬁf??i’###*f‘#t#??#§*#§**§“#***ﬁ###**#**ﬂ:t*#**#**tﬁ’###t*t‘##f####‘*t**##t#*ﬂ&####****t

e e AGE 35  SPECIES 1 e
—— o CROWN CROWN CRUWN  BASAL
TREE RCw COL ~ AGE  AREA  WIDTH LENGTH ARFA DAH  HEIGHT VOLUMEL VOLUMEZ STATUS
1 S 29 35 170.0 14.7 28.3 0.57 10.2 6346 18.26 13,77 =0.455
2 24 371 357 143.0  13.5  37.9 0.51 9.7 65.1 17.43° 13,00 =-0.247
3 23 21 _ 35 131.0 12,9 23,0 0.48 9.4 65.5 16.42 12,40 -0.376
__TOTAL 3 TREES 444,0 4l.1  ©9.7 1.56 29.2  194.2 52.51 39,17
s AVERAGE 146.0 13,7 33,2 0.52 9.7 YN 17.50 13.06
__/ACRE 117 TREES 60.53 2062.40 1623.43

“*‘##*#*ﬁ##t#**#t##**t*t#*t*****###tﬂ*#*****#v**##$$$$*$¢$¥$$ﬁt*#*#*##t##ﬁ**’**i##*ﬁﬂ*twl

AGE 35  SPECIES 2
o CROWN  CROWN  CROWN  HASAL

TREE RCW COL  AGE  AFEA  WIDTH LENGTH AREA URH  MEIGHT VOLUMEL VILUME2 STATUS
4 5 17 35 237.0  17.4  26.6 0.91 12.9 70.2 27.98 23.33 =0.510
. 5 16 2 35 207.0 16.2  27.2 0.92 13.0 75.5 30.47 25.66 =0.550

TOTAL 2 TREES 444.0 3.6  53.9 1.83 25.9  145.7 58,45 43,97

AVERAGE 222.0  16.8  27.0 0.92 13.0 72.9 29.23 24,59

_ /ACRE 78 TREES 71.35 2273.36  1905.44

o = - - - - = = = = . = = - - - - - - - - - -

TR A %ok Sl g e oK GO e A R 23 o e 7R o R B o R R N R A A SR A R R R e o KR o S OK o K R e e K R R KO

Tk gk R B R R R e A T o o oA g o N RO e e R R A R R R R R R R R R R R B R R R R

o AGE 35 SUMMARY OF ALL SPECIES
CROWM  CROWN  CROWN  BASAL
TREE RCW COL  AGE  AREA  WICTH LENGTH AREA OBH  HEIGHT VOLUMEL VOLUME2 STATUS
TOTAL | 5 TREES  086.0 7447 15507 3.39 55.2  339.3  110.97  A3.16
" AVERAGE 177.6  14.9  30.7 0.68 11,0 6840 22.19 17.63
/ACRE 194 TREES 131.93 4315.76 429,79

0K e Aok Rk o R K ok R K o o o A Rk RO e ot o e o ol e e %6 3 % R R ol o e o R O R e e o R R R T e o e
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""" --+-- Figure 1l4. Crown map at age 35. . S S e
35 YEARS B . oL e e
1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

i [ B T R T T T S e i e e e S R o ff e o 3 e e e e B ff e e e £ e e e W B o R B ok —y
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""""" 2x 4 4 1 1 1 1 1 1 1 1 1 1
3% 4 4 ¥ 11 111 11 1 1
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'"'"'6I T4 4 1 11 11 1 1710
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T oa 4 4 1111111 11 1°
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T 13 ) 1 11 T
o _
15‘!' i "5 5'"5"'5'113 """
T 16 - 5 5 5 5"11';_
| T 171 T T T 2 s T s 1]4'7"'"’
' T 19 33 3 3 3 2 272726 s s s w1y T
T la-lr 3 3 3 3 3 i 2 272 2 2 2Ng_ s 5 ey
T 20 373 373 3 '3 3 |7 PRI T SR T S S %2) """
T a1 33 3 3 3 3 3 3 2 272 2 2 2 T2 e
T 22 303 373 3 3 3 3 3 2 272 2727 2 122"_
o 23!- @3 33 3 3 3 3 3[2 2 2 22 272777 72 125 T
T 24k 3373 373 3 3 3 302 22 27272 2l T
T 25w 3 3 3 3 3 3 3 3 2 2 2 2 2 272 272 &2 lis—_
T zz>:~ 3 3 3 3 3 1 1 N2 2 2 27272 272 "’é'%z’s“'"

T2t 4 "3 3 3 3/1 11 1 1 1 1 1]2 z”z"z”e'z“z”é‘Yu
o8 2 2 2 2 /4*44~4444444W4111111112’222"'2222423""""
X e A e 3K s X o s S 1 . Bt Homm. Y v, R . B, 30 st . st T e 35 et 3 e 3 . 0 . 3 st i X e 32 K ki H e € . 3 e 1Y a3 e B e X . & t~'—*-—*-—_-f-j~'?_-:_?—‘ _______
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.. 35 TEARS

) Figure 15. Crown profiles at age 35.
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_ Figure 16, Summary of the stand at age 40.

}#?t?’!!tﬁ}#!#ﬁ'#§*.t*#*ﬁ$#ltt*ttt*&ttt*t*t****lt###t!ttt#figtf!tt!:ﬁ!ﬁ?’**t#?t!*#‘t*#‘f‘"

AGE 40 SPECIES 1.

CROWN _ CROWN CRCOWN _ BASAL

TTTTYREE ROW COL T AGE T AREA T WICTH LENGTH AREA  DBH  HEIGHT VOLUMEL VOLUME2 STATUS
. 1 5 23 _ 40 190.0 15.6 3l.4 0.77 11.9  Tl.3 25439 20.5)  -0.468
2 24 37 40 152.0 13.9  39.9 0.68 11.2 7440 24430 19,31 -0.284
feee_3 023 21 40 15140 13.9  36.9 0.68 11.2 Thed 24,43 19,40  =0.371
- - - - - o mceccceam oo -=—-  commccecneameee Do amme aeea® amw oo e L I T T T
v __TOTAL _ 3 TREES  493,0 43.3 10842 _ 2.13 34,2 219.7 __ T4s12 59422
. AVERAGE ~  164,3 14e4 36,1 . 0471 1le4 73,2 24,71 19,74
e____ /ACRE 117 TREES . 82.95 )  2882.7% 2303,23

|| PR - 7 . oo plSme P vy .
LRSI SRR L 22 R RS R RE R 2 2 R R s R R L R R A R R 2 R R 2R R R iR R R R E R R R Y S

M o—— s o e A A e roemeneR

AGE 40  SPECIES 2

Y oo o 3 st e B At i - - . - e e -

"CROWN CROWN CROWN  BASAL
, TREE ROW COL  AGE  AREA  WILTH LENGTH AREA DBH  HEIGHT VOLUMEL VOLUME2 STATUS

o 5 17 40 263.0 18.3 28.8 1.10 14,2 73.9 33.40 29.09  =0.492
w5 _ 14 2 __ 40 253.,0 17.9 31.8 1.22 15.0 7946  3B.74  34.T4 =0.483
o _TOTAL 2 TREES  516.0 36.2 60,6 _ 2.32 29.2. 153.5  72.14 _ e3.83
v __ AVERAGE 258.0  18.1  30.3  _ 1l.16 14.6v¥__76.? _..36.07 - 31,91 __
w____/ACRE 78 TREES _ . 90.26 , 2805.30 2482.48

[N

R I I T T I I T I T T

o R A X e o S R R o e B R R A R AR R R A e R XK R R KRR R R Rk R R R

AGE 40 SUMMARY OF ALL SPECIES

_____ . . CROWN CROWN CROWN _ BASAL . L . - .
TREE ROW COL Ast AREA WIDTH LENGTH AREA OBH HEIGHT VOLUMEL VQOLUME2 STATUS

TTTTIOTAL 5 TREES  1C09.0 T79.6 168.8 4.45 63,6  373.1  146.26 123,05
TTTTTUAVERAGE 7201.8  15.9 33,8  0.89 12.7  Th.b6  29.25 244 61
MU JACRE 1S4 TREES T o T T173.20 T 5688455 6478577

- ———— - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - -

S — i - . - - Ly = 5 B

##t#*##*##v**###t#?**#*t##tt###*##**#t#&t*t*##t#*t#“‘#*#*#‘*‘#f’t‘&fﬁ*&ltt*uk*tt*‘ftt‘.#



Figure 17. Crown map at age LO.
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ko YEURS Figure 18, Crown profiles at age 40.
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Figure 19, Summary of trees thinned at age 40 (only one tree removed).

_ . TREES THINNED AT AGE 40 REGIME 1

TUTTTTTTTTTTTTTT Y Instruction to reduce the basal area to 125 sq.ft./acre

(SPECIFICATIONS 0 1 =0 3~-0 1 125.0 7.0 11.5 0. O Oe.___0s ) by removing the trees having diamsters betwsen 7.0 and
11.5 inches = starting with the smallest trees

TREE RCW COLUMN OBEH  BASAL AREA HEIGHT VIJLUMEL VJOLUME2 _ STATUS |

2 26 37 11.2 0.68 74,0 24.3 -0.284
- TOTAL 11.2 V.68 T4.0 2443
Tt T AVERAGE  11.2 0.68 * 7440 26443
"""""" Tteurz T ©o15.29 16.6)

"7 TOTAL PER ACRE 26448 o 945,1



Figure 20. Crown map after thinning.
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.. _. Figure 21.

Summary of the stand at age L45.

_w}tjﬁ}####***t#***###tm#t#**#&*##*******#****###v#t#“‘#*t#t####ﬁ!ﬁ!#t**&*t*##*ll‘#t#*u*##

_______ . . AGE 45  SPECIES 1 -
R oo ... CROWN CRCWN CROWN  BASAL o
TREE RCW COU AGE. = AKEA  WIDTH LENGTH AREA DBH  HEIGHT VOLUMEL  VOLUME2 STATUS
15 29 45 217.0 16.6 34,8 1.04 13.8 T8.6 364,22 29459  -0.454
30 23 21 45 165.0  14.7  40.5 0.91 12.9 82.4 33,05 27.R9 -0.367
. (3} Y 2 TREES 38¢.0 31.3  75.3 1.95 26.7  160.8 6T.27 57,48
AVEKAGE 163.0  15.6 7.7 0.97 13.6 80.4 33,63 28.74
JACRE 78 TREES 75.71 2616428 2235.56
0BH HE IGHT VOLUMEL
____________ CLASS TALLY _ CLASS TALLY CLASS TALLY _ . ) i
13 1 52 0 13 0
___________ 14 1 86 0 14 0 .
15 0 60 0 15 0
16 0 b4 0. 16 0 ) e .
17 0 68 0 17 0
___________ 18 o __ 712 0 18 0 - N
19 0 Ta 0 19 0
___________ 20 o 20 1 20 0 . . -
21 0 84 1 21 u
22 0 88 0 22 0 } .
23 0 92 v 23 0
24w a6 0 24 0 . e
25 0 100 0 25 0
e 26 0 104 0 260 e
27 o 104 0 27 0
o 28 o 112 0 29 0 o
29 0 116 0 29 0
... 30 0 120 v 3 0 e .
211 v 124 0 31 0
32 0 128 0 320 i _ R
33 0 132 0 33 7
R L 0 116 0 34 1 . I
__TOTAL 2 2 2 .

l‘*#ttt‘*#ll*ﬁtﬁtﬁ##'t#*#tt*ﬁ3**#‘##“&'#t#tt##ﬁ“{*tlt#‘#tﬁ‘t#ﬁftt?’ﬁ“ﬁtttt““#tt‘t.#t

N AGE 45  SPECIES
. . CKOWN * CROWN  CRNWN HASAL
TREE ROW COL AGE = AREA  WIDTH LENGTH AREA
% 5 17 45 209.0 18,5 29,3 1.20

5 14 2 45 235.0  19.0  34.9 1.48

6 24 35 5  3§.0 7.0 8.3 0,02
__TovaL 3 TREES 59240  e4.5 1249 2,70
AVERAGE 1673 14,8 24,2 0,30
/ACRE )17 TREES ° 105,01

2
DBH ~ HEIGHT VCLUMEL V2OLUMEZ STATUS
14.9 T6.7 36.73 32.91 =-0.506
1645 81.0 45,79 42493 -0.4%4%
1.9 10.5 0012 .10 -l.421
32,2 173.2 82424 75,94
11.1 56,7 27451 2%.31
3221488  2953,52

- e e - = " - - - T - —— - - - - — - -~ .-




e - --- Figure 21. (Continued), ----------- se e e
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Figure 22. Crown map at age L5.
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LS YRARS Figure 23. Crown profiles at age 45.
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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 21,)..
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Figure 26. Expansion of the crown from age 30 to 45.
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