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Research Conoribu

n 41. Forest Research Laboratory, Oregon
Stare University, Corvallis,

Equations for predicting the S-yr heighr grawth rare of a tree are
presented for six canifer species from southwest Otcgon. Equarions
for the combination of undamaged and damaged trees were esti-
mated with weighted nonlinear regression techniques. These equa-
tions are heing incorporated into the new saurhwest Oregon ver-
sion of ORGANON., a model for predictin

ssands. The cquations exrend the previous madel ro

the development of

er stands

and to stands with a heavier companent of hardwood tree species.

The effects of specific danaging agents on the 5-y height growth
rate were explored for Douglas-fir, the most frequently encoun-

tered species, and damage correction factors were estimated. The

findings of this analysis indicated thar damaging agenrs can have a

significant impact upon ey height growth rare, and as a resuls,

€,

wand struc-
ture. Theretore. a full characrerizarion of stand development should

they can lead, over time, to diversification in within

include the predictinn of the presence and frequency of the vari
ous damaging agents affecting trees within che stand and their sub-
sequent impact upon tree attributes such as total height, height o
crown buse. diameter growth rare, height growth rate. and moral-

ity mate.
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inTRODUCTION

Equations for predicting the height growth race (AH) of trees are an essenrial component
of models used ro characterize single-tree development and to project the growth of vol-
wme and other arrribures of the stand over rime. One such madel is ORGANON (Hann
eral. 1997}, a single-trec/distance-independent stand development model (Munro 1974)
developed for use in three tegions of the Pacific Nordhwest, including southwest Or-
egon. The original southwest Oregon version (SWO-ORGANON) predicred stand de-

velopment in fairly young conifer stands of mixed species and misxed stand

FuCKures.

iver to the

These stands typically are found in an area bordered by the Norch Umpqua

north and the California border to the south, and the erest of the Cascade Mountains to

the east and the crest of the Coast Range/Siskivou Mountains to the west. The rargered

conifer species far this work were Douglas-fir [ Pundatuga menzic

! {Mirb.) Franco), grand
prcolor (Gord, & Glend.) Lindl.],

ir pine | Piur I

[Abies grandis (Dougl.) Lindl], whice fir [dbies

1 sugs ibertinz Dougl.] and in-

ponderasa pine [Pinus ponderosa Doug|
ccedar [Ciloreds

ws decarvens Tore ]

Wildlife Serv

accidentulis) as a threarened specics under the Endangered Species Act of 1973 has had a

The decision of the U.S. Fish a to list the northern sported owl (Seex

major impact on forestry practices in the Pacific Northwest, including southwest Or-

In respanse, research was begun in southwest Oregon to (1) identify targer stand

<
struceures and spatial relationships thar were used effectively by

e northern sporred awl

¢ population ever time. and (2) develop

and that could conrribure to maintaining a stab

&

Ivicultural systems and associared mensurational wols for applying this knowledge at
the stand level. Onesusch tool for frattaging northern sporsed owl habitat was the exten-
sion of SWO-ORGANON
(250 yr). stands with larger companents of hardwood specics, and stands with more

and irs associated AH cquations, into.stands with old trees

in those included in the orig

complex spatial strusctures al ve

“The firse objective of this report, therefore, is to describe the development of equarions
for predicring S-yr AH (AH.) of individual Douglas-fir, grand fir, white fir. ponderosa
pine. sugar pine, and incense-cedar trees in southwest Oregon, using both the original
and the new exrended data sets, In concordance with the analysis conducted earlicr in
southwest Oregon by Rirchie and Hann (1990), both undamaged and damaged trees
were included in the developiment of these equarions. which are being incorporated ino
a revision of SWO-ORGANON.

Previous analyses of the dara sers used in this srudy found that damaging agents had @

significant impact upon the height/diameter relationship (Hanus e al, 1999), the height

to crown base (Hanus er al. 2000}, and the diameter growth rate (Hann and Hanus



2002) of trees in the study area, Therefore, the secand objective of this report is ra exam-
ine whether or not danaging agents huve a significant impact upan A, of Douglas-fic
trees in the study area,

Dara DescrirTion

Stuoy Area

Daca for this analysis were collected in the sauthwest Oregon region of the Pacific North-
west, US.A. A unique combination of weather candicions and geologic fearures means
thar the co

feraus forests in the Pacific Northwest are some of the most productive (site
ndices of up 10 150 i ata breast height age of 50 yr) and ecologically complex in the
world. Southwest Oregon forests grow i the widest range of sail and
of any region within the Pacific Northwest (Franklin and Dyrness |

conditions

73). In addition, a
sumber of different flora converge in sourhwest Oregon, making tiese forests likely the

most complex of the Pacific Northwes (Franklin and Dyemess 1973). A toral of 27 co-
niferous species and over 17 hardwood species are found within southwest Oregon (Burs
and Honkala 1990a.b), often growing in mixed-species stands with a va
seructures.

ety of stand

The madeling data are fram two studies associited with the development of the south-
west Oregon version of ORGANON (Hann et al. 1997). The frst set was collected dur-
ing 1981, 1982, and 1983, as pare of the southwest Qregon Forestry Incensified Research
(FIR) Growth and Yicld Projecr, That study included 391 plors in an area estending
from near the California border (42°E10'N) in the south, t0 Cow Creek (43°E00N) fn
the north, and from the Cascade crest (122°E15'W) on the easc o approximately 15
miles west of Glendale, Gregon (123°E50'W). Elevarion of the sample plots ranged from
900 to 5,100 fe. Sampling was limired t stnds under 120 yr wich ar least 80% basal
area in conifer species. The sceond study covered about the same arex, but excended the
selection eriteria to include stands with coniferous trees over 250 yr, as well & younger
stands with a grearer component of hardwoods. An additional 138 plors were measured

berween 1992 and 1996 in this study. Srands treated in the past 5 yr were not sampled

in eicher study,

Thirty tree species were identified on these 529 plors in the 1wo studies, The most com
mon conifers were Douglas-fir (527 plars), incense-cedar (244 plots), grand fir (233 plots),
ponderasa pine (191 plots), sugar pine (191 plots). and white fir (161 plots). The most
commen hardwood species were Pacific madrone (270 plots). golden chinkapin (156
plots), California black oak (88 plots). canyon live oak (82 plars), Pacific dogwood (81
plors), and ranoak (75 plots). The number of species faund on a plot ranged from 1 10
12, with an average of nearly 5 species.

T e PP W R B W W 1 QQ"I!Q!Q‘Q!Q“‘QQQ““E
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Strucrures in the sample area varied from even-aged stands of ofie or two stories to uii-

even-aged stands, OF the 529 stands sampled. 3
were classified as uneven-aged.

Samrunc Desicu

3 had an even-aged overstary and 166

In both scudies, each stand was sampled with a plot composed of 4 ta 25 points (NP) at

Table 1. Description of the damage codes.

Code Damage

0
11
12
13
14
21
22
23

24
25

3
32
#a

72
73
74
75
76

81

9

92

No damaging agent

Bark Beetles

Defoliators

Sucking insects

Bud- and shoot-deforming insects

White pine {and sugar pine) blister rust

Other rust and cankers on main bole

Conks an bole, limb, or ground near tree due to heart rot,
root disease, ete.

Mistletoe

Other diseases and rof such as abiolic diseases, needle
diseases, diebacks, scales, leaf galls, pole blight, etc

Scorched crown

Fire scar on bole

Domestic animals

Porcuping

Other wildiife

Lightning

Wind

Other vieather such as snow or ice bending or breakage

Suppressed seedlings or sapling < 6" DBH

Suppressed pole or sawtimber size tres » 6" DBH

Natural mechanical injury to bole or crown caused by
falling trees, abrasion between lrees, rolling rocks or
logs, etc

Top out or dead (spike top)

Forked top or multiple stem

Needles or leaves noticeably short, sparse or off color

Excessive lean—over 15 degrees from vertical

Excessive forking—a hardwood tree that farks within the

first & feet, or a conifer that forks within the first 12 feet,

the main fork then forking again within 8 or 12 feet
respectively.

Damage by powered equipment

Other logging

Excessive taper or deformity—will nat produce a 12-ft
conifer or 8-ft hardwood log

Off-site tree

150-f; spacing. The sampling grid was established so that
all sample points were at least 100 fi from the edge of
the stand. For each paint. a nested subplor design com-
prised Four subplots: trees € 4.0 in. diameter ar breast
height (£3) selecied on a 1/229-ac fixed subplot. crees 4.1-
8.0 in. Don a 1/57-ac fixed area subplot, trees 8.1-36.0
in. [-on a 20-BAF variable radius subplot, and rrees »
36.0 in. 2 ana 60-BAF va

able radius subplar,

Tree MEeasuremenTs

The measurements recorded ar the end of the previous
S-yr growth period (indicated by a subscript of 2 on the
variables) included an indicaror of individual tree mor-
ity over the past 3 yr. the type and severity of any dam-
age. D, total tree height (11.), height 1o live-crawn base
(HCB ). and horizonsl distance from point locarion 1o
tree center (DIST). In addition, the previous 5-yr radial

and height growths were measured an subsamples of trees.

The daring of morzality was based upon physical fearures
of the dead tree. as described by the USDA Forest Ser-
viee (1978) and Cline cx. al. (1980). The type and sever-
ity of any damage on each tree were reconded according
ta. the procedures and cordes described in Hanus et al.
{1999} and (2000). Some of the field crews recorded ad-
eld

forms for trees damaged by multiple agents. These addi-

dirional damage codes in the remarks column of the

vional codes, although they were not a measurement re-
quirement, were also entered into the darsbase. Table |
describes the damage codes,

D, was recorded to the hist whole tenth of an inch with

a diameter tape. Hand HCE, were measured o the n.
est 0.1 fonall o

cither directly with a 25- 10 45t
telescoping fiberglass pole or, for caller trees, indirectly,
via the pole-tangent msechod (Larsen et al. 1987). For trees



10

with broken or dead tops, /1, was measured o the wop of the live crown. To determine
the HCH, for ees of uneven exown length, the lower branches on the longer side of the
crown were mentally transferred to fill in the missing portion of the shoreer side of the
crown. Epicormic and shart interadal branches were ignored in chis process. [1CB, was
then mcasured 1o chis menzally generaced position on the bole. Procedures for measuring
H, and HCB, for leaning trees depended on the severity of the lean, with all measure-
merits taken ac righe angles ro the direction of the lean. IF lean was S15°E. it was ignored
and H,and HCR
>15f

were meastred directly (o the leaning rip and crown base. If lean was

. the tree tip and crown base were mentally swung to a verrical position, and A
and HCB , were measured to those imaginary points.

I can be difficult 10 ac

ately and precisely determine a reee’s [, and HCB, at the time
of death, especiallyif the tree has been dead for several years and.
faliage or part of the tap at the time of measurement. Therefore, measured /7, and HCE,
for dead trees wete compared with predicied H, and HCB, for severely damaged buc
living trees with the same class of damage. It could then be derermined if the values for
rhe dead trees were hiased and. if so; adjustments could be developed for the bias. These
procedures are described in Hann and Hanus (2001).

s'a result, is missing

This comparison revealed thar the measured /7, for dead rrees did not differ significantly
from the predicted 1, for severcly damaged, living tress with the same class of damage,
However, the measured HCB, for dead rees did differ signifi
HCR, for severely damaged, living trees with the same class of damage. Hans et al

nely from the predicred

(2000} found that severely damaged trees often had higher HCH, walues than those pre-
dicted for undamaged trees. In Hann and Hanus (2001). the HCB, for dead trees always
h

was higher. on average, than the predicred CB, for severely d.umgcd living trees witl
the same class of damage. This difference was deemed a resule of measurement error re-
lared! to the difficulty in identifying /7C8 on dead trecs in which some or all of the foli-
age and branches is missing. Therefore, the //CB, for dead rrees was adjusted downwards
ta values expecred for severely damaged, living trees. and the adjusted values were used
in all subsequent analyses.

DIST, used in backdating the temporary plots, was determined by adding one-half the

value of 12, to the horizonmal distance frem point location to tree face: Past Syr radial

growth at breast height was measured with an increment barer on all rees hnmu a large
enough D, (approximarcly 2 in. or Lurger) and ar least 5 yr of grawth since achicving
breast height. The increment core was taken at the poine on the tree facing plot center,
10 avaid selecrion biss. AH, was measured on subsamples of Douglas-fir, grand fir, whire
fir. ponderosa pine, sugar pine, and incense cedar trees on each plor. Trees were rejected
from the sclection process if they had experienced top damage in the previous five full
growth periods. Current growth was ignored on trees measured during the growing sea-
san

For all trees under 25 to 45 fi (based upon the size of the relescaping pole used ro mea-
sure I, and F1CR ) that met the selection criteria, AH. was measured directly with the

.,.nnaananannnnn\g\it\!t%i1\11111111&1\%\\ih
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pole, if the five full incernadh Iy visible

enghs ar the rop of the ree were clea

was fel

taller than the telescoping pole, a subsample (up t

six trees on each plot)

d the two dominant rrees with &

order to measure AT, The

diameters on the plor, the two intermediare trees with smallest diameters

anc trees with the mid-range beoween the dominant and

ach felled tree was sectioned ac the first and sixth whorls {at jusc the

ured during the dorn

t scason) ere

rmined to ensur ar the sixth wh

S-yr growth period. If the ri was

nat 5 { the cur ol ring), then additional cuts were made at lower

L year's pa

e whotl with a ring count of 5 was found. Finally, the distance

A

whorls until t

berween the two whorls was mea

ansion facror (X or number

The ex

of trees per acre (rpa), for sampled trees

af the growth perioc ccording w rules based pling
EXPAN | = 3.666.93 |“l_‘ £
JT
Point anp PLot MEASUREMENTS
Aspect and slope were measured ar each sam, Measurements for the plot or

nd {from USGS

rof the

stand included own elevatio the cen

p of the s

wrea of the stand (fram ae number evious curs

phorograph
Ui

the sclection critesia wa

or e last cur (11 The last rwo irems were

since

obra

g agencies. One o

5 yr. Therefc

within

the stand 15 the small-

est value possible for YU

Backparing ofF TREE ATTRIBUTES

Because was to predicr future racher ¢

w0

AH,, it was necess

backdare all measrements for each sample trec on the p s could then be esti-

mated for the strt of the previous 5-yr growth period, as indicated by a

wscriptof 717

Procedures used in backd ann and Han 1),

DerivaTion oF ApbimionaL TReEe AND STanD
ATTRIBUTES

Af

variables
Hann, 1990)

e the basic tree measureme:

d previously in modeling A#/

Il



were calculared. Crown ratio; a measure of tee vigor previously used by Hann and Ritchic
(1988), Ritchic and Hann {1990), and others to model AH, was determined at the start
of the growth period (CR,) far each tree:

CR, = L0~ (HCBJH,)

Our experience, along with the past experiences of Dunning and Reincke (1933) and
Biging (1985), indicates that dominant white fir, grand fir, and sugar pine cshibir the
e height growth patern as dominant Douglas-fir when they grow in

e same srand,
Therefore, the cquarions of Hann and Serivani {1987) were used ro group these specics
with Douglas-fir 10 decermine the Douglas-fir site indes (81,,). However, Hann and
Scrivani (1987) found thar dhe ponderosa pine sire index (57,,) was 0.941 of th

the same site, and that the shape of the dominant height growth for panderasa piine

differed from that of Douglas-fir. Thus, they developed separate equations for ponderosa
pine. Finally, our experience indicates thac the incense-cedar site index. (7.} was ap-
proximately 0.7 of the S, for the same site. The incense-cedar dominanc height srowth
equations of Dolph (1983) predicted thar the shape of the dominant height growth of

incense-cedar was very similar to that of Douglas-fir for the same value of S7.

Given the $1 for a species in a stand (81,,: ST = DF for Douglas-fir, whive fir grand fir,
and sugar pine; SPJ = PP for ponderosa pine: SPI = IC for incense-cedar), potenti
AH, (PAH.) was caleulared from the dominant heigh growth equations in Hann and
Sariviani (1987). The ponderosa piine equation was used for that species: the Dauglas-fir
equation was used for all acher species. Hann (1998) found that the Douglas-fir domi-
nant height growth equation could be aceurately extrapolated into scands with trees 2250
v old. PAH, for was determined fram these equarions in the following manner.

PAH, = f,,.[S1,,, (GEA +50)]- I,

GEA= {5 ST 5 H]

where

fips = The dominant heighr growth rate funcrion from Hann and Scrivani (1987) for

species SP2 SP2 = DF for Douglas-Fir, whie fir, grand fir, sugar pine, and in
cense-cedar treess S22 = PP for ponderosa pine rrees.

GEA = The caleulared growth effecrive age for the iree.

GEAis the age of a dominanc tree with the same 2, and on the same $7,,, a5 the tree of
interest (Hann and Ritchie 1988). It s desermined by solving the dominans height growth
cquarion to express GEA as a function of H, and I,

The percentage of crown clasure a1 #7, for the start of the growth period (CCH,) was
used ta quantify tree position across 4 seand (SCCH, ) or ar one of the sample poines
within the stand (PCCH ), To caleulite SCCH, or PECH, for a particulat e, H, of

rhat tree was used to define a reference heighr (R11,). Crown widths for the seart of

QQQQQQﬂﬂQQQQQQQQQQQQQQQQQQQQQQQQQQQQﬁﬂﬁn‘ﬁ&n
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Table 2. Mean and range for the plot-level AH, data from

damaged and undamaged trees

growth period (CW ) ac RI7, for all other trees in the stand or on the sample point were

estimated with the equarions described in Hann (1999) and Hann and Hanus (201
el

for another tree. then CW) ar HCE, was used for that tree. €W

it fell below HCB

above H for another tree, CW, for thar tree was "0

r cach

© was con-

of a

formula for the are

The €A, for cach tree

d ko crown dren (C4,) by ¢

mulriplied by EXPAN

g PCCH, of th

ple potne and expressed as @ percent

NP (for estimating SCCH | of the tree} or by EXPAN

and summed ple trees in the stand or

lure

: wered. This pro
wis repeated to calculate SCCH, and PCCIH, for all wees in the siand or an the sample

point,

and Wikoff (1998)

po

To better eharacterize within-stand varnation in competition,

proposcd using a rescaled stand level posirion variable racher v level posirian

variable, In our application, this appraach can be translated inro «

mult

2 ic with the racia of the point crown closure (PCC,) divided by stand crown

closure (SCC ), where crown closure latec

Species Number of plots

PCC

5CC, Slgey Scaled PCCH, = SCCH x

Douglas-fi 108

(1.2-3892) (#15-1

163.8

Wensel er al. (1987), Wenzel and Robards (1989), and Yel

Grand & white firs 196 144.7 C b
(320-3704) (616-145.0) and Wensel (1999) used a different reference height o de-
Incense cedar 115 155.9 64.7 fine the tree position for their model of AH. in the mixed
(125-3673) (40.5-97.0)} conifer stands of northern C. 1. They set the reference
Ponderosa pine 109 1368 90.8 height 1o 0.66(# ) for each tre leulared crown clo-
{25-369.2) (49.5-1382) at that poing (SCC66 same procedures de-
Sugar pine 84 1556 910 cilluad abaove for the calculasio 6F STEH,,
(200-3892) (520-128.2)
- Summaries of the plot-lecel variables wsed to develop the
s individual tree Aff, equations are presented in Table 2 for
Table 3. Mean and range for the plot-level AH, data from the combination of d:
undamaged trees Table 3 for undamaged trees alone. Sumr :
Spevies Number af plots _ SCC, S, level variables are v Table 4 for the combination
2 = of damaged and in Table 5 for un-
Boglasfi 364 181D A duimaged | bics are data
(9.9-389.2) (47.2-146.9) I ; .
Grand& white:fins 169 1425 902 from these plors found to have a sig curting, effece
(32.0-3704) (616 - 145.0) (described in the D walysis sectio
Incense cedar 110 645
#05-970)  YWapparion Dara
Pondergsa pine 104 90.8
(25-3892) (495-1382)  Daw from control plots on two resear s located
Sugar pine 8 1647 904 in the study area were used ro validate the f

(51.0-389.2) (528 -128.2)

ol AH cqua

ata were collected as part of the

tion for Doy, fir. Thi
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Table 4. Mean and range for the tree-level AH, data from damaged and undamaged trees.

Species Number of trees D, H, CR, SCCH, Scaled PCCH,  PGCH, SCCE6, AH;

Dauglas-fir 2436 61 3390 056 736 932 803 1080 81
(0.1 - 43.8) {46 2032) [(]Gﬁ IU) (0.0-336.0) (DD 8?35) (0.0-9054) (0.3-3626) (0.1-17.5)

Grand & white frs 639 58 32 753 837 1m3 45
-335) {45 167 4) LUUS 10) (0.0-3329 (DD 9393) (0.0-832.8) (19-3623) (01-182)

Incense cedar 38 5 1 43 062 89 955 853 108 31
1-330) (46-1120) {0.10-1.0) (0.1-2766) (DD 43?5] CDD 4433] (24-3419) (0.1-100)

Ponderosa pine 238 1{,‘3 5.3 0.56 220 469 70
(D.1-34.0) (47-1604) (0.05-1.0) (00-2245) (00 45013 :DU »;465] (05-2886) (1.0-190)

Sugar pine 15 131 660 055 302 327 285 613 57

(0.2-341) (53-1686) (0.20-10) (0.0-2384) (0.0-2906) (0.0-3576) (08-2577) (05-11.0)

Table 5. Mean and range for the tree-level AH,- data from undamaged trees

Species Mumber of trees Dy H CRy SCCH, Scaled PCCH, PCCH, AH,
Douglas-fir 1632 81 498 0.62 427 50.6 398 65
(0.1 - 43:8) (lh: 20323 {012~ 1.0} EUD 2999] (00-7722) (D.0-8078B) (04-178)
Grand & white frs 458 73 0.62 GB.0 533 58
{0.1-335) [46 167 4 @12-10) (DU 3235] (0.0 -3755) (U[J 374 9) (05-182)
Incense cedar 267 57 265 084 i [EES 13
(0.1-330) (46-1120) (Q14-10) (01-273.0) (0.1-409.0) (DD 403 2y {01-100)
Ponderosa pine 215 108 57.9 0.56 1840 182 134 72
(01-340) (51-1604) (016-10) (00-2245) (0.0-450.1) {(00-4469) (1.1-190)
Sugar pine 87 150 757 0.54 173 165 144 6.1

(10-341) (81-1686) (024-10) (00-1586) (0.0-1603) (0D.0-1647) (14-11D0)

work that developed a new variant of ORGANON for the Stand Management Coapera-
rive (SMC).

The first ser of conrrol plors was from the Smmpede Creek Levels of Growing Stock
(LOGS) inscallasion (Curds 1992). This LOGS installation was established in 1968 in s
inaturally established stand of even-aged Douglas-fir, 25 yr old ar breast heighr. Based
upon the measured tree heighss in 1993, when the stand was 50 yr old at breast heighe,
the Hann and Scrivani (1987) site index for the stand was 112.0 fi. The three 0.2-ac
centrol plats on the inscalladion have been re-measured every 3 yr sinee establishment.
Because the 1998 re-measurement was the mast recent availsble to this projecr, data were
available from six S-yr growrh periods for the validation analysis. Trer attributes recarded
at each measurement included specics and D of every tree 21,6 in. [, and H for a small
subsample of the trees. Srareing ar the first re-measurement (i.e.. 1973), HCB was also
measured on a small subsample of the trees by means of the same procedure used in this
study.

14
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The second ser of control plors was from the Fawn Saddle §

C Tipe 11 inst

fon,

established in 1986 in a |6-yr-old, at breast height, p\mntsun of Douglas-fir. Based upon

the measured tree heights in 1998, when the stand was 28 e old at breast height. the
Hann and Scrivani (1987) site index for the stnd was 149.7 fr. The one conrrol plot
and four trearment ploss (each 0.5 ac) an the installation have heeu re-measured every 4
yrsince establishment: two of the plots were also re-measured in 1996, Re-measurements
able
la-
tion had not been treated at the time of the last re-measurement. Tree artributes recorded
az each measurement included species and D of every rree 21,6 in. D, and # and HCB

up w and inclading 1998 were made available to this projecr: thu

dats were

from three 4-yr groweh periods for the validation analysis. All five plors on the fnst

for a subsample of approximately 40 of he trecs on each plor. In this study, crown base

uarters of
und

was defined as the lowest whorl that had live branches around ar least thre

the stem ciscumference, J/CB was then measured as the disance berween the g

and this whorl. Because this method of defining HCA (HCH,, ) produces a greater /TCH

at the St

the method used to collect Z/CB dawa in both this study a npede Creek

inH

LOGS inscallation (Maguire and Hann 1987). the conversion equation descri
and Hanus (2002) was used to rransform FICE,, to HCB.

Dy, I, HCB,, and EXPAS
period for each unereaced plot from each study. The surement cycle m.
definitions of D, /1, HCB,, EXPAN,, D, 1, HCH, and EXPAN, sira
the Srampede Creek installarion, Because of the 4-yr (and sometimes 2

were defined o be the tree values ar the start of cach growth

htforward far

) growth peri-
ods at Fawn Saddle, those data required inrerpolation and exteapolation wechniques to
define D, . and HCB
defined to usc acrual measurement values (insiead of interpolated or extrapolated values)
for D, 11, HCB,. and EXPAN,. As o result, the two Syt growrh period dara sets cre-

ated from the Fawn Saddle dara were composed of the 1986 measurement

To avoid measurement error. the S-yr growth periods were

ata and rhe

1994 re-measurement data for the start of the two growth perieds. Interpolation was
used to estimate 2, 71, and 11C8, values for 1991, and extrapolation was used to esti-
mate the values for 1999, These procedures are described in Hann and Hanus (20

Several additional arrribures were calculated for cach plor and inswallation combination
H was subtzacted from /1, 1o determine AH,. SCCH, was compured for cach grawrh
period with H,, HEB,, and EXPAN , and the €W,
and Hann and Hanus (2001). 7,

with the equations of Hanus er

equarions described in Hann (1999)
and HCB, were caleulared on trees with missing values
1999} and Hanus er al. (2000}, respecrively. To i
d to
cach growth period’s measurements of H, and HCH, by means of the procedures de-
scribed in Hanus et al. (1999) and Hanus er al. (2000). Only trees with a measured He
H  and HCB, were included in the validation data ser, & summary of the resulting vali-
dar

prove the accuracy and precision of the predicrions, the equations were first calllras

on data can be found in Table 6.




Table 6. Summary siatislics for the tree-level AH, data from the validation data se

A

Data Growth  Variable Mumberof  Mean Vaance  Minimum  Maximum
period abservations
Stampede Creek
All AH, 208 7 6668 120838 02000  24.0000
H, 208 784014 4390712 29.0000 115.0000
CR, 208 0.4460 00162  0.0548 0.7000
CCH, 208 26.9465 1843.280 0.0000 1741323
19731977 aH, 26 8.4615 10.8185 1.0000 13.0000
H, 26 974615 226.8185 29.0000 74.0000
CR, 26 0.5640 0.0081 0.3878 0.7000
CCH 26 29.0537 1880.230 0.0438 1343089
1978-1982 AH, 50 8.0100 122285 20000 16.0000
H, 50 66.6600 269.2494 31.0000 86.0000
CR, 50 0.5038 0.0119  0.2545 06914
CCH, 50 31.3183 2444980 0.0000 1647103
1983-1987  AH; 50 83900 17.9315 1.0000 24.0000
H, 50 756700 2699144 350000 95.0000
CR, 50 0.4740 0.0111 01667 06543
CCH, 50 286381 1999.710 0.0000 174.1323
1688-1992  AH, 41 7.6829 8.6220 1.0000 13.0000
H, 41 90.3171  186.1220 47.0000 106.0000
CR, LA 0.3877 00084 0.0548 05714
CCH, 4 19.6627 1065.230 0.0057 150.8651
19931997 AH; 4 5.8463 56460 0.2000 10.9000
Hy 41 974146 301.0988 40.0000 115.0000
CR, 4 0.3249 00086  0.1000 0.4667
CCH, 41 254754 1766.830 00118 170.6430
Fawn Saddle
All AHg 384 12,6279 102572 01000 22.0000
H, 384 §2.0367 1933597 248000 B7.9000
CR, 384 07112 00087 04303 0.8824
CCH, 384 82048 1856213 00000 1114730
1987-1981  AH; 194 13.3912 6.0406 4.3000 212000
H, 194 51.0361 60.2177 248000 634000
CR, 194 07746 0.0053 0.4303 0.8824
GCH, 194 76347 1405582 0.0000 681909
1995-1999  AH, 190 11.8484 134084 01000  22.0000
H, 190 73.2689 792966 384000  87.9000
CR, 190 0.6466 00039  0.4310 08232
CCH, 190 87868 2319460 0.0002 111.4790
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Dara Anavrysis

Unpamacep anp Damacep Trees ComBINED

The “potential/modifier” appraach of Ritchic and Hann (19861, Wensel et al. (1987,
and Hann and Rirchie (1988) was used 1o model A, In this approach, first the PAH.
of the tree is prediceed, chen a muliplicative modifier is used 1o adjust PAH, for vigor

and comperitive sratus of the tree:

AH. = (PAH)(AHMOD) + & I
where,

AHMOD = Heighr growth rate modifier function

= = Random error

The AHMOD equation used by Hann and Ritcltie (1988) and Ricchie and Hann (1990)
was:

o

AHMOD = a,[a,e" 5™ 4 (e 5 _ g g0y gobitin cr 20 2
where,

P = Paramerers 1o be estimated by weighted nonlincar regression, 7 = 0,....5
E = Predetermined parameters from Rirchic and Hann (1990}, j = 1....3

Equarion [1], with Equacion [2]. was fit to the full damaged and undamaged tree mod-
cling data secs. with both unweighted and weighted nenlinear regression and a weighr of
(PAH
dex of fit (FIF) indicated that the weighted nonlinear regression approach besc
ized the data, Whir

because Rirchie and Hann {1990) found no difference in AH, between the two species

A comparison of the twa firting procedures by means of Furnival's (1961) in-

acter-

and grand fir were combined for this and subsequent analyses
in the study area.
In a second ser of fits, the predetermined parameters were estimated by weighted, non-
linear regression. Analysis of these various sets of firs indicated that Equation [2] could
be simplified ro:

AHMOD = B[ 56 | (pBSEEH: _ MCTH g bl 0001 ] )]

withour affecting the quality of the fit to the daa.

The dara sees available to fic Equarion [1] with

Equation [2] or [3] include stands thar

had been cur previously. Past expsrience with firting A, models 1o thinned research

17



s revealed that the AF, equations develaped for unthinned swnds over-predicred the

n varied both by the amount
n et al. 2002)

Although the previously cur stands in this study did include YCUT, no dara were avail-

AH _ of thinned stands. and thar che amount of over-predi
of B/ remaoved in the thinning

d by the time since the thinning (Ha

able on the amounc of B4 removed in the previous cutting. Therefore, the following

approach was applied to the data set for each species to evaluate the impact of eper
tional curtings upon predicred AT,

and ro-eliminate the data showing a sutiscically s

nificant, negarive impact:

1. The follewing four indicator variables were defined o derermine how long

1 existed);

 of curting lasted (

= L0if6 SYCUTL 1D

= 0.0 Otherwise
f(,‘_ = L0 £ VCUT <15

= 0.0 Otherwise

iC, = 1.0 if 16 £ YCUT
= 0.0 Othenwise

f['l LOFYCUT 221
= 0.0 Ocherwise

The following equation was then fit to each speties dat set
‘
AHMOD =[b,+ E:i,.’f"l[t"“'m' + (T —

e
)

o H010 0

with weighted nonlinear regression and a weight of (PAL

3. The paramerers of the cutting indicacor variables (i.e., the ) were rested for o

uc of 0.05.

nificance below 0" using the one-sided r-test and a Pval

4. The resulting sstatistics were examined in reverse sequence (i.c.. starting with d ) to

determine if any of the parameters were siguificantly negative. 1f a sigai

rameter was Found, then he signs of the paramerers for all of the most recent

were also examined to determine if all of them had negative signs as well {even if the
di

removed fram the madeling data set, This approach was taken because sample size

s ca

parameters were nor significantly negarivel. These dara meering ans wete

was often small in the small YOUT classes. The resulting reduced dara ser formed

the final modeling daca set for the species in question, The values reported in Tables
1. 2.3, and 4 are for these reduced dara sets.
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Equation [1], with eicher Equation 5.1] or [6.1], was fir ro the reduiced data sess using
weighted nonlinear regression, The resulting paramerers were rested 1o derermine if 1

were significantly

ey

ided £test and a Pvalue of 0.03, In-
paramerers were ser to ‘07 and the remaining parameters were re-estimaced
with weighted nonfincar regression.

different from ‘0" using the two

Significanc

The parameters &, . and &, , are carrections upon PAFL, for Douglas-fir and ponderosa
pine trees. respectively, with a ‘0" value of SCCH . Therefore, they should ner
candy differcnc from ‘1. A two-sided t-test was pecformed on the two paramerers, which
revealed that b , was significantly <1, indicating that

he porential heigh growth for
the Douglas-fir, white fir, grand fir, and incense-cedar equarion was too high for the
measured A, dara. Possible reasons for this finding include:

1. The dominant height growth equation used o form PAH,
appropriate for the study area

was biased or wa

ot

The growing conditions for the S-yr grawth periods measured in the study were
different fram the average growing conditions experienced by the trees making up

the dominant height growth equarions.

The dominant height growth equarions used in

is study were developed from a subser
of the felled trces used in the sudy, and the equations were validated on an independent
dara set from the study area (Hann 1998). It is unlikely, therefare, thar
ity was the cause for the significanc differerice of f

first possibil-
 From 1.

To examine the second possibility, all of the felled Douglas-fir trees used 1o develop the
dominane height growth equations with a SCCH, of ‘0" were excracted from the dara set
and their measured A o of AHJPAH, was
formed and the mean calculued. A toral of six site quality Douglas-fir trees mer the se-
lection criteria, The mean of their ratios was 09091, indicating that the measured AH,
for the most recent 5-yr growth period was lower than that experienced by the dominant
heigh

alues were compared o PASL. The =

rowth of sice quality Douglas-fir trees over the 30+ vr that they had been alive.

For Equation [1] with Equacian [5.11, incense-cedar was the only species
oy lisea &

cating chat the incense-cedar trees were growing mare sloy

ha signifi-

cant correction parameter on ). The value of the parameer was <1, indi-

than the porential growth
of Douglas-fir. The factor for converting 81, to SI,,-originally was based upon 4 subjec-

tive comparison of the dominaut heights of the two species in the original data set. The

following procedure was used 1o refine the incense-cedar conversion factor:

Starting with the original conversion facror of 0.7, a value of 0.01 was subtracred

from the conversion and new S1,, values were compured for each incense-cedar trec.

2. New values of PAH, were then compured using the revised estimites of 57,,.

A A A AT AT AT AATTAAAAATAAAAATAAIATIATAAAAANA AN
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NFIMOD= B, [ g mSaied POCH by ¢ o) #Siated #CCH, & _ ICCHL L) o NP7
NHMOD= B SPCCH 4 i "y, :
AHMOD= B, [ it ot { ARl POCH L Ko A 7162
AHMOD= By [ ¥/ 1 {@RoWCH! _ R BCOH ) s 00007 )

Equations [5.2 5.3 ° wic ir-regression o th

duc

me;

ence (8 ) of acrual AH.

g VISE
With Bias R = 1.1
VarlAH:)
Bias A 1.0 Lk |
where.
5 The me
MSE The mican squa

21
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s Adjusted cocfficient of determination
m = Number of abservations in the validation data set

Var (AH,) = Variance of measured AF,

i.\ni

Varf A H: J= =

mAFS

(m-1)

RH, - Mean of actual Al

8 is a measure of bias and MSE is a measure of precision.

desirable to have both

values a5 near 1o ‘0' as possible. Both values of & provide a measure of how well the
regression equatian fits the daca. They measure the proporticn of the variance abou the
mean of the dependent variable that is explained by the regression cquation. A value of

" far K2 thar includes possible bias indicates cha the regression equation is both unbi-
for
ible bias indicates that the regression equation explains all of

asel and tha it explains al of the-variation in she validation da set, A value'of
K2 chat has remaved possi

the variation in the validarion data ser, if the possible bias is removed. It should be nored
that iF & were ‘0 for a-data se. the £ with bias would be somewhar larger than the 2
withour bias because the equation for the latter includes m/(im-1), which is always 1. A
negative value for either indicares that a mean AH. predicis bereer than the regression
equation. The validation staristics were computed for each of the five growih perieds and
for the combined dara.

Damacep Trees

The following process was used to examine whether ar not damaging agents have a sig-

nificant fmpacr upon AH, of trees in the study arca:

1. A AFE equation was developed for those species combinations with adequate dara
from undamaged rrees. An cxaminacion of the various data sets indicared that only
Douglas-fir had an undamaged dara set of sufficient size (Tables 2 and 4). There-

fore, Equation |

wich Equarions [5.1]

2] and [5.3] were fit to just the Douglas-
fir data with weighted nonlinear regression,

2. PredAH, from the equations developed in the first step of the analysis were il
brated to each plot containing undamaged Douglas-fir trees in order 10 redusce varia-

tion caused by berween-plor differences in the AfF, relarionship. This calibration

R T T PP LT YYY Y Y Y Y Y.
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=5
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=2
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=2
-
=2
-
=2
=3
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=3
—
-
=
-
=2

aged AH. on [

by means o

1 for Equarion [1] with Equa-

k evel calibration for the i equation and j
plot estimated by means of weighted linear regression with (PAH, )< as the weight
The parameter k, | was set o 1" unless chere were more than three undam

on the plot and the param wntly different from *1 accord

test. A Pvaluc of 0 s ¢ plotlevel calibration more
trequen

3. The correction facrors (CF) for a dan alculated by

regressing the measured AST

DAH. At

iglas-fir rees that were damaged

A = correction for a particular ¢

of severity

! = corre

1on for a severe

ing agent

0 if severiry of dama

judged ta be severe.

damaged tree parameters &, and &, were estimared by means of weighted

che of (PAF

ession with a we

% Then A, and &, were tested for significant

ences 1" and *0, respectively, with & r-test (P = 0.05). 1 both parameters were not
significant, no CF u the damaging agenr. If both parameers were signifi
A, was reported as the CF ghr damage, and &, + 7 e CF for

d parameter A, was not, then A

c parameter A

wals sighn

wieans of the following e it ro the combined

ght and scvere

ahted linear regression and a
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The resulting value for &, was reporred as the CF far borh levels of severiy, If the pa-
rameter b, was significant and paramerer &, ws not, then the CF for light damage was
sct 10 *1" and &, was re-estimated by the Following equarion it to just the severe damage

data by using weighted linear regression and a weighe of (PAH) %
DAH, = W(CPrdbIi) + €

The resulting value for &, was reported as the CF for the severe level of damage.

Resurrs

Unpamacep anp Damacep Trees ComaineDd

Table 7 contains the patameter estimares and associated standard errors for [ Douglas-fir
fit to Equation [1] with Equarions [3] and [4] using the reduced dara from both ur \dm
aged and damaged trees. Table 8 contains parameter estimates and associated s

errors for Douglas-fir, white fir, grand fir, and incense-cedar that were fit o Equat

Table 8. Estimated parameters and standard errors (in
parentheses) for Equations [5.1], [5.2], and [5.3] fit to the
damaged and undamaged Douglas-fir, grand fir, white fir, and
incense-cedar trees.

Parameter Equation [5.1]  Equation [5.2]  Equation [5.3)
by 0.92140706 091587419 090606084

A e i i (0.0074986666)  (0.007498666) (0.0071612255)
Table 7. Parameter estimates, standard errors (in parenthe- by 002457621 002424952 -0.03062176
ses), mean square error (MSE) and Furnival's Index of fit (0.0025709920)  (0.002570992)  (0.003753665)
(FiF} for Equations [3] and [4] fit to the Douglas-fir data set by, 001004371 0.01164513 00
— - (0.0026962938)  (0.002696294) {NA)
Rarman Equatun (3 Bliaton (4] b.,  -000407303  -D.00Z54ST1  -0.00550338
by 0.90796992 0.97991022 (0.000223607)  (0.0002236D7)  (0.00030000)
(00077162) (0.0194337) by, 000230131 000310673  -0.00188210
by -0.02334853 -0.51789018 " (0.0006557439) (0.0006557439) (0.000707107)
{1 1G20905) (0.028394) by, 289556338 256498076 202280978
b, tg%gangggz? (‘U?gf;;;;; (0.2308203631)  (0.230820363) (0.2117143122)
" e i) by, 470467237  4.00558516 00
o 0.2857669) (0.3652612) (1.3479343382) (1.3479343382) (NA)
b, A bR By, 641794937  -5.00384214 165703735
(A (1 354984) (1.4162771867) (1.4162771869) (0.3257461128)
MISE 0.0461 0.0654 MSE 0.0502 0.0506 0.0493
FIF 1.9357 23035 FIF 1.9136 1.9218 1.8969
24
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Table 9. Estimated parameters and standard errors (in parenthe-
o the damaged and
undamaged ponderosa pine and sugar pine trees

Equation [6.2]

Equation [6.3]

with Equations [5.1]

reduced dam from bath
9 congains paramerer ¢
rors for panderasa pine fir t0 Equa-
tion [1] with Equations [6.1]

espectively,

b,,, -0.00356203
(0.001435270)

b, 0.92071847
(0.2138334866)
b 00
(NA)
MSE 00703
FIF 20357

=2

-

-2

=3

-2

=2

- ses) for Equations [6.1], [6.2], and |

-

- Parameter Equation [6.1]

ol b, 1.01337186

B 37

- " (00240295651

- b, -0.14889850
(0.072700000)

= 0,5 -0.00322752

-2 (0.0009848858)

=

-

-

-

==

089763365
(0.022384593)
-0.12033571
(0.054491008)
-0.00144112
(0.000911043)
-0.00765633
(0.001933308)

1.2948375
(0.237554057)
-1.18133008
(0.340707074
0.0691
20175

1.004296596
(0.021326744)
-0.13906023
(0.046616199)
-0.00652422
(0.001019804)

Table 10. Validation statistics

for Douglas-fi

e of equa-
PAHY? as a
(MSE) are
eighting
weighred
ed fics (Furnival 1961),

and, like

te the da, 270" value of FI

10 presents th

Equation [1] with Equation [5.1]

by, Data Growth period m 8 MSE With bias 82 Without bias A2
As Fit Stampede Creek All 208 017 67371 0.4429
Stampede Creek 1973 - 1977 26 2.9957 0.7231
Stampede Creek 1978 - 1982 50 8.3577 0.3166
Stampede Creek 1983 - 1987 50 10,3234 0.4243
Stamped ek 1988 - 1992 Bl 48171 04343
Stampede Creek 1993 - 1397 N 46198 0.1818 0.2611
Fawn Saddle All 10,4060 -0.0145 01770
Fawin Saddle 1987 - 1991 194 -0.3346 -0.1183
Fawn Saddle 1935 - 1399 190 0.0454 0.2484
All All 592 04475 0.4911
Setto 1.0 Stampede Creek All 208 04151 0.4310
Stampede Creek 1973 - 1977 26 0.6830 0.7187
Stampede Creek 1978 - 1982 50 0.2629 0.2697
Stampede Creek 1983 - 1987 50 0.4690 0.4610
Stampede Creek 1988 - 1992 41 04213 0.4201
Stampede Creek 1993 - 1997 41 -0.0910 0.1901
Fawn Saddle All 384 -0.4846 0.1757
Fawn Saddle 1987 - 1991 194 -2.40 12.6562 -1.0952 -0.1483
Fawn Saddle 1995 - 1999 190 -2.82 17.8535 -0.3315 0.2571
All All 592 -1.86 12.3630 0.2507 0.4590
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Table 11. Estimated parameters and standard errars (in
parentheses) for Equations [5.1]. [5.2], and [5 3] fit to
undamaged Douglas-fir trees.

Farameter Equation [5.1] Equation [5.2] Equation [5.3]
By, 091527622  0.90970304  0.90778772
(0.00341116)  (0.00922009) (0 00877553)
by -0.02860775  -0.02390812  -0.03418849
(0.00493862) (0.00406202) (0.00727255)
by, -0.00371298  -0.00300974  -0.00483866
(0.00033166) (0.00028284)  (0.0003873)
by, 206809013  2.17105354  1.60104398
(0.30043304)  {0.3216218) (0.27015061)
MSE 0.0536 0.0537 0.0515
FIF 2.0853 2.0869 20442

Table 12. Number of observations
in each damage code by severity
for Douglas-fir.

is first estimated with Equation [1]

Damacen Trees

Table 11 contains parameter estimares and associared stan-
dard errors for Douglas-fir fir 1o Equaion [1] with Equa-
rions [5.1]

and [5.3], respectively, with dara from juse
undamaged trees. This wble also contains the weighred ALSE
and the FIF for each type of equation.

Table 12 presents the number of sample trees observed with
1 given type and severiiy of damage for Douglas-fir. Table
13 displays the damage CF values far Eq 1

equarions containing SCCH, (Equation [
(Equarion [5.2]), and PCCH, (Equation [5.3) dhar were sig-
nificantly different from "1 (2 = 0.05), The rype and sever-
ity of damage codes found in Table 12 but ot in Table 13
indicaes that the CF values for type and severity of damage
codes were not significanily different from “1, To predicr AH.

for a damaged Dougls-fir, the AH, for an und

maged tiee

and this estimate

Damage  Severity  Number of = ey e
Observations
— Table 13. Damage correction factors for Douglas-fir
1 1 2 =
22 1 13
2 17 Standard error Standard error
24 9 3 Damage CF for far light CFforsevere  for severe
25 1 17 Equation Code light damage damage damage damage
2 ; g 51] 4 0.7257 0.1041 07257 01041
52 2 M 61 06953 0.0227 0.5203 0.0191
53 1 9 62 0.6443 0.0561 0.6443 0.0561
2 3 n 0.9233 0.0492 0.8069 0.0442
&1 1 236 75 NA A 0.6955 01038
2 248
62 1 1 [5.2] 61 0.6966 0.0241 05167 0.0210
2 3 62 0.5722 0.0595 0.5722 0.0595
m 1 72 71 0.8920 0.0270 0.8920 0.0270
2 33 7a NA A 0.6848 0.1029
72 1 1
2 2 [53) 2 0.7833 0.0682 07533 0.0692
= 4 4 61 0.7263 00237 05499 00245
74 i _‘3‘, 62 0.6533 00618 06533 0.0618
75 2 27 n 08634 0.0279 0.8634 0.0279
5 NA A 0.8086 0.0862
81 1 5
26
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Discussion

AH, Eauations ror Unpamacep anp Damacep
TREEs

A comparison of the MSE and FIF found in Table 7 for Equation [1] with cither the
modified Hann and Rirchie (1988) Equartion [3] or the Wensel et
[4] shows that Equation [1] with Equation [3] explained substantiall

tion in Douglas-fir height growth rare than Equation [1] with Equation [4], This resulr

. (1987) Equarion

more of the varia-

reaftirms the carlier finding of Hann and Ricchic (1988). Both cquatiens incorporare
PAH, CR; and a measure of ¢rown closure as predicror variables. Therefore, the diffes-
ence in performance berween the two equations could be caused by:

1. Differences in the dominant height growth equations used o define PAH.
2. Differences in the crown profile equations used to caleulae SCEH, and SCCA5,

3. Choice of the basic madel form used to relare PAH,, CR,
closure to AF, which would also include the choice of the measure for crown clo-
sure (i.c., SCCH, or SCC66,) used in the model

and a measure of crown

I chis sciady, PAI, was caleulared using the dominant heighe growth equarions of Hann
and Serivani (1987), whereas the patamerers and fir staistics for Equation [4] described
i Wensel et al. (1987) used the dominant heighe growrh equarion of Biging (1985). A

comparison af these two dominant heighr growth equations (Figure 1) reveals differences

berween the nwo i young ages and at higher sice indices, However, the differences do

norseem 10 be large enough to cause the difference in performance found in this saudy.

— — In this study, the measures of crown closure for Equations

and [4] {SCCH, -and SCCoH
Se120 lated with the crown profile equartions of Hann (1999) and

respectively) were calcu-

Hann and Hanus (2001). The paramerers and fir staristics
+described in Wensel er al. (1987), used the
erown profile equiations later described by Biging and Wensel
(1990},

for Equation

si=40

A compirisan of the crown profiles predicted by
(1999) and Hann and Hanus (2001) versus the equations

of Biging and Wensel (1990) reveals differences berween these

two sets of equarions e 2}. For small trees (D = 4.0
in; £ = 35 fr; CR = 0.25 and 0.75). che Bi Wensel
(1990) equarions predier approximately the same crown

80 100 120 140

width at the base of the crown as the Hann (1999) equa.
tions, bur wider crowns toward the rop of the tree. For large
trees (D = 30,0 in: H = 140 fii CR = 0.25 and 0.75), the

2
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Biging and Wensel (1990) equations predict nar-
rower crown widchs ar the basc of the crown than
the Hann (1999} equations and wider crowns ro-
ward the top of the trec. Again, however, these dif-
ferences do na seem t be large enough to cause
the substantial difference in perfornance found in
this srudy.

Our conclusion, therefore, is that the difference in
performance between Equarion [3] and Equation [4]
is related primarily o differences in the basic madel
forms, As a result, the model form of Equation [3]
was selecred for further development.

T OF the five species or species group daca sets, only
100 150 200 &: et e T ;
Douglas-fir had significant YCUT ndicator vari-

Width (ft) ables. The signs of the parameters were negarive,

indicating that trees from recently cut stands had

Figure 2. Predicted crown profiles for Dowglas-fir from Hann (1999) and Huon smalles A, than would be expecied for trees from

and Hane (2001) {salid lines) and Bigieg o
lines). The small srevs hiad D= 4.6tin H =

the large trees frad 12 = 30.0 in, H = 140.0 fi.

28

anel Wensel (1990) equations (dorred
5.0fi, CR=025and CR =
R = 0.25 and CR=0.73,

uneut stands with the same rree and stand atrributes.

75 The decrease in A in cut stands was largese in

the first S-yr period after the rrearment. and the size
of the increase declined as (ime after cutting in-
ereased. “Total duiration of the curring impact was 10 yr. These findings are in agreement
with those of Hann er al. (2002},

For Douglas-fir, plors with significant YCUT indicator variables were eliminated from
the final modeling data sers, which resulted in the loss of 262 Douglas-fir rrees for mod-
cling. The dara summaries in Tables 2, 3. 4, and 5 are for the final modeling data sets.

The &, , and b, , paramerers are daca ser specific adjustments upon PAH. when CCH,

0. Therefore, they should ner be significantly different fram “1 if the dominant height
growth equarions used 1o form PAH, are apprepriate for the species and location, For
penderosa pine and sugar pine, b, . was nor significantly different from ‘1° (Table 9).
For Dauglas-fir, white fir. grand fir, and incense-cedar, b, ,, was significantly smaller han
1, with values ranging from 0.9214 for Equation (5.1] ra 0.9061 for Equarion [5.3]
(Table 8). For these species, this result indicates that PAH, for trees with CCH, = 0 was

significantly smaller than expected far the 5-yr growth periods measured in this srudy:

The Hann and Scrivani (1987) dominant height growth equations used to farm PAH,
were developed from a subset of the felled rrees used in this study. Furthermare, the equa-
tions have been validated on an independent dara sev (Hainn 1998). Therefore, it is un-
likely that the significant difference of &, from "1" indicates a problem with the domi-
nant heighe growth equations used to form PALI. Wensel and Turnblom (1998) and

Yeh and Wensel (2000) have shown that precipitation and remperature differences be-
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rween growth periads can have a significant effect upon the growth rates af wrees in north-

em California. These factors could explain the results found in this study.

To explore this possibility further, the felled Douglas-fir trees with CCI{, of '0° had

been used in the development of the dominant height growth equatians of Hann and

Scrivani (1987} were identified, and the ratio of AR IPALL was cilculated for cach rree

The mean of this ratia was 0.909 for the six mees meeting the selection eriteria, This
AH, of Douglas-fir

was lower than the average long-term growth rates de-

result indicates thac for the growth periods measured in chis stud:

104 cen=o

rermined from siem analysis of the dominane, site qual-
G ity Douglas-fir rrees used in Hann and Serivani (1987)
CCH=5§ %
0.8+ { .
The incense-cedar parameter correction in Equation [3.1]
@ By, Jwas driven to insignificance at 2= 0,05
2 06 CoH=m I=7 the factor for converring 7,10 81, was set 10 0.66
= e !
% stead of 0.7, previously used in sourhwest Oregon. T
S e value s very close 1o the value of 0.67 recommended by
= Wensel (1997) for incense-cedar in northerin California.
= £eH= 50 —— Stand level ( ool
| ——=— Point leval N N N N
0.2+ Far both species group sets of equations (i.c., Equarions
e [5.1. 3.2, 5.3] for Douglas-fir. white fir. grand fir. and
i incense-cedar and Equations [6.1, 6.3] for ponde-
— —— —' rosa pine and sugar pine). usage of PCCH, did provide
o 02 04 06 08 1.0

R fir five salss of CCH.

asmall reduction in FIF when compared to the usage of
SCCH, (Tables 8 and 9). The reduction was 0.99% for
Equation [5.3] and 0.90% for Equation [6.3], The us-
age of scaled PCCH, produced cither an FIF larger than
SCCH, in the case of Douglas

white fir, grand

104 coH=0

04
®
E
s 061
s
B
=
B o4
=
02
0

Figure 4. The modifier fiane
plotted acrace CR for faur oo

and incense-cedar, or an FIF larger than PCCH, in ¢

case of panderosa pine and sugar pine.

For Douglas-fir, grand fir, white fir, and incense-cedar,
the modificr equation incorparating SCCH, predicss 1
larger reduction in A, for the sime value of CR and

€O than the modifier equation incorporaring PCCI .

particularly for trees with CR values under 0.8 (Figure
— ke [ 3. T b dhe two modificrs is smaller
=== Point level for ponderosa pine and sugar pine (Figure 4). Plotting
the differences beeween PCCH and SCC H {ie« POCH,

shows a clearly

~ SCCH,) across PCCH, for Douglas-f
increasing trend across a Large range in POCH, values
(Figure 5). The trend is not as clear, nor the range as

hese resules (and

large, for ponderosa pine (Figure 6).
the values found in Tables 4 and 5) indicate thar Dou-

glas-fir exists in stands with more internal variabilicy in
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Figure 6. The difference in PCCH , and SCCH, across PCCH, for alt living

,wrwrh rihsd pine Fes in the SWO-ORGANON project data ser.

3. Co-ds

and intermediate and suppressed Douglas-fir and ponderosa pine

increase in PredH.

|

I, and in conditions with higher levels of

POCH, than panderosa pine. Therefore, the dif-

fonawesin themolifes o Dauglesfi good fr:

gure 3) arc re-

white fir, and incense-cedar (e.g,, Fi

lated ro the finding thar PCCH, for a given tree

can be substantially larger than SCCI, for the same
tree (e.g. Fi
rween PCCH and SCCH  for ponderosa

sugar pinc {e.g. Figure 6) is the reason

e 5). Likewise. the similarity be-

modifiers for these species are very sin

Figure 4)

Examination of the tree and stand atribures

projections 200 yr long, with the old AH, equa-
rions and the new cquations, indicared that use of
the new equations produces differences in tree and
a general de-
PredAH

far the five species groups analyzed in chis sdy:

stand development, The following i

scription of how the new cquarions aff

1. The allest Douglas-fir, grand fir; white fir, and
ponderosa pine trees in a stnd showed few
or no dilferences in PredAlL. The tallest in-
cense-cedar showed a slight reduction because

of the lower 87, conversion factor. The tall-

est sugar pine also showed a shight reduction

because of the decision to use the ponderasa
pine dominant height grawth equation of
Hann and Scrivani (1987
sugar pine AL cquarion in Rirchic and Hann
{1990) used rthe Douglas-fir domi

growth equation).

in this study (the

e height

The smallést trees in a stand showed the great-

est increase in PredAJ] and white firs

showed the largest increase, and ponderosa

pine and sugar pine showed the smallese

creases.

minane Douglas-fir and ponderosa pine trees showed a decrease in PredATL,

s showed an

The validation statistics in Table 10 show thar Equation [1] with Equation [5.1] for

Douglas-fir explains from 45% ro 25% of the variation (as indicated by I(-;l

30
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all walidation dasa, depending upan whether b, was used 1 estimared or st to 'I',

arion seatistics also ind

spectively. The overall vali e thar secding by, to 1" resuleed ir

an over-prediction bias (as indicared by the negative value for & 461 of 1.9 fr, instead of

an over-prediction bias of over 0.9 ft when the value of b, calculared from the modeling

dara was used. If the overal

bias could be removed, then the amount of variation ex-
plained would have incrensed to 49% with the use of by, at fit, or 1o 46
: 2

. The 15E) w

by the smaller value of the MSE) when the value of b, caleulared from the mod,

with by, ser to

ecision of the predictions (as indicated by the s higher (as indicated

was used

Examination of the period-by-period validation staistics in Table 10 shaws that, in anly
fon (1983 to 1987 ar Stampede Creek), serting &
* produced a smaller under-prediction bias and a higher

one growth period on one insmall

level of precisian l
estimated. For the modcling dara set. 53% of the da:

fell into the 1978 o 1982 growth
ell into the 1988 0 1992 growth period. For a toral of 95
modeling data, ar least 4 yr of AH, were from these two growth periods. Both of these

period 2nd 5%

. of the

periods a Stumpede Creek showed smaller measuired AH, than predicted from Equation
[1] and Equarion [5.1] with 4

he earli alysis chat

r ar

s s¢t to 1 (Table 10), confirming

for the growth periods measured in this study, AF. values for Douglas-fir were lower

l

an the average longterm growth fares derermined from ¢

g
1987,

¢ Douglas-fir

jinans height

groweh equation of Hana and Scriva

¢ Fawn Saddle, Equarion [1] with Equarion [5.1] for Douglas-fir consisse

dy over-pre-

dicted AH,. Parc of this over-prediction could be relaed to the difficulty of estimating 5
in young plantariens (Hann et al. 2002), Often 1 estimates are over-predicted in very

red
n Saddle is higher than that for any of the plars measured in this study ( Table

vou
Sty
2). 81, in 1990 was estimated ro be 153.6 ft. and its estimate in 1998 s dropped

g plantations, with the predicrions declining as the plantation ages. The estim

L1497 fr.

If che bias could be remaved, then Equarion [1] with Equasion 5.1 would explain 49%
(Table 10). Hann an

Hanus (2002) used the sane installations 1o validate S-vr diamerer growth rate equa-

of the variation in A/, found in the overall validation data se

rions. They found that the equarions could explain 77% of the variation in the valida-

tion data set with the removal of bias. Tovo factors could explain why the AH, equations

expluined less of the variation in this study:

1. The AL, values on the validation i ne of i

allations came from repeat medsuren

on standing trees. As Larsen et al. (1987) demenserared. 77 measured on 2 st nding
tree s very susceptible to measurement error, which would directly increase the

amount of unesplainable variacian in the A, values.

he validation inswllations. For rhe

2. Both Hand HER were subsampled on each of

remainder of the trees, /1 and HCE values were filled in using previously developed
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predictor equations (see the description of the validation data sets in the Dara sec-

tion). This pracedure introduces measurement error inte the calculation of the CCH

values and. as a result, could also increase the armount of unexplainable var

Because the

didarion data came from only two locations within the study

recommended that b, and 4, . be set to 'I" for projections of fiiture AJZ,. This recom-

men

ation assumes that the slower AZL, for Douglas-fir found in the validarion dara ser
is cither atypical of the region or does net indicate permancat deviations in height srowth

trends relared to regional climate change,

Based upon the FCUT analysis, the AT7, equations for grand fir, white fir. incense-cedar,
poiderosa pine, and su

stands, regardless of t

gar pinc can be applied to unthinned stands and to all thinned
amount of time since thinaing. The A7/, equations for Doughs-
fir can be applied to unthinned stands and to stands thinned more than 10 yr in the

past. Escimares of A, for Douglas-fir rees ir

more recently thinned stands can be ob-

tained by applying che thin {2002

ing modificr developed for Douglas-fir by Hann et
10 the Diouglas-fir equations produced in this srudy:

Imracr oF DAamace on AH,

Equations fir to undamaged wees resulted in paramerer estimates thar differed from those

produced by fitting both undamaged and daniged trees to the same model forms (Tibles

was used 1o exar

8-and 11). The fellowing modificarion of Equation [3 ne whether

these differences were smatiscically significant for the largest ds
4)

1 set (... Dovglas-fir, Table

Boy =byy + Goa pmage )
By =5, 80l pumage)
B, =b, +g 1 pumige)

By =byi 4 Gaa U e )
where,
= A the rree is damaged, 0 otherwise

The equarion was fit 1o the combined undamaged and damaged daca set by means of
weighted nonlinear regression. The “C" parameters are d

aged tree adjustments to the

“b" parameters in the equation. If damaged trees have the same paramerers as undam-

aged rrees, then the *¢" parmeters should be ‘0", They were, therefire, tested for signifi

cant difference from ‘0" by means of u tesc and P = 0.05. From this process, it was

determined thar the adjustment paramerers on the SCCH | variables (ic. ¢, and £, )

for damaged trees were significantly different from ‘0", Therefore, including damaged trees
in the modeling data set docs significantly affect che estimared paramerers of the resule-

ing A, equation.
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Tablg 14. Percentage of Douglas-fir
with significant damage codes in
the sample and in the sampled
population.

Percant of

Damage  Percent of sampled
Code  sample trees  population
0 69.27 55.31
22 127 197
43 0.55 0.86
61 19.82 29.69
62 0.64 0.35
" 454 6.73
75 118 112

O the 15 damaging agents found in the Douglas-fir AL, data sets (Table 12), six differ-
ent damaging agents had a searistically significant impact upon the AZ7, of Douglas-fir in
southwese Oregon (Table 13). Table 14 indicates that some of these d
occurred relatively infrequently in boch the sample trees (., cal
rrees’ EXI

EXPAN,) for the stands sampled in the study. An eveeprion to this finding was suppres-

) and in the sampled population (i.c.. calculated incls

sion damage in small trees {damage code 61), where nearly 30% of the Douglas-fir trees
in the sampled popularion were affected.

The impact of the damaging agents always produced a reduction in AH_ for Douglas-fir
(Table 13). Severely damaged trees always praduced reductions equal ta or greater than
the reductions of light damage. For severcly damaged trees, the size of the reduction for
Equarion [1] with Equation [5.1] ranged from 10.80% for rrees with natural mechanical
injury (damage code of 71) o 45.01% for small suppressed trees (damage code 61). Only
J. and [5.3]: bath
suppression agens (damage codes 61 and 62). narural mechmnical injury (damage code

four of the six damaging agents were common to Equations [5.1],

71, and excessive lean (damage code 75).

It has been shown previously that for crees with many of these damaging ager
for H (Hanus et al. 1999), HCB (Hanus e al. 2000}, and AD. (Hann and Hanus 2002)
are significandy different from those of undama
of the effécts upon 21, HCE, and AD, of those d

d rrees. Table 15 presents a sur

ging agents found to have a signifi-

Table 15. Effects of selected damaging agents upon H (Hanus et al. 1999), HCB
(Hanus et al. 2000) and AD, (Hann and Hanus 2001). The damaging agents selected
were those found to have an effect upon AH; for Douglas-fir. A ranking of 1 indicates
the largest reduction or increase

Ranking Ranking Ranking
Damage of effect Effecton  of effect Effecton  of effect
Equation Code EffectonH onH HCB on HCB AD; on Al
[5.1] 43 Increase 3 Mo Changs NA  NoChange  NA
&1 Increase 1 Increase 2 Reduction 2
62  NoChange NA Increase 1 Reduction 1
al Reduction 2 Increase 4 Reduction 3
75 No Change NA Increase 3 Reduction 4
[5.2] 61 Increase 1 Increase 2 Reduction 2
62 NoChange NA Increase 1 Reduction 1
7 Reduction 2 Increase 4 Reduction 3
75  No Change NA Increase g Reduction 4
53] 22 NoChange NA Increase 5 No Change  NA
61 Increase 1 Increase 2 Reduction 2
62 No Change WA Increase 1 Reduction 1
71 Reduction 2 Increase - Reduction 3
75 No Change NA Increase 3 Reduction 4
33
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cant effect upon AF. for Douglas-fir. For damaged vrees, all four of the common damag-
ing agents resulred in increased A/CH and decreased AD., compared with undamaged

trees, The effect of da

ging asents upon A of Douglas-fit wis quite mixed, Tiees with
damage cods 61 had larger /4 values and wrees with damage code 71 had smaller H val-
ues. Because CR is a function of H and HCB, changes in these values can result in a
n (R, CK decreased in all sinsations in which there was an increase in HECB and/

or a reduction in . With an increase in H. CH might increase or decrease, depending
2 P 3

change

upon the size of the relative increase in Hf versus the size of the relarive increase in HCH,

Therefore, the face that many of these damaging sgents were significant in this study

indicares that the A reduction is artr

butable to more than a possible change in CR,.

Reductions in A, can be caused by several different alterations resulring from damage.

can be relaced 0

The damaging agents found o significantly reduce AZY, for Douglas
ane of these alterations,

Lass of vertical position within the stand leading to increased shading. The vertical po-
sirion of the tree’ top within the stand can affect the intensity of light suriking the
crown and, thercfare, dhe amount of photosynthate produced by the crown (Oliver
and Larson 1996). CCH is based upon each rree’s measured heighe and theref

indicates vertical position within the stand. However, for a wee with a severe lean

(damage code 75), the vertical pasition of the rop of the tree is inferior to what its

measured /{ would indicate. For leaning trees, £ is the length of the hole, not the

vertical distance from ground to tree top.

Loss of photosynthetically

cient crown. Grazing by wildiife (d

age code 43) can

remove young needles

d shaots, which are the most photosyncherically efficient

lesves ar any vertical position within the crown (Mitchell 1975). Trees w

ith suppres-
sion damage (damage codes 61 and 62} can exhibit an estreme sparsencss of folisge
(Hanus et al. 2000)

o

Loss of ylern. phlocnn, andior cantbivon weeided for conductivg moistiere, mineral salts
and photosynthate. Direct luss of xylem, phlaem, andior cambium can be caused by

rolling rocks and logs and abrasion between trees (damage code 71).

These factors probably do not express all of the mechanisms by which damag

ng agenits
affecr the AH of trees. The damage codes used in this sty often include many damag-

ing agents. and some of che damage codes have vague definitions —for example. suppres-

sion damage codes (61 and 62), Hann and Hanus (2002) found char nor all trees gis

uppressed” by the field crews lso received a suppression dan
codeand not all trees given a suppressian damage code had crowis classifications of “sup-

pressed.” By definition, suppression damage is usually characterived by extremely short

or nonexistent internodes; twisted. gnarled stems: shore, flar crawns of live needles form-

ing umbrella-shaped trees; or an extreme sparseness of folinge (Hanus er al. 2000). There-

fore, suppression damage might indicate somerhing more than just loss of vertical posi-

tion, as indicared by the suppressed crown elass, or sparse foliage. The f

d crews’ appli
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of the suppression damage codes could be their way of sayir

ity tree with many problems, including suppression.

findings of this
L AFE, As ares

The presence

Jysis indicare thar damaging agents can have 2 nr impact

upo:

It, damaging agents can lead 1o diversification in stand structure.

nd frequency of trees affected by damaging agents are expecred ta vary by

stand seruceure (prir,

ly species mix) and. for a given star v geographi-

cally and chronological

hat many of ¢

e significant damaging agents encoun

tered in this study eccurred relatively infreques tively latge num-

ber of d

ly ignores both the re

erent damaging agents encountered {e.g., Table 14 indicates that over 45% of

) and the long duration of

the trecs sampled in D

as-fir papulation were damage

ds; which increases the exposu

- to damaging agents.

We believe

tion of the presence and frequency of the v:

hat a full chamererization of stand development should inchude the

ious damaging agents within the stand (in-

cluding severity of damage) and their subsequent impact upon tree attributes su
HCB, AD, AlT, and mori

racterization

t rate. It is unfort hae the long-term data on the

nd dynamics of damaging ay

gents needed 1o develop such predicrion

a derermi

equations are 1ot now available, We recommend, therefore

lect such dara.

P
=
-
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