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Figure 1. Location of study area in Golestan province, Iran
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=1. S Curtis 2 H=130+ ———— Naslund 1
H =130 +B0G5pp) * 80+ p1DBH)?
H = 1.30 4+ BO(1 — e~ B1DBH) Meyer 4 H = 1.30 + p0e B1PBH™ Michailoff 3
DBH?
H=130+ ———— Naslund2 H = 1.30 + BODBHP! Power 5
* (BO + eP1DBH)? 6 B
H =130+ DBH? Naslund4 8 H=130+ DBH? Naslund3 7
o (eP0 + eP1DBH)? o (eB® + B1DBH)?
_ DBH Michaelis- _ BODBH Michaelis-
H=130+ B0 + 1 x DBH Menten2 10 H=130+ B1+ DBH Menten 9
H
DBH?
H=130+ > Prodan 12 _ B1 Wykoff 11
B0 + B1DBH + B2DBH = 1.30 + exp(B0 + D(I)S’H 7
Chapman- .
— _ ,—B1DBH\B2 = .
H=130+p0(1—e ) Richards 14 H=130+ 15 ple-Feoem Logistic 13
H H .
= 1.30 + B0 exp(—Blexp(—B20BHY)  COMPEZ 16 50 poc1 — e-promuezy  VVeibUl 15
H = 1.30 + B0 exp(—p1DBHF?) Korf 18 H = 1.30 + BODBHPB1PEH P Sibbesen 17
B pO H
H=130+ L1 Ho?i;eld 20 — 130 + BO exp( —p1 ) Ratkowsky 19
B1DBHP? =5 P\DBH + B2

Jaeculye B2 5 BL PO 5 e conm 50 US el )| H o tiles con w113 DBH

DBH: diameter at breast height (cm), H: tree height (m), B,,81,8; are coefficient model
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Table 2. Nonlinear mixed-effects model selected for A. velutinum and P. persica

aBeal GIEIL a8 Joe 4545
Nonlinear mixed-effects model Species
DBH P!
H—1.30+80(m) L
Bo=ap+ay XxBA+a, X BAL+a; XVh+a, X QM+ as X Nh A.
H =130+ B0e #10BH™ velutinum
Bo =ag+a; XBA+a, X BAL+az; XVh+a, X QM+ as X Nh
DBH?
H_1'30+(BO+31DBH)2 .

H =130+ f0ef1PBH

P. persica

ezl g oy 131 LS )0 5ol sy lodiasiin ros slas,ll -Y Jsux
Table 3. Descriptive statistics of investigated characteristics of A. velutinum and P. persica

LSe 3 e a3 ISR 085 ghie gl ,1;:: s RFESRINIW; elis)| A s ko .
Stand volume  Basal area JERSIRCIERN = tree :Se ,»  Height DBH e
m¥ha) m?/ha) 5 Quadratic mean X m cm Variables
(mPha)BAL «cm) DBH density ( )
A, velutinum <, | 3l
77.75 7.05 1.46 2112 284.97 2024 351 Oees
Mean
47114 35.68 3.77 135 550 35 165 A
Max
06 0.095 0.01 0.34 80 86 9 Sl
Min
65.88 5.28 1.06 2311 140.46 6.48 25.65 )Lf’*’;‘;‘)"“
P. persica Ll
95.1 9.99 139 8.75 148.45 17.24 27.46 eSbe
Mean
304.84 28.79 558 55.04 420 329 110 A
Max
08 015 0.01 0.54 10 5 12 ol
Min
54.02 521 0.92 439 78.26 42 1342 e

SD
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Table 4. Coefficients and validation of the selected nonlinear regression models

Lo Joe (oot Ll oo coly Jue 8)leds
Validation Coefficients Model
number
D% RMSE R? B2 p1 B0
12.33 3.43 0.74 - 12.35 32.39 Model 2 eyl 3l
A
11.33 3.24 0.74 - 12.75 31.045 Model 3 velutinum
135 2.92 0.42 - 0.2 1.3 Model 1 i
13.42 2.01 0.42 - 10.57 22.41 Model 3

P. persica
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Table 5. Nonlinear mixed-effects model ans fixed and random coefficients

D% RMSE R’ Random coefficients Fixed coefficients ) o J
Nonlinear mixed-effects model
a, a; Bl B0
51 1.53 0.94 12.16 32.13 11.48 29.49 Curtis !l
5.11 153 0.94 1255 30.77 11.055 29.28 Michailoff A velutinum
10.93 2.46 0.65 10.24 24.10 9.48 23.91 Michailoff skl
10.86 2.47 0.65 0.20 1.29 0.2 1.24 Naslund P. persica

A
Naslund s.e.=2.447
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Figure 2- Residual values of Michailoff and Naslund models for P.persica species (a and b) and Michailoff and

Curtis models for the A. velutinum species (¢ and d) with standardized residual blue point and black point on
the O line y = average residuals that showes 10 DBH class standardized. Thin vertical lines indicate the
confidence interval of individual observations (mean + 1.96 standard deviations), and thick vertical lines

(within black dots) indicate the 95% confidence interval of the class mean. Thick lines that do not cross the
horizontal line y = 0 are shown in red
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Abstract

The aim of this study was to develop a mixed-effects model and compare it with nonlinear models for
estimating the heights of velvet maple and ironwood trees in the uneven-aged, mixed Shast-kalateh
forests of Gorgan. We applied a systematic sampling method to collect field data within a 150x200 m
network, comprising of 308 circular sample plots, and measured the height, diameter at breast height
(DBH), and tree species in each plot. Model fitting was done in two stages: In the first stage, we used
a fixed-effect approach to select candidate models, where height was the dependent variable and DBH
was the independent variable. In the second stage, the dominant height, mean DBH, basal area, basal
area of trees larger than the desired tree, tree density, and volume of trees were refitted using a mixed-
effect approach. We used adjusted coefficient of determination and root mean square error to assess
the models. The results of fitting nonlinear models for velvet maple species showed that the Curtis and
Michailief models with R2 values of 0.74 and the lowest RMSE values of 3.43 and 3.24, respectively,
were the best models. For ironwood trees, the Nassland and Michailoff models with R2 values of 0.42
and the RMSE values of 2.92 and 2.91 m were selected as the best models. The results of fitting the
nonlinear mixed-effect model showed that compared to the nonlinear models, the R2 values for velvet
maple and ironwood species increased by 20% and 23%, respectively, and the RMSE improved to
1.75 m for velvet maple and 0.45 m for ironwood.
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