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time-consuming and costly process. As a result, diameter-height models
have been developed to estimate tree height more efficiently. This study
aimed to evaluate the effectiveness of gene expression programming (GEP)
in diameter-height modeling for Iranian oak species (Quercus brantii
Lindl.) and compare its performance with the three best non-linear models
identified in previous research conducted in the high forests of the Middle
Zagros region.

Materials and Methods: A 5-ha stand with a high forest vegetation
structure was selected in the SefidKoh protected area of Lorestan. This
selection was made after extensive field surveys within the region's forests.
Within this stand, the diameter at breast height (DBH) and total height of
all Tranian oak trees with a DBH> 12.5 cm were fully measured, resulting
in a dataset of 642 trees. The data were split, with 80% used for modeling
and 20% for validation. A gene expression programming model with 3
genes and 100 chromosomes was implemented using GeneXproTools 5.0
software to explore the relationship between height (dependent variable)
and diameter (independent variable). Additionally, Curve Expert Professional
software was employed for non-linear modeling. Model performance was
evaluated using the root mean square error (RMSE), mean absolute error
(MAE), and coefficient of determination (R?).

Result: The GEP model explained 87% of the variation in tree height, as
indicated by an R? value of 0.87. The model achieved an RMSE of 1.3 and
an MAE of 0.97. Validation results further demonstrated the model's
predictive capability, with an R? of 0.82, RMSE of 1.40, and MAE of 1.06.
The top three non-linear models (Gompertz, MMf, and Richards) also
performed well, explaining approximately 86% of the variation in tree
height based on their R? values.

Conclusion: The findings of this study indicate that the GEP model, based
on its R?, RMSE, and MAE performance metrics, is effective in estimating
the height of Iranian oak trees in the high forests of the Middle Zagros
region. This model is particularly suitable for forest areas with similar
structural and habitat conditions to the study site. For future research, it is
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recommended to explore other algorithms, such as mixed-effects models,
support vector machines (SVM), artificial neural networks, and random
forests, for estimating the height of Iranian oak trees. Comparing these
approaches with the results of this study could provide more
comprehensive insights into the planning and sustainable management of
these valuable forest resources.
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Figure 1. Location map of the study area, A (Country), B (Province), C (Google Earth view of the studied stand).
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Table 5. The results of the implementation of the gene expression programming model.
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)Y



VELT (€ olond ) 0,93 (SN 9 g (55518 5 ool (S gy 4y it

- 55 53 GEP Jue slaedile 3L s

Olis (o i JS2) Gesl 5 (Al & JS3) o pal

rl;MJUJLUU Sld Ghls 5 CHESS e
5ok S el Sy 86 L 50 beile L

(8 JK38) 5508 ool ez o sl

Sl fhﬂ LS“{-JE )‘)Jo‘u Lﬁav\;LaL;;L: u:i;l:ﬂ S sl

SR A_BJJo 93 2 lAav\}LaLfng u."'mﬂﬁ MVA

6 5
.
4 o ¢
4 3
s ¢ o
L .
gal " E o .
g }vl O.Ool.o.. ’.,Q.o'
32 e '”:0"}: X .
s 50 § g s 0 v — =
53 w a0 MM R0 e’ T 2
”i ¢ . E’“ L] 959 ') .. . .
) # 2 2 ‘ .. ¢
3 . .
4 4 °
o
3
-6 Height of trees (m)
Heigh of trees (m) () i3 0 £l
() U0 g5l
5.00 6.00
0 .
4.00 o .
3,00 4.00 .
2,00 ¢ B
2 o . 1
Ra . 22 200
EEITIR TR PR Vg
3 4 W Y e 34
o £ 000 — A e T CEEpE— e s £ 0.00
TF im0 VEahii8y0 o 0160 2% 0 20" 140 * 160
g o4 E
E‘“, o 0 4 e LL I
<8 (Y
23,00 "«
-4.00
400 o.. 8
500 )
DBH (cm) 6.00 DBH (cm)
(i i) g oy (30 (33L) gus ol 5l
80
25
20 60
Eis
2 b e
ik 15
10 Y=
20
5
0 0
_4.00 2.00 00 2.00 4.00 -4.00 -2.00 00 2.00 4.00 6.00
Residuals (m) Residuals (m)
() o oukils b (2) W sile b
®) w (A) I

(u) g_,»ﬂ 9 (AN ui'a)_,ai I 95 53 °'L‘";‘C|J’.‘:“"| Jde a.ﬁ\ﬁ‘;ﬁ’b. c‘ﬁw 9 ‘;'as'w—f. JS.’&
Figure 4. The residual curve and histogram of the model extracted in two modes of training (a) and test (b).

k3



O 9 (6l Glow [ (5w 43 (45 Ol (i gidelip ()

o3l UL (Jde v as by o ol o (’L;)\_\ Jsd dﬁ.ﬂﬁ) ol ol sl #ﬁ.ﬁ sladas

Sl ol 03wl sde £ LY s e bt o Jde an

(b b Ade G B ol e N e
Table 6. Regression constant coefficients of nonlinear models.
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Table 7. The results of the implementation of non-linear models.
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