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Figure 1. The location of the study area
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Table 1. The result of the univariate regression analysis for determining the aboveground biomass estimation
model of Prunus arabica based on various variables

N . Std. aJoles
Independent Model Type df R%(ad)) F Sig. Error RMSE% .
. Equation
Variable
s b aie S ean Y=17.138 X
. . - 13 0.77 48.16 2.46 47.9
ab Loyt ,l Linear Univariate -25.515
Average Crown s e _
Diameter D 13 0.98 559.7  *** 0.131 16.4 Y *3(_)(;375
Power Univariate X
b eSS 0.61 2339 *** 583 55.4 Y:if'lgx'
el S Linear Univariate 7
Height S EpaSS g 0.94 2375 *** 0281 315 Y2
Power Univariate X
PRSI < ean Y =0.601 X -
. e LE s 13 0.92 170.50 0.046 32.4
Sz Gt yshd Sl Linear Univariate 7911
Thickest Shoot oos en m _
Diameter S 8 piiess 13 0.95 30026  *** 0.106 32.1 Y;(nglz

Power Univariate

(Adjusted coefficient of axdl sk ad o o Riad) dlas sol3] d o df « Jaiass yuine X oo 5ol @ o) 59, 855555 Y odle 7,5
ol ol ) i 0 (gl e B F § Jus glas 0o )0 RMSE (Jow jlxe Gl il Std. Error il )lg & 25 5,l! F «determination)

Description of symbols: Y represents aboveground biomass in kilograms, X is the independent variable, df is the degrees of
freedom for error, R%(qjis the adjusted coefficient of determination, F is the analysis of variance statistic, Std. Error is the
standard deviation of the model, RMSE is the percentage error of the model, and *** indicates significance at the .001 level.

alizee sl yeite Slrny (sl plol (Sa0ii59) 839555 338l 0 S e Sl 0 piteiz (g )T ) Jelod Ao Y o
Table 2. The result of the multivariate regression analysis for determining the aboveground biomass estimation
model of Prunus arabica based on various variables

—
CTE e Model e o F o osie S VIF RMSE%  Equation
Independent Variables Type Error
el 5 g6 lawgio yhas Y =
Average Crown Diameter — Ener 12 0.86 3558 *°* 1069 183 462 o i27C-
and Height 39.288H -
4.913
ook by 2 Legn L .
Average Crown Diameter  Enter 12 093 7921 *** 584 726 326 ?:(6)2](): )
and Thickest Shoot 6.55
Diameter
Sz (55 ,5k8 5B g elas | Y=
Heightand Thickest — Enter 12 093 8283 *** 704 389 326 002D~
ShootDiameter 359(5)4(?3 -

bz goll a0 df o ooy S (5 p5kad 3 D o 4y el )T H 2o 4y 2l awsgio Jlad € ep ) SlS & (o 59 805355 Y sedle 5
RMSE . Jaw jlxs Bl Std. Error « il ly & 325 6,L1 F (Adjusted coefficient of determination) 4l s cpss oo R'adi)

el 0N a0 gl e RE oo gl ws o
Description of the symbols: Y represents the aboveground biomass in kilograms, C is the average crown diameter in meters,
H indicates the height in meters, D denotes the diameter of the thickest shoot in millimeters, df refers to the degrees of
freedom for error, R%adjis the adjusted coefficient of determination, F is the ANOVA statistic, Std. Error represents the
standard deviation of the model, RMSE indicates the percentage error of the model, and the significance level denoted by ***
indicates that the result is significant at the .001 level.
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Figure 2 - Scatter plot and fitted linear and power curves for estimating the aboveground biomass of Prunus
arabica based on various variables
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Table 3. The result of the univariate regression analysis for determining the aboveground biomass estimation
model of Prunus elaeagrifolia based on various variables

N . Std. dolao
Independent Model Type df R%adj) F Sig. Error RMSE% Eauai
. quation
Variable
PRSI < exn Y =22.629 X
. . i 13 0.80 56.36 3.01 40.4
e Linear Univariate -29.695
Average Crown s e e —
Diameter S 8eiieSS 13 0.93 169.6  ***  0.198 16.1 Y ’2}5'73988
Power Univariate X
GBS 0.69 3177 *** 672 81 Y :33872';%? ;
el )| Linear Univariate )
Height SIP S 090 12605 *** 0302 429 Y;f_;ﬂ“
Power Univariate
PSS ean Y =0.927X -
o 0 5 alad Lad 13 0.81 61.80 0.118 322
7 (n ks Sl Linear Univariate 26.005
Thickest Shoot s e e _
Diameter SIS 93 902 *r oase 311 Y 00005

. 2.568
Power Univariate X

Adjusted coefficient ) axdl sodss pound o Riadp) dlas gol3l &0 df Jaiue yuine X 0,5 5lS a0 o) 53, 895555 Y tpodle 7,5
ol [N o )0 gl sme B FE ¢ Jos slaz 0o y0 RMSE «Jow jlxe Bl il Std. Error « il )y & 526 5,1 F «(of determination
Description of symbols: Y represents aboveground biomass in kilograms, X is the independent variable, df is the degrees of

freedom for error, R%(qjis the adjusted coefficient of determination, F is the analysis of variance statistic, Std. Error is the
standard deviation of the model, RMSE is the percentage error of the model, and *** indicates significance at the .001 level.
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Table 4. The result of the multivariate regression analysis for determining the aboveground biomass estimation
model of Prunus elaeagrifolia based on various variables

Jatns (sla it Std

ModelType df RZuq; F Sig. " VIF RMSE% Equation
Independent Variables P e & Error ’ a
N e
Y=27.489C-
Average Crowp Diameter Enter 12 0.79 26.65 *EE 11.79 11.2 40.7 9.12H-25.973
and Height

053515 b 5 b gt 1L
..

Average Crown Diameter  Enter 12 081 3113 *** 848 116 329 Y 02046

28.721
and Thickest Shoot
Diameter
ez (2 5 y9lad yhad g i )| =
Height and Thickest Enter 12 0.80 2853 *** 1132 68 323 Y 0'921?:{288“1{-

Shoot Diameter

s golil dz s df e e @y oz (2558 8 D ey gl T H o gl lagio Jab Cap S5l &y (ssj 59, 8953055 Y iidle 255
RMSE «Jos )Loxe Gl il Std. Error « il g &350 8,L1 F (Adjusted coefficient of determination) aél s ypusd oo RMadi)

RO D I o SIS IP S PEPIS g P KPR I PESRWI
Description of the symbols: Y represents the aboveground biomass in kilograms, C is the average crown diameter in meters,
H indicates the height in meters, D denotes the diameter of the thickest shoot in millimeters, df refers to the degrees of
freedom for error, R%udjis the adjusted coefficient of determination, F is the ANOVA statistic, Std. Error represents the
standard deviation of the model, RMSE indicates the percentage error of the model, and the significance level denoted by ***
indicates that the result is significant at the .001 level.
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Figure 3 - Scatter plot and fitted linear and power curves for estimating the aboveground biomass of Prunus
elaeagrifolia based on various variables
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Table 5. The result of the univariate regression analysis for determining the aboveground carbon stock
estimation model of Prunus arabica based on various variables

Ind J ;1 :‘:;" bl 1\;13;1:1 df R’agy F Sig.  Std. Error RMSE% Equation
ndependent Variable
8 oSS
gl Lawgio ,h3 r&r
Average Crown <y 13 0.98 552.5 R 0.131 16.3 Y =0.225 X3084
Diameter Power
Univariate
Gz (2 53 y5lad lab e
Thickest Shoot <y 13 0.95 293.5 o 0.107 304 Y =0.006 X832
Diameter Power
Univariate
Cn Py ylad g glis )l
S - Y =0.306D-
Enter 12 0.93 81.32 3.301 29.3 172211505

Height and Thickest
Shoot Diameter

caye Riad) das soli] &0 df (o Lo 4 Gz (5 5ka8 8 D e a4 gl | H 0,558 0 o) (595 02,5 &390l Y 1odle 7,8
sla> 3,0 RMSE (Jow jlxe cdlyoul Std. Error . uilly &350 5,1 F (Adjusted coefficient of determination) axsl g.das s

Gl o0 6}4‘» B ‘_g)bb_.m%%% 9 J..\,o
Description of Variables:Y represents aboveground carbon stock in kilograms, H denotes height in meters, D indicates the
diameter of the thickest shoot in millimeters, df refers to degrees of freedom for error, R?ugj) is the adjusted coefficient of
determination, F is the ANOVA statistic, Std. Error signifies the standard error of the model, RMSE reflects the percentage
error of the model, and significance is denoted by p < .001.
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Table 6. The result of the univariate regression analysis for determining the aboveground carbon stock
estimation model of Prunus elaeagrifolia based on various variables

Independent Model Type df Rl F Sig.  Std. Error RMSE% Equation
Variable
b Lwgie yhad Sl 8 ysinSS Y = 0.630
Average Crown Power 13093 170.01  *** 0.199 17.2 Xz‘s'go
Diameter Univariate

Adjusted ) a8l gy oo co o Rl s goly] d> o df (Jituw ite X 56l 40 ue) 59y 02,5 &390l Y ioidle )
rlaw )0 gylo et H 5 Jow glas vo,0 RMSE «Jow L 8l =il Std. Error . il )lg &5 8,L F «(coefficient of determination
RO YRR

Description of Symbols: Y is the aboveground carbon stock in kilograms, X is the independent variable, df is the degrees of
freedom for error, R*udj)is the adjusted coefficient of determination, F is the analysis of variance statistic, Std. Error is the
standard deviation of the model, RMSE is the percentage error of the model, and *** indicates significance at the .001 level.
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Table 7. The most suitable models for estimating the biomass and aboveground carbon stocks of Prunus arabica
and Prunus elaeagrifolia

- l s

aolzo
Model Type R%wi) RMSE%
Species D\(;g:;(g?:t Independent Variable P e ’ Equation
o b b ;s iS5 Sl
255 Average Crown ) i 0.98 164 Y =0.475X3%!
Biomass . Power Univariate
Diameter
9 8 03955 N L}J)‘)# ).|a_9 0 oSS |9.\
3 3 T Thickest Shoot e 0.95 321 Y =0.012 X'
“ 3 Biomass Diameter Power Univariate
9 g
E § 03935 Gz ()5 y5lad ylab g elas | Y = 0.662D-
'{9 5 Bioe;na)ss Helght and Thickest Enter 0.93 32.6 3 98H-3 003
= Shoot Diameter ’ ’
s el bwgia sl Sl
o Average Crown I 0.98 163 Y =0.225X3084
Carbon . Power Univariate
Diameter
5] .
2 = . gt bawgie jhad e
a2 L o 3 ° 0SS |
S PSS Average Crown R S 0.93 16.1 Y =1388 X257
3 Y Biomass . Power Univariate
V)8 Diameter
B . b boagia e
§ g g Average Crown S 092 172 Y=0.629 X>%
¥ = Carbon . Power Univariate
< Diameter

Tad) fohes 4 Comzr 5,508 B D i 4y )l H (Jitis o X oo S5laS @ (e 59, 005 &390l g 03555 Y sedle )
sl [0 a0 gl SaeWHE 5 o gl ao,0 RMSE (Adjusted coefficient of determination) «xdl gk s <o 0R

Description of Symbols: Y is the aboveground biomass and carbon stock in kilograms, X is the independent variable, H
denotes height in meters, D refers to the diameter of the thickest shoot diameter in millimeters, R? (aqgj) is the adjusted
coefficient of determination, RMSE is the percentage error of the model, and *** indicates significance at the .001 level.
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Abstract

Introduction: Forests play a vital role as ecosystems in combating climate change and reducing greenhouse
gases. Due to their high significance in carbon storage and exposure to anthropogenic threats, effective
conservation and management of forests are essential. Accurate estimation of biomass and carbon storage,
especially in Zagros forests, is crucial for designing management strategies. This study investigates and
estimates the biomass and carbon stock of two important forest species, Prunus arabica (Olivier) Meikle and
Prunus elaeagrifolia (Spach) Fritsch, and presents suitable allometric models for these species for the first time.
The models offer non-destructive and precise estimates using measurable tree characteristics.

Material and Methods: This research was conducted in the natural habitat of the wild almond in Kareh-Bas,
Khanmirza County, Chaharmahal and Bakhtiari Province. Thirty sample plots (1000 square meters) were
established in the area and 30 individuals (15 individuals of each species) were selected using stratifed random
sampling from different crown classes and their quantitative parameters including average crown diameter,
diameter of the thickest shoot, number of shoots and total height were measured. The selected shrubs were cut
and weighed in the field and sampling was carried out to determine dry weight and carbon percentage. Carbon
percentage was measured in the laboratory and by combustion method. Univariate and multivariate models were
used to develop allometric equations and their validation was investigated.Results: The results indicated that for
Prunus arabica, single-variable (univariate) power models using average crown diameter had the highest
coefficient of determination (0.98) and the lowest prediction error (16.4%). Additionally, two-variable models
combining average crown diameter with the diameter of the thickest shoot and either height or diameter also
yielded similar results, attaining a coefficient of determination of 0.93. For Prunus elaeagrifolia, the best models
included univariate power models based on average crown diameter with a coefficient of determination of 0.93
and an error of 16.1%. All multivariate models for this species were also deemed valid, with a coefficient of
determination around 0.80 and an approximate error in them is high.

Conclusion: This study emphasizes the importance of biomass as a key indicator in assessing the productivity
and health of forest ecosystems and its role in evaluating carbon reserves and management of reduction of
greenhouse gases. Allometric models, particularly power equations, are effective for accurately estimating
biomass and carbon storage in Prunus arabica and Prunus elaeagrifolia species. Average crown diameter and
the diameter of the thickest shoot were identified as the best predictors of biomass. The study also highlights the
need for multivariate equations in specific ecosystems, particularly in the Zagros forests, which are influenced by
human activities. Overall, the results demonstrate the high potential of allometric models to improve the
accuracy of biomass and carbon estimates in forests. The results of this study contribute to a greater scientific
understanding of biomass and carbon dynamics, which can inform optimized management and conservation
policies, ecosystem valuation, and the minimization of damage from destructive practices.
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