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Abstract: For growth models, in addition to some classical growth nmdgeneral formations of 2 and 3 piecewise functions were
given with their parameters. For finding a good model of timgjile of the treeEucal yptus camaldulensis Dehn., in addition to several
sigmoidal functions (Logistic, Brody, Korkmaz-Uckard€&spmpertz, and Von Bertalanffy), 2 and 3-piecewise funciamre given
with their parameters. They are compared by using error sisquares criteria. According to this criteria, it was sdeat piecewise
functions have minimum error sum of squares according tssatal growth models used in this study. Especially it wandhat
error sum of squares of 3-piecewise function has the mostmaim value. For that reason, using of piecewise functioradidition to
classical growth models in their studies on growth data wagested to the researchers using growth models in theiiestu
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1 Introduction

A model is an abstraction, or a simplified representatiorsonfie aspect of reality (and should not be confused with the
normative meaning of the word, something worthy of beingareid). The models are frequently used unconsciously, e.g.
making mental models to visualize cause-effect relatignssto help explain anticipate the behavior of systems. N&de
may be stated in verbal (e.g. a description) or material f@@m. a scale model). A mathematical model is like a verbal
model, but uses mathematical language which is more coaciddess ambiguous than natural language. Computers
have become indispensable as tools to assist modellinggrbutot central to the process of modelling. Modelling is
about making a good representation, and the computer isdyreemnvenient way to realize it (Vanclay 1994). Growth
functions provide a mathematical summary of time coursa dathe growth of an organism (France et al. 1996). Growth
models are generally used as growth curves found in a widgeraidisciplines, such as fishery research, crop sciende, an
biology (Zwietering et al. 1990). Since growth of living tigjis are normally nonlinear, it is reasonable to explore Hesod
nonlinear growth model (Khamis et al. 2005). Growth modelseyally have sigmoidal form. Growth model is generally
used as a single equation w.r.t. independent variable, timnis study growth models were given by using piecewise
functions. Most living matter grows with successive exptiad, linear and saturation phases. Examples of quasititie
which follow such growth curves are the length or mass of admma tree, or a fish. In this study we used the length
of a tree for showing and comparing the models. For finding@dguodel of the length of a tree, in addition to several
sigmoidal functions (Logistic, Brody, Korkmaz-Uckard&gympertz and Von Bertalanffy), 2 and 3-piecewise functions
were given with their parameters. The equation of the Lagmbdel (Ricker 1979) is obtained from the literature as:

a

Y= 1reb @

wherea, b ,c are mathematical parameteyss growth value andlis time. The equation of Brody model (Brody 1945) is
obtained from the literature as:
y=a(l—be @)
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wherea, b, c are mathematical parameteyss growth value and is time. The equation of the Korkmaz-Uckardes (KU)
model (Korkmaz and Uckardes) is obtained from the liteeafg:

y=a — ((a—b)/In(2)) x In(exp(—ct) + 1)
wherea, b ,c are mathematical parameteyss growth value and is time. The equation of Gompertz model (Gompertz

1825) is obtained from the literature as:

y= ae(ie(b—ct))

wherea, b ,c are mathematical parameteyss growth value and is time. The equation of Von Bertalanffy model (Von
Bertalanffy 1957) is obtained from the literature as:

y=a(l—be ®)?

wherea, b, c are mathematical parameteyss growth value andlis time.

2 Material and methods

2.1 Material

In this study the data taken from the tré&gicalyptus camaldulensisDehn. were used. The data were taken from the study
of (Yildizbakan 2005).

Table 1: The data fronEucalyptus camaldulensis Dehn.

Age (year) 0 1 2 3 4 5 6 7 8 9
m%a” Length 1 o411 3.23] 7.45| 11.41| 14.83] 18.11] 18.95| 19.69| 21.50 | 23.40
2.2 Methods

In this study firstly, 2 and 3-piecewise functions were giiregeneral form and then the results of the piecewise funstio
were given by using data of Table 1.
2.2.1 2-Piecewise Function

The growth models have sigmoidal form. These models coultitneght as two phases which are exponential (exp) and
saturation (sat). This model can be expressed mathentatiyal

F(t){FO(p(t)ztOStStl

Foa () ,t > 13 @

wheret is the time of the growthf- (t) is the growth with respect to time; ts the starting time ant is the transition
time.

Figure 1 shows how the two phases of growth are representétmatically by the model so that

Foat (t) = by + by(1—e "))
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where

arepresents the initial value of the growth.

Brepresents the intrinsic growth rate of the exponentiaspha

y represents the intrinsic saturation rate.

t1 represents the transition time between the exponentiasatuaation phases.

b, represent the initial value of the saturation phase.

bs represent the asymptotic value subtracted by the initialevaf the saturation phase.
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Fig. 1: The graph of the growth with two phases with respect to time.

Because of the continuity of the growth, the growth functi@ne the same at the transition time. In addition, their first
derivatives are the same at this transition time. So we hHavétlowing equations.

Fexp (1) = Feat (1) ()
fop (t1) = fsat (t1) Q)

where f(t) represents the first derivative &f(t). By using the Equations 2 and 3, we get the Equations 4 and 5,
respectively.

by=a—1+ Bti—to) 4)
eB(t1—to)
b= P — (5)

So the model in Equation 1 can be rewritten as

a—1+eflt-) th<t<ty
F(t)= ailJrep(tlfto)Jr&;’tO) (1,efv(t7t1>), t>t
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2.2.2 3-Piecewise Function

The growth models have sigmoidal form. These models haeethhases which are exponential (exp), linear (lin) and
saturation (sat). This model can be expressed mathentatiyal

Fep(t), to<t<ty
F(t)=4 hin(t), <t<t (6)
Fea (t), t>1

wheret is the time of the growthE (t) is the growth with respect to timey ts the starting time anti andt; are the
transition times.

Figure 2 shows how the three phases of growth are represestibematically by the model so that

F@(p (t) =a-— 1+eﬁ(t7t0)
Rin(t) =bo+by(t —t1)
Feat (t) = by + by(1— e Vt-%))

where

o represents the initial value of the growth,

B represents the intrinsic growth rate of the exponentiaspha

y represents the intrinsic saturation rate,

to represents the starting time,

t; represents the transition time between the exponentidirear phases,
to represents the transition time between the linear andaainmhases,
bo represent the initial value of the linear phase,

b; represent the rate of the linear phase,

b, represent the initial value of the saturation phase,

b3 represent the asymptotic value subtracted by the initialevaf the saturation phase.

e SO
=

&

= .

s pe—t0 F o+ b(1-c 70
T [FO=olee P70 DS

: e '

g j F_({t=b, +b (-t

[ f o z

Independent Variable (t)

Fig. 2: The graph of the growth with three phases with respect to.time

(© 2018 BISKA Bilisim Technology



NTMSCI 6, No. 2, 43-49 (2018) www.ntmsci.com

=
BISKA

47

Because of the continuity of the growth, the growth functiane the same at the transition times. In addition, their firs

derivatives are the same at these transition times. So wethavollowing equations.

Fexp (t1) = Rin (t2) (7
Fin (t2) = Feat (t2) (8)
fexp (t1) = fiin (t2) )
flin (t2) = feat (t2) (10)

wheref(t) represents the first derivative B{t). By using the Equations 7, 9, 8 and 10, we get the Equations2,131
and 14, respectively.

bp=oa —1+ gBli—to) (12)

by = Beﬁ(trto) (12)

bp=a—1+efti70) 4 pePli-o)(, —ty) (13)
(t1—to)

bs — Be‘% (14)

So the model in Equation 6 can be rewritten as

a—14+eft0 fr<t<t
Ft)={ a—14efllo) 4 geflitl(t—t;), t; <t<t,

a—1+eflato) 4 peBla—to) (1, —t7) + &;40)(1— e VtR)) t>t

Furthermore, Table 2 shows the general form of the modets inshis study.

Table 2: The general form of the models used in this study.

Models F()
Logistic HTTJ,Q)

Brody a(l—be @)

Korkmaz-Uckardes | a— (ﬁﬁzzb))) In(e® +1)

Gompertz ae ")

\Von Bertalanffy a(1—be ®)°

o a—1+eft) th<t<ty
2-Piecewise a—1+eBti—to) &yﬁ") (1_ efy(t—tl)) t>t
a—14+eft0) to<t<t
3-Piecewise a—14eflito) L el (t ), 4 <t<tp

pefti—to)
y

a — 14 6Blito) 4 efla—to) (t, —ty) + (1-e YR t>1

3 Results and discussion

While Table 2 shows the general form of the models used indfuidy, Table 3 shows the results of these models by
using Table 1. According to errors sum of squares critemidable 3 piecewise functions are better models with respect
to the other models used in this study. Especially 3-piesefinction is the best model. The growth curves of piecewise
functions and classical models used in this study are settreisame graph (Figure 3). As shown in Figure 3, while all
graphics are close to each other, the graphs of piecewistidus are quite close to each other.

(© 2018 BISKA Bilisim Technology
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Color of Logistic, Broody, Korkmaz-Uckardes, Gompertzn\Bertalanffy, 2 and 3-Piecewise Functions: Yellow, Black,

Dark-Blue, Green, Khaki, Red and Blue, respectively.

Table 3: The results of the models used in this study.

Models F(t) SSE
.. 21.887

Logictic 1+e(2:369-0.781T) 8.713
a=21887, b=2.369 c=0.781

Broody a(l—be ™) 5.266
a=29999 b=1.014 c=0.166

~b —

Korkmaz-Uckardeg &~ (52(2))) «In(e™® +1) 4.700
a=27417, b=-0384 c=0.240

Gompertz ae—¢"Y) 3.917
a=2307L b=1.137, c=0488

Von Bertalanffy | y=a(1—be %) 2.875
a=23897, b=0.711 c=0.392

—0523+elBE 0<t<1.144

2-Piecewise 26.526_ 22_8518(70.231t+0.264), t>1.144 2.512

o =0477, B=1.2551 =0, t;=1.144 y=0.231,
—0.590+¢eM3%, 0<t<0.854
3-Piecewise —1.085+4.299, 0.854<t<2311 2.346
25.802— 16.952(-0254+0586 ' { > 2311

0 =0410 B =1.3541,=0, 1 =0.854 {,=231L y=0.254,

SSE: Error Sum of Squares

Fig. 3: The growth curves of all models used in this study.

In this study, after introducing 2 and 3-piecewise funcsiowe used these piecewise functions in addition to cldssica
growth models such as Logistic, Broody, Korkmaz-Uckar@snpertz, Von Bertalanffy for the data on growth. We used
error sum of squares criteria for comparison the models.usecbrding to this criteria, as seen in Table 3, piecewise
functions have minimum error sum of squares according tesadal growth models used in this study. Especially error
sum of squares of 3-piecewise function has the most minimaioev Although in this study the data taken from the tree,
Eucalyptus camaldulensis Dehn. were used, these 2 and 3-piecewise functions usedsisttidy could be used for any
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growth data. For that reason, researchers could use 2 aimt&apse functions in addition to classical growth models i
their studies on growth data.
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