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Abstract
This paper describes the possibilities to use non-linear econometric models
in economic analyses. Using this type of models can complete the analyses made
with the help of linear model, generating added value for information achieved by
applying econometric models.
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The evolution of the economic phenomena is not always observing linear
trajectories, as they can be non-linear as well.!.

The analysis of the correlations between the macroeconomic variables can be
made also through non-linear functions which are linearized through transformations.
We proceed in this way in order to submit the non-liner model in an equivalent form,
simple and easy for interpreting the parameters values or for their estimation.Z.

Thus, if the dependence between two variables is represented by the non-
linear regression model, y, = a’ &, » through logarithms method we get the linear
regression model Iny, =Inb+Ina-x, +Ing;.

As to estimating the parameters of a non-linear regression model, we
proceed to the estimation of the parameters by applying the least squares method.
Then, through transformations, we linearize the non-linear function and estimate the
parameters by applying the least squares method. Finally, we set up the parameters
through numerical methods.

From econometric point of view, the models which can be linearized through
logarithms/antilogarithms methods, irrespectively of their form, can be with or without
free term able?.

e Variations concerning the log-log model

The free term model (log-log) is of the form of the dependence given by the
relation:

y, = ax’e, (1)
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Inthismodela € &+ whilea €R. The properties of the resulting characteristic
are established depending on the sign of the parameter b. If this parameter is positive,
the resulting characteristic has an up warding trajectory. The down warding tendency
of the resulting characteristic is emphasized, through the non-linear regression model,
by the negative value of the resulting characteristic exponent.!.

Applying the logarithms method to the above relation, the outcome is the
double logarithmic model, respectively:

logy,= loga+blogx; +loge; 2)

Using the substitutionsy; =k =logy,,x =logxa” =loge;, the
linear regression model becomes:

y; =a’ +bx; +¢

We estimate the two parameters of the linear regression model and establish
the parameter ,,a” which appears in the non-linear regression model.

4=10"
The free term model (log-log) has an additional free term and shows the

following form?: )
Yi = 8 T axi g 3)

In the case of this model, the utilization of the previous linearization method
is no more possible. For the estimation of the parameters, the following two stages are
to be run over:

- If the is a value specified for the free term of the model, then by using the
notations v, = ¥, —da, and u,; = X, , we shall get the free term regression model. For
this one the parameters are estimated similarly to the case of the double logarithmic
model.

- Then, we estimate the three parameters of the model through numerical
methods. We can resort to the transformation of the model in a linear one by using the
Taylor series development.

We submit now a number of properties of the parameters required for the
interpretation of the model parameters and of the characteristics of the factorial
variable as against the parameters values. The interpretations are achieved in the
context of utilizing the linearized model, respectively:

-if b < 0, the log-log function is down warding as against the factorial
characteristic.

In this case limy, (xl. )z 0 in the situation of the free term model,

lim y, (xi ): ay; o
X—>0
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- if b > 0, the non-linear function is up warding and lim y, (xi )= 0 ;
X—>0

- irrespectively of the sign of the parameter b, this one is equal to the elasticity
of the resulting variable calculated in connection with the factorial variable, namely:

poPi Yi
ox, X;

1

; “4)

Under these circumstances, if the second degree differential is

0%y, - , . o
_Z' = ab(b _:I_)xib 2 it is resulting: b € (0,1). The analytical function is up
I

warding and concave; b = 1, the regression model is nothing else but the simple linear
model, without free term; » > 1, the function is up warding and convex!.

Further on we shall submit a number of possibilities for bringing to
linearity of certain specific functions of regression, applicable in the macroeconomic
analyses, such as the models: exponential, hyperbolic, parabolic, polynomial and

multiplicative.

e General notions concerning the exponential model

The exponential model is utilized in the case the points cloud resulting as
a consequence of the graphical representation of the values series \Xx;, y; ), is
directed along the curve of an exponential function?. ’

The exponential model, with the parameters a and b, is defined through the
relation:

y, =a-b%g,a,beR; (5)

The estimation of the parameters of the exponential model is achieved
through data transformations through logarithmic method, going over the following
stages:

- through the logarithmic method applied to the equality terms we get the
linear regression model:

Iny. =lna+Inb-x +Ing, (6)

The model becomes linear by substituting U, = In Y. 1, = In X, a*=lna
and b =b;

- we estimate the parameters of the linear regression parameters,
u; =a" + b*Xi + 177, applying the least squares method; we get the estimators a’
and b" ;

- the estimators of the non-linear regression model parameters are set up:

~k

a=¢e" and b=¢e"
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Finally, we calculate the adjusted values on the basis of the estimated non-
linear regression model:

ANX; —
g, =alb)',i=1n
The exponential model is utilized when the values of the resulting variable
are increasing with an arithmetic progression and the values of the factorial variable
are increasing with a geometrical progression.!.
In order to interpret the significance of the parameter b we start from the

relation:

p= L.V
y Ox
It is noticeable that the parameter b is defining the rate of the increase of the
resulting characteristic depending on the factorial variable X.

In the exponential model there are the following situations to separate:

- b is the rate of increase or decrease of the characteristic Y as against X;

-if b > 1, the evolution of the characteristic Y is up warding;

-when b € (0,1), the characteristic Y is recording a decrease as against the
variable X;

- the values of the characteristic Y are positive only and the parameter « is
satisfying the positivity property.

)
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