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Abstract

This document explains how to perform testing, estimation and evaluation of smooth transition regression models
(STR) using an EViews add-in based on [2]. The testing procedures includes the speci�c alternatives: LSTR, ESTR,
LSTR-D and ESTR-D, transition variables signi�cance and adequacy between STR structures. The STR models can
be estimated by NLS or maximum likelihood. The evaluation consists on the usefulness of the transition function in
the model, their dynamic properties and diagnostic tests of residuals.

1 STR models

A smooth transition autoregressive regression (STAR) model with m = p+ k + 1 independent variables, where p are lags
of the dependent variable and k are exogenous variables can be written as:

yt = β´xt + (θ´xt)F (zt) + ut (1.1)

Where ut ∼ iid(0, σ2), β = (β0,β1, ..., βm)
´

, θ = (θ0,θ1, ..., θm)´, xt = (1, yt−1, ..., yt−p, x1t, ..., xkt)
´and zt is the

transition variable. The function F (zt) is continuous and might be even or odd.
The odd function F (zt) = (1 + exp {−γ(zt − c)})−1 yields the logistic STR model (LSTR), and the even function

F (zt) = (1− exp
{
−γ(zt − c)2

}
) de�nes the exponential STR model (ESTR). If one chooses the transition variable to be

the residuals of the linear model yt = β´xt+ νt then the STR deviation models are obtained, with the following transition
functions F (zt) = (1+exp

{
−γ(a´ν̃t−1)

}
)−1− 1

2 for the LSTR-D and F (zt) = (1−exp
{
−γ(a´ν̃2t−1)

}
)− 1

2 for the ESTR-D,
where

∑
aj = 1, ν̃t = (νt, ..., νt−h+1) and ν̃

2
t = (ν2t , ..., ν

2
t−h+1).

2 Testing

This section is divided into three subsections, in these will be explained linearity testing against an speci�c alternative,
transition variable signi�cance and testing between STR structures.

2.1 Linearity testing against an speci�c alternative

These test are of the LM type and can be calculated with the following steps.

1. Regress yt on xt by OLS and compute the residuals ν̂t = yt − π̂´xt and their SSR0.

2. Compute the auxiliary regression by OLS and the SSR. These equations are showed in table 1 for each test, where
x̃t = (yt−1, ..., yt−p, x1t, ..., xkt) and x̃td is some preselected variable or a linear combination of variables to be the
transition variable. The value of h set the lags to be tested in the STD-D family, nevertheless a speci�c lag for the
residuals ν̂t−d could be chosen. It is also showed their null, alternative and the distribution of the statistic of step 3.

3. Calculate the statistic LM = T (SSR0−SSR)
SSR0

.

1



Ha Auxiliary equation H0 Statistic distribution

LSTR ν̂t = β´xt +
∑∑

ϕij x̃tix̃tj +
∑∑∑

ϕij x̃tix̃tj x̃tk + ... + et Quadratic: ϕij = 0, i = 1, ...,m, j = i, ...,m Quadratic: χ2(
m(m+1)

2
)

LSTR ν̂t = (ψ1 + ψ2ϕ)´xt +
∑m
i≥j ϕij x̃tix̃tj + et ϕij = 0, i = 1, ...,m, j = i, ...,m χ2(

m(m+1)
2

)

LSTR ν̂t = β´xt +
∑m
i≥j ϕij x̃tix̃tj +

∑m
j=1 ψjx̃

3
tj + et ϕij = 0, i = 1, ...,m, j = i, ...,m;ψj = 0, j = 1, ...,m χ2(

m(m+1)
2

+m)

LSTR ν̂t = β´xt +
∑m
j=1 ϕdjx̃tdx̃tj + et ϕdj = 0, j = 1, ...,m χ2(m)

LSTR ν̂t = β´xt +
∑m
j=1(ϕdjx̃tdx̃tj + ψdjx̃

2
tdx̃tj + κdjx̃

3
tdx̃tj) + et ϕdj = ψdj = κdj = 0, j = 1, ...,m χ2(3m)

ESTR ν̂t = β´xt +
∑m
i=1

∑m
j=1 ψij x̃tix̃

2
tj +

∑m
i≥j ϕij x̃tix̃tj + et ψij = 0, i, j = 1, ...,m;ϕij = 0, j = 1, ...,m χ2(m2 +

m(m+1)
2

)

ESTR ν̂t = β´xt +
∑m
i=1(ψidx̃tix̃

2
td + ϕidx̃tix̃td) + et ψid = ϕid = 0, i = 1, ...,m χ2(2m)

LSTR-D ν̂t = β´xt +
∑m
i=1

∑h
j=1 ϕij x̃tiν̂t−j + et ϕij = 0, i = 1, ...,m, j = 1, ..., h χ2(mh)

LSTR-D ν̂t = β´xt +
∑m
i=1 ϕidx̃tiν̂t−d + et ϕid = 0, i = 1, ...,m χ2(m)

ESTR-D ν̂t = β´xt +
∑m
i=1

∑h
j=1 ϕij x̃tiν̂

2
t−j + et ϕij = 0, i = 1, ...,m, j = 1, ..., h χ2(mh)

ESTR-D ν̂t = β´xt +
∑m
i=1 ϕidx̃tiν̂

2
t−d + et ϕid = 0, i = 1, ...,m χ2(m)

Table 1: Auxiliary equations

2.2 Transition variable signi�cance

To test if a variable is statistically signi�cant enough to be the transition variable the next equation must be calculated:

ν̂t = β´0xt + β´1 x̃txtd + β´2 x̃tx
2
td + β´3 x̃tx

3
td + ηt (2.1)

Where ν̂t are the residuals of the linear model. The null of the test is H0 : β1 = β2 = β3 = 0 and if rejected for several
choices of xtd one must select the one with the smallest p-value or the biggest statistical. As the transition variable could
be the residuals of the linear model this step decides between the STR or the STR-D family. If this procedure do not �nd
any candidate to be the transition variable then linearity will not be rejected, nevertheless if linearty is rejected when it is
true the estimation of the nonlinear model may either fail or may not give sensible results. In the case that the transition
variable in an element of xt then xt = (1, x̃t) and if it is not then xt = x̃t.

2.3 Testing between STR structures

This test decides between LSTR or ESTR structure, it is based on (2) and in the sequence of nested test showed below.

H0 : β3 = 0 (2.2)

H0 : β2 = 0 | β3 = 0 (2.3)

H0 : β1 = 0 | β3 = β2 = 0 (2.4)

The selection rule stated that if (2.3) has the smallest p-value select the ESTR models, otherwise choose the LSTR
family. It is important to mention that the test is subject to the chosen transition variable.

An ESTR model can be approximated by a LSTR if the data of the transition variable usually lies above the value of
the transition parameter c. Also a LSTR model can be approximated by a ESTR if its transition function does not grow
too rapidly around c (γ small), therefore no ESTR model o�ers a reasonable approximation if the transition from one
regime to the other is quick, like a TAR model.

3 Estimation

The estimation could be performed with non-linear least squares or maximum likelihood using a optimization procedure,
both options are available in the add-in. It is assumed normality for the log likelihood function, therefore the function is:

ln(l) = −1

2
ln(2π)− ln(σ)− 1

2
(
ut
σ
)2 (3.1)
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Where ut is replaced by the de�nition given in (1). When the user choose one transition variable the function F (zt) is

normalized in the exponential function by σ̂(zt) in the LSTR and LSTR-D case and by σ̂2(zt) in the ESTR and ESTR-D
case, this is done for rescaling the slope parameter of the transition function γ, given that its value could be relatively
higher than the other parameters. The rescaling allows to choose the initial value for the parameter in the optimization
procedure more easily, a usual starting value is one.

It is important to mention that in the add-in the estimation is performed for the full model i.e. without imposing
suitable exclusion restrictions of the form βi = 0, θj = 0 and βi = −θj which are recommended for model parsimony.

4 Evaluation

The �rst check is to ensure that the parameter estimates seems reasonable, and in the transition function this means
evaluate the c parameter, if this is well outside the range of the transition variable it indicates misspeci�cation. For this
the add-in calculates the estimated transition function and the �tted values of the linear a nonlinear components of the
model.

Then the residuals have to be checked for autocorrelation, ARCH e�ect and remained unexplained nonlinearities1 if
the tests evidence the existence of any of this it may indicate misspeci�cation and the model should be reformulated.

Last if the nonlinear model performs signi�cantly worse than the linear one, the speci�cation should be reconsidered.
The SSR of the two models can be used for this, if the SSR of the nonlinear model is bigger than the linear is an indication
of misspeci�cation.

5 The add-in

The add-in could be used via point and clicking from a series object (the dependent variable) or via command line, the
command are showed in table 2.

series_name.star(options)
Option Command

Linear and changing variables Variables=list of regressors
Transition variables Transition=list of transition variables
Expansion order exp=integer between 1 and 6 (default 3)

Lags for STR-D models lags=integer (default 2)
Speci�c lag for STR-D models s_lag=integer list (default 2)

Estimation object logl (default equation)
LSTR estimation lstr
ESTR estimation estr

LSTR-D estimation lstr_d
ESTR-D estimation estr_d
Starting values vector sv=vector object

Evaluation of the transition function evaluation

Table 2: Command line

The variables list is mandatory for testing and estimation, this is equivalent to the x̃t vector
2 and its components are

used for some tests (the ones that no require a transition variable) of section 2.1 they are also used for tests of sections
2.2 and 2.3 where every component in the list are assumed to be the transition variable xtd. The transition list could be a
single variable (which is recommended) or a list of variables, where their weights are assumed to be equal for estimation.

1This can be checked using the BDS test or the tests of section 2 applied to the residuals of the estimated STR model.
2The constant is always included in testing and estimation.
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This list is optional for testing, given that tests of section 2.1 that use a transition variable are not calculated and tests of
sections 2.2 and 2.3 use the components of x̃t as the transition variables. And is mandatory for estimation of the LSTR
and ESTR models.

The expansion order integer is used for the �rst auxiliary equation test in table 1. The lags integer are used for the
residual lags h and for use this lags to be xtd in the tests showed in section 2.2 and 2.3. The speci�c lag could be an
integer or a list of integers, which are used for the tests of section 2.1 being ν̂t−d and for the estimation procedure of the
STD-D models.

The option logl is used to select the logl object as the estimation tool if it is not included then the equation object
is used. If the options LSTR, ESTR, LSTR-D and ESTR-D are included the respective model are estimated, for this
an already created vector object of starting values must be included and this must be at least of the size of the total
parameters of the model. Last, the evaluation option is used to obtain the evaluation of the c parameter, the estimation
of the transition function and the �tted values of the linear and nonlinear component for every estimated model.

6 Examples

An example will be showed using the add-in with simulated data. This was simulated as the following LSTR model:

zt = 1 + 2xt + xt−1 + 0.5xt−2 − (2xt + xt−1 + 0.5xt−2)/(1 + e−4(xt−1+1.7)) + et (6.1)

where xt and et are nid(0, 1). As can be seen when xt−1 � −1.7 the series behaves like a linear model, otherwise the
series is described as a white noise with nonzero mean. In �gure 6.1 the series is plotted for 10000 observations.

Figure 6.1: zt

To obtain the STR tests, estimation and evaluation the following commands were used, where the linear model was
chosen taking into account (7). All the starting values are assumed to be 1.

vector(11) sv=1

z.star(variables=x x(-1) x(-2),transition=x(-1),lstr,evaluation,sv=sv)

The output is an spool called str_tests that contain the tests of sections 2.1, 2.2 and 2.3 with his inputs left in their
default values, an equation and a series object with the estimated transition function. The tests are showed in table 3, as
can be seen the null of linearity is rejected against LSTR, some of the other tests also reject linearty, given the considerable
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power of this against LSTR. The tests of transition variable selection all reject the null, with the biggest statistic for xt−1

the true transition variable. Last, when the transition variable is xt−1 the suggested structure is LSTR.

Table 3: Tests

The estimated model is showed in table 4, as can be seen the estimated coe�cients are close to the true values, is
important to note that c5 is not statistically di�erent from zero. The add-in does not handle the kind of restrictions
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mentioned in section 3, therefore the estimated model fails the parsimony criteria given that c2 = −c6, c3 = −c7 and
c4 = −c5 whereby the model could be estimated with least three parameters.

Table 4: LSTR Model

The evaluation consist on the utility of the transition function i.e. if this activates or not, in �gure is showed the
periods where the transition functions activates, the shape of the transition function and the �tted values of the linear
and nonlinear components, as can be seen the series mostly behaves like a white noise porcess. The BDS, the ARCH test
and the Jarque-Bera test were applied to the residuals, and they conclude that this are iid with no ARCH e�ect and nid.
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Figure 6.2: Transition function
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