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Abstract The motivation for this study is that the multi-step forecast performance of nonlinear time series models is often
not reported in literature. This is perhaps surprising since one of the main uses of time-series models is for prediction.
Therefore, this paper aimed at comparing a number of models that have been proposed in the literature for obtaining h-step
ahead forecasts for different features of linear and nonlinear models. These forecasts are compared to those from linear
autoregressive model. The comparison of forecasting methods is made using simulations in R software. The relative
efficiency of the models was assessed using MSE and AIC criteria. The best model to forecast linear autoregressive function
is AR. The performance of LSTAR model supersedes other models as number of steps ahead increases in nonlinear time
series data except in polynomial function where SETAR model performs better than others. The predictive ability of the four
fitted models increases as sample size and number of steps ahead increase.

Keywords SETAR, STAR, LSTAR, MSE, AIC

1. Introduction

The purpose of time series analysis is generally of twofold:
to understand or model the stochastic mechanism that gives
rise to an observed series and to predict or forecast the future
values of a series based on the history of that series and,
possibly, other related series or factors.

Clements and Smith (2001) evaluated forecasts from
SETAR models of exchange rates and compared them with
traditional random walk measures. Hansen (2001) used
Chow test in testing unknown structural change timing.
Boero and Marrocu (2002) showed clear gains from the
SETAR model over the linecar competitor, on MSEs
evaluation of point forecasts, in sub samples characterized
by stronger non-linear models. Boero (2003) studied the
out-of-sample forecast performance of SETAR models in
Euro effective exchange rate. The SETAR models have been
specified with two and three regimes, and their performance
has been assessed against that of a simple linear AR model
and a GARCH model. Kapetanios and Yongcheol (2006)
distinguished a unit root process from a globally stationary
three-regime SETAR process.

Point forecasts are evaluated by means of MSFEs and
the Diebold and Mariano test. Interval forecasts are
assessed by means of the likelihood ratio tests proposed by
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Christoffersen (1998), while the techniques used to evaluate
density forecasts are those introduced by Diebold et al.
(1998). For the evaluation of density forecasts, the modified
version of the Pearson goodness-of-fit test and its
components is also used, as proposed by Anderson (1994)
and recently discussed in Wallis (2002). These methods
provide information on the nature of departures from the null
hypothesis, with respect to specific characteristics of the
distribution of interest - such as location, scale, skewness and
kurtosis — and may offer valuable support in the evaluation of
the models.

The motivation for this study is that the multi-step forecast
performance of nonlinear time series models is often not
reported in literature. This is perhaps surprising since one of
the main uses of time-series models is for prediction (see, for
example, Diebold (1990), and De Gooijer and Kumar (1992),
who argue that the evidence for a superior forecast
performance of non-linear models is consistent).

This work therefore examined relative forecast
performances of linear and nonlinear time series models to
obtain A-step ahead based on minimum mean square error
(MSE) and Akaike Information Criteria (AIC). We assess
the relative merits of different models by simulation study,
and vary the sample size with validity and violation of
stationarity assumptions.

2. Models Selected for Simulation

Data is generated from several linear and nonlinear second
orders of general classes of autoregressive models as given
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below:

Model 1. AR(Z): Yti =0. 3Yti—1 - 0. 6Yti—2 + e,

The following codes were written to simulate data from
model 1 above

x <- e <- rnorm(50)

Jor (tin 3:50)x[t] <- 0.3*x[t-1]-0.6%x[t-2]+e[t]

Model 2. TR(2): Y=0.3sin(Y;_1) - 0.6cos(Y;;_o)+ e

The following codes were written to simulate data from
model 2 above

x <-e <-rnorm(50)

for (tin 3:150) x[t] <- 0.3*sin(x[t - 1])-0.6*cos(x[t - 2])+
wlt]

Model 3: EX(2):

The following codes were written to simulate data from
model 3 above

x <-e <-rnorm(50)

for (tin 3:150) x[t] <- 0.3*x[t - 1]+exp(-0.6*x[t - 2]) +
eft/

Model 4: PL(2): Yq= 0.3Y%_, —0.6Y,_, + e,

Yﬁ = 0‘3yti—2 + exp(-0.6yti_2) + e

The following codes were written to simulate data from
model 4 above
x<- e <-rnorm(50)

Jor (tin 3:50) x[t] <- 0.3 * (x[t - 1])"2-0.6%*x[t - 2] + e[t]
Y,;~N(0,1)and e,; ~N(0,1)

t=12,..50,80,100,130,150,180,200, 250,300 and 400 .
i=12,..,3000

Simulation studies were conducted to investigate the
performance of autoregressive, self exciting threshold
autoregressive, Smooth transition autoregressive models and
logistic Smooth transition autoregressive models in
predicting h-steps ahead(where h = 5, 10, . . ., 50) from data
generated from different general classes of linear and

nonlinear autoregressive time series stated above. Effect of
sample size was examined on each of the general linear and
nonlinear data simulated.

Note that in autoregressive modeling, the innovation
(error), e, process is often specified as independent and
identically normally distributed. The normal error
assumption implies that the stationary time series is also a
normal process; that is, any finite set of time series
observations are jointly normal. For example, the pair (Y1,Y>)
has a bivariate normal distribution and so does any pair of
Y’s; the triple (Y1,Y,,Y3) has a trivariate normal distribution
and so does any triple of Y’s, and so forth. Indeed, this is one
of the basic assumptions of stationary data. 1000 replications
were used to stabilize models estimations at different
combinations of sample size (n), steps ahead and models.

Selection Rule

We computes MSE and AIC for number of steps ahead, h
=510, 15, 20, 25, 30, 35, 40, 45 and 50 for each sample size
and model, and select the model that has the minimum
criteria values as the best. Note that only second order of
autoregressive were considered in each case and situation

3. Predictive Ability of Fitted Model for
Stationary Data

Tables 1-12 shows the comparison of the predictive ability
among the four fitted model to model 1, 2, 3 and 4 (linear,
trigonometric, exponential and polynomial functions) when
sample sizes of 50, 150 and 300 are used in simulation with
consideration of stationarity assumptions. The average
values of mean square error and AIC of the forecast values of
each model at various horizons (H) i.e number of steps ahead
and sample sizes were recorded in the tables. The results
obtained were plotted on graphs as shown in figures 1la — 12b
for more clarity.

Table 1. Forecasting Performances of the Fitted Models on the Basis of MSE and AIC With Sample Size of 50 on Model 1(Stationary): AR(2):

Y;=0.3Y,;1—-0.6Y, ,+e

Step MSE AIC
Ahead (H) AR SETAR STAR LSTAR AR SETAR STAR LSTAR
5 1.15e-12 | 0.00082 | 9.97e-08 0.00237 | -1185.96 | -119.543 | -1095.72 | -107.078
10 1.98e-12 | 0.00061 | 8.51e-08 8.32e-04 | -1392.77 | -453.480 -1118.8 | -209.059
15 2.57e-12 | 0.00043 | 7.38e-09 1.53e-04 | -1409.95 | -1155.73 | -1339.12 | -726.297
20 2.49-12 | 0.00033 1.04¢-09 1.04e-04 | -2487.56 | -1470.79 -2348.34 -889.95
25 2.35e-12 | 0.00020 | 1.14e-09 1.68e-05 | -2493.01 | -1511.53 | -2359.14 | -1103.70
30 2.33e-12 | 0.00017 | 8.32e-10 1.18e-05 | -2717.15 | -1808.97 | -2680.04 | -988.298
35 2.30e-12 | 0.00017 | 9.03e-11 7.09¢-06 | -2903.79 | -2097.05 | -2934.95 | -1763.22
40 226e-12 | 0.00016 | 3.15e-11 1.11e-07 | -3189.10 | -2373.83 | -3257.89 | -1590.13
45 2.26e-12 | 0.00016 | 1.29-11 1.16e-08 | -3289.17 | -2658.93 | -3275.25 | -2046.62
50 226e-12 | 0.00016 | 3.45e-12 2.13e-11 | -3285.96 | -3092.78 | -3281.14 | -1574.28
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Figure 1a. MSE of Forecast Values for the Fitted Models on Model 1
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Table 2. Forecasting Performances of the Fitted Models on the Basis of MSE and AIC With Sample Size of 50 for Model 2 (Stationary): TR(2):

Y, =0.3sin(Y_1) - 0.6c0s(Yiz) + &

Step Ahead MSE AIC

(H) AR SETAR STAR LSTAR AR SETAR STAR LSTAR
5 0.000956 | 3.078¢-06 0.00567 7.565¢e-11 | -142.89 43498 | -108.457 | -237.97
10 0.0008735 | 6.065¢-06 0.00428 2.27¢-10 -178.56 -773.87 | -122305 -490.88
15 0.0007820 | 1.652e-05 | 0.002367 | 9.507e-12 | -286.78 | -1123.59 | -170.202 | -763.69
20 0.0005901 2.15e-05 | 5.253e-04 | 3.804e-11 | -279.05 | -1502.30 | -1552.57 | -825.68
25 0.000456 447¢-05 | 3.352¢-08 | 1.747e-09 | -280.87 | -1863.78 | -1780.83 | -1169.58
30 0.0007901 | 5.86e-05 | 9.106e-09 | 1.097¢-08 | -276.67 | -2196.49 | -228828 | -1398.33
35 0.0007631 9.92¢-05 | 9.102e-09 | 8.486e-07 | -345.78 | -2726.32 | -2665.17 | -1559.45
40 0.0007356 | 0.000238 | 1.523e-09 | 3.589¢-05 | -569.01 | -2652.61 | -3026.53 | -3121.34
45 0.0007298 | 0.000240 | 1.023e-09 0.00056 557078 | -2675.78 | -3381.63 | -3392.00
50 0.0007279 | 0.000244 | 2.025e-09 0.00036 557121 | -3814.55 | -3575.35 | -3578.62
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Figure 2a. MSE of Forecast Values for the Fitted Models on Model 2
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Figure 2b. AIC of Forecast Values for the Fitted Models on Model 2

Table 3. Forecasting Performances of the Fitted Models on the Basis of MSE and AIC with Sample Size of 50 for Model 3(Stationary): EX(2):
Yi=0.3Y;_5 +exp(-0.6Y;;_5) + e

Step Ahead MSE AlC

(H) AR SETAR STAR LSTAR AR SETAR STAR LSTAR
5 0.00872 1.003e-06 4.28¢-04 5.656e-11 -126.78 -511.319 -484.69 -504.47
10 0.00856 1.322¢-06 9.97e-04 5.812e-11 -146.25 -646.503 -567.34 -564.90
15 0.00833 6.426e-05 9.74e-04 5.821e-10 -176.22 -697.87 -587.54 -610.49
20 0.00654 7.921e-05 9.54e-04 5.014e-06 -198.89 -1021.93 -704.32 -963.59
25 0.00435 0.00114 7.57e-04 5.041e-06 -276.98 -1614.75 -1855.15 -2046.82
30 0.00447 0.00087 6.58e-04 2.480e-06 -289.33 -1818.17 -2217.05 -2389.86
35 0.000842 0.000834 5.01e-04 1.854¢-06 -290.65 -2296.89 -2543.16 -2615.94
40 0.000844 0.000992 4.98¢-04 1.005e-06 -346.09 -2612.15 -2943.55 -3004.85
45 0.000847 0.000819 4.54¢-04 1.981e-06 -365.31 -2638.55 -2975.31 -3182.70
50 0.000847 0.000809 4.44¢-04 2.229¢-06 -453.56 -2657.38 -2997.78 -3367.42
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Figure 3b. AIC of Forecast Values for the Fitted Models on Model 3
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Table 4. Forecasting Performances of the Fitted Models on the Basis of MSE and AIC With Sample Size of 50 for model 4(Stationary): PL(2):

Y= 0.3Y%2, —0.6Y,_, +e,

Step Ahead MSE AIC

(H) AR SETAR STAR LSTAR AR SETAR STAR LSTAR
5 0.00976 0.00583 8.22¢-04 9.056¢-04 -135.32 -121.761 -303.11 -502.356
10 0.00944 0.00542 7.85e-04 2.469¢-05 -208.33 -275.301 -508.03 -713.249
15 0.00919 0.00364 7.42e-04 1.570e-06 -376.23 -394.47 -608.78 -717.533
20 0.00918 0.00305 5.21e-04 6.406e-08 -454.35 -501.06 -1036.18 -880.315
25 0.009098 0.000631 1.16e-04 5.799¢-13 -454.09 -732.878 -1517.40 -1516.60
30 0.008985 0.000509 7.94¢-05 3.022¢-13 -543.7 -811.71 -1904.60 -1909.45
35 0.008836 0.0005 1.67e-05 2.443e-13 -637.76 -1057.83 -2396.30 -2584.18
40 0.00879 0.000483 9.73e-09 1.625e-13 -676.15 -1072.32 -2743.91 -3100.09
45 0.005675 5.18e-05 9.56e-09 1.665¢-13 -713.67 -1450.95 -2840.30 -3261.70
50 0.005432 2.88e-05 8.44e-09 1.653¢-13 -904.55 -1857.36 -1956.76 -3318.94
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Figure 4a. MSE of Forecast Values for the Fitted Models on Model 4
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Figure 4b. AIC of Forecast Values for the Fitted Models on Model 4

Table 5. Forecasting Performances of the Fitted Models on the Basis of MSE and AIC With Sample Size of 150 for model 1 (Stationary): AR(2):

Y;=0.3Y,;1—-0.6Y,; ,+e

Step Ahead MSE AIC
H) AR SETAR STAR LSTAR AR SETAR STAR LSTAR
5 457e-12 | 0.00078 | 7.01e-05 1.08e-05 | -1045.78 | -189.12 | -407.80 | -235.97
10 9.8%-13 | 0.0006 | 5.64e-05 7.74e-06 | -2108.67 | -349.010 | -895.98 -596.32
15 9.56e-13 | 0.00055 | 4.65¢-05 147e-06 | -2154.76 | -713.85 | -1195.01 | -944.23
20 9.45e-13 | 0.00053 | 1.44e-05 8.65¢-07 | -2178.46 | -948.51 | -1596.71 | -1247.03
25 9.45e-13 | 0.00045 | 3.93e-06 235e-08 | -2456.89 | -1441.89 | -1993.47 | -1504.28
30 9.30e-13 | 0.00042 | 3.58¢-06 457¢-09 | -2632.78 | -1715.77 | -2376.89 | -1399.73
35 9.07e-14 | 0.0004 | 9.19¢-07 3.18e-10 | -2865.32 | -2010.53 | -2786.07 | -1950.21
40 8.99%-14 | 0.00034 | 8.86e-07 137e-10 | -2867.43 | -2317.73 | -324828 | -2370.96
45 7.80e-15 | 0.00011 | 6.68¢-08 2.64e-11 287145 | -2621.19 | -3622.60 | -2738.24
50 5.10e-15 | 0.00011 | 4.89¢-08 3.08e-13 | -2873.78 | -2891.41 | -4350.62 | -3648.92
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Table 6. Forecasting Performances of the Fitted Models on the Basis of MSE and AIC with Sample Size of 150 for Model 2(Stationary): TR(2):
Y =0.3sin(Y;;_1) - 0.6cos(¥Yi_2) + &

Step Ahead MSE AIC

(H) AR SETAR STAR LSTAR AR SETAR STAR LSTAR
5 0.0097 0.08557 6.45¢-11 1.79¢-05 -445.89 -352.47 -710.51 -710.459
10 0.0091 0.06541 6.00e-11 8.30e-06 -508.90 -452.47 -1104.38 | -1101.16
15 0.00901 0.03855 5.99¢-11 1.68¢-06 -671.89 -588.74 -1163.26 | -1778.93
20 0.00897 | 0.00559 5.25e-11 1.43e-06 -897.56 -1472.46 | -1925.19 | -1950.44
25 0.00879 | 0.00443 4.02¢-12 7.62¢-07 | -1051.98 | -1706.71 231214 | -2464.04
30 0.00846 | 8.31e-04 3.56e-12 322e-07 | -1347.89 | -221422 | -2708.56 | -2755.73
35 0.00654 | 6.23e-04 3.38e-12 1.87¢-07 | -1789.30 | -258220 | -2726.95 | -2996.86
40 0.00346 | 3.06e-05 3.12¢-12 2.66e-08 | -1798.82 | -2928.49 | -3061.48 | -3186.47
45 0.00089 | 1.03e-05 2.78¢-12 1.79¢-08 | -1956.65 -3356.47 | -3453.50 | -3152.07
50 0.00027 | 1.02e-05 1.23e-12 1.23e-12 | -1961.31 -3649.35 | -3874.36 | -3881.69
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Table 7. Forecasting Performances of the Fitted Models on the Basis of MSE and AIC with Sample size of 150 for model 3 (Stationary): EX(2):

Yi=0.3Y;_5 +exp(-0.6Y;;_5) + e

Step Ahead MSE AIC

H) AR SETAR STAR LSTAR AR SETAR STAR LSTAR
5 0.00193 | 6.70E-04 | 7.00e-05 1.01e-04 -179.01 42222 -867.33 -878.44
10 0.00159 | 6.60E-04 | 6.72¢-05 | 9.71¢-05 -197.15 | -551.807 | -100538 | -1001.86
15 0.00151 | 0.000178 | 4.99e-05 | 8.94¢-05 21132 -799.03 | -1111.74 | -1223.76
20 0.00155 | 0.000143 | 3.84e-05 | 2.75¢-05 31276 | -146439 | -1391.42 | -1391.61
25 0.00131 | 0.000141 | 3.54e-05 1.16e-06 52345 | -1669.33 | -1847.02 | -1931.28
30 0.00125 | 0.000126 | 6.83e-06 | 2.37¢-08 -586.65 | -2001.09 | -222329 | -2387.30
35 0.00113 | 0.000114 | 4.94e-06 1.65¢-08 -589.56 | -2280.86 | -2597.57 | -2872.48
40 0.00101 | 0.000102 | 2.43e-06 | 6.10e-09 58975 | -2654.69 | -2913.45 | -2718.45
45 0.00046 | 0.000101 | 5.90e-07 148e-09 | -1956.65 | -3031.87 | -3334.36 | -3818.28
50 0.00040 | 5.51E-05 | 5.79¢-07 147¢-09 | -1961.31 | -3359.26 | -3337.30 | -3836.09
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Table 8. Forecasting Performances of the Fitted Models on the Basis of MSE and AIC with Sample size of 150 for model 4 (Stationary): PL(2):

Y= 0.3Y2,-0.6Y,_, + e,

Step Ahead MSE AIC
(H) AR SETAR STAR LSTAR AR SETAR STAR LSTAR
5 0.0242 0.0098 4.908¢-04 9.987¢-04 -105.90 -546.45 -664.06 -708.50
10 0.0248 0.0091 4.357e-04 9.641e-04 -126.35 -557.27 -1061.52 -1128.50
15 0.0194 0.0086 2.465e-04 6.588e-04 -153.03 -1126.02 -1328.05 -1359.00
20 0.0181 0.00849 2.158e-04 5.431e-04 -209.78 -1313.80 -1498.32 -1499.86
25 0.0163 0.0089 1.443¢-04 2.007¢-04 -500.87 -1927.62 -1882.79 -1887.67
30 0.0019 7.872e-05 1.763¢-04 9.232¢-05 -606.34 -2678.69 -1884.46 -2257.29
35 0.0019 6.387e-05 1.543e-04 7.329e-05 -611.45 -2743.22 -2256.54 -2573.76
40 0.0012 2.798e-06 9.155e-05 5.804e-05 -956.00 -3000.22 -2891.32 -2955.27
45 0.0005 1.441e-06 1.156e-05 2.450e-05 -989.41 -3057.18 -3006.82 -3364.92
50 0.0005 1.240e-06 1.011e-05 2.729e-07 -1001.67 -3075.93 -3483.68 -3688.00
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Table 9. Forecasting Performances of the Fitted Models on the Basis of MSE and AIC With Sample Size of 300 for model 1: AR(2) (Stationary):

Y;=0.3Y;1—-0.6Yy; + e,

Step MSE AIC
Ahead

(H) AR SETAR STAR LSTAR AR SETAR STAR LSTAR
5 4.93e-09 | 0.000964 | 6.005e-05 | 7.90e-06 | -2342.03 44350 | -1000.67 | -1137.55
10 3.80e-09 | 0.000886 | 4.899¢-05 | 7.33e-06 | -2560.12 | -770.382 | -1007.05 | -1594.55
15 4.05e-09 | 0.000335 | 3.442e-05 | 3.10e-06 | -2768.33 | -1069.90 | -1137.12 | -1730.15
20 3.96e-09 | 9.147e-05 | 1.254e-05 | 2.94e-06 | -2897.45 | -1470.71 | -1564.91 | -1991.31
25 3.95¢-09 | 9.107¢-05 | 1.758e-05 | 2.84e-06 | -3005.71 | -1843.41 | -1937.08 | -2256.59
30 3.89¢-09 | 7.579e-05 | 9.001e-06 | 1.17¢e-06 | -3010.56 | -2208.56 | -2341.50 | -2662.86
35 3.79¢-09 | 1.423e-05 | 8.765¢-06 | 7.19¢-07 | -3337.78 | -2591.72 | -2657.08 | -2682.78
40 1.99¢-09 | 6.173e-05 | 6.921e-06 | 5.99¢-07 | -3421.15 | -2643.86 | -2730.39 | -2735.62
45 1.99¢-09 | 1.400e-05 | 2.493e-06 | 2.81e-09 | -492222 | -3302.59 | -3541.50 | -3656.00
50 1.98¢-09 | 8.587¢-06 | 1.892e-06 | 1.43e-09 | -4786.89 | -3692.87 | -3991.61 | -3750.51
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Table 10. Forecasting Performances of the Fitted Models on the Basis of MSE and AIC with Sample Size of 300 for Model 2 (Stationary): TR(2):

Y =0.3sin(Y;;_1) - 0.6cos(Y;_2)+ e

Step Ahead MSE AlC

(H) AR SETAR STAR LSTAR AR SETAR STAR LSTAR

5 0.0083 1.99¢-03 5.742¢-07 6.568¢-05 -105.70 -468.321 -577.463 -745.471
10 0.0078 8.97¢-04 3.282¢-07 4.095e-05 -113.47 -743.435 -823.542 -835.030
15 0.0056 7.58e-04 1.901e-07 1.186e-05 -317.34 -1099.92 -1403.43 -1409.88
20 0.0043 6.07¢-04 1.896e-07 1.039¢-06 -345.22 -1456.76 -1478.17 -1607.55
25 0.0037 2.22e-04 1.891e-07 5.063¢-07 -505.67 -1843.42 -1912.35 -1961.42
30 0.0035 1.83e-04 1.780e-07 3.733e-07 -712.33 -1977.8 -2579.68 -2974.60
35 0.00073 1.71e-04 1.491e-07 1.926e-07 -704.21 -2559.07 -2719.69 -3132.38
40 0.00054 9.12e-05 1.314e-07 3.205e-10 -698.84 -2952.36 -3103.32 -3131.95
45 0.00051 1.18e-05 1.010e-07 4.568e-10 -717.60 -3310.98 -3201.78 -3193.28
50 0.00048 8.54¢-06 1.005¢-07 6.047¢-10 -931.42 -3708.40 -3345.41 -3232.38
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Figure 10b. AIC of Forecast Values for the Fitted Models on Model 2

Table 11. Forecasting Performances of the Fitted Models on the Basis of MSE and AIC with Sample size of 300 for model 3 (Stationary): EX(2):
Yi=0.3Y;_5 +exp(-0.6Y;_5) + e

Step Ahead MSE AIC

(H) AR SETAR STAR LSTAR AR SETAR STAR LSTAR
5 0.0993 | 9.032e-04 | 8.932e-06 | 3.51e-05 -103.01 -350.067 | -156.501 | -322.780
10 0.0759 | 6.560e-04 | 8.932¢-06 | 9.59¢-07 -152.49 -750.067 | -433.786 | -530.214
15 0.0751 | 3.849e-04 | 5.932e-06 | 9.54e-07 -321.19 -1107.40 | -906.311 | -669.574
20 0.0663 | 1.306e-04 | 5.425e-06 | 7.12¢-07 -476.10 -1466.17 | -1099.38 | -874.100
25 0.0478 | 5.346e-05 | 3.038e-06 1.20e-07 -802.43 -1644.53 | -1107.07 | -1159.19
30 0.0187 | 6.243e-05 1.063¢-06 | 7.49¢-09 951.48 -1970.46 | -1491.47 | -1357.66
35 0.0201 | 5352e-05 | 6.997e-07 | 6.20e-09 | -118232 | -2300.05 | -1758.23 | -1512.49
40 0.0069 | 6.961e-05 | 4.987e-07 | 6.64e-10 | -1370.73 | -2660.62 | -1845.10 | -2434.06
45 0.0077 | 5248e-05 | 3.003e-07 | 7.34e-10 | -1413.76 | -300320 | -2107.02 | -2709.21
50 0.0077 | 4.627e-05 1.693¢-07 | 2.66e-11 -1556.89 | -3261.62 | -2813.45 | -3033.07
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Table 12. Forecasting Performances of the Fitted Models on the Basis of MSE and AIC with Sample size of 150 for model 4(Stationary): PL(2):

Y= 0.3Y2,-0.6Y,_, + e,

Step Ahead MSE AIC

(H) AR SETAR STAR LSTAR AR SETAR STAR LSTAR
5 0.0091 4.95¢-23 9.389¢-04 7.562e-11 -117.723 -604.102 -312.356 -437.083
10 0.0078 2.71e-23 8.771e-04 2.102e-11 -213.756 -781.949 -335.771 -498.059
15 0.0076 5.81e-24 8.001e-04 1.307e-11 -309.431 -1133.92 -499.478 -603.931
20 0.0073 4.54e-24 7.879¢-04 2.040e-11 -363.452 -1523.47 -496.967 -660.507
25 0.0069 4.48e-24 5.876e-04 2.551e-12 -381.912 -1905.35 -812.235 -824.059
30 0.0069 4.11e-24 5.478e-04 1.061e-12 -417.76 -2305.88 -1001.17 -914.765
35 0.0063 3.58e-24 3.483e-04 5.248e-14 -478.362 -2693.86 -1315.53 -1134.83
40 0.0056 2.61e-24 9.155e-05 1.107e-14 -602.22 -3057.52 -1361.12 -1434.89
45 0.0051 2.51e-24 6.756e-05 9.942¢-15 -606.41 -3475.61 -1441.42 -1501.72
50 0.0017 2.10e-24 4.332e-05 9.010e-15 -615.35 -3836.65 -1445.36 -1601.02
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Figure 12b. AIC of Forecast Values for the Fitted Models on Model 4

4. Summary of Findings

Tables 1-12 shows the comparison among predictive
ability of the four fitted model to model 1, 2, 3 and 4 (linear,
trigonometric, exponential and polynomial functions) when
sample sizes of 50, 150 and 300 are used in simulation. The
average values of MSE and AIC of the forecast values of
each model at various horizons (H) i.e number of steps ahead
and sample sizes were recorded in tables 1-12. The results
obtained were plotted on the graphs as shown in figures la —
12b for better understanding.

In model 1: Linear Function

The best forecast to model 1 is AR based on both MSE and
AIC followed by STAR model for the three sample sizes. AR,
STAR and LSTAR have equal performance on the basis of
MSE when the number of steps ahead increases as shown in
figures la, 1b, 5a, 5b, 9a and 9b.

In model 2: Trigonometric Function

From figures 2a and 2b, using sample size of 50, it was

observed that SETAR forecast best to trigonometric function
at different horizons based on MSE and AIC followed by
LSTAR model. However, the performance of LSTAR model
supersede other models as number of steps ahead increases
Figure 6a and 6b show that the best forecast to model 2 on
the basis of the two criteria of assessment is LSTAR.
However, the performance of other three models compete
well with LSTAR as number of steps ahead increases on the
basis of MSE

Furthermore, in figure 10a and 10b, the best forecast was
observed for LSTAR models at different steps ahead
followed by STAR except between 45 and 50 horizons
where the SETAR model performs better than others. The
worst forecast from trigonometric function was observed
from linear AR especially at various horizons but its
performance improves with increase in number of steps
ahead with other models.

In model 3: Exponential Function

Figure 3a and 3b show that LSTAR forecast best to
exponential function especially at larger number of steps
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ahead followed by STAR. However, the performances of the
three nonlinear models are similar when sample size
increases and the same at smaller sample size. In Figure 7a
and 7b, it was observed that LSTAR and STAR models
perform almost equally as number of steps ahead increases
on the basis of MSE, however the best forecast can be seen
clearly to be LSTAR at various horizon from model 2, data
simulated from trigonometric function on the basis of the
AIC criteria of assessment. From figure 11a and 11b, it can
be seen that the SETAR model forecast ahead from
exponential function more absolutely well than other models
at sample size of 300. However, the performances of the
three models increases when sample size increases based on
AIC criterion.

In model 4: Polynomial Function

In figure 4a and 4b, the best forecast was observed for
LSTAR models at different steps ahead followed by STAR
except between 10 and 20 where STAR model performs
better than others. The worst model to fit polynomial
function was observed from linear AR especially at larger
horizons but their performance improves with increase in
number of steps ahead and three nonlinear models converges
based on MSE. The results of table 8 plotted in figure 8a
and 8b show that the LSTAR model has the best forecast
followed by STAR at horizons that are less than 25 and
SETAR at above 25 horizons with smallest AIC and MSE
criteria. The results in table 12, plotted in fig. 12a and 12b
showed that the performance of SETAR and LSTAR are
almost the same on the basis of MSE but the SETAR model
forecast ahead more absolutely well than other models using
sample size of 300 follow by LSTAR. However, the
performances of the three models increases when sample
size increases based on AIC criterion.

5. Conclusions

The best model to forecast linear autoregressive function
is AR. The performance of LSTAR model supersedes other
models as number of steps ahead increases in nonlinear time
series data except in polynomial function where SETAR
model performs better than others. The three nonlinear
models SETAR, LSTAR and STAR have closed forecast
performances as number of steps ahead and sample sizes
increase based on MSE. The predictive ability of the four

fitted models increases as sample size and number of steps
ahead increase.
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