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ABSTRACT OF THE THESIS
ON SOME RIDGE REGRESSION ESTIMATORS FOR LOGISTIC REGRESSION MODELS
by
Ulyana Williams
Florida International University, 2018
Miami, Florida

Professor B. M. Golam Kibria, Major Professor

The purpose of this research is to investigate the performance of some ridge regression
estimators for the logistic regression model in the presence of moderate to high correlation among
the explanatory variables. As a performance criterion, we use the mean square error (MSE), the
mean absolute percentage error (MAPE), the magnitude of bias, and the percentage of times the
ridge regression estimator produces a higher MSE than the maximum likelihood estimator.

A Monto Carlo simulation study has been executed to compare the performance of the
ridge regression estimators under different experimental conditions. The degree of correlation,
sample size, number of independent variables, and log odds ratio has been varied in the design of
experiment.

Simulation results show that under certain conditions, the ridge regression estimators
outperform the maximum likelihood estimator. Moreover, an empirical data analysis supports the
main findings of this study.

This thesis proposed and recommended some good ridge regression estimators of the

logistic regression model for the practitioners in the field of health, physical and social sciences.
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CHAPTER |
INTRODUCTION
1.1 Literature Review

In a multiple linear or non-linear regression model, one may deal with near- linear
dependency among the explanatory variables known as a multicollinearity. If two or more
explanatory variables are highly correlated with one another, methods such as the least squares
and maximum likelihood (ML) for estimating the regression parameters give a very poor
precision of the estimates. There is perfect multicollinearity if absolute value of the correlation
coefficient between two independent variables is equal to 1. We seldom have perfect
multicollinearity in practice. In general, if simple correlation coefficient between two regressors
is greater than 0.8 or 0.9 or variance inflation factor is greater than 3, the multicollinearity will
affect calculations regarding individual predictors by inflating the variance of the parameter
estimates (see Mansson, 2011).

One of the many remedies for solving the multicollinearity problem, is to use the ridge
regression method proposed by Hoerl and Kennard (1970). Their work is the most frequently
cited in the literature and generally regarded as the seminal paper on the subject. Many authors
have worked on developing estimates for ridge regression parameter for the mainly linear
regression models. To mention a few, Lawless and Wang (1976), Kibria (2003), Khalaf and
Shukur (2005), Alkhamisi, Grhadban and Shukur (2007), Gisela and Kibria (2009) and very
recently Kibria and Banik (2016) and Asar and Genc (2017) among others. However, few
researchers have been studying non-linear ridge regression model, such as the logistic ridge
regression model. Among them Schaefer et al. (1984), Hoerl et al. (1975), Mansson and Shukur

(2011) and very recently Mansson (2017) are notable. This thesis expands on that study by

evaluating more ridge estimators and proposing some new k estimators for the logistic ridge

regression model.



Logistic regression is a widely used method for categorical data. It is a type of regression
model where the response variable is a dichotomous variable and the independent variables are
continuous or categorical. The logistic regression widely employed in many fields, such as
epidemiological research, health science and social sciences. A very good example of this model
is to investigate the occurrence of a disease as related to different characteristics of patients, such
as, age, sex, food habit, calorie intake etc. The motivational example of this model is to predict the
recreational trip of the registered leisure boat owners in 23 counties of East Texas using the
following explanatory variables: facility's subjective quality ranking, respondent's taste for water-
skiing, travel cost to Lake Conroe, travel cost to Lake Somerville, travel cost to Lake. The Texas
example will be analyzed in Chapter 4.

1.2 Research Purpose and Tasks

The present thesis will propose different methods for estimating the ridge parameter, k. In
order to judge the performance of the estimators, we need to compare these estimators under
different performance criterion. The main objective of my research is to investigate the
performance of the popular ridge estimators for the logistic regression model in the presence of
moderate to high correlation among the explanatory variables employing the following criteria:

1. Mean squared error (MSE),

2. Mean absolute percentage error (MAPE),

3. Magnitude of bias,

4. Performance of ridge regression estimator compared to the ML estimator, in terms of the

percentage of times the ridge regression estimator produces a higher MSE than the ML estimator.
The organization of the thesis is as follows. We define different ridge regression estimators of

k in Chapter 2. A Monte Carlo simulation study is conducted in Chapter 3. In Chapter 4, the

empirical application of the ridge logistic regression will be presented. Summary and concluding

remarks are given in Chapter 5.



CHAPTER 11

STATISTICAL METHODOLOGY

2.1 Logistic Regression Model

Logistic regression is one of the most commonly used tools for applied statistics to explain
the relationship between dependent binary variable and discrete and/or continuous explanatory
variables. The jth value of the dependent variable Y of the regression model is Bernoulli random
with the following parameter m; (see Mansson (2011)):

exp(x;PB)

m=POi= D) = e

ji=1,...,n 2.1)

where x; is the " row of n x (p + 1) data matrix X and B is a (p + 1) x 1 vector of coefficients.
The most common method to estimate B is to apply ML method because this method does not
require any restrictions on the characteristics for independent variables.
The joint PMF of y;’s is given by
L(B X) = [T}y ()’ (1 — mp)*~ ) (2.2)
and the log likelihood function by
log (L(B| X)) = X7=1yjlog(m)) + ¥j=1(1 — y;) log(1 — mj). (2.3)
To find the MLE of g we need to take the first derivative of the above equation and solve the

likelihood equation

dlog (L(BI X
og ;ﬁ(ﬁl ) ;l=1xj (y;— m)=0 (2.4)

which is nonlinear in . The most common method of obtaining the MLE is to apply the iteratively

weighted least squares algorithm as follows (see Mansson(2011)):

Br= (X'W X)) 1X'W32, (2.5)
where W = diag ( #;(1 - #;)) and 2; = log(#;) + % is the j™ element of the vector 2.
j -7



The asymptotic variance-covariance matrix of the ML estimator is obtained by differentiating

log-likelihood function second time with respect to each element of B, denoted by B’ (see

Mansson(2011)):
T - S Tax O~ )
= % j=1% T
= -Yaxm (- m)xp= XWX (2.6)

One of the disadvantages of using ML method is that the ML estimator can be affected by the
presence of collinearity. Because of collinearity in X matrix, the elements of (X'W X )~ will be
large and consequently the variance of ML estimator become inflated. To combat the problem of
multicollinearity, the ridge logistic estimator has been proposed (see Schaefer, 1986). It is defined
as

BRI =X'W X + kI) ' X'W XBy =V, k>0 (2.7)
where V = (X'W X+ kI)™*X'W X. The asymptotic mean square error (MSE) of the ridge
estimator is obtain as follows (see Mansson (2011)):

MSE (8% (k)= E[(V Bur — B)'(VBur, — )]

=E(Bur = BYVVPBuL =M +EB' WV =D’V = 1) f) + 2*E ((Bur. — B)'V'(V = DB)).

It is known that for large n, (B, — B) ~ N (0, (X'W X )~1) (see Lee (1988)).

Therefore, E ((By, — B)'V'(V — DP)) =0.

Then the MSE becomes as follows:

MSE (87 ()= E((Bu, — BY'V'V(ur ~P) +E(B'(V = D' (V = 1) p)

E(Bur = B'VVPBur — B) = rEVQPBuL- BBur — AV = tT(VCOU(ﬁAML)V’) =
arWX'WX) VY = (XWX + k)XW X).

BBV —=D)(V—=Dp) = B'(~k(XWX +kI) ) (~k(X'WX+LkI) ) B



=B (K2(X'W X +kI) )

Let C=X'W X and A = diag(4,, .... 4,)

Suppose there exists an orthogonal matrix P, such that P'CP = A, then

tr(X'W X +kI) X' W X) =er(PP'(X'W X +kI) PP'(XWX+kI) PPX'WX) =
=tr (P'(X'W X + kI ) PP'(X'W X + k) PP'X'W XP) =

=tr (P'X'WXP+ k)" (P'X'W XP+kl) P'X'W XP) = tr((A+kI)™*(A+ kI )™'A)=

A
= ?:1 (A+k)2 (28)
v - — (D! VT N2 a’iz
K*B'(X'W X + kI)™2B = K*(PB)'(P'X'W XP + kPP') “(PB) = k* ¥}, TR (2.9)

So, MSE (BR(k)) = Var (8®) + (Bias (B%))?

- VP A p a?
- Zi:l (Ai+k)2 + kz Zi:lm ' (210)

where 4; is the i eigenvalue of the X’W X matrix and a = Pp (see Mansson (2011)).

The first term in Eq. (2.10) is a continuous, monotonically decreasing function of k, and the
second term is a continuous, monotonically increasing function of k. For large value of k, the
variance vanishes and the bias dominates the MSE. The main goal of logistic ridge regression
method is to find an appropriate k such that the decrease in variance of the ridge regression

estimator exceeds the increase in its bias.

2.2 Estimation of the Ridge Parameter k.
The first method of choosing the biasing or ridge parameter k was proposed by Hoerl and
Kennard (1970) for linear regression model. It states that there always exists a k > 0 such that MSE

(BR(K)) < MSE (By,). Schaefer (1984) followed the same principal to find the ridge parameter for



logistic regression. To show that we minimize the mean square error of ridge estimator, the first
derivative of Eq. (2.10) with respect to k is

d MSE (BR®) _ D A
ak =1 (};+k)3

riaf
+2k X, Gt (2.11)

Since A; > 0, the first derivatives of the first and second terms are always non-positive and

non-negative, respectively. We note that when k is equal to zero g% (k) = S, With equal variance
1 1 .
=17 and zero bias.

Moreover, the optimal value of any individual parameter ki can be found by setting Eq.

(2.11) to zero and solve for k. Then it can be shown that

ki=— (2.12)

a

The optimal value of k; fully depends on the unknown «;, which can be estimated from the
data. Schaeffer et al. (1984) suggested to replace a; by its estimator &;.That means, the optimum
value if k is obtained as follows:

ky = (2.13)

R~

Schaefer (1984) showed that the optimal value of k for ridge logistic regression model as

follows:

k= —— (2.14)

arznax
Hoerl et al. (1975) suggested a different estimator of k taking the harmonic mean of the

ridge parameter k;. The estimator is given as:

kyz = ppA_z =2 (2.15)

ki = = (2.16)

and represent as a single value by taking harmonic mean of k;;:



po_ _ P ___0p
e = P aiy T a@'x'xa (2.17)

Hocking et al. (1976) suggested the following estimator:

3P (yap?

kug = (Z?Zlfliﬁiz)z (2.18)
Batah et.al (2008) suggested the following:
kpy = P (2.19)
T - |
Noruma (1988) proposed the following estimator:
kyg = P . (2.20)

p
Yi=1

a7
1+ (1+/1i(&i2)1/2 )‘
Kibria (2003) proposed new estimators for k by taking the geometric mean, arithmetic mean

and median (p > 3) of the ridge estimator of k;. These estimators are represented respectively as

follows:
Ry = W (2.21)
Rz = %Zleaiiz (2.22)
Rys = med (%) (2.23)

Furthermore, Muniz et al (2009, 2012) proposed some estimators of k in the following form:

The square root of the geometric mean of k;
kia = H?:l Tg)l/p (2.24)

The reciprocal of the square root of the geometric mean of k;

~ 1
kis = [T}-, ()P (2.25)

=2
@y



The median of the square root of k;
~ 1
ke = med( |=) (2.26)

The maximum of the reciprocal of the square root of k;

~ 1
kg7 = max(—==) (2.27)
The median of the reciprocal of the square root of k;
~ 1
ng = med(_l) (228)
The maximum of the square root of k;
~ 1
kyo = max( a—iz) (2.29)

Doruge (2013) proposed a new estimator for k by multiplying the denominator with A,,,,,/2:

o 2

kpi =32 (2.30)
Lukman et al (2017) proposed the following estimators:

k= max(lmax —) (2.31)

ky, = max(l/ — AZ) (2.32)

Following Kibria (2003), the modification on the Doruge’s estimator also have been

performed:
~ 2p
le - m (233)
max Lij—q
kp, = med(—— Az) (2.34)
fpg= ————— (2.35)
D3 amax (20" '
~ 2 1
kpa = Vi3 (2.36)



Khalaf and Shukur (2005) suggested a new estimator of k as modification of k:

~

Ryg = ——omax (2.35)

(n-p) +Amaxarznax

Kibria et al. (2012) and Alkhamisi (2006) proposed new estimators based on modifications

of gi = mp;f# as follows:
kis1 = max(\/@ (2.36)
kys, = max(\/iq_i) (2.37)
kiss = med(\/iq_i) (2.38)
kicsa = (11 Ja)™? (2.39)
kiss = ([T}, J—)l/ P (2.40)
kai = max(q;) (2.41)
kaz = X0, 4 (2.42)

Alkhamisi and Shukur (2007) suggested some new estimators of k as modification of k;:

1

kas1 = kyy + — (2.43)
and its functions as

kpsz = max(aiiz + A:ax) (2.44)

kass = med(aiiz + lriax (2.45)

EASAL = 21 1A2 . (13.46)

Amax
Furthermore, Alkhamisi and Shukur (2007) proposed new estimator based on Lawless and

Wang (1976):

kASS = EL + (247)

max



Since, just a few estimators of k have been studied for the ridge logistic regression in

literature, all proposed estimators of k are under consideration.

2.3 Criterion of a Good Estimator
In the current study we employed different criteria to evaluate the performance of ridge
parameter, k. The main criterion is to investigate the performance of the estimators is the mean

square error (MSE). It defines as follows:

2000(3-g)' (B—B)
2000

Average MSE = z , at r™"step of the simulation (2.48)

In case of equal MSEs for any two estimators, we will prefer the estimator with smaller
bias. Therefore, the average bias has been calculated for each proposed estimator as follows

2000 3,7 R
Average Bias = %ﬁs@, at r" step of the simulation (2.49)

where bias(f) =-kUB, U= XWX +kI)~L.
Another interesting criteria of performance of the estimators is the Mean Absolute Percent
Error (MAPE) which measures the size of the error in percentage terms. It defines as

729° MAPE(B)

Average MAPE = Z 2000 , at r"" step of the simulation (2.50)

~ 1 —
where MAPE (f) = ;Zle%.

In addition, the proportion of replication (out of 2000) for which ML estimator had a

smaller MSE than the proposed ridge regression estimator has been presented.

10



CHAPTER Il
SIMULATION STUDY

Since a theoretical comparison among the estimators is not possible, a Monte Carlo
simulation study has been conducted to compare the performance of the estimators in Chapter
Three. We use R-3.2.2 software to complete the simulation study.
3.1 Simulation Techniques

The main factor in the design of the experiment is the degree of correlation between the
regressors. To vary the strength of the correlation, following Kibria (2003) we generate the datasets
by using

xi=(— p)Y2z+pz;, i=1,2,...,p j=1,2,...,n (3.1)
where z;; are independent standard normal pseudo-random numbers and p is specified such that the
correlation between two explanatory variables is given by p2. The main restriction in simulation
study without loss of generality is that the parameter values of B are equal and chosen so that
leﬁi =1 (see Kibria 2003). For given X matrix and B, the n observations for dependent variable

y was obtained from Be(rw;) distribution, where

exp(x;B)

m=PO= D) = e

j=1,....n (3.2)

In the simulation technique, four different values of p as 0.75, 0.85, 0.95, 0.99 are used. To
investigate the effect of the sample sizes on the performance of the estimator, we will set sample
size n as 70, 100, 200. Also, we consider p = 4 and p = 8 explanatory variables. Another
consideration is taken to the value of the intercept since it represents the average value of the log
odds ratio. In the simulation study we set the value of intercept be -1 ,0, and 1.

For given values n, p, p, and intercept, the set of explanatory variables was generated. Then
the experiment is replicated 2000 times and the MSE, MAPE, bias, and proportion of replication

for which ML estimator had a smaller MSE was calculated for 35 estimators.

11



3.2 Results Discussion

Here in the results from Monte Carlo study concerning the performance of the different
estimators of k and the ML estimate are summarized. The outputs of the estimators except the
proposed one are presented for different values of n, p and p in Tables Al — A3 for intercept
-1, 0 and 1 respectively. The output for all estimators including proposed estimators are presented
in Table A.4.
3.2.1 Results as a function of n

Overall, increasing the sample size has a positive effect on all estimators of k. Results show
that mean square error decreases as the number of observations increases. Graphical illustration of
the performance based on MSE for different sample sizes with fixed p = 4, correlation coefficient

0.95 and intercept 0 is presented in the Figure 3.1.
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e =70 e———n=]0) e—h=200

Figure 3.1.Performance of estimators as a function of sample size for p = 4, p =0.95, intercept = 0
Figure 3.1 shows that all RR estimators outperform the ML estimator in the sense of
smaller MSE for different sample sizes and it is evident the advantage of using logistic ridge

regression estimators over ML estimator when explanatory variables are correlated.

12



Furthermore, increasing sample size has a positive effect on the mean absolute percent
error (MAPE). In general, MAPE decreases as the number of observation increase with a few
exceptions. Graphical illustration of the performance based on MAPE for different sample sizes

with fixed p = 4, correlation coefficient 0.95 and intercept O is presented in the Figure 3.2.

25
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L 15
[a
<<
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N=70 emmmmpn=100 e=—n=200

Figure 3.2. Performance of estimators as a function sample size for p =4, p =0.95, intercept = 0
Figure 3.2 shows that all RR estimators outperform the ML estimator in terms of MAPE
for different sample sizes and it shows the advantage of using logistic ridge regression estimators
over ML estimator. The best RR estimators in terms of MAPE achieved when sample size is large,
in this case when n is 200.
3.2.2 Results as a function of p
It is easy to see that MSEs for estimators of k increases as correlation coefficient increases.
For smaller correlation coefficient (p = 0.75 and p = 0.85), the MSEs are almost the same for any
sample size, an intercept and number of parameters. For given n = 100 and intercept 0, performance
of estimators as a function of the correlation between the explanatory variables forp=4 and p =8

is provided in Figure 3.3 — 3.4 and Figure 3.5 - 3.6, respectively.

13
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Figure 3.3. Performance of the estimators as a function of p when p = 4, n = 100 and intercept = 0
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Figure 3.4.Performance of the selected estimators as a function of p when p =4, n =100, intercept=0
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Figure 3.6. Performance of the selected estimators as a function of p when p = 8, n = 100 and
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These figures show that as correlation increases the MSE also increases. Also, MSE of ML
estimator increases rapidly as correlation coefficient increase from 0.85 to 0.99. All the RR
estimators have smaller MSE compared with ML and they don’t change as rapidly as ML estimator.
3.2.3 Results as a function of p

Overall, the MSE increases when more explanatory variables are included, disregarding
the fact that changing the number of explanatory variables from 4 to 8 the number of observations
is also changes. For given n = 100, intercept 0, and correlation coefficients 0.95, performance of

estimators as a function of the number of explanatory variables for p = 4 and p = 8 is provided in

Figure 3.7.
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Figure 3.7.Performance of the estimators as a function of p with p=0.95, n= 100 and intercept =0
From this figure 3.8, we observe that as the number of explanatory variables increases from
4 to 8, the MSE also increases. Also, as the number of explanatory variables increases proportion
for which ML estimator has bigger MSE than the other estimator decreases.
3.2.4 Results as function of the intercept
Since the value of the intercept is equal to the average value of the log odds ratio, then with
intercept equal to zero there is an equal probability of obtaining ones and zeros. With intercept

equal to 1 there is a greater probability of obtaining ones than zeros. Also, with intercept equal to
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-1 there is a greater probability of obtaining zeros than ones. For given n = 100, p = 4, and
correlation coefficients 0.95, performance of estimators as a function of the log odds ratio is

provided in Figure 3.8.
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Figure 3.8. Performance of the estimators as a function of the intercept when p = 0.95, n = 100 and
P= From Figure 3.8, we observe that changing the log odds from zero to 1 or -1 MSE increases
for the ML and the KD1 — KD3 and KAL1, KAL2. The MSEs for the other estimators are the same
or slightly decreases. Hence, these estimators are more robust to changes of the log odd ratio than

ML and the KD1 — KD3 and KAL1, KAL2.

3.3 Some Proposed New Estimators of k.

From the results analysis in section 3.2, it is evident that the following estimators: KHB, KNR,
KK2, KK4, KK6, KK7, KK9, KK12, KS2, KS5 are performing better than the rest of the estimators.
Thus, the following new estimators of k are proposed in this section:

1. KN1 =Maximum (KHB, KNR, KK2, KK4, KK6, KK7, KK9, KK12, KS2, KS5)

2. KN2 = Arithmetic mean of (KHB, KNR, KK2, KK4, KK6, KK7, KK9, KK12, KS2, KS5)

3. KN3 = Median (KHB, KNR, KK2, KK4, KK6, KK7, KK9, KK12, KS2, KS5)

4. KN4 = Harmonic mean (KHB, KNR, KK2, KK4, KK6, KK7, KK9, KK12, KS2, KS5)
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The MSEs values for n =70, 100, and 200, p = 0.95 and p = 4 are reported for different values
of intercept in table A4. Also, performance of estimators including new estimators as a function of

sample size are plotted in Figures 3.9 — 3.11.
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Figure 3.9. Performance of estimators as a function of sample size for p = 4,p =0.95, intercept =0
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Figure 3.10.Performance of estimators as a function of sample size for p = 4,p =0.95,intercept = 1
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Figure 3.11.Performance of estimators as a function of sample size for p=4,p =0.95,intercept = -1
It appears from Figures 3.9 — 3.11 and Tables in A.4, that all new proposed estimators
performed better in the sense of smaller MSE compare to the rest of the estimators. The estimator,

KN3 performed the best among proposed five and rest of the estimators.
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CHAPTER IV
APPLICATION
To illustrate the findings of this thesis, we consider the data, which have been taken from
survey of 659 registered leisure boat owners in 23 counties of East Texas collected by Sellar, Stoll

and Chavas (1985). We consider the following logistic regression model

— _exXp(Bo+X1B1+X5Bs+ X3B3+ X4B4+XsPs) (4.1)
1+ exp(Bo+X1B1+X2 B2+ X3B3+ X4B4+XsBs) ’ '

where Y is defined as 0, if survey participant has not taken a recreational trip and 1, otherwise. X
is the facility's subjective quality ranking, X is the respondent's taste for water-skiing, Xs is travel
cost to Lake Conroe, X4 is travel cost to Lake Somerville, Xs is travel cost to Lake Houston. The
correlation matrix of the variables in model (4.1) is presented in Table 4.1 (see Shiferaw Gurmu,
1996)

Table 4.1. Correlation among the variables with corresponding VIF

X1 X2 X3 Xa Xs
X1 1.000 0.136 0.077 0.003 0.090
X> 0.126 0.028 0.161 0.155 0.144
X3 0.077 0.009 1.000 0.977 0.986
X4 0.003 -0.034 0.977 1.000 0.965
Xs 0.090 0.016 0.986 0.965 1.000
VIF 1.052 1.120 81.462 31.932 50.722

It is observed from Table 4.1 that the explanatory variables Xs, X4, Xs are highly
correlated. Also, variance inflation factors for Xs, X4, Xsare 81, 31, and 50 respectively.
It implies the existence of multicollinearity problem in the data set. The estimated predicted proba
bility along with the ridge regression coefficients of the estimators are presented in Table 4.2. | als
0 provided the p-values for testing the significance of regression parameters of the following estim
ators: ML, KH1, KH2 and KNR. From Table 4.2, we observed that all ridge regression estimators
have higher prediction accuracy than that of ML estimator, which supported our findings from sim

ulation study in Chapter 3.
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Table 4.2.

The MSEs along with the ridge regression coefficients of the estimators
Bo E1 Ez E3 5)4 Ps Accuracy

ML -2.88 144 | 041 | 0.01 -0.08 0.07 0.89
P-values 0.00 | 0.21 | 0.76 0.00 0.00

KH1 -2.84 143 | 040 | 0.01 -0.08 0.07 0.91
P-values 0.00 | 0.20 | 0.75 0.00 0.00

KH2 -2.87 144 | 040 | 0.01 -0.08 0.07 0.91
P-values 0.00 0.22 0.75 0.0 0.11

KL -2.88 144 | 041 | 0.01 -0.08 0.07 0.91
KNR -1.38 1.23 | 0.21 | 0.03 -0.08 0.05 0.91
P-values 0.00 | 052 | 0.21 0.00 0.03

KHG -2.88 144 | 041 | 0.01 -0.08 0.07 0.91
KBH -2.87 144 | 0.40 | 0.01 -0.08 0.07 0.91
KK1 -0.63 1.05 | 0.11 | 0.05 -0.08 0.03 0.91
KK2 0.00 0.06 | 0.00 | 0.02 -0.04 0.01 0.90
KK3 -0.94 1.14 | 0.15 | 0.04 -0.08 0.04 0.91
KK4 -1.57 1.26 | 0.24 | 0.03 -0.08 0.05 0.91
KK5 -2.75 142 | 0.39 | 0.01 -0.08 0.07 0.91
KK6 -1.76 1.29 | 0.26 | 0.03 -0.08 0.05 0.91
KK7 -1.62 1.27 | 0.24 | 0.03 -0.08 0.05 0.91
KK8 -2.71 142 | 0.38 | 0.01 -0.08 0.07 0.91
KK9 -0.11 0.60 | 0.03 | 0.05 -0.08 0.02 0.91
KL1 -1.32 1.21 | 0.20 | 0.03 -0.08 0.05 0.91
KL2 0.00 0.00 | 0.00 | 0.00 -0.01 0.00 0.90
KD1 -2.88 144 | 041 | 0.01 -0.08 0.07 0.91
KD2 -2.88 144 | 041 | 0.01 -0.08 0.07 0.91
KD3 -2.88 144 | 041 | 0.01 -0.08 0.07 0.91
KD4 -2.36 1.37 | 0.34 | 0.02 -0.08 0.06 0.91
KS -2.88 144 | 041 | 0.01 -0.08 0.07 0.91
KS1 -1.99 1.32 | 0.29 | 0.02 -0.08 0.06 0.91
KS2 -0.69 1.07 | 011 | 0.04 -0.08 0.03 0.91
KS3 -2.27 1.36 | 0.33 | 0.02 -0.08 0.06 0.91
KS4 -2.59 140 | 0.37 | 0.01 -0.08 0.07 0.91
KS5 -2.22 1.35 | 0.32 | 0.02 -0.08 0.06 0.91
KAL1 -1.45 1.24 | 0.22 | 0.03 -0.08 0.05 0.91
KAL2 -2.18 1.35 | 0.32 | 0.02 -0.08 0.06 0.91
KAS1 -2.84 143 | 040 | 0.01 -0.08 0.07 0.91
KAS2 0.00 0.01 | 0.00 | 0.01 -0.02 0.01 0.83
KAS3 -0.94 1.14 | 0.15 | 0.04 -0.08 0.04 0.91
KAS4 0.00 0.06 | 0.00 | 0.02 -0.04 0.01 0.90
KAS5 -2.88 144 | 041 | 0.01 -0.08 0.07 0.91
KN1 -0.69 1.07 | 0.11 | 0.04 -0.08 0.03 0.91
KN2 -1.71 1.28 | 0.25 | 0.03 -0.08 0.05 0.91
KN3 -1.96 1.32 | 0.29 | 0.02 -0.08 0.06 0.91
KN4 -2.88 144 | 041 | 0.01 -0.08 0.07 0.91
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CHAPTER V

SUMMARY AND CORRESPONDING REMARKS

In this thesis, we investigated some ridge regression (RR) estimators for estimating the
ridge regression parameter k for logistic regression model when the explanatory variables are highly
correlated. Since a theoretical comparison among the estimators is not possible, a Monto Carlo
simulation study has been conducted to compare the performance of the proposed ridge regression
estimators. In simulation, we evaluated proposed estimators of k for different experimental
conditions: the degree of correlation, sample size, the number of independent variables, and the log
odds ratio. For each combination of parameters, we performed 2000 replications. The evaluation
of the performance of these estimators has been done by using the MSE, MAPE, the magnitude of
bias, and the proportion of times the ML outperforms the RR estimators.

The simulation results show that the increase of the correlation among the explanatory
variables and the number of independent variables have a negative effect on the performance of the
estimators, the MSE and MAPE increases. In most of the cases, RR estimators outperform ML
estimator even when the correlation between the explanatory variables are large. When the sample
size increases the MSEs as well as MAPE decreases for all estimators including ML estimator. The
analysis of the log odds ratio reveals that majority of estimators are robust to changes of the log
odds ratio with few exceptions. The top ten estimators of k from our simulation study are KHB,
KNR, KK2, KK4, KK6, KK7, KK9, KK12, KS2, KS5. Also, new proposed estimators based on
top ten estimators have performed well compared to other estimators. Furthermore, the analysis

from real data supported the results from simulation study to some extent.
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The following estimators KBH, KNR, KK2, KK6, KK7, KL2, KS2, KS5, KN1, KN2, KN3
are recommending for the practitioners for using them when they analysis data with
multicollinearity problem.

We have considered the logistic regression model. As a future research, this can further be
extended for the following models:

(1 Two parameters logistic regression model. That means, a model with both ridge
regression estimator and Liu (1993) estimator.

(i) Ridge Regression Based on Some Robust Estimators (see Samkar and Alpu, 2010).

(iii) Ridge regression estimators for the restricted linear model.

(iv) Restricted ridge regression estimators for a semiparametric regression model.
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APPENDICES

Table Al. Estimated MSEs, MAPEs, Bias and proportion of times in simulation when the ridge

regression estimator produces a higher MSE than the ML estimator of the proposed estimators

with intercept = O for the following cases:

p=4,p=0.75
n=70 n=100 n =200
MSE | Bias | MAPE Pr. MSE | Bias | MAPE | Pr. MSE | Bias | MAPE | Pr.
ML 1.40 | 0.00 | 0.91 0.00 | 0.84 | 0.00 0.72 0.00 | 0.36 | 0.00 0.48 0.00
KH1 0.75 | 0.20 | 0.65 0.02 | 049 | 0.16 0.54 0.03 | 0.26 | 0.10 0.40 0.04
KH2 047 | 0.37 | 0.52 0.04 | 033 | 031 0.45 0.05 | 0.19 | 0.20 0.34 0.07
KL 0.92 | 011 | 0.73 0.01 | 0.67 | 0.06 0.64 0.02 | 0.34 | 0.02 0.46 0.02
KHG 0.85 | 0.15 | 0.70 0.01 | 056 | 0.12 0.58 0.03 | 0.28 | 0.07 0.42 0.03
KBH 0.24 | 068 | 0.42 0.09 | 0.20 | 0.63 0.38 0.12 | 0.13 | 0.50 0.30 0.17
KNR 0.31 | 098 | 0.51 0.09 | 0.29 | 0.99 0.50 0.12 | 0.26 | 0.96 0.48 0.17
KK1 0.35 | 0.69 | 0.49 0.11 | 0.28 | 0.62 0.44 0.14 | 0.17 | 0.46 0.34 0.18
KK2 048 | 1.09 | 0.62 023 | 043 | 1.05 0.59 0.31 | 0.34 | 0.90 0.50 0.43
KK3 0.39 | 068 | 0.51 0.11 | 0.30 | 0.61 0.45 0.14 | 0.19 | 0.45 0.36 0.18
KK4 0.35 | 0.37 | 0.47 0.03 | 0.30 | 0.30 0.43 0.04 | 0.19 | 0.18 0.35 0.05
KK5 0.73 1 0.10 | 0.69 0.01 | 0.61 | 0.06 0.62 0.01 | 0.32 | 0.02 0.45 0.02
KK6 0.38 | 0.36 | 0.48 0.03 | 0.31 | 0.28 0.44 0.04 | 0.20 | 0.17 0.35 0.05
KK7 045 | 0.21 | 0.55 0.01 | 044 | 0.12 0.54 0.02 | 0.28 | 0.05 0.42 0.02
KK8 0.67 | 012 | 0.66 0.01 | 057 | 0.07 0.61 0.02 | 031 | 0.03 0.45 0.02
KK9 0.33 | 0.78 | 0.49 0.12 | 0.28 | 0.69 0.45 0.16 | 0.19 | 0.50 0.36 0.19
KL1 052 | 0.92 | 0.62 0.18 | 0.44 | 0.78 0.56 0.22 | 0.29 | 0.50 0.44 0.23
KL2 0.22 | 0.60 | 0.39 0.02 | 0.18 | 0.50 0.34 0.03 | 0.12 | 0.40 0.28 0.09
KD1 094 | 011 | 0.74 0.01 | 0.67 | 0.06 0.64 0.02 | 0.34 | 0.02 0.46 0.02
KD2 0.68 | 0.28 | 0.63 0.04 | 053 | 0.18 0.56 0.04 | 0.30 | 0.06 0.43 0.04
KD3 0.65 | 0.27 | 0.61 0.03 | 051 | 0.17 0.55 0.03 | 0.30 | 0.06 0.43 0.03
KD4 0.56 | 0.63 | 0.60 0.12 | 046 | 051 0.55 0.13 | 0.29 | 0.30 0.43 0.14
KS 123 | 0.03 | 0.86 0.01 | 0.77 | 0.02 0.69 001 | 035 | 0.01 0.47 0.02
KS1 092 | 0.08 | 0.75 0.01 | 0.65 | 0.05 0.64 0.02 | 0.32 | 0.02 0.45 0.02
KS2 0.23 |1 043 | 0.38 0.02 | 0.24 | 0.30 0.39 0.03 | 0.19 | 0.15 0.35 0.04
KS3 0.24 | 041 | 0.39 0.02 | 0.24 | 0.29 0.40 0.03 | 0.19 | 0.14 0.35 0.04
KS4 0.93 | 0.08 | 0.76 0.01 | 0.66 | 0.05 0.64 0.02 | 0.32 | 0.02 0.45 0.02
KS5 0.24 | 041 | 0.39 0.02 | 0.24 | 0.29 0.39 0.03 | 0.19 | 0.14 0.35 0.04
KAL1 | 1.19 | 0.03 | 0.85 0.01 | 0.76 | 0.02 0.69 001 | 035 | 0.01 0.47 0.02
KAL2 | 1.21 | 0.03 | 0.85 0.01 | 0.77 | 0.02 0.69 0.01 | 035 | 0.01 0.47 0.02
KAS1 | 065 | 0.22 | 0.61 0.02 | 0.47 | 0.17 0.53 0.03 | 0.25 | 0.10 0.40 0.04
KAS2 | 059 | 1.38 | 0.72 032 | 056 | 1.35 0.69 043 | 048 | 1.21 0.63 0.60
KAS3 | 0.37 | 0.69 | 0.50 0.11 | 0.29 | 0.61 0.45 0.14 | 0.19 | 0.45 0.36 0.18
KAS4 | 048 | 1.09 | 0.62 0.23 | 043 | 1.05 0.58 0.31 | 0.34 | 0.90 0.50 0.43
KAS5 | 0.79 | 0.14 | 0.69 0.01 | 0.63 | 0.07 0.62 0.02 | 0.34 | 0.02 0.46 0.02
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p=4,p=0385
n=70 n =100 n =200
MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 237 | 000 | 1.17 | 0.00 | 1.42 | 0.00 | 0.93 0.00 | 0.60 | 0.00 | 0.61 0.00
KH1 1.18 | 016 | 0.78 | 0.01| 0.76 | 0.14 | 0.65 0.01 | 0.37 | 0.10 | 047 0.02
KH2 067 | 031 | 059 | 0.02| 047 | 026 | 051 0.02 | 0.25 | 0.19 | 0.39 0.03
KL 1.26 {013 ] 083 | 0.00| 0.98 | 0.07 | 0.76 0.01 | 053 | 0.02 | 0.57 0.01
KHG | 125 | 014 | 081 | 0.00| 0.82 | 0.12 | 0.68 0.01 | 040 | 0.08 | 0.49 0.01
KBH | 0.26 | 054 | 041 | 0.03| 0.21 | 050 | 0.37 0.04 | 0.13 | 042 | 0.30 0.08
KNR | 027 | 0.80| 046 | 0.03| 023 | 0.79 | 0.43 0.04 | 0.19 | 0.77 | 0.40 0.08
KK1 040 | 060 | 050 | 0.06| 031 | 054 | 0.45 0.07 | 0.18 | 0.40 | 0.35 0.08
KK2 049 | 1.02| 061 | 014 | 043 | 097 | 0.58 0.20 | 0.32 | 0.84 | 0.49 0.28
KK3 046 | 060 | 053 | 0.06| 035 | 053 | 0.47 0.08 | 0.21 | 0.40 | 0.36 0.09
KK4 040 | 034 | 049 | 001 | 036 | 0.27 | 0.46 0.02 | 0.25 | 0.16 | 0.39 0.02
KK5 087 | 012 | 0.75 | 0.00| 0.80 | 0.06 | 0.72 0.01 | 049 | 0.02 | 0.56 0.01
KK6 043 1033 051 [ 001|039 |025] 048 0.02 | 0.26 | 0.15 | 0.40 0.02
KK7 045 | 023 | 054 |0.00]| 050 | 013 ] 057 0.01 | 0.39 | 0.05 | 0.50 0.01
KK8 0.76 | 013 | 0.71 | 0.00| 0.72 | 0.08 | 0.69 0.01 | 047 | 0.03 | 0.55 0.01
KK9 032 | 0.73| 048 | 0.06 | 029 | 064 | 0.45 0.08 | 0.20 | 0.46 | 0.36 0.09
KL1 057 1088 | 0.63 | 0.11 | 050 |0.73 ] 0.59 0.14 | 0.34 | 045 | 0.47 0.13
KL2 023 |066| 040 | 001 ]| 018 |055| 0.34 0.01 | 0.12 | 0.41 | 0.28 0.04
KD1 1.45 | 0.10 | 090 | 0.00 | 1.07 | 0.06 | 0.79 0.01 | 0.54 | 0.02 | 0.58 0.01
KD2 098 | 025| 072 | 001 | 0.81 | 0.16 | 0.68 0.02 | 047 | 0.06 | 0.53 0.01
KD3 090 | 024 | 070 | 0.01]| 0.78 | 015 | 0.66 0.01 | 046 | 0.05 | 0.53 0.01
KD4 068 | 060 | 0.64 | 0.07 | 0.60 | 048 | 0.61 0.08 | 0.38 | 0.26 | 0.48 0.07
KS 196 [ 0.02]| 107 |0.00| 1.25 |0.02 | 0.87 0.01 | 056 | 0.01 | 0.59 0.01
KS1 123 | 0.08] 088 |0.00| 095 |0.05]| 0.77 0.01 | 050 | 0.02 | 0.56 0.01
KS2 021 | 043 | 036 | 0.00| 023 | 030 | 0.38 0.01 | 0.23 | 0.15| 0.38 0.01
KS3 022 1041 | 037 | 0.00]| 024 | 029 | 0.39 0.01 | 0.23 | 015 | 0.39 0.01
KS4 127 | 0.07] 089 |0.00| 097 |005]| 0.77 0.01 | 050 | 0.02 | 0.56 0.01
KS5 022 1041 | 037 | 0.00]| 024 | 029 | 0.39 0.01 | 0.23 | 015 | 0.39 0.01
KAL1 | 1.83 | 0.03| 104 | 0.00| 1.22 | 0.02 | 0.86 0.01 | 056 | 0.01 | 0.59 0.01
KAL2 | 1.88 | 0.03 | 105 | 0.00| 1.23 | 0.02 | 0.87 0.01 | 056 | 0.01 | 0.59 0.01
KAS1 | 090 | 019 | 071 | 0.01] 070 | 015 | 0.63 0.01 | 0.37 | 0.10 | 0.47 0.02
KAS2 | 057 | 1.32| 070 | 0.20 | 053 | 1.27 | 0.67 0.28 | 045 | 1.16 | 0.61 0.43
KAS3 | 040 | 0.61 | 051 | 0.06 | 033 | 053 | 0.46 0.08 | 0.20 | 0.40 | 0.36 0.10
KAS4 | 0.47 | 1.03| 061 | 0.14 | 043 | 097 | 0.58 0.20 | 0.32 | 0.84 | 0.49 0.28
KAS5 | 1.00 | 0.15| 0.76 | 0.00 | 0.90 | 0.08 | 0.73 0.01 | 052 | 0.02 | 0.57 0.01
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p=4,p=095

n=70 n=100 n =200
MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 8.34 | 0.00 219 | 0.00 | 4.70 | 0.00 1.67 | 0.00 | 1.88 | 0.00 1.07 | 0.00
KH1 3.72 | 0.09 1.33 | 0.00 | 2.15 | 0.08 1.04 | 0.00 | 0.92 | 0.07 0.70 | 0.00
KH2 2.06 | 0.17 0.95| 0.00| 1.23 | 0.16 0.76 | 0.01| 054 ] 0.13 0.53 | 0.00
KL 2.94 | 0.12 1.17 | 0.00 | 2.29 | 0.08 1.08 | 0.00 | 1.30 | 0.03 0.86 | 0.00
KHG 2.96 | 0.12 1.17 | 0.00 | 1.71 | 0.11 0.92 | 0.00| 0.76 | 0.09 0.63 | 0.00
KBH 0.63 | 0.28 0.56 | 0.00 | 0.41 | 0.27 046 | 0.01| 020 ] 0.24 0.33 | 0.01
KNR 0.49 | 0.43 0.50 | 0.00 | 0.31 | 0.44 042 | 0.01| 0.15] 0.43 0.31 | 0.01
KK1 1.02 | 0.37 0.67 | 0.01 | 0.66 | 0.35 0.57 | 0.02| 0.31] 0.31 0.41 | 0.02
KK2 0.75 | 0.77 0.66 | 0.03 | 055 | 0.73 0.58 | 0.05| 0.36 | 0.70 0.49 | 0.10
KK3 1.15 | 0.37 0.71 | 0.01| 0.75 | 0.37 0.61| 0.02| 0.35] 0.32 0.43 | 0.02
KK4 0.62 | 0.24 0.58 | 0.00 | 057 | 0.19 0.56 | 0.00 | 0.40 | 0.13 0.47 | 0.00
KK5 0.79 | 0.15 0.72 | 0.00 | 0.93 | 0.09 0.78 | 0.00 | 0.92 | 0.03 0.78 | 0.00
KK6 0.69 | 0.23 0.61 | 0.00 | 0.62 | 0.19 0.58 | 0.00 | 0.43] 0.13 0.49 | 0.00
KK7 0.29 | 0.28 0.43 | 0.00 | 0.39 | 0.17 0.51| 0.00 | 0.53 | 0.06 0.59 | 0.00
KK8 0.61 | 0.18 0.63 | 0.00 | 0.76 | 0.10 0.71 | 0.00 | 0.82 | 0.04 0.73 | 0.00
KK9 0.34 | 0.59 0.48 | 0.01 | 0.31 | 0.50 0.44 | 0.02 | 0.24 | 0.39 0.38 | 0.02
KL1 1.09 | 0.68 0.75| 0.02 | 0.98 | 0.54 0.71| 0.04 | 0.69 | 0.39 0.61 | 0.04
KL2 0.31 | 0.93 0.50 | 0.00 | 0.23 | 0.77 0.43 | 0.00 | 0.13 | 0.55 0.30 | 0.01
KD1 4,71 | 0.06 156 | 0.00 | 3.25 | 0.04 1.34 | 0.00 | 159 | 0.01 0.97 | 0.00
KD2 3.09 | 0.15 1.20 | 0.00 | 2.39 | 0.11 1.09 | 0.00 | 1.30 | 0.05 0.85 | 0.00
KD3 292 | 0.14 1.16 | 0.00 | 2.31 | 0.09 1.08 | 0.00 | 1.29 | 0.04 0.85 | 0.00
KD4 1.81 | 0.45 091 ] 0.01| 152 | 0.33 0.85| 0.02 | 0.93 | 0.23 0.71 | 0.02
KS 5.63 | 0.02 1.79 | 0.00 | 3.50 | 0.02 1.44 | 0.00 | 1.60 | 0.01 0.99 | 0.00
KS1 1.91 | 0.07 1.11 | 0.00 | 1.73 | 0.05 1.04 | 0.00 | 1.14 | 0.02 0.84 | 0.00
KS2 0.15 | 0.44 0.30 | 0.00 | 0.16 | 0.30 0.32 | 0.00| 0.22 ]| 0.14 0.38 | 0.00
KS3 0.16 | 0.40 0.31| 0.00 | 0.18 | 0.28 0.34 | 0.00| 0.24 ] 0.14 0.39 | 0.00
KS4 2.13 | 0.07 1.16 | 0.00 | 1.84 | 0.05 1.07 | 0.00 | 1.16 | 0.02 0.85 | 0.00
KS5 0.16 | 0.41 0.31| 0.00 | 0.18 | 0.28 0.33 | 0.00| 0.24] 0.14 0.39 | 0.00
KAL1 | 4.26 | 0.03 1.61 | 0.00 | 3.05| 0.02 1.36 | 0.00 | 153 | 0.01 0.97 | 0.00
KAL2 | 4.79 | 0.03 1.68 | 0.00 | 3.23 | 0.02 1.40 | 0.00 | 1.56 | 0.01 0.98 | 0.00
KAS1 | 1.92 | 0.12 1.03 | 0.00 | 1.69 | 0.09 0.95| 0.00 | 0.89 | 0.07 0.69 | 0.00
KAS2 | 0.54 | 1.07 0.64 | 0.04 | 0.49 | 1.03 0.61 | 0.08 | 0.41 | 0.99 0.56 | 0.16
KAS3 | 0.71 | 0.39 0.62 | 0.01 | 0.64 | 0.37 0.58 | 0.02 | 0.34 | 0.32 0.43 | 0.02
KAS4 | 0.57 | 0.78 0.61 | 0.03 | 0.50 | 0.73 0.57 | 0.05| 0.36 | 0.70 0.49 | 0.10
KAS5 | 1.66 | 0.15 0.95| 0.00 | 1.79 | 0.09 0.98 | 0.00 | 1.24 | 0.03 0.84 | 0.00
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p=4,p=099

n=70 n=100 n =200

MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. MSE | Bias | MAPE | Pr.
ML 40.12 | 0.00 | 4.76 | 0.00 | 25.49 | 0.00 | 3.88 0.00 | 10.39 |1 0.00 | 2.49 0.00
KH1 1651 | 0.03 | 2.69 | 0.00 | 10.57 | 0.03 | 2.22 0.00 | 442 [ 003 ]| 144 0.00
KH2 891 | 006 | 1.89 |0.00 | 576 | 0.05| 1.57 0.00 | 246 | 0.05| 1.03 0.00
KL 10.20 | 0.09 | 197 | 0.00 | 894 | 0.05| 1.95 0.00 | 5.28 | 0.08 ] 1.60 0.00
KHG 772 | 009 ] 168 |0.00 | 515 | 0.08 | 141 0.00 | 211 | 0.08 | 0.92 0.00
KBH 274 | 008 ] 111 |0.00 ] 1.81 | 0.07 | 0.92 0.00 | 0.82 | 0.08 | 0.62 0.00
KNR 254 | 015] 098 |0.00] 157 |014| 0.79 0.00 | 062 | 015 | 051 0.00
KK1 400 | 0415| 118 | 0.00 | 254 | 0.14 | 0.98 0.00 | 1.14 | 014 | 0.67 0.00
KK2 223 | 046 | 087 | 000 ]| 136 | 045 | 0.74 0.00 | 0.70 | 0.44 | 0.56 0.01
KK3 464 1016 | 127 |0.00| 296 | 0.16 | 1.05 000 | 1.26 | 015 | 0.71 0.00
KK4 088 | 013 | 067 |0.00 | 0.84 | 0.10 | 0.66 0.00 | 0.70 | 0.07 | 0.59 0.00
KK5 022 | 023 ] 036 |000] 034 | 014 | 0.44 0.00 | 0.71 | 0.05| 0.67 0.00
KK6 102 |012| 072 |0.00| 095 | 010 | 0.70 0.00 | 0.77 |1 0.07 | 0.62 0.00
KK7 012 | 043 ] 028 |0.00] 010 |0.27 | 0.25 0.00 | 0.21 | 010 | 0.37 0.00
KK8 016 | 027 ] 031 |0.00] 023 | 017 | 0.36 0.00 | 0.51 | 0.06 | 057 0.00
KK9 036 | 040 ] 045 | 000 ] 033 | 034 | 0.43 0.00 | 0.28 | 0.27 | 0.38 0.00
KL1 366 | 041 ] 110 | 000 ] 337 |034| 111 0.00 | 262 | 024 | 1.02 0.00
KL2 057 | 141 ] 073 |0.00] 050 |132]| 0.67 0.00 | 031 |1.01 | 052 0.00
KDl ]2140 002 | 324 |0.00]16.61]0.01 | 295 0.00 | 837 | 0.01]| 215 0.00
KD2 1348 | 0.06 | 243 | 0.00 | 11.35]| 0.04 | 2.29 0.00 | 652 | 0.02 | 182 0.00
KD3 1258 | 0.05 | 235 | 0.00 | 10.88 | 0.03 | 2.26 0.00 | 646 | 0.02 | 1.82 0.00
KD4 699 | 025 ] 158 |0.00 | 6.18 | 0.20 | 1.56 000 | 413 014 | 135 0.00
KS 19.62 | 0.01 | 3.16 | 0.00|13.32|0.01| 270 0.00 | 6.38 | 001 | 1.92 0.00
KS1 147 | 006 | 097 |0.00| 1.71 | 0.04 | 1.05 0.00 | 1.88 | 0.02 | 1.09 0.00
KS2 012 | 051 ] 030 |0.00] 0.07 |035]| 0.22 0.00 | 0.09 [ 015] 0.24 0.00
KS3 010 | 043 | 026 |0.00] 0.08 | 029 | 0.21 0.00 | 0.11 | 013 | 0.27 0.00
KS4 217 | 005] 115 |0.00 ] 230 | 0.03| 1.20 0.00 | 219 | 0.02 | 1.16 0.00
KS5 010 | 043 ] 026 |0.00] 0.07 |030| 0.21 0.00 | 0.11 | 013 | 0.26 0.00
KAL1 | 646 | 002 | 195 |0.00 | 581 |0.02| 190 0.00 | 433 [ 001 ] 164 0.00
KAL2 | 10.06 | 0.02 | 238 |0.00 | 818 | 0.01 | 2.20 0.00 | 510 | 0.01 | 1.75 0.00
KAS1 | 314 | 005 | 134 |0.00 | 419 |0.04| 152 0.00 | 353 | 003 ]| 1.32 0.00
KAS2 | 057 | 071 | 059 | 001 056 |0.69 | 0.58 001 | 045 | 068 | 051 0.02
KAS3 | 135 | 018 | 082 |0.00 | 154 | 016 | 0.84 0.00 | 1.10 | 015 | 0.68 0.00
KAS4 | 080 | 048 | 065 |0.00 | 0.85 | 045 | 0.65 0.00 | 0.64 | 045 | 055 0.01
KAS5 | 240 | 011 ] 110 |0.00 ] 3.65 | 0.06 | 1.36 0.00 | 412 [ 003 ] 144 0.00
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p=38p=0.75

n=70 n =100 n =200
: MS | Bia .

MSE | Bias | MAPE Pr. E s MAPE | Pr. MSE | Bias | MAPE | Pr.
ML 208.80 | 0.00 | 2.22 0.00 | 287 [ 000 ] 129 | 0.00 | 1.04 | 0.00 | 0.80 | 0.00
KH1 338 020 1.28 000 | 162 [ 018 ] 095 | 0.00 | 0.70 | 0.13 0.65 | 0.00
KH2 121 | 047 | 0.80 0.00 | 072 | 043 | 0.64 | 0.00 | 0.38 | 0.33 0.48 0.00
KL 243 1022 | 117 000 | 174 ]013] 101 | 000 | 0.89 | 0.04 | 0.74 | 0.00
KHG 410 | 013 | 145 000 | 201 |010] 107 | 0.00 | 0.83 | 0.07 0.71 0.00
KBH 039 082 049 000 | 028 {081 ] 043 | 000 | 0.18 | 0.72 035 | 0.01
KNR 035 [113] 0.51 000 | 029 [120] 048 | 0.00 | 0.25 | 1.26 0.46 0.01
KK1 047 1096 | 0.55 000 | 035 |092] 049 | 001 ]| 023 | 0.77 0.39 0.02
KK2 061 [185] 0.73 003 | 056 183 ] 069 | 007 | 048 | 1.71 0.64 | 0.23
KK3 0.62 |081] 0.60 000 | 043 [ 078 ] 052 | 000 | 0.26 | 0.64 | 041 0.01
KK4 057 058 | 0.60 0.00 | 052 {047 ] 057 | 000 | 039 | 0.30 | 0.49 0.00
KKS 171 023 ] 1.05 0.00 | 160 {011 ] 101 | 0.00 | 0.89 | 0.03 0.75 | 0.00
KK6 0.69 |052 ]| 0.65 0.00 | 062 [ 042 | 062 | 0.00 | 0.44 | 0.26 0.52 0.00
KK7 0.70 049 | 0.67 0.00 | 083 | 027 ] 0.74 | 0.00 | 0.69 | 0.09 0.67 0.00
KK8 149 1027 | 0.98 000 | 146 [ 013 | 096 | 0.00 | 0.87 | 0.04 | 0.74 | 0.00
KK9 045 |149 | 0.61 001 | 039 | 136 | 056 | 002 | 029 | 1.07 0.46 0.06
KL1 065 |192 | 0.76 003 | 059 |1.74| 070 | 0.06 | 045 | 1.32 0.59 0.16
KL2 036 | 122 | 0.53 0.00 | 0.27 | 093 | 044 | 000 | 0.19 | 0.61 0.36 0.00
KD1 295 | 018 | 1.28 000 | 193 | 011 ] 106 | 000 | 092 | 004 | 075 | 0.00
KD2 1.72 1036 | 0.96 000 | 133 | 024 | 087 | 000 | 0.78 | 0.10 0.69 0.00
KD3 129 1044 | 0.84 000 | 110 | 030 | 079 | 000 | 0.72 | 0.12 0.66 0.00
KD4 069 |129 | 0.70 001 | 063 | 110 | 066 | 003 | 048 | 0.72 0.56 0.06
KS 847 |0.05| 1.69 0.00 | 252 | 003 | 122 | 000 | 0.99 | 0.01 0.78 0.00
KS1 239 | 016 | 1.23 000 | 184 | 009 | 106 | 000 | 0.89 | 0.04 | 0.74 | 0.00
KS2 037 | 075 | 049 0.00 | 040 | 051 | 050 | 000 | 041 | 0.25 0.51 0.00
KS3 0.39 | 0.70 | 0.50 0.00 | 043 | 049 | 052 | 000 | 042 | 024 | 052 0.00
KS4 248 | 016 | 1.25 0.00 | 186 | 009 | 107 | 000 | 0.89 | 0.04 | 0.74 | 0.00
KS5 0.39 | 0.70 | 0.50 0.00 | 042 | 049 | 052 | 000 | 042 | 0.24 | 0.52 0.00
KAL1 747 |0.07 | 1.60 000 | 243 | 004 | 120 | 0.00 | 0.98 | 0.01 0.78 0.00
KAL2 769 |0.06 | 1.62 000 | 246 | 003 | 1.20 | 0.00 | 0.98 | 0.01 0.78 0.00
KAS1 191 |026 | 1.06 000 | 142 | 020 091 | 000 | 0.69 | 0.13 0.64 | 0.00
KAS2 0.78 | 2.36 | 0.86 004 | 075 23| 08 | 011 071 | 2.29 0.82 0.41
KAS3 051 | 084 | 057 0.00 | 040 | 079 | 051 | 000 | 0.26 | 0.65 0.41 0.01
KAS4 060 |1.86 | 0.72 003 | 056 | 183 | 069 | 007 | 048 | 171 0.64 | 0.23
KAS5 172 1027 | 102 000 | 155|015 097 | 000 | 0.88 | 0.05 0.73 0.00

30




p=38p=0.585

n=70 n=100 n =200
MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 4369.38 | 0.00 | 559 | 0.00| 553 [0.00| 177 |0.00| 182 [ 0.00| 1.05 | 0.00
KH1 6.19 015] 170 | 000 | 296 | 013 | 127 | 000 112 |0.10| 0.81 | 0.00
KH2 217 034 ] 103 | 000|126 |031| 082 |0.00| 054 | 026 | 0.56 | 0.00
KL 3.16 023 ] 131 | 000|259 | 014 | 122 |0.00| 136 | 0.05| 0.90 | 0.00
KHG 7.20 011 ] 187 | 000 | 349 | 009 | 140 |0.00 ]| 1.29 | 0.07| 0.88 | 0.00
KBH 0.62 058 | 059 | 000 | 040 | 058 | 049 | 000 021 | 054 | 0.36 | 0.00
KNR 0.45 079 | 053 | 000|029 |08 | 044 |0.00| 018 | 0.92 | 0.37 | 0.00
KK1 0.75 072 | 064 |000| 047 | 072 | 053 |0.00| 025 | 0.65| 0.40 | 0.00
KK2 0.62 158 | 070 |0.01) 055 |165| 067 |0.02] 046 | 158 | 0.61 | 0.08
KK3 1.06 061] 073 |000| 063 |0.60| 059 |0.00| 031 |05 | 044 |0.00
KK4 0.72 048 | 066 |000| 067 | 039 | 064 |0.00| 049 | 026 | 0.55 | 0.00
KK5 1.68 028 104 | 000|199 | 013 | 113 |0.00 | 137 | 0.04| 092 | 0.00
KK6 0.88 043 ] 073 | 000|081 |035]| 070 |0.00| 056 | 023 | 0.58 | 0.00
KK7 0.58 055| 061 | 000|081 03| 072 |000| 088 |011| 0.76 | 0.00
KK8 1.42 031 ] 09 000|175 ]015| 106 |0.00| 1.30 | 0.05| 0.90 | 0.00
KK9 0.43 132 | 058 |000) 038 |124| 054 |001] 028 | 099 | 046 | 0.02
KL1 0.67 172 | 074 |001) 061 |162| 070 |0.02] 049 | 124 | 0.60 | 0.06
KL2 0.40 138 | 058 |0.00) 028 |108| 047 |0.00] 017 | 069 | 034 |O0.00
KD1 4.95 015] 163 | 000 | 343 | 009 | 139 | 000 153 |0.03| 096 | 0.00
KD2 2.83 029 ] 121 | 000|222 |020| 110 |0.00| 122 | 0.09| 0.85 | 0.00
KD3 212 03] 105 | 000|180 |024| 099 |000| 111 011 | 0.81 |0.00
KD4 0.96 1.10| 076 |000) 084 |099 | 071 |0.01] 063 | 067 | 0.62 | 0.02
KS 1895 [ 005] 231 |[0.00| 455 003 162 |0.00| 168 |[0.01 ]| 101 | 0.00
KS1 3.05 016 | 140 | 000 | 272 | 009 | 130 |0.00]| 140 | 0.04| 0.93 | 0.00
KS2 0.33 078 | 047 | 000 | 036 | 051 | 048 |0.00| 045 | 025 | 0.54 | 0.00
KS3 0.35 071 ] 048 | 000 | 040 | 048 | 050 |0.00| 047 | 024 | 055 | 0.00
KS4 3.25 015] 144 | 000 | 280 | 009 | 132 |0.00]| 141 | 0.04| 093 |0.00
KS5 0.35 072 ] 048 | 000| 039 | 048 | 050 |0.00| 047 | 024 | 055 |0.00
KAL1 1633 [ 006 | 209 |[0.00]| 419 [003 | 157 |0.00| 165 |0.01| 1.00 | 0.00
KAL2 1693 [ 006 | 215 | 0.00| 430 [0.03] 159 |0.00| 166 |0.01 | 1.00 | 0.00
KAS1 2.60 022 ] 125 | 000|233 |015| 116 |0.00| 1.09 | 011 | 0.80 | 0.00
KAS2 0.71 217 ] 082 | 001|071 | 223 | 082 |003| 067 | 219 | 0.79 | 0.17
KAS3 0.70 065| 065 | 000 | 057 | 061 | 057 |000| 031 |05 | 044 |0.00
KAS4 0.57 160 | 068 |001) 054 |166| 067 |0.02] 046 | 158 | 0.61 | 0.08
KAS5 1.88 028] 106 |000| 213 |016| 112 | 000 131 | 0.06 | 0.89 | 0.00
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p=38p=095

n=70 n=100 n =200
MSE Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE Pr.
ML 39212.14 | 0.00 | 1834 | 0 | 18,57 | 0.00 | 3.14 0 | 6.05|0.00| 1.87 0.00
KH1 24.00 0.07 | 3.03 0 | 939 | 006 | 214 0 | 331 |0.05] 134 0.00
KH2 7.65 016 | 1.81 0 | 872 | 014 | 134 0 | 145 | 013 | 0.88 0.00
KL 5.04 019 | 156 0 | 437 | 012 ] 149 0 | 292 | 0.06 | 1.28 0.00
KHG 20.44 0.08 | 2.80 0 | 792 | 0.06 | 2.00 0 | 292 | 0.06 | 1.28 0.00
KBH 3.83 025 | 1.04 0 | 1.14 | 025 ]| 0.78 0 | 050 | 024 ] 0.53 0.00
KNR 1.92 034 | 0.88 0 | 087 | 036 | 0.65 0 | 030 ]039] 041 0.00
KK1 251 036 | 0.96 0 | 1.14 1 038 | 0.73 0 | 051 036 | 051 0.00
KK2 1.12 118 | 0.73 0 | 063 |125] 0.65 0 | 042 | 120 | 0.55 0.01
KK3 3.50 030 | 1.16 0 | 164 | 031 ] 0.87 0 | 071 1029 | 0.60 0.00
KK4 1.01 031 | 0.77 0 | 098 | 025] 0.75 0 | 079 017 | 0.68 0.00
KK5 1.04 035 | 0.79 0 | 168 | 016 | 1.03 0 | 220 | 0.05] 1.20 0.00
KK6 1.27 0.28 | 0.86 0 | 121 | 022 ] 0.83 0 | 095 |015] 0.75 0.00
KK7 0.32 0.70 | 0.47 0 | 042 | 039 ] 0.1 0 | 087 | 013 ] 0.75 0.00
KK8 0.83 039 | 071 0 | 135 | 019 ] 0.92 0 | 193 | 006 | 112 0.00
KK9 0.39 1.07 | 055 0 | 0.35 | 1.00 | 0.50 0 | 027 | 077 | 042 0.00
KL1 0.77 140 | 0.73 0 | 078 | 129 | 0.70 0 | 068 | 094 | 0.63 0.00
KL2 0.55 1.86 | 0.72 0 | 040 | 154 | 0.60 0 | 020 |1.06 | 041 0.00
KD1 14.24 009 | 271 0 |10.02|0.04 | 230 0 | 479 1002 ] 1.65 0.00
KD2 741 015 | 1.92 0 | 596 | 010 ] 175 0 | 360 | 0.05] 141 0.00
KD3 5.58 0.18 | 1.65 0 | 477 1012 ] 1.56 0 | 318 | 0.05] 132 0.00
KD4 1.87 081 | 0.93 0 | 177 072 ] 0.91 0 | 144 | 046 | 0.84 0.00
KS 65.93 0.03 | 3.88 0 [ 1277 ]10.02 | 2.62 0 499 |001] 171 0.00
KS1 3.57 014 | 153 0 | 393 | 0.08 | 1.58 0 | 297 | 0.04 ]| 136 0.00
KS2 0.27 086 | 0.44 0 | 0.22 | 055 | 0.37 0 | 036 | 024 | 0.48 0.00
KS3 0.27 0.72 | 042 0 | 0.26 | 047 | 0.0 0 | 042 | 022 | 0.52 0.00
KS4 4.18 013 | 1.65 0 | 429 | 0.07] 165 0 | 305 |0.03] 1.38 0.00
KS5 0.26 0.74 | 042 0 | 025 | 048] 0.39 0 | 041 |022] 051 0.00
KAL1 48.20 0.05| 295 0 | 883 | 0.03]| 230 0 | 453 | 0.01] 165 0.00
KAL2 51.21 004 | 321 0 | 981 | 0.03] 240 0 | 466 | 0.01 ] 1.66 0.00
KAS1 3.98 0.16 | 1.56 0 | 468 | 0.09 ] 165 0 | 298 | 0.05] 1.29 0.00
KAS2 0.62 183 | 0.74 0 | 061 | 188 | 0.73 0 | 056 | 187 | 0.70 0.01
KAS3 1.18 036 | 0.81 0 | 116 | 033 | 0.77 0 | 068 | 030 | 0.59 0.00
KAS4 0.59 1.21 | 0.65 0 | 055 | 126 | 0.63 0 | 041 |120] 0.55 0.01
KAS5 2.06 025 | 1.08 0 | 286 | 014 ] 1.26 0 | 267 | 0.06 | 1.24 0.00
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p=38p=099

n=70 n=100 n =200

MSE Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 8808478.4 | 0.00 | 99.20 | 0 | 98.75 | 0.00 | 7.17 0 | 3474 10.00 | 435 0
KH1 305.57 0.04 | 7.37 0 [4891 001 ] 481 0 [ 1719 ] 0.00 | 3.01 0
KH2 58.17 0.06 | 4.30 0 | 1882 | 0.03 | 2.98 0 | 707 | 0.083] 191 0
KL 16.21 013 | 2.40 0 | 1351 0.07 | 237 0 | 958 | 0.08] 217 0
KHG 51.95 0.06 | 4.19 0 [1931]0.04 ]| 298 0 | 715 | 0.04] 189 0
KBH 29.70 0.07 | 2.56 0 | 621 | 0.06 | 1.80 0 | 259 | 006 ] 1.19 0
KNR 16.32 0.10 | 2.40 0 | 6.09 | 0.08 | 1.65 0 | 213 | 0.08 | 1.02 0
KK1 16.63 012 | 2.18 0 | 552 | 010 ] 153 0 | 220 | 020 ] 1.00 0
KK2 6.29 0.65 ] 1.05 0 | 162 | 067 | 0.79 0 | 071 | 0.70 | 0.58 0
KK3 23.13 0.10 | 2.63 0 | 812 | 0.08 | 1.86 0 | 817 | 0.08 | 121 0
KK4 1.60 017 ] 0.95 0 | 156 | 041 ] 0.93 0 | 142 | 0.08 | 0.89 0
KK5 0.26 058 | 0.42 0 | 037 | 026 | 0.46 0 | 1.22 | 0.08 | 0.86 0
KK6 2.06 015 ] 1.08 0 | 202 | 010 | 1.06 0 | 1.81 | 0.07] 1.00 0
KK7 0.30 1.13 | 0.50 0 | 015 | 064 ]| 0.33 0 | 019 | 022 ] 0.34 0
KK8 0.24 0.65| 041 0 | 0.28 | 0.30 | 0.40 0 | 090 | 0.09 ] 0.74 0
KK9 0.36 0.72 | 0.49 0 | 032 | 062 | 0.44 0 | 0.26 | 051 ] 0.39 0
KL1 2.34 0.87 | 0.89 0 | 224 | 074 ] 0.89 0 | 203 | 056 | 0.88 0
KL2 0.83 249 | 0.90 0 | 071 | 229 | 0.83 0 | 052 |194 ]| 0.70 0
KD1 83.71 0.05] 6.21 0 [5093]001] 511 0 | 2470 ]0.00] 3.70 0
KD2 38.61 0.07 | 4.25 0 [ 29.05]0.02] 3.83 0 | 1737 ]0.00 | 3.09 0
KD3 29.58 0.08 | 3.69 0 [2314]0.03] 341 0 [ 1523 ]0.01 ] 289 0
KD4 9.07 044 | 1.69 0 | 766 | 033 ] 165 0 | 595 | 025] 157 0
KS 389.18 0.01 | 8.38 0 [ 5433 ]0.01] 523 0 2094 |0.01] 344 0
KS1 2.36 012 | 1.23 0 | 344 | 0.06 | 148 0 | 458 | 0.03] 171 0
KS2 0.31 1.19 | 052 0 | 015 | 072 | 0.34 0 | 011 | 029 | 0.26 0
KS3 0.22 0.86 | 0.42 0 | 012 | 050 | 0.29 0 | 017 | 021 | 0.32 0
KS4 4.13 010 | 1.62 0 | 496 | 0.05] 1.77 0 | 538 | 0.02] 185 0
KS5 0.23 089 | 0.43 0 | 012 | 052 ] 0.29 0 | 016 | 022 ] 031 0
KAL1 91.95 0.03 | 3.56 0 | 1418 | 0.02 | 298 0 | 1147 ]0.01] 270 0
KAL2 106.92 0.02 | 4.65 0 [ 2152 ]0.02] 3.60 0 [ 1365|001 ] 2091 0
KAS1 4.46 013 ] 1.63 0 | 859 | 0.04] 230 0 1082 ] 0.02| 252 0
KAS2 0.51 1.24 | 0.62 0 | 052 | 126 | 0.60 0 | 043 | 130 | 0.56 0
KAS3 2.00 018 | 1.05 0 | 297 | 010] 125 0 | 263 | 0.08] 1.12 0
KAS4 0.73 0.71 ] 0.65 0 | 0.86 | 0.68 | 0.66 0 | 065 | 0.70 | 0.56 0
KAS5 2.10 020 | 1.03 0 | 429 [ 0.09] 148 0 | 692 [ 0.04] 1091 0
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Table A2. Estimated MSEs, MAPEs, Bias and Proportion of times in simulation when the ridge

regression estimator produces a higher MSE than the ML estimator of the proposed estimators

with intercept = 1 for the following cases:

p=4,p=0.75
n=70 n =100 n =200
MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 167 | 000 | 099 [0.00| 096 |0.00 | 0.77 0.00 | 041 | 0.00 | 0.50 0.00
KH1 095 [ 015] 073 | 002 ]| 059 | 012 | 0.59 0.02 | 0.30 | 0.07 | 0.43 0.04
KH2 058 [ 029 | 057 |0.04] 039 | 024 | 048 0.05 ] 022 | 016 | 0.37 0.07
KL 103 | 010 | 078 [0.01| 0.74 | 0.06 | 0.67 0.02 | 0.38 | 0.02 | 0.48 0.03
KHG 107 | 011 | 078 |[0.02 | 0.67 | 0.09 | 0.63 0.02 | 0.33 | 0.05| 045 0.03
KBH 0.29 | 057 | 046 |0.09]| 023 | 053 | 0.40 012 | 0.16 | 042 | 0.33 0.19
KNR 035083 | 054 |0.09]| 032 )083]| 052 012 | 0.29 | 082 | 051 0.19
KK1 042 | 062 | 054 |012] 0.32 | 0.56 | 0.48 0.16 | 0.21 | 044 | 0.39 0.23
KK2 055 [ 105| 068 | 024 ] 049 |101| 0.63 032 | 041 | 090 | 057 0.48
KK3 045 | 064 | 056 | 013 ] 0.36 | 0.58 | 0.50 017 | 024 | 048 | 041 0.26
KK4 037 | 036 | 048 |0.04] 031 |028| 044 | 005 ]| 0.21 | 0.18 | 0.36 0.07
KK5 072 | 012 | 0.69 |0.01] 0.61 | 0.07 | 0.63 0.01 | 0.35 | 0.03 | 047 0.03
KK6 039 |035| 049 |0.04] 032 |0.28 | 045 0.05] 021 | 0.18 | 0.36 0.07
KK7 040 | 025| 051 |0.02] 039 | 0.16 | 0.50 0.02 | 0.28 | 0.07 | 042 0.04
KK8 0.65 | 014 | 065 |0.01]| 056 | 0.08 | 0.61 0.02 | 0.34 | 0.03 | 0.46 0.03
KK9 038 | 076 | 055 | 013 ] 0.33 | 0.68 | 0.50 0.18 | 0.23 | 051 | 041 0.26
KL1 058 [ 099 | 0.68 |0.22| 050 | 0.85| 0.62 0.26 | 0.35 | 0.60 | 0.50 0.31
KL2 030 | 063 | 047 |0.04] 023 | 054 | 041 0.07 | 016 | 045 | 0.34 0.17
KD1 101 | 011 | 076 [0.01 | 0.72 | 0.06 | 0.66 0.02 | 0.37 | 0.02 | 048 0.03
KD2 0.67 | 033 | 0.63 |0.05]| 053 |0.23| 057 0.06 | 031 | 011 | 044 0.06
KD3 064 | 030 | 0.61 |0.04]| 051 |0.20| 0.55 0.04 | 0.31 | 0.08 | 043 0.04
KD4 059 | 071 | 0.64 | 014 ]| 048 | 058 | 0.58 0.17 | 0.32 | 0.38 | 0.47 0.20
KS 147 | 0.02| 093 [001| 089 [0.01| 074 | 001 ] 039 |0.01| 0.50 0.03
KS1 1.02 | 0.07| 080 |[0.01] 0.72 | 0.05| 0.67 0.01 | 0.36 | 0.02 | 0.48 0.03
KS2 025 | 047 | 040 |0.03]| 021 |0.34| 0.37 0.04 | 017 | 018 | 0.33 0.06
KS3 025 | 045 | 040 |0.03]| 0.22 | 0.33 | 0.37 0.04 | 018 | 0.18 | 0.34 0.06
KS4 104 | 0.07| 080 |[0.01]| 0.73 |0.05| 0.68 0.01 | 0.36 | 0.02 | 0.48 0.03
KS5 025 | 045 | 040 |0.03]| 0.22 | 033 | 0.37 0.04 | 018 | 0.18 | 0.33 0.06
KAL1 | 142 | 002 | 092 |0.01) 0.87 | 0.02 | 0.73 0.01 ] 039 | 0.01| 049 0.03
KAL2 | 144 | 002 | 092 |001) 088 |001] 074 | 001|039 |0.01] 049 0.03
KAS1 | 072 | 018 | 065 |0.02| 054 | 0.13 | 057 0.02 | 0.30 | 0.07 | 0.43 0.04
KAS2 | 064 | 134 | 076 |032) 061 |130| 074 | 043 | 054 | 121 | 0.69 0.63
KAS3 | 041 | 065 | 055 |0.13) 0.35 | 059 | 0.50 0.17 | 024 | 048 | 041 0.26
KAS4 | 054 | 106 | 067 |024 ) 049 |101 ]| 0.63 032 ] 041 | 091 | 057 0.48
KAS5 | 0.80 | 014 | 070 |0.01) 067 | 007 | 0.64 | 0.02 | 0.37 | 0.02 | 0.48 0.03
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p=4,p=0585

n=70 n =100 n =200
MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 280 | 000 | 127 |0.00| 160 | 0.00 | 0.98 | 0.00 | 0.67 | 0.00 | 0.64 0.00
KH1 144 1013 ] 086 |0.00] 092 |011] 071 | 001 | 044 |0.06 | 052 0.02
KH2 081 |025] 065 |001) 05 |021 ] 055 |0.02]| 030|014 | 042 0.03
KL 135 | 012 ] 086 |0.00| 1.06 | 0.07 ]| 0.78 | 0.01 | 058 | 0.02 | 0.60 0.01
KHG | 158 | 011 | 091 |0.00] 1.00 |0.09 | 075 | 001 | 048 |0.05| 054 0.02
KBH | 031 | 047 | 045 |003 ] 025 | 043 | 040 | 006 | 016 | 035 | 0.33 0.08
KNR | 032 | 068 | 049 |003| 0.27 | 0.67 | 047 | 006 | 022 | 0.65 | 0.43 0.08
KK1 049 | 056 | 056 | 006 038 | 050 | 049 | 0.09 | 023 | 038 | 0.40 0.12
KK2 057 | 097 | 067 |014) 049 [092 | 062 | 020 | 039 | 0.81 | 0.55 0.33
KK3 054 | 057 | 059 | 006|042 |052 | 052 | 010 ]| 0.26 | 043 | 042 0.15
KK4 042 | 033 ] 050 |001) 037 |026]| 047 | 002 ] 027 | 016 | 0.40 0.03
KKS 084 | 013 | 074 |0.00| 078 | 007 ] 071 |0.01] 052 |0.03]| 057 0.01
KK6 045 | 032 ] 052 |001)039 |[026] 048 | 003 ] 027 |017| 041 0.04
KK7 038 | 026 | 050 |0.00)| 042 |[016 | 053 | 001 ]| 038 |0.07| 049 0.02
KK8 074 |015] 069 | 000 072 | 008 | 069 | 0.01 ]| 050 | 0.03| 0.56 0.01
KK9 039 |072 ] 054 |008)| 033 |061] 049 | 011 ] 025|045 | 042 0.16
KL1 064 | 094 | 069 |014) 054 078 ] 063 | 017 | 041 | 053 | 0.53 0.22
KL2 028 |065| 046 | 002 023 |055 | 041 | 003 ]| 016 | 044 | 0.34 0.08
KD1 148 {011 ] 089 |0.00] 1.11 |0.06 | 080 | 0.01 | 059 |0.02 | 0.60 0.01
KD2 093 |032] 071 |002) 077 |021 ] 065 | 003 ]| 047 |010| 0.53 0.03
KD3 088 | 029 | 068 |002)| 075|019 | 064 | 003 ]| 047 |0.07| 053 0.02
KD4 073 | 068 | 069 |0.09)| 061 053] 062 | 011 | 043 | 034 | 053 0.13
KS 236 | 002 | 117 | 000] 144 1001 | 093 |0.01 | 063 | 0.01 | 0.63 0.01
KS1 141 | 0.07 ] 094 |0.00] 107 |0.05] 081 | 001 | 056 |0.02 | 059 0.01
KS2 023 | 047 ] 039 |001) 021 034 ] 036 |0.02] 020|018 | 0.35 0.03
KS3 023 |045] 039 |001) 022 |033] 037 |002] 021|018 | 0.36 0.03
K$4 145 | 0.07] 095 |0.00] 109 |0.04]| 082 | 001 056 |0.02 | 059 0.01
KS5 023 |046 | 039 |001) 021 033 ] 037 |0.02] 020|018 | 0.36 0.03
KAL1 | 221 | 002 | 115 | 000 | 140 | 002 | 092 | 001 | 0.63 |0.01 | 0.63 0.01
KAL2 | 226 | 002 | 115 | 000 142 | 001 | 092 | 001 | 0.63 | 001 | 0.63 0.01
KAS1 | 093 | 017 | 073 | 000 | 0.78 | 012 | 067 | 001 )| 043 |0.07 ] 051 0.02
KAS2 | 061 |125| 073 | 020 ] 057 |121| 071 | 0.26 | 050 | 1.10 | 0.65 0.45
KAS3 | 044 | 059 | 055 | 006 | 039 |053| 051 |010) 026 | 043 | 042 0.15
KAS4 | 053 | 098 | 065 | 014|048 | 092 | 061 | 020 ) 039 | 081 | 055 0.33
KAS5 | 094 | 016 | 074 | 000 ] 090 |0.09 | 073 | 001 | 056 |0.02] 059 0.01

35




p=4,p=095

n=70 n =100 n =200
MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 9.05 | 000 | 225 |0.00| 465|000 | 166 | 0.00 | 2.08 | 0.00 | 1.13 0.00
KH1 399 1008 137 |0.00]| 213 |0.08 | 1.04 | 0.00 | 1.07 | 0.05| 0.77 0.00
KH2 219 1016 | 098 |000]| 1.18 | 015| 0.75 | 0.00 | 0.65 | 0.11 | 0.58 0.00
KL 267 1014 111 | 0.00| 188 |0.09 | 0.98 | 0.00 | 1.37 | 0.03 | 0.89 0.00
KHG | 345 | 010| 126 |0.00| 1.89 | 0.09 | 097 | 0.00 | 098 | 006 | 0.74 0.00
KBH | 065 | 026 | 057 |0.00] 039 |025| 046 | 000 | 023 |0.21 | 0.36 0.01
KNR | 054 |038| 053 | 000|031 |039| 044 | 000 018 | 037 | 0.35 0.01
KK1 111 | 036 ] 071 |001] 062 |035]| 057 | 002 039 | 029 | 047 0.03
KK2 084 | 073 ] 070 | 003|057 |072 ] 062 | 0.06 | 046 | 0.67 | 0.56 0.11
KK3 134 {036 | 076 |002] 074 | 036 | 062 | 002 045 | 032 | 050 0.04
KK4 0.60 | 0.24 | 058 |0.00)| 050 | 020 | 053 | 0.00| 043 | 013 | 0.49 0.00
KKS 072 | 016 | 067 |0.00)| 085 | 009 | 074 | 0.00 | 090 | 0.04| 0.77 0.00
KK6 069 | 023 | 061 |0.00)| 056 |[019 | 056 | 0.00]| 045 ]0.13| 0.50 0.00
KK7 027 | 030 ] 041 |000)| 034 |018 | 046 | 0.00 | 047 | 0.08 | 0.56 0.00
KK8 057 | 018 | 059 |0.00) 071 |010| 068 | 0.00 | 0.82 | 0.04| 0.74 0.00
KK9 038 | 057 ] 051 | 002|033 |050| 047 | 002 ] 029 |038| 043 0.04
KL1 099 |073] 075 | 003|081 |063 ] 069 | 004 ]| 077|045 | 0.67 0.07
KL2 035 | 083 ] 055 |0.00) 026 |068 | 047 | 000 | 0.18 | 052 | 0.38 0.01
KD1 417 | 007 | 143 | 000 276 |005] 122 | 0.00 | 166 | 0.02 | 0.99 0.00
KD2 274 1020 | 110 |0.01] 192 |015| 097 |0.01 | 129 |0.07| 0.84 0.01
KD3 243 1019 104 (001|177 013 | 093 | 0.00 | 1.27 | 0.06 | 0.83 0.00
KD4 159 | 050 ]| 086 |0.02] 119 |041] 079 | 003 | 098 | 028 | 0.74 0.04
KS 635 | 002 | 189 |0.00| 363 |001| 147 |0.00 | 1.82 | 0.01 | 1.06 0.00
KS1 213 | 006 | 117 |0.00] 181 |0.04 | 1.0/ | 0.00 | 1.29 | 0.02 | 0.90 0.00
KS2 020 | 047 | 037 |000) 016 |033 ] 031 |0.00]| 017 017 | 0.33 0.00
KS3 019 | 044 | 036 | 000 016 |031] 032 |0.00]| 019 |017 | 0.34 0.00
K$4 233 | 006 | 121 |0.00] 190 |0.04| 1.09 | 0.00 | 131 |0.02| 0.91 0.00
KS5 019 | 045 | 036 | 000 016 |032 | 032 | 000 ]| 0.18 | 017 | 0.34 0.00
KAL1 | 514 | 002 | 175 |000| 329 |0.02| 141 | 000 | 1.77 | 0.01 | 1.05 0.00
KAL2 | 563 | 002 | 181 |000| 342 {001 | 144 | 000 | 179 | 0.01 ] 1.05 0.00
KAS1 | 160 | 012 | 095 |0.00| 143 |0.09 | 089 | 0.00 | 099 |0.06 | 0.75 0.00
KAS2 | 056 | 101 | 067 |005| 052 |1.00| 065 | 007 | 048 | 093 | 0.61 0.16
KAS3 | 068 | 039 | 062 |002| 058 | 037 | 057 |002) 043 | 032 049 0.04
KAS4 | 057 | 075 | 063 | 003 | 050 | 073 | 060 | 0.06 | 045 | 0.67 | 0.56 0.11
KAS5 | 128 | 017 | 083 |000] 134 {011 | 086 | 0.00 | 1.26 | 0.04 | 0.86 0.00
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p=4,p=099

n=70 n=100 n =200

MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE Pr.
ML 4496 | 0.00 | 5.00 | 0.00|27.30 | 0.00| 4.00 |0.00]11.67|0.00 | 2.65 0.00
KH1 |18.66 | 0.03 | 286 | 0.00 | 1155 0.038| 233 |0.00 | 512 | 0.02 | 1.58 0.00
KH2 |10.07 |0.06 | 201 |0.00| 636 |0.05| 165 |0.00] 296 | 0.05| 115 0.00
KL 895 | 009 | 181 | 000 | 760 |0.07 | 177 |0.00| 516 | 0.03 | 1.56 0.00
KHG 959 | 007 | 189 |0.00| 586 | 007 | 154 |0.00| 2.62 | 0.06 | 1.06 0.00
KBH 301 /008 | 116 |0.00| 197 |0.07| 095 |0.00| 096 | 0.07 | 0.67 0.00
KNR 283 /014 | 104 |000) 175 | 013 | 084 |0.00| 076 | 013 | 057 0.00
KK1 471 | 014 ] 129 |000| 291 |0.13 | 108 |0.00| 152 |0.13 | 0.78 0.00
KK2 264 /042 | 09 |001) 165 041 | 080 |0.00| 097 | 041 | 0.66 0.01
KK3 555 /015| 139 |000) 343 |015| 113 |0.00| 182 |0.14 | 0.85 0.00
KK4 089 /013 | 067 |000)| 085 |010| 066 |0.00 | 0.80 | 0.07 | 0.63 0.00
KK5 022 |025| 036 |000) 030 |015| 041 |0.00| 0.62 |0.05| 0.61 0.00
KK6 103 | 012 | 072 |[0.00| 099 [010] 071 |0.00| 092 |0.07 | 0.67 0.00
KK7 016 | 045| 035 |000) 011 /029 | 027 |0.00| 017 |0.11 ] 032 0.00
KK8 018 /029 | 034 |000) 022 |0.17| 036 |0.00| 047 |0.06 | 053 0.00
KK9 040 | 037 | 048 |0.00) 036 |032| 045 |0.00| 034 | 025 043 0.00
KL1 329 /044 | 105 |001) 3.04 | 037 | 1.04 |0.00| 284 | 0.27 | 1.06 0.01
KL2 059 /131 | 074 |000) 051 |119| 069 |0.00)| 035 | 091 | 056 0.00
KD1 [1924 003 ] 301 |0.00] 1551|002 | 280 |0.00] 878 |0.01]| 219 0.00
KD2 1219|008 | 221 |0.00]1025]0.05| 213 |0.00] 6.87 | 0.03| 1.85 0.00
KD3 1097007 ] 211 |0.00] 949 004 | 206 |0.00] 6.62 | 0.02| 1.81 0.00
KD4 632 | 027 | 147 | 000 | 562 |022| 144 |0.00| 448 | 015 138 0.00
KS 23.06 | 0.01 | 343 |0.00] 1518 |0.01 | 290 |0.00| 767 |0.01 | 213 0.00
KS1 177 1 0.05] 106 |[0.00| 207 [ 004 ] 115 |0.00| 231 |0.02| 121 0.00
KS2 019 |05 | 041 |000) 011 | 039 | 029 |0.00| 007 |0.18 | 0.21 0.00
KS3 016 | 048 | 036 |0.00) 010 | 033 | 026 |0.00| 0.08 |0.16 | 0.22 0.00
KS4 246 | 004 | 123 |000| 265 | 003 | 129 |0.00| 262 | 0.02 | 1.28 0.00
KS5 016 | 048 | 037 |0.00) 010 | 034 | 027 |0.00| 0.08 |0.16 | 0.22 0.00
KAL1 | 951 | 002 ]| 235 |0.00] 800 |0.01| 222 |0.00] 579 |0.01| 190 0.00
KAL2 | 1358 | 0.01 | 275 |0.00 | 1042 | 0.01 | 249 |0.00 ] 655 | 0.01 | 1.99 0.00
KAS1 | 212 | 007 ] 110 |0.00| 3.30 | 0.04| 136 |0.00] 3.63 | 0.03| 1.37 0.00
KAS2 | 054 | 066 | 060 |0.01] 057 |0.65| 060 |0.01] 053 |0.62| 0.57 0.02
KAS3 | 101 |019 ]| 072 |000] 135 | 016 | 081 |0.00] 144 |015| 0.78 0.00
KAS4 | 069 | 045]| 063 |[001] 081 |042| 065 |0.00] 082 | 041 | 0.63 0.01
KAS5 | 149 | 013 ]| 086 |0.00] 255 |0.08| 113 |0.00] 364 |0.04] 135 0.00
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p=8p=0.75

n=70 n=100 n =200
MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 1584.25 | 0.00 3.65 | 0.00 | 3.39 | 0.00 1.39 |1 0.00 | 1.12 | 0.00 0.82 | 0.00
KH1 3.82 | 0.18 1371000 | 197 ] 0.14 1.05 ] 0.00 | 0.79 | 0.10 0.69 | 0.00
KH2 1.36 | 0.40 0.85 | 0.00 | 0.88 | 0.35 0.71 | 0.00 | 0.45 | 0.26 0.52 | 0.00
KL 249 | 0.22 1191000 | 199 ] 0.12 1.08 | 0.00 | 0.97 | 0.04 0.77 | 0.00
KHG 456 | 0.12 1541 0.00 | 2.44] 0.08 1.18 | 0.00 | 0.93 | 0.05 0.75 | 0.00
KBH 0.46 | 0.70 0.53 | 0.00 | 0.33 | 0.68 0.46 | 0.00 | 0.22 | 0.59 0.38 | 0.01
KNR 0.41 | 0.95 0.55 | 0.00 | 0.32 | 1.00 0.50 | 0.00 | 0.27 | 1.03 048 | 0.01
KK1 0.54 | 0.80 059 | 0.00 | 0.41 ] 0.78 0.53 | 0.01 | 0.27 | 0.62 0.43 | 0.02
KK2 0.63 | 1.67 0.74 1 0.02 | 059 | 1.66 0.71 | 0.06 | 0.50 | 1.52 0.65 | 0.21
KK3 0.72 | 0.69 0.64 | 0.00 | 0.50 | 0.65 0.56 | 0.00 | 0.32 | 0.53 0.45 | 0.02
KK4 0.59 | 0.53 0.60 | 0.00 | 0.55 ] 0.43 0.58 | 0.00 | 0.42 | 0.27 0.51 | 0.00
KK5 1.49 | 0.26 0.98 | 0.00 | 152 | 0.13 0.99 | 0.00 | 0.91 | 0.04 0.75 | 0.00
KK6 0.70 | 0.48 0.66 | 0.00 | 0.64 | 0.38 0.63 | 0.00 | 0.46 | 0.24 0.53 | 0.00
KK7 0.60 | 0.52 0.63 | 0.00 | 0.70 | 0.31 0.68 | 0.00 | 0.65 | 0.11 0.64 | 0.00
KK8 1.29 | 0.30 091 | 0.00 | 1.36 | 0.16 0.93 | 0.00 | 0.88 | 0.05 0.74 | 0.00
KK9 0.50 | 1.35 0.65 001 | 0441125 0.60 | 0.03 | 0.33 | 0.97 0.50 | 0.07
KL1 0.69 | 1.82 0.78 | 0.02 | 0.64 | 1.68 0.74 1 006 | 051 | 1.29 0.63 | 0.17
KL2 044 1121 0.60 | 0.00 | 0.33 ] 0.95 0.50 | 0.00 | 0.21 | 0.63 0.38 | 0.00
KD1 3.04 | 0.19 1301 000 | 210 0.11 1.10 | 0.00 | 0.97 | 0.04 0.77 | 0.00
KD2 1.71 ] 0.35 0.96 | 0.00 | 1.37 | 0.25 0.88 | 0.00 | 0.80 | 0.10 0.69 | 0.00
KD3 1.27 1 042 0.83 | 0.00 | 1.12 | 0.30 0.80 | 0.00 | 0.74 | 0.13 0.66 | 0.00
KD4 0.70 | 1.20 0.72 1001 | 0.68 | 1.08 0.69 | 0.03 | 0.51 | 0.72 0.59 | 0.08
KS 15.44 | 0.05 1.88 | 0.00 | 2.96 | 0.03 131 | 0.00 ] 1.07 | 0.01 0.81 | 0.00
KS1 2.39 | 0.17 1.23 1 0.00 | 2.00 | 0.09 1.11 | 0.00 | 0.96 | 0.04 0.76 | 0.00
KS2 0.39 | 0.76 0.51 | 0.00 | 0.35] 0.55 0.48 | 0.00 | 0.35 | 0.28 0.47 | 0.00
KS3 0.40 | 0.71 0.51 | 0.00 | 0.37 | 0.52 0.49 | 0.00 | 0.37 | 0.27 0.48 | 0.00
KS4 2.50 | 0.16 1251 0.00 | 2.03 | 0.09 1.12 1 0.00 | 0.96 | 0.03 0.77 | 0.00
KS5 0.39 | 0.72 0.51 | 0.00 | 0.37 | 0.58 0.49 | 0.00 | 0.36 | 0.27 0.48 | 0.00
KAL1 14.21 | 0.06 1.76 | 0.00 | 2.82 | 0.03 1.29 1 0.00 | 1.07 | 0.01 0.80 | 0.00
KAL2 14.47 | 0.06 1.79 1 0.00 | 2.86 | 0.03 1.29 1 0.00 | 1.07 | 0.01 0.80 | 0.00
KAS1 1.88 | 0.25 1.06 | 0.00 | 1.56 | 0.17 0.96 | 0.00 | 0.77 | 0.10 0.68 | 0.00
KAS2 0.78 | 2.23 087 003 | 0.76 | 2.21 085 0.09 | 0.71 | 2.12 0.81 | 0.36
KAS3 0.56 | 0.72 0.60 | 0.00 | 0.46 | 0.66 0.55 | 0.00 | 0.31 | 0.53 0.45 | 0.02
KAS4 0.62 | 1.68 0.74 1 0.02 | 058 | 1.67 0.71 | 0.06 | 0.50 | 1.53 0.65 | 0.21
KAS5 1.61 ] 0.28 0.99 | 0.00 | 1.63 ] 0.15 1.00 | 0.00 | 0.94 | 0.04 0.76 | 0.00
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p=38p=0.385

n=70 n =100 n =200
MSE Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 37935.11 | 0.00 | 12.53 | 0.00 | 0.00 | 5.78 0.00 | 1.79 | 0.00 | 1.99 0.00 | 1.09
KH1 9.44 | 0.14 1.83 |1 0.00 | 0.00 | 3.10 0.11 | 1.30 | 0.00 | 1.25 0.08 | 0.86
KH2 3.86 | 0.30 1.11 1 0.00 | 0.00 | 1.28 0.27 | 0.83 | 0.00 | 0.64 0.21 | 0.62
KL 3.04 | 0.23 1.29 1 0.00 | 0.00 | 2.42 0.13 | 1.18 | 0.00 | 1.48 0.05 | 0.94
KHG 9.93 | 0.10 2.02 | 0.00 | 0.00 | 3.711 0.07 | 1.44 | 0.00 | 1.50 0.05 | 0.95
KBH 3.01 | 0.52 0.66 | 0.00 | 0.00 | 0.41 0.51 | 0.50 | 0.00 | 0.24 0.45 | 0.39
KNR 1.80 | 0.69 0.60 | 0.00 | 0.00 | 0.32 0.73 1047 | 0.00 | 0.21 0.75 | 0.40
KK1 2.04 | 0.63 0.70 | 0.00 | 0.00 | 0.49 0.63 | 0.55 | 0.00 | 0.31 0.52 | 0.44
KK2 1.06 | 1.49 0.75 ] 0.00 | 0.01 | 0.56 153 | 0.69 | 0.02 | 0.47 1.39 | 0.62
KK3 2.51 | 0.54 0.79 | 0.00 | 0.00 | 0.67 0.53 | 0.61 | 0.00 | 0.39 0.43 | 0.49
KK4 0.72 | 0.46 0.66 | 0.00 | 0.00 | 0.64 0.36 | 0.62 | 0.00 | 0.53 0.23 | 0.57
KKS 1.47 | 0.30 0.97 | 0.00 | 0.00 | 1.77 0.14 | 1.07 | 0.00 | 1.36 0.05 | 0.93
KK6 0.87 | 0.41 0.72 | 0.00 | 0.00 | 0.77 0.32 | 0.68 | 0.00 | 0.61 0.21 | 0.61
KK7 0.54 | 0.57 0.60 | 0.00 | 0.00 | 0.67 0.32 | 0.66 | 0.00 | 0.82 0.12 | 0.73
KK8 1.24 1 0.34 0.88 | 0.00 | 0.00 | 1.54 0.16 | 1.00 | 0.00 | 1.27 0.06 | 0.90
KK9 049 | 1.24 0.63 | 0.00 | 0.00 | 0.41 1.14 | 0.57 | 0.01 | 0.32 0.88 | 0.49
KL1 0.70 | 1.72 0.78 | 0.00 | 0.01 | 0.62 1.62 | 0.73 | 0.02 | 0.51 1.21 | 0.63
KL2 0.46 | 1.31 0.63 | 0.00 | 0.00 | 0.32 0.98 | 0.51 | 0.00 | 0.20 0.64 | 0.38
KD1 4.65 | 0.18 1.57 | 0.00 | 0.00 | 3.06 0.10 | 1.32 | 0.00 | 1.60 0.04 | 0.98
KD2 2.55 | 0.32 1.13 | 0.00 | 0.00 | 1.88 0.22 | 1.01 | 0.00 | 1.26 0.09 | 0.86
KD3 1.86 | 0.37 0.97 | 0.00 | 0.00 | 1.48 0.26 | 0.89 | 0.00 | 1.12 0.11 ] 0.81
KD4 091|113 0.77 ] 0.00 | 0.00 | 0.75 1.00 | 0.70 | 0.01 | 0.64 0.66 | 0.64
KS 39.22 | 0.04 2.63 | 0.00 | 0.00 | 4.80 0.02 | 1.66 | 0.00 | 1.86 0.01 | 1.06
KS1 3.16 | 0.16 1.42 | 0.00 | 0.00 | 2.77 0.08 | 1.31 | 0.00 | 1.54 0.03 | 0.97
KS2 0.37 | 0.80 0.51 | 0.00 | 0.00 | 0.32 0.55] 045 | 0.00 | 0.36 0.28 | 0.48
KS3 0.37 | 0.74 0.51 | 0.00 | 0.00 | 0.34 0.51 | 0.47 | 0.00 | 0.38 0.27 | 0.49
KS4 3.36 | 0.16 1.46 | 0.00 | 0.00 | 2.84 0.08 | 1.33 | 0.00 | 1.55 0.03 | 0.97
KS5 0.37 | 0.75 0.51 | 0.00 | 0.00 | 0.34 0.52 | 0.46 | 0.00 | 0.38 0.27 | 0.49
KAL1 34.24 | 0.06 2.39 | 0.00 | 0.00 | 4.46 0.03 ] 1.62 | 0.00 | 1.83 0.01 | 1.05
KAL2 35.39 | 0.05 2.46 | 0.00 | 0.00 | 4.56 0.03 | 1.63 | 0.00 | 1.84 0.01 | 1.05
KAS1 231 | 0.24 1.18 | 0.00 | 0.00 | 2.14 0.14 | 1.13 | 0.00 | 1.19 0.09 | 0.85
KAS2 0.74 | 2.07 0.83 ] 0.01 | 0.01 | 0.73 2.13 1 0.83 | 0.03 | 0.67 2.03 | 0.78
KAS3 0.69 | 0.59 0.65 | 0.00 | 0.00 | 0.56 0.55 ] 0.58 | 0.00 | 0.38 0.43 ] 0.48
KAS4 0.61 | 151 0.72 1 0.00 | 0.01 | 0.55 153 | 0.69 | 0.02 | 0.47 1.40 | 0.62
KAS5 1.62 | 0.30 0.99 1 0.00 | 0.00 | 1.84 0.16 | 1.05 | 0.00 | 1.40 0.06 | 0.92
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p=38p=095

n=70 n=100 n =200

MSE Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 242097.40 | 0.00 | 26.60 | 0 | 20.76 | 0.00 | 3.29 0 | 665 |000] 194 |0.00
KH1 28.88 0.08 | 3.11 0 [1010]0.05| 224 0 | 368 | 0.04] 142 | 0.00
KH2 9.04 016 | 1.85 0 | 395 | 013 | 140 0 | 166 [ 011 ] 094 | 0.00
KL 4.35 021 | 1.45 0 | 3897 012 | 143 0 | 298 | 006 | 130 | 0.00
KHG 22.81 0.08 | 2.99 0 | 956 | 0.05| 222 0 | 360 [ 0.04] 143 | 0.00
KBH 11.37 024 | 1.08 0 | 116 | 023 | 0.79 0 | 055 (022] 056 |0.00
KNR 2.52 032 | 091 0 | 089 | 031 0.67 0 | 035|034 ]| 044 |0.00
KK1 2.33 034 | 0.98 0 | 121 | 032 | 0.76 0 | 058 | 030 ] 055 |0.00
KK2 0.90 1.11 | 0.75 0 | 065 | 113 | 0.67 0 [ 045 [108] 058 |0.01
KK3 3.43 029 | 119 0 | 179 027 | 091 0 | 080 |025] 0.64 |0.00
KK4 0.97 031 | 0.76 0 | 094 [ 023 | 0.74 0 [ 084 | 016 ]| 0.70 | 0.00
KKS 0.91 036 | 0.74 0 | 147 1017 | 0.96 0 | 213 | 006 ]| 118 | 0.00
KK6 1.23 028 | 0.85 0 | 118 [ 021 | 0.83 0 | 100|014 ] 0.77 |0.00
KK7 0.35 0.70 | 0.51 0 | 0.38 | 040 | 049 0 | 077 {014 ] 071 | 0.00
KK8 0.73 0.40 | 0.67 0 | 117 | 020 | 0.85 0 | 187 | 007 ] 110 | 0.00
KK9 0.44 1.00 | 0.59 0 | 0.37 | 090 | 0.53 0 | 030 |070] 0.46 |0.00
KL1 0.77 143 | 0.76 0 | 071 129 | 071 0 | 064 {097 ] 064 |0.01
KL2 0.58 1.70 | 0.74 0 | 043 [ 137 | 0.62 0 [ 024 {090 ]| 045 |0.00
KD1 12.01 011 | 247 0 | 895 [ 005 219 0 | 476 [ 0.02] 164 |0.00
KD2 6.14 020 171 0 | 509 [012 ]| 161 0 | 335 |006]| 137 |0.00
KD3 4.42 023 | 145 0 | 392 [ 014 | 140 0 | 293 |007] 127 |0.00
KD4 1.56 0.85 | 0.88 0 | 147 1073 | 0.85 0 | 127 | 048 | 0.81 | 0.00
KS 93.30 0.03 | 4.31 0 | 1439]0.02| 280 0 | 559 |001] 180 |0.00
KS1 3.93 014 | 1.60 0 | 439 [ 0.07 | 168 0 | 337 [ 0.03] 145 | 0.00
KS2 0.33 0.87 | 0.52 0 | 0.24 | 058 | 0.40 0 | 028 |027 ] 042 |0.00
KS3 0.32 0.75 | 0.49 0 | 025 051 041 0 [ 032 |025] 045 |0.00
K&4 4.50 013 | 171 0 | 473 [ 0.07 | 174 0 | 345 | 003 ] 146 | 0.00
KS5 0.32 0.77 | 0.49 0 | 025 | 052 | 0.40 0 | 031 |026]| 044 |0.00
KAL1 71.70 0.04 | 3.46 0 1083 ]0.02| 253 0 [ 523 |001] 176 | 0.00
KAL2 74.65 0.04 | 3.69 0 | 1178 0.02 | 261 0 | 533 ]001] 177 |0.00
KAS1 3.11 019 | 1.37 0 | 396 [ 0.09| 154 0 | 309 |[005] 133 |0.00
KAS2 0.65 1.74 | 0.76 0 | 062 | 176 | 0.75 0 | 057 |174] 071 |0.01
KAS3 1.06 036 | 0.77 0 | 108 [ 030 | 0.76 0 | 074 {026 ]| 0.63 |0.00
KAS4 0.59 1.14 | 0.67 0 | 055 [114 | 0.64 0 [ 044 [ 109 ] 058 |0.01
KAS5 1.57 028 | 0.94 0 | 227 | 015 113 0 | 261 | 006 ] 123 |0.00
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p=38p=099
n=70 n =100 n =200

MSE Bias | MAPE r. MSE Bias | MAPE r. | MSE | Bias | MAPE r.
ML 4058025.60 | 0.00 | 79.32 0 | 1935.48 | 0.00 8.59 0] 36.15 | 0.00 4.43 0
KH1 344.56 | 0.03 7.30 0 53.40 | 0.02 5.03 0] 18.44 | 0.01 3.07 0
KH2 56.80 | 0.05 4.21 0 20.14 | 0.04 3.11 0] 7.62 | 0.03 1.96 0
KL 13.08 | 0.13 2.16 0 11.07 | 0.08 2.13 0] 8211 0.04 1.97 0
KHG 58.81 | 0.04 4.59 0 23.81 | 0.03 3.35 0] 8.90 | 0.03 2.12 0
KBH 20.22 | 0.06 251 0 6.57 | 0.06 1.86 0] 274 0.05 1.21 0
KNR 16.14 | 0.08 2.33 0 6.47 | 0.08 1.73 0] 234 0.08 1.05 0
KK1 13.33 | 0.11 2.10 0 5.93 | 0.10 1.60 0] 2.3210.10 1.02 0
KK2 3.55 | 0.62 1.03 0 1.68 | 0.62 0.83 0] 0.78 | 0.69 0.63 0
KK3 17.97 | 0.09 2.53 0 8.61 | 0.08 1.94 0] 3.31|0.08 1.23 0
KK4 151 | 0.16 0.91 0 1.54 | 0.12 0.92 0 1.40 | 0.08 0.88 0
KK5 0.29 | 0.53 0.45 0 0.34 | 0.28 0.45 0 1.07 | 0.08 0.80 0
KK6 194 | 0.14 1.03 0 2.00 | 0.10 1.05 0 1.78 | 0.07 0.99 0
KK7 0.36 | 1.04 0.56 0 0.20 | 0.65 0.40 0] 0.18 | 0.23 0.33 0
KK8 0.28 | 0.59 0.45 0 0.27 | 0.32 0.40 0] 0.79 | 0.10 0.69 0
KK9 0.40 | 0.67 0.52 0 0.33 | 0.58 0.47 0] 0.29 | 0.50 0.42 0
KL1 1.69 | 0.92 0.84 0 155 | 0.78 0.81 0 1.61 | 0.64 0.82 0
KL2 0.81 | 2.35 0.90 0 0.72 | 2.15 0.84 0| 051 1.69 0.70 0
KD1 62.06 | 0.05 5.39 0 44.71 | 0.02 4.80 0 | 23.85 | 0.01 3.58 0
KD2 28.16 | 0.07 3.54 0 24.07 | 0.04 3.45 0 | 15.48 | 0.02 2.88 0
KD3 20.93 | 0.08 3.05 0 18.78 | 0.04 3.04 0 | 13.16 | 0.02 2.64 0
KD4 6.22 | 0.47 1.41 0 5.72 | 0.37 1.45 0| 492 0.30 1.40 0
KS 388.32 | 0.01 8.14 0 66.41 | 0.01 5.62 0 | 23.30 | 0.01 3.60 0
KS1 2.82 | 0.10 1.34 0 4.14 | 0.05 1.63 0| 5.28 | 0.02 1.83 0
KS2 0.38 | 1.12 0.59 0 0.22 | 0.74 0.43 0| 011 0.31 0.26 0
KS3 0.29 | 0.83 0.50 0 0.17 | 0.55 0.36 0| 013 ] 0.24 0.28 0
KS4 450 | 0.08 1.68 0 5.65 | 0.05 1.89 0| 6.01] 0.02 1.95 0
KS5 0.30 | 0.86 0.51 0 0.17 | 0.57 0.37 0| 0.13] 0.25 0.28 0
KAL1 53.52 | 0.03 3.76 0 25.19 | 0.02 3.57 0| 14.26 | 0.01 2.98 0
KAL2 67.89 | 0.02 4.76 0 33.14 | 0.01 4.15 0| 16.37 | 0.01 3.15 0
KAS1 3.10 | 0.14 1.33 0 6.30 | 0.06 1.95 0| 9.56 | 0.02 2.37 0
KAS2 0.52 | 1.20 0.65 0 0.50 | 1.18 0.62 0| 046 | 1.25 0.59 0
KAS3 1.43 | 0.19 0.88 0 2.39 | 0.12 1.13 0| 250 | 0.08 1.11 0
KAS4 0.61 | 0.69 0.62 0 0.75 | 0.64 0.65 0| 0.68 | 0.69 0.60 0
KAS5 1.48 | 0.21 0.86 0 2.99 | 0.12 1.23 0| 5.38 | 0.04 1.67 0
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Table A3. Estimated MSEs, MAPEs, bias and Proportion of times in simulation when the ridge

regression estimator produces a higher MSE than the ML estimator of the proposed estimators

with intercept = -1 for the following cases:

p=4,p=0.75
n=70 n =100 n =200
MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 163 [ 000| 098 | 0.00| 094 [000| 075 |0.00| 040 | 0.00 | 0.50 | 0.00
KH1 09 |014 | 073 [ 002 | 061 |011 )| 060 |0.03| 0.30 | 0.07 | 0.43 | 0.05
KH2 0.57 | 0.28 | 057 0.04 | 040 | 023 | 048 |0.05]| 0.23 | 0.24 | 0.38 | 0.07
KL 098 |011| 076 |[002 | 073 |0.06 | 0.66 |0.02| 037 | 002 | 048 | 0.03
KHG 105 | 011 | 0.77 0.02 | 067 | 0.09 | 063 |0.03] 033 | 0.05| 045 | 0.04
KBH 028 | 056 | 044 [ 009|022 |050 )| 040 | 012|015 039 | 032 |0.18
KNR 0.33 | 0.79 | 052 0.09 | 029 | 078 | 050 (012 ] 025 |0.74| 047 |0.18
KK1 0.39 | 0.60 | 0.52 011 | 0.30 | 053 | 046 |0.14 ] 0.19 | 036 | 036 | 0.17
KK2 051 | 101 064 [022| 045 |095| 060 |[029| 036 |079 | 052 |041
KK3 043 | 062 | 054 |[012 | 034 |055 | 049 |015| 021 | 037 | 0.38 |0.19
KK4 036 | 0.35 | 0.47 0.04 | 0.30 | 028 | 043 |005] 0.21 | 0.6 | 0.37 | 0.07
KK5 0.70 | 0.13 | 0.67 0.01 | 060 | 0.07| 061 |0.02]| 034 | 0.03| 0.46 | 0.03
KK6 037 |035)| 048 [ 004 | 031 |027 | 044 |005| 022 | 015 | 0.37 | 0.07
KK7 037 |026| 049 |[002| 036 |016| 049 |0.02| 0.28 | 0.07 | 042 | 0.04
KK8 065 | 014 | 064 [ 001 | 056 |0.08| 060 |0.02| 033 | 003 | 046 | 0.04
KK9 036 | 0.74| 052 013 | 031 | 064 | 047 (016 | 022 | 045 | 0.39 | 0.22
KL1 054 | 095 | 065 [020| 046 |0.79 | 059 |023| 033 | 050 | 048 | 0.27
KL2 028 |065| 046 |[005| 022 | 056 | 040 |0.08| 015 | 044 | 033 |0.16
KD1 100 [ 011]| 076 |0.02]| 0.72 | 006 | 0.66 |0.02| 037 | 0.02 | 048 | 0.03
KD2 064 | 032 | 0.62 0.04 | 0.52 | 022 | 056 |0.06| 032 | 0.07 | 0.45 | 0.05
KD3 061 |029| 060 [004 | 050 |019 | 055 | 005|032 | 006 | 045 | 0.04
KD4 0.55 | 0.67 | 0.62 013 | 046 | 053 | 056 |015] 032 | 031 | 046 | 0.17
KS 145 | 0.02 | 0.92 001|087 |001| 073 |002] 039 |0.01| 049 |0.03
KS1 101 [ 007| 079 [ 001|072 [005| 066 |0.02]| 036 | 0.02 | 047 | 0.03
KS2 024 | 048 | 040 [ 004 | 021 |035] 036 |005| 017 |0.18 | 0.33 | 0.07
KS3 025 | 046 | 040 [ 003|021 |033]| 037 |005| 0.18 |0.18 | 0.34 |o0.07
KS4 103 [ 007| 080 [ 001|072 |[005| 067 |0.02]| 036 |0.02| 047 | 0.03
KS5 025 | 046 | 040 [ 003|021 |034| 037 |005| 0.18 |0.18 | 0.34 |o0.07
KAL1 | 140 |[002| 091 |001] 086 [002| 072 |0.02] 039 |0.01| 049 | 0.03
KAL2 | 142 | 002| 091 |001] 087 [002| 072 |0.02]| 039 |0.01| 049 | 0.03
KAS1 | 0.72 | 018 | 065 |0.02] 055|013 | 057 |0.03]| 030 | 0.07| 043 |0.05
KAS2 | 061 |[130| 073 | 030]| 057 [124| 070 |041]| 048 |1.09| 0.63 | 057
KAS3 | 039 | 0.63 | 0.52 012 | 0.33 | 056 | 048 |0.15] 0.21 | 0.38| 0.38 | 0.19
KAS4 | 050 [102| 064 | 023 ]| 045 |095| 060 |0.29]| 036 |0.79 | 052 |041
KAS5 | 077 | 015| 068 | 0.02 ] 066 [ 008 | 0.63 |0.02] 037 |0.02 | 048 | 0.03
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p=4,p=0385

n=70 n =100 n =200
MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 273 | 000] 125 | 0.00 | 152 |0.00| 095 |0.00| 0.65 | 0.00 | 0.64 |O0.00
KH1 145 1013 | 087 | 001|089 |010| 071 |0.01] 045 |0.06| 052 ]0.01
KH2 083 |025]| 065 | 002 054 020| 055 |002] 031|013 ] 043 |0.03
KL 131 | 013 | 084 |001] 098 |0.07| 076 |0.01] 056 |0.02| 059 |]o0.01
KHG 155 |011| 091 | 001] 09 |009| 074 1001|047 |0.05| 054 ]0.02
KBH 031 |045 ]| 045 | 003 | 024 | 041 | 040 |0.06 | 0.16 | 033 | 0.32 | 0.08
KNR 031 |064] 049 | 003 | 025 |062| 045 |0.06 | 0.20 | 0.58 | 0.40 | 0.08
KK1 049 | 053] 055 |005] 035|047 | 048 | 008 | 022 | 035 ]| 0.38 | 0.10
KK2 057 [ 094 | 065 | 012 | 047 |090| 061 | 021 ] 036 |0.77 ] 052 |0.29
KK3 055 [ 055 | 058 | 006|040 |049| 051 |010] 025|037 ] 040 |O0.11
KK4 042 | 032| 050 |002] 036 |025| 047 002 026 | 015] 0.40 |0.03
KKS 082 [013] 073 | 000 | 075 | 0.08| 070 |0.00] 050 | 0.03| 056 |0.01
KK6 045 [ 032 | 052 |002] 039 |025| 048 |0.02] 027 |015] 041 |0.03
KK7 038 | 026 | 050 | 000|041 016 | 051 |0.01] 036 |0.07] 048 |0.01
KK8 073 | 015] 069 | 000 | 070 | 0.09 | 0.67 |0.00] 049 |0.03] 055 |o0.01
KK9 037 | 069 | 053 | 007|031 060 048 |0.09 ] 023 | 044 | 040 |O0.14
KL1 062 [091 ]| 068 | 011|051 |077| 061 |0.16] 037 |051] 051 |0.18
KL2 028 | 066 | 047 002 | 022 | 055 | 041 | 003 ] 0.15 | 044 | 033 |0.08
KD1 148 | 011 | 090 |000]| 106 |0.06| 079 |0.01] 058 |0.02| 0.60 |O0.01
KD2 093 [029 ]| 070 | 002 073 |020| 064 | 003 ] 046 | 0.08 | 053 |0.03
KD3 087 | 027 ] 068 |0.02] 070|017 | 063 |0.02 | 046 | 0.06 | 053 |0.02
KD4 071 | 064 | 067 | 007 | 057 |051| 060 |0.09] 040 |031] 051 |o0.12
KS 231 |002] 115 | 000 137 |[001] 091 |0.00) 062 | 001 ] 062 |O0.01
KS1 138 | 007 | 093 |000] 103 |005| 080 |0.00] 055 |0.02| 059 ]o0.01
KS2 023 [ 047 ] 039 |002] 021 | 034| 036 |002] 019 |018 ] 035 |0.03
KS3 023 [045] 039 | 002|021 |033| 037 |002] 020|018 | 035 |0.03
K&4 143 | 007 | 094 |000] 104 | 004 | 080 |0.00] 055 |0.02| 059 |o0.01
KS5 023 |046 | 039 |002] 021 |033| 037 |002] 020|018 | 035 |0.03
KAL1 | 218 | 002 ] 113 | 000 | 134 |001| 090 |0.00)| 061 |001] 062 |O0.01
KAL2 | 223 | 002 ] 114 | 000 ) 135 |001| 090 |0.00)| 062 | 001 ] 062 |O0.01
KAS1 | 094 |016 | 074 | 001 ) 076 |0.12 | 067 |0.01) 044 | 007 ] 051 |O0.02
KAS2 | 060 | 123 ] 072 | 018 | 056 | 120 | 070 |0.29 | 047 | 106 | 0.62 | 042
KAS3 | 044 | 057 ] 054 | 006 | 037 |050] 050 |010) 024 | 038 | 040 |0.12
KAS4 | 052 | 095 | 064 | 012 ) 046 |091 | 060 |021 ) 036 |077 ] 052 |0.29
KAS5 | 091 |017] 073 | 001 ) 084 |[009 ] 071 |001) 055 |003] 058 |o0.01
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p=4,p=095

n=70 n =100 n =200
MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 886 | 000| 220 | 0.00 | 510 |0.00 ] 174 |0.00| 2.07 | 000 | 114 |0.00
KH1 385 | 008 | 136 |0.00 | 248 | 007 | 113 |0.00 | 113 |0.05] 0.80 | 0.00
KH2 198 | 016 | 095 |000] 136 | 014 | 081 |0.00]| 065 |0.10| 059 |0.00
KL 231 | 014 ] 104 |0.00 | 210 | 009 | 1.03 |0.00)| 130 |0.04 | 0.87 |O0.00
KHG 311 | 010 ] 122 |0.00 | 2.09 | 009 | 1.02 |0.00| 095 | 007 ] 073 | 0.00
KBH 059 [ 025] 055 | 000|043 |024| 048 |0.00] 0.23 | 0.20 | 0.37 | 0.01
KNR 049 | 038 | 052 | 000|034 037| 045 |0.00] 0.18 |0.34] 035 |0.01
KK1 094 | 037 | 066 | 001|067 |034| 058 |001] 036 |028]| 045 |0.02
KK2 074 | 077 ] 068 | 003|059 |073| 063 |0.04] 042 | 067 | 054 |0.09
KK3 107 |040| 071 |002] 076 | 036 | 0.62 |0.02]| 040 | 032 | 048 | 0.03
KK4 055 [ 024 | 05 | 000|053 ]019| 054 |000] 041 |013] 049 |0.00
KKS 073 | 015] 067 | 000 | 090 |0.09| 076 |0.00] 094 | 0.04] 079 |0.00
KK6 061 | 024 | 058 | 000 | 058 |019| 057 |0.00] 043 |0.13 ] 050 | 0.00
KK7 026 [030] 040 | 000|032 019| 045 | 0.00| 046 | 0.08 | 0.55 | 0.00
KK8 059 [ 018 | 061 | 000|075 |010| 070 |0.00] 0.87 |0.04]| 0.76 | 0.00
KK9 037 [059 | 051 | 001034 05| 048 |0.02 ] 0.27 | 038 | 042 |0.03
KL1 091 [077] 073 | 003|086 |064| 070 |0.04 | 068 | 044 | 0.63 | 0.06
KL2 035 [085| 055 | 000|029 |073| 049 |0.00] 0.18 | 054 | 0.38 |0.01
KD1 376 |007] 139 | 000 311 |004] 131 | 000 168 |0.02] 1.01 |0.00
KD2 223 |022] 101 |0.01 )| 200 |[015] 099 |0.00 ) 120 |0.07 | 082 |0.00
KD3 207 |020] 097 | 000191 [0.13 ] 097 |0.00) 121 |005] 0.83 |O0.00
KD4 136 | 053 | 082 |001] 126 042 | 080 |0.02] 089 |0.27| 070 | 0.03
KS 6.06 | 002 ] 185 | 0.00 | 400 | 001 ] 154 | 000 182 | 001 ] 1.07 |O0.00
KS1 206 | 006 | 115 | 0.00| 194 |004 ] 111 | 000 129 |002] 091 |o0.00
KS2 019 | 048] 037 | 000|016 |034| 031 |0.00] 018 |0.17] 0.33 |0.00
KS3 019 [ 044 | 036 | 000|016 |032| 032 |000] 019 |016 | 035 |0.00
K&4 223 | 006 | 119 | 0.00 | 2.04 | 004 ] 113 | 000 131 |002] 091 |o0.00
KS5 019 | 045] 036 | 000 016 |032| 032 |000] 019 |017] 035 |0.00
KAL1 | 488 | 002 ] 171 |0.00 ) 359 |[002| 148 |0.00 )| 176 |001 ] 1.05 |O0.00
KAL2 | 528 | 002 ] 177 | 000 ) 374 |001] 150 |0.00 )| 178 |001 | 1.06 | 0.00
KAS1 | 154 |012] 094 | 000 ) 165 |009 | 096 |0.00)| 1.04 | 005] 0.78 | 0.00
KAS2 | 057 | 106 | 068 |0.04 | 053 |101| 065 |0.06| 046 | 094 | 060 |O0.14
KAS3 | 061 | 042 ] 060 | 0.02 | 060 | 0.37 | 058 |0.02)| 039 |032 ] 047 |0.03
KAS4 | 056 | 078 | 063 | 003 )| 052 |074] 060 |0.04)| 041 | 067 | 054 |0.09
KAS5 | 118 | 018 ] 079 | 000 ) 147 |0.11] 089 |0.00) 120 | 004 | 084 |0.00
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p=4,p=099

n=70 n=100 n =200

MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 46.54 | 0.00 | 5.09 0 | 2743 ]000| 404 |0.00]| 1139 |0.00 | 261 | 0.00
KH1 19.18 | 0.03 | 2.91 0 |1164 003 | 237 |0.00| 505 |0.02] 157 |0.00
KH2 10.19 | 0.06 | 2.02 0 6.27 1005 166 |0.00| 282 | 0.05| 1.12 | 0.00
KL 843 | 010 | 1.78 0 729 1007 174 (000 | 481 |0.03| 151 | 0.00
KHG 9.06 | 0.08 | 1.85 0 584 1007 154 |0.00| 250 | 0.06 | 1.03 | 0.00
KBH 3.10 | 0.08 | 1.18 0 197 1 0.07| 097 |0.00] 092 |0.07] 0.66 | 0.00
KNR 3.00 | 014 | 1.06 0 175 1014 | 085 |0.00] 0.73 | 013 ] 0.56 | 0.00
KK1 463 | 015 | 1.28 0 286 1014 | 103 |0.00| 138 | 013 | 0.73 | 0.00
KK2 264 | 044 | 097 0 171 | 044 | 081 |000] 091 | 043 ] 0.63 | 0.01
KK3 519 | 017 | 134 0 318 | 016 | 109 |0.00| 154 |015| 0.77 |0.00
KK4 088 | 0.13 | 0.67 0 085 | 011 065 |0.00| 074 |0.07 | 0.61 | 0.00
KKS 023 | 025 | 037 0 032 1015 042 |0.00| 063 |0.05| 0.62 | 0.00
KK6 099 [ 013 | 071 0 09 (011 069 |0.00| 083 |0.07| 0.64 |0.00
KK7 0.17 | 046 | 0.36 0 011 029 | 027 |0.00| 017 011 | 0.32 | 0.00
KK8 019 | 029 | 034 0 023 1017 036 |0.00| 047 |0.06 | 054 |0.00
KK9 040 | 038 | 0.49 0 037 1034 | 046 |0.00| 032 |0.26 | 041 |0.00
KL1 3.10 | 046 | 1.06 0 297 1039 | 104 |0.00| 255 | 028 | 1.00 |o0.01
KL2 0.60 | 132 | 0.75 0 052 1120 | 069 |0.00| 036 | 093 | 056 | 0.00
KD1 19.35 | 0.03 | 3.02 0 |1516 002 | 280 |0.00| 849 |0.01 ]| 216 | 0.00
KD2 1131 | 0.09 | 2.14 0 940 | 006 | 205 |0.00| 611 |0.03| 1.74 | 0.00
KD3 10.75 | 0.08 | 2.10 0 9.08 | 005 202 |0.00| 611 | 0.02 | 1.74 | 0.00
KD4 6.18 | 0.29 | 1.49 0 551 1024 | 144 (000 | 402 |016 | 1.30 | 0.00
KS 23.84 1 0.01 | 3.50 0 |1539]001| 295 |000| 752 |0.01 ] 210 |0.00
KS1 181 | 0.05| 1.07 0 214 1004 | 117 | 0.00| 226 | 0.02 | 1.20 | 0.00
KS2 020 | 057 | 041 0 011 | 039 | 029 |0.00| 007 |018 | 0.21 | 0.00
KS3 0.17 | 048 | 0.37 0 0.10 | 033 | 026 | 0.00| 008 | 016 | 0.22 | 0.00
K&4 249 | 005 | 1.24 0 270 1003 130 |0.00| 255 |0.02| 126 | 0.00
KS5 0.17 | 049 | 037 0 0.10 | 034 | 027 |0.00| 008 | 016 | 0.22 | 0.00
KAL1 | 974 |1 0.02 | 2.38 0 833 1001 | 226 |0.00| 567 |0.01| 187 | 0.00
KAL2 | 13.72 1 0.01 | 2.78 0 1064 001 | 252 |000| 637 |0.01] 196 | 0.00
KAS1 | 213 | 0.07 | 1.10 0 330 | 004 137 |0.00| 351 |0.03| 136 | 0.00
KAS2 | 0.53 | 0.67 | 0.60 0 057 | 067 | 060 |0.01| 052 |0.65| 056 |0.02
KAS3 | 097 1020 | 0.71 0 126 {018 | 078 |0.00] 120 |015] 0.71 | 0.00
KAS4 | 0.68 | 0.46 | 0.63 0 081 | 045| 066 |0.00| 075 | 043 | 0.60 | 0.01
KAS5 | 150 | 0.14 | 0.86 0 249 1008 111 | 0.00| 339 |0.04 | 131 | 0.00
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p=8p=0.75

n=70 n =100 n =200
MSE Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 13821.74 | 0.00 | 6.64 | 0.00| 339 | 000 | 138 |0.00| 1.12 | 0.00 | 0.82 | 0.00
KH1 4.22 018 ] 141 |0.00| 203 | 014 | 106 | 0.00| 0.80 | 0.09 | 0.69 | 0.00
KH2 1.46 040 ] 086 |0.00| 090 | 034 ] 071 |0.00]| 046 | 025 ] 0.53 | 0.00
KL 2.56 023] 119 |000] 19 |012 ] 107 |0.00| 096 | 0.04] 0.76 | 0.00
KHG 5.20 012 ] 158 |0.00] 242 |0.08| 117 |0.00| 093 | 0.05] 0.75 | 0.00
KBH 0.46 071 ] 053 |0.00] 033 |067| 047 |0.00] 022 | 057 | 0.38 | 0.01
KNR 0.41 095 054 |000] 033 098] 050 |0.00] 026 |099]| 047 |0.01
KK1 0.58 083 ] 060 |0.00] 041 |077 ] 053 |0.01] 027 | 061 ]| 042 |0.02
KK2 0.65 168 | 074 |1002) 058 |165| 071 |0.06| 050 |153| 065 |O0.21
KK3 0.75 071 ] 065 |0.00] 050 | 066 | 056 |0.01] 031 |052]| 044 |0.02
KK4 0.58 055 ] 060 |0.00] 055|042 | 058 |0.00] 041 | 026 ]| 051 | 0.00
KKS 1.44 028 096 |0.00] 153 |013 | 098 |0.00| 091 |0.04] 0.75 | 0.00
KK6 0.68 050 ] 065 |0.00] 064 |038] 063 |0.00]| 046 | 024 ]| 0.53 | 0.00
KK7 0.58 055] 062 | 000|070 |031] 067 |0.00]| 064 |012] 0.64 |0.00
KK8 1.25 032] 090 |0.00] 138 |015] 094 |0.00| 0.88 | 0.05]| 0.74 | 0.00
KK9 0.50 138 | 065 |001)043 123 | 059 |003] 032 |09 | 050 |o.07
KL1 0.70 183 | 078 |0.03)] 062 |167| 073 |0.06| 050|129 | 0.63 | O0.16
KL2 0.44 125 | 060 | 0.00) 033 |09 | 050 |0.00] 021 | 065| 038 |O0.00
KD1 3.16 019 ] 131 |000] 214 011 ] 111 |0.00| 097 | 0.04 ]| 0.77 |0.00
KD2 1.74 038] 095 |0.00] 137 |025] 088 |0.00| 0.80 | 0.10 | 0.69 | 0.00
KD3 1.32 044 ] 084 | 000|113 |029| 080 |0.00| 073 |012 ]| 0.66 | 0.00
KD4 0.75 123 | 073 |001) 067 |104| 068 |0.03] 050|071 | 058 | o0.07
KS 10.89 0.05] 187 |000] 297 |0.02] 130 |0.00]| 1.07 |0.01 ]| 0.80 | 0.00
KS1 2.36 018 | 122 |0.00| 200 |0.09] 111 |0.00| 095 | 0.04]| 0.76 | 0.00
KS2 0.38 079 ] 051 |0.00] 036 | 054 | 048 |0.00| 0.35 | 028 | 0.47 |0.00
KS3 0.39 073] 051 | 000|038 |051] 049 |0.00| 0.36 | 0.27 | 0.48 | 0.00
K&4 2.47 017 ] 125 |0.00] 203 |0.09] 111 |0.00| 096 | 0.08]| 0.76 | 0.00
KS5 0.39 074 ] 051 |0.00] 038 |052]| 049 |0.00| 0.36 | 0.28 | 0.48 | 0.00
KAL1 9.27 0.07] 173 |0.00] 282 |0.03] 128 |0.00| 1.06 | 0.01 | 0.80 | 0.00
KAL2 9.59 006 | 177 |0.00] 286 |0.03] 129 |0.00| 1.06 | 0.01 ]| 0.80 | 0.00
KAS1 1.85 026 ]| 106 |000] 161 |017] 097 |0.00| 0.78 | 0.10 | 0.68 | 0.00
KAS2 0.78 223 | 086 | 004|076 |222| 085 |009 | 071 | 213 | 081 | 0.37
KAS3 0.55 075 ] 059 | 000|046 | 067 | 055 |[0.01] 030 |052]| 044 |0.02
KAS4 0.62 169 | 074 | 002) 058 |166 | 071 |0.06| 050 |153| 065 |O0.21
KAS5 1.59 029 ] 098 |0.00] 162 |015] 099 |0.00]| 094 | 0.05] 0.75 | 0.00
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p=38p=0.385

n=70 n=100 n =200

MSE Bias | MAPE | Pr. MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.

ML 11779.38 | 0.00 | 9.64 | 0.00 | 186.81 | 0.00 | 2.04 | 0.00 | 197 | 0.00 | 1.09 | 0.00

KH1 6.76 015| 176 |000| 325 |011) 133 |0.00| 1.30 | 0.08| 0.88 | 0.00

KH2 2.27 032| 105 |000| 135 |027| 086 |0.00| 065 ]0.21| 0.62 | 0.00

KL 2.88 025| 125 | 000| 249 014 120 |0.00| 146 | 0.05]| 0.94 | 0.00

KHG 7.69 012 | 193 | 000 | 385 |0.07| 147 |0.00| 148 | 0.05]| 0.94 | 0.00

KBH 0.89 053 | 062 | 000| 043 | 050 051 |0.00| 025|044 | 0.40 | 0.00

KNR 0.54 071 | 05 |000| 033 |072| 048 |0.00| 021 |0.74] 0.40 | 0.00

KK1 0.78 066 | 065 | 000| 050 |063| 055 |0.00| 029 |052]| 044 |0.00

KK2 0.67 149 ] 072 |000| 058 |154| 069 |002| 046 | 141 | 0.62 | 0.07

KK3 1.10 057 | 074 | 000| 069 |052| 062 |0.00| 037 | 044 | 048 | 0.00

KK4 0.67 047 | 064 | 000| 065 | 037 062 |0.00| 052 |023]| 057 |0.00

KK5 1.46 031| 097 |000| 180 |014 )| 108 |0.00| 1.38 | 0.04 ]| 0.93 | 0.00

KK6 0.81 043 | 070 |000| 078 | 033 069 |0.00| 059 |021] 0.60 | 0.00

KK7 0.52 058 | 059 | 000| 066 |033| 065 |0.00| 080 ]|012] 0.72 | 0.00

KK8 1.24 034 | 089 |000| 15 017 100 |0.00| 131 |0.05] 0.91 | 0.00

KK9 0.47 124 ] 063 |000| 042 |115| 058 |0.00| 031 | 088 | 0.48 | 0.02

KL1 0.68 174 ] 077 |000| 063 |163| 073 |002| 049 | 121 | 0.62 | 0.06

KL2 0.45 131 | 063 |000| 033 |1.00| 052 |0.00]| 0.21 |0.67 | 0.38 | 0.00

KD1 4.30 019 | 151 |000| 316 | 010 134 |0.00| 160 | 0.04 ] 0.98 | 0.00

KD2 2.27 034 | 107 | 000 | 192 |022| 102 |0.00| 1.20 |0.09 | 0.84 | 0.00

KD3 1.65 039| 093 |000| 150 |027)| 090 |0.00| 108 |011 ]| 0.80 | 0.00

KD4 0.81 112 074 |000| 076 |101| 070 | 001 | 060 | 0.65| 0.62 | 0.03

KS 41.24 004 | 266 |000| 765 |002) 172 |0.00| 185 |0.01] 105 | 0.00
KS1 3.02 017 ] 139 | 000 | 286 |0.08| 133 |0.00| 153 |0.03]| 0.97 |0.00
KS2 0.36 081 | 051 |000| 032 |055| 045 |0.00| 037 |0.28| 0.48 | 0.00
KS3 0.37 0.75| 050 |000| 034 |052| 047 |0.00| 039 |0.27 | 0.50 | 0.00
KS4 3.20 017 | 143 | 000 | 293 |008| 135 |0.00| 1.54 | 0.03]| 0.97 |0.00
KS5 0.36 0.76 | 050 |000| 034 |052| 046 |0.00| 038 | 0.27 | 0.50 | 0.00

KAL1 38.29 006 | 244 | 000| 730 |003| 168 |0.00| 182 |0.01] 105 | 0.00

KAL2 38.93 005| 250 |000| 740 |003]| 169 |0.00| 183 |0.01] 105 | 0.00

KAS1 2.21 025| 116 | 000 | 221 |014 | 115 |0.00| 1.23 | 0.08| 0.86 | 0.00

KAS2 0.74 210 | 084 | 001 | 073 |214| 083 |0.03| 067 |204] 079 |0.14

KAS3 0.63 062 | 063 |000| 057 | 054 058 |0.00| 036 |045]| 047 |0.00

KAS4 0.59 151 ] 071 |000| 056 |154| 069 |002| 046 | 141 | 0.62 | 0.07

KAS5 1.54 031 | 09 |000| 188 |017 | 106 |0.00| 139 |0.06 ]| 0.92 | 0.00
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p=38p=095

n=70 n =100 n =200
MSE Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 807972.67 | 0.00 | 42.27 | O | 546.22 | 0.00 | 3.75 0 | 663 | 000]| 195 | 0.00
KH1 25.39 0.08 | 3.25 0 | 10.82 | 0.05 | 2.29 0 | 368 | 004 ]| 143 | 0.00
KH2 8.80 016 | 1.92 0 426 (013 | 143 0 | 165011 ] 095 | 0.00
KL 4.53 022 | 1.47 0 432 1012 | 147 0 | 305]005] 131 | 0.00
KHG 22.20 0.09 | 3.10 0 993 | 0.05] 223 0 | 355 004 ] 142 |0.00
KBH 3.42 024 | 1.09 0 123 | 023 ] 081 0 | 055 ]022]| 056 |0.00
KNR 2.39 032 | 094 0 096 | 031] 0.69 0 | 035 ]033]| 044 |0.00
KK1 2.90 035 ] 1.02 0 128 | 033 ] 0.76 0 | 059 031 055 |0.00
KK2 1.25 113 | 0.78 0 064 | 113 ] 0.66 0 | 046 | 111 | 058 | 0.00
KK3 4.15 030 | 1.23 0 1.89 | 027 ] 092 0 | 082 ]025]| 0.64 |0.00
KK4 0.98 032 | 0.76 0 096 |023] 0.74 0 | 084 1016 | 0.70 | 0.00
KK5 0.92 038 | 0.75 0 149 1017 ] 0.96 0 | 214 1006 | 118 | 0.00
KK6 1.23 029 | 0.85 0 121 021 | 0.84 0 | 100 | 014 | 0.76 | 0.00
KK7 0.36 0.73 ] 051 0 038 | 040 ] 0.49 0 | 0751014 ] 0.70 | 0.00
KK8 0.73 043 | 0.67 0 119 | 020 | 0.85 0 | 187 007 ] 110 | 0.00
KK9 0.45 1.03 | 0.60 0 037 [ 091] 0.53 0 | 031 ]072] 046 | 0.00
KL1 0.79 146 | 0.77 0 069 |130] 0.70 0 | 065 ]1.00| 0.65 | 0.00
KL2 0.59 1.73 | 0.74 0 044 |139] 0.63 0 | 024 1093 | 046 | 0.00
KD1 12.65 012 | 252 0 9.57 | 0.05] 222 0 | 476 1002 ]| 165 | 0.00
KD2 6.29 021 ] 1.72 0 543 1012 ] 1.63 0 | 339 |006| 137 |0.00
KD3 4.53 024 | 1.45 0 418 1014 | 142 0 | 294 007 ] 127 |0.00
KD4 1.60 089 | 0.89 0 143 | 0.72 | 0.83 0 | 128 | 050 | 0.81 | 0.00
KS 120.11 0.03 | 4.64 0 | 2301 | 0.02 | 288 0 | 556 | 001] 180 | 0.00
KS1 3.91 015 ] 1.60 0 447 10.07 | 1.69 0 | 336 | 0.03] 145 | 0.00
KS2 0.34 091 ] 053 0 024 | 058 ] 041 0 | 028 | 027 ]| 042 |0.00
KS3 0.32 0.78 | 0.50 0 025 | 051] 041 0 | 032 ]025]| 044 |0.00
KS4 4.50 014 ] 171 0 483 |0.07 | 1.75 0 | 344 1003 ]| 146 | 0.00
KS5 0.33 0.80 | 0.50 0 025 | 052] 041 0 | 031 ]025]| 044 |0.00
KAL1 102.63 004 | 371 0 | 19.02 | 0.02 | 259 0 | 521 ]001] 176 | 0.00
KAL2 106.05 0.04 | 3.96 0 | 20.07 | 0.02 | 267 0 | 531 ]001] 177 |0.00
KAS1 3.08 020 | 1.36 0 413 10.09 | 157 0 | 314 |005] 134 |0.00
KAS2 0.65 1.76 | 0.77 0 063 |1.79] 0.75 0 | 058 176 ]| 0.72 |0.01
KAS3 1.02 038 | 0.76 0 111 [ 030 ] 0.77 0 | 076 1026 | 0.63 | 0.00
KAS4 0.59 1.18 | 0.68 0 053 |114] 0.63 0 | 046 111 | 058 | 0.00
KAS5 1.55 029 | 0.93 0 239 (016 ] 115 0 | 267 | 006 ] 124 |0.00
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p=38p=099

n=70 n =100 n =200

MSE Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 680031.36 | 0.00 | 5395 | 0 | 116.09 | 0.00 | 7.65 0 [ 3681 | 0.00 | 4.48 0
KH1 146.38 0.03 ] 731 0 | 56.76 | 0.01 | 5.18 0 [ 1929 ]0.01] 313 0
KH2 44.14 0.05 | 4.29 0 | 21.31 | 0.03 | 3.20 0 | 787 | 0.08] 1.99 0
KL 13.13 013 ] 221 0 | 11.36 | 0.07 | 2.19 0 | 855 | 0.04] 203 0
KHG 61.42 0.05] 471 0 | 2486 | 0.03 | 342 0 | 876 | 0.083] 211 0
KBH 19.98 0.06 | 2.53 0 6.86 | 0.05] 1.90 0 | 282 | 0.05] 1.23 0
KNR 13.20 0.09 | 2.38 0 691 | 0.07 ] 177 0 | 244 | 0.08 | 1.07 0
KK1 11.95 011 ] 2.14 0 6.10 | 0.09 ]| 1.62 0 | 241 | 010 ] 1.03 0
KK2 3.43 0.61 | 1.05 0 172 1064 | 0.83 0 | 081 | 0.66 | 0.63 0
KK3 17.19 010 ] 2.61 0 8.77 10.07] 197 0 | 334 | 0.08] 1.23 0
KK4 1.53 0.16 | 0.93 0 157 011 ] 093 0 | 144 | 0.08 | 0.89 0
KK5 0.29 055 | 0.46 0 034 |027] 045 0 | 1.06 | 0.08 | 0.80 0
KK6 2.00 015 ] 1.06 0 203 | 010] 1.07 0 | 1.78 | 0.07 | 0.99 0
KK7 0.37 1.07 | 057 0 020 | 065 ] 0.40 0 | 017 | 024 | 0.32 0
KK8 0.28 0.62 | 0.46 0 027 [032] 040 0 | 080 | 0.0 | 0.69 0
KK9 0.40 0.67 | 0.53 0 034 | 060 ]| 047 0 | 029 | 047 | 042 0
KL1 1.70 091 | 0.84 0 165 | 081 ] 0.82 0 | 171 061 | 0.83 0
KL2 0.82 2.38 | 0.90 0 073 | 217 ] 0.84 0 | 052 | 171 ] 0.70 0
KD1 62.48 0.05] 551 0 | 46.71 | 0.01 | 492 0 [2431]0.01] 3.62 0
KD2 28.17 0.08 | 3.63 0 | 2440 | 0.03 | 351 0 [ 1541 ] 0.02 | 287 0
KD3 20.82 0.09 | 3.10 0 | 19.32 | 0.04 | 3.09 0 | 1340 ] 0.02 | 2.66 0
KD4 6.09 047 | 143 0 6.02 | 039 ] 146 0 | 509 | 027 ] 143 0
KS 249.79 0.01 | 8.39 0 | 6433 | 0.01| 570 0 [ 2401 ]0.00] 3.65 0
KS1 2.82 011 ] 134 0 417 (1005 1.64 0 | 537 | 0.02] 185 0
KS2 0.39 1.15| 0.60 0 022 |074] 043 0 | 010 | 032 | 0.26 0
KS3 0.30 085 ] 0.51 0 017 [ 054 ] 0.36 0 | 013 | 025] 0.28 0
KS4 4.52 0.09 ] 170 0 570 [0.04] 191 0 | 612 | 0.02] 196 0
KS5 0.31 0.88 | 0.52 0 0.17 | 056 | 0.37 0 | 012 | 025| 0.27 0
KAL1 113.18 0.03 | 4.05 0 | 20.18 | 0.02 | 354 0 [ 1459 ] 0.01 ] 3.01 0
KAL2 127.68 0.02 | 5.07 0 | 2840 | 0.01 | 413 0 [ 1671 ]0.00 ] 319 0
KAS1 3.14 015 ] 1.33 0 6.52 | 0.05] 1.99 0 | 976 | 0.02 ]| 240 0
KAS2 0.52 1.18 | 0.65 0 051 |120] 0.62 0 | 046 | 122 ] 0.59 0
KAS3 1.48 0.20 | 0.90 0 247 10421 ] 115 0 | 251 |0.09] 110 0
KAS4 0.63 0.68 | 0.63 0 0.76 | 0.66 | 0.66 0 | 0.70 | 0.66 | 0.60 0
KAS5 1.52 022 | 0.88 0 312 [ 010] 1.26 0 | 557 |004] 171 0
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Table A4. Estimated MSEs, MAPEs, bias and proportion of times in simulation when the ridge

regression estimator produces a higher MSE than the ML estimator of the proposed and new

estimators for the following cases:

p =4, p=0295 intercept =0

n=70 n=100 n =200
MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 8.34 | 0.00 2.19 | 0.00 | 4.70 | 0.00 1.67 | 0.00 | 1.88 | 0.00 1.07 | 0.00
KH1 3.72 | 0.09 1.33 | 0.00 | 2.15 | 0.08 1.04 | 0.00 | 0.92 | 0.07 0.70 | 0.00
KH2 2.06 | 0.17 0.95]0.00 | 1.23 | 0.16 0.76 | 0.01 | 0.54 | 0.13 0.53 | 0.00
KL 2.94 | 0.12 1.17 1 0.00 | 2.29 | 0.08 1.08 | 0.00 | 1.30 | 0.03 0.86 | 0.00
KHG 2.96 | 0.12 1.17 1 0.00 | 1.71 | 0.11 0.92 | 0.00 | 0.76 | 0.09 0.63 | 0.00
KBH 0.63 | 0.28 0.56 | 0.00 | 0.41 | 0.27 0.46 | 0.01 | 0.20 | 0.24 0.33 | 0.01
KNR 0.49 | 0.43 0.50 | 0.00 | 0.31 | 0.44 042 | 0.01 | 0.15] 0.43 0.31 | 0.01
KK1 1.02 | 0.37 0.67 | 0.01 | 0.66 | 0.35 0.57 | 0.02 | 0.31] 0.31 0.41 | 0.02
KK2 0.75 | 0.77 0.66 | 0.03 | 0.55 | 0.73 0.58 | 0.05| 0.36 | 0.70 0.49 | 0.10
KK3 1.15 | 0.37 0.71 ] 0.01 | 0.75 | 0.37 0.61 | 0.02 | 0.35] 0.32 0.43 | 0.02
KK4 0.62 | 0.24 0.58 | 0.00 | 0.57 | 0.19 0.56 | 0.00 | 0.40 | 0.13 0.47 | 0.00
KK5 0.79 | 0.15 0.72 1 0.00 | 0.93 | 0.09 0.78 | 0.00 | 0.92 | 0.03 0.78 | 0.00
KK6 0.69 | 0.23 0.61 ]| 0.00 | 0.62 | 0.19 0.58 | 0.00 | 043 ] 0.13 0.49 | 0.00
KK7 0.29 | 0.28 0.43 ] 0.00 | 0.39 | 0.17 0.51 | 0.00 | 0.53 | 0.06 0.59 | 0.00
KK8 0.61 | 0.18 0.63 | 0.00 | 0.76 | 0.10 0.71 | 0.00 | 0.82 | 0.04 0.73 | 0.00
KK9 0.34 | 0.59 048 | 0.01 | 0.31 | 0.50 0.44 | 0.02 | 0.24 | 0.39 0.38 | 0.02
KL1 1.09 | 0.68 0.75 ] 0.02 | 0.98 | 0.54 0.71 | 0.04 | 0.69 | 0.39 0.61 | 0.04
KL2 0.31 | 0.93 0.50 | 0.00 | 0.23 | 0.77 0.43 | 0.00 | 0.13 | 0.55 0.30 | 0.01
KD1 471 | 0.06 1.56 | 0.00 | 3.25 | 0.04 1.34 | 0.00 | 159 | 0.01 0.97 | 0.00
KD2 3.09 | 0.15 1.20 | 0.00 | 2.39 | 0.11 1.09 | 0.00 | 1.30 | 0.05 0.85 | 0.00
KD3 2.92 | 0.14 1.16 | 0.00 | 2.31 | 0.09 1.08 | 0.00 | 1.29 | 0.04 0.85 | 0.00
KD4 1.81 | 0.45 0.91 | 0.01 | 152 | 0.33 0.85| 0.02 | 0.93 | 0.23 0.71 | 0.02
KS 5.63 | 0.02 1.79 | 0.00 | 3.50 | 0.02 144 | 0.00 | 1.60 | 0.01 0.99 | 0.00
KS1 1.91 | 0.07 1.11 | 0.00 | 1.73 | 0.05 1.04 | 0.00 | 1.14 | 0.02 0.84 | 0.00
KS2 0.15 ]| 0.44 0.30 | 0.00 | 0.16 | 0.30 0.32 | 0.00 | 0.22 ] 0.14 0.38 | 0.00
KS3 0.16 | 0.40 0.31 | 0.00 | 0.18 | 0.28 0.34 | 0.00 | 0.24 ] 0.14 0.39 | 0.00
KS4 2.13 | 0.07 1.16 | 0.00 | 1.84 | 0.05 1.07 | 0.00 | 1.16 | 0.02 0.85 | 0.00
KS5 0.16 | 0.41 0.31 | 0.00 | 0.18 | 0.28 0.33 | 0.00 | 0.24 ] 0.14 0.39 | 0.00
KAL1 | 4.26 | 0.03 1.61 | 0.00 | 3.05 | 0.02 1.36 | 0.00 | 1.53 | 0.01 0.97 | 0.00
KAL2 | 4.79 | 0.03 1.68 | 0.00 | 3.23 | 0.02 140 | 0.00 | 1.56 | 0.01 0.98 | 0.00
KAS1 | 1.92 | 0.12 1.03 | 0.00 | 1.69 | 0.09 0.95 | 0.00 | 0.89 | 0.07 0.69 | 0.00
KAS2 | 0.54 | 1.07 0.64 | 0.04 | 0.49 | 1.03 0.61 | 0.08 | 0.41 | 0.99 0.56 | 0.16
KAS3 | 0.71 | 0.39 0.62 | 0.01 | 0.64 | 0.37 0.58 | 0.02 | 0.34 | 0.32 0.43 | 0.02
KAS4 | 057 | 0.78 0.61 | 0.03 | 0.50 | 0.73 0.57 | 0.05| 0.36 | 0.70 0.49 | 0.10
KAS5 | 1.66 | 0.15 0.95 | 0.00 | 1.79 | 0.09 0.98 | 0.00 | 1.24 | 0.03 0.84 | 0.00
KN1 0.25 | 0.73 0.42 | 0.02 | 0.22 | 0.63 0.39 | 0.03 | 0.17 | 0.52 0.35 | 0.05
KN2 03| 04 0.44 | 0.01 | 0.32 | 0.33 0.45 | 0.01 | 0.27 | 0.21 0.4 | 0.01
KN3 0.51 | 0.25 053|000 | 045 | 0.2 05| 000 | 035 0.12 0.46 | 0.00
KN4 1.29 | 0.16 0.8 |0.00| 1.23 | 0.11 0.81 | 0.00 0.9 | 0.05 0.72 | 0.00
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p =4, p =0.95, intercept = 1

n=70 n =100 n =200

MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 864 | 0.00 | 220 | 0.00 | 492 |0.00| 172 |0.00] 211 | 000 | 1.14 | 0.00
KH1 385 1009 | 134 | 000 | 231 |007| 109 |0.00] 111 |0.05] 0.79 | 0.00
KH2 207 1016 | 096 | 0.00 | 129 | 014 | 079 |0.00| 0.67 | 0.10 | 0.60 | 0.00
KL 260 | 014 | 1.08 | 0.00 | 207 | 0.09 | 104 |0.00| 1.40 | 0.03 | 0.90 | 0.00
KHG | 336 | 010 | 124 | 000 ) 205 | 009 | 1.02 |0.00)| 1.01 | 0.06 | 0.75 | 0.00
KBH | 061 | 026 | 056 | 000 ) 041 |025| 047 |0.01) 023|021 ] 037 | 0.00
KNR | 049 | 039 | 052 |000) 032 |038| 044 |001) 017 | 036 | 035 | 0.00
KK1 105 | 035 | 069 |[001) 068 | 033 | 059 |0.02) 040 | 027 | 047 | 0.02
KK2 083 | 071 ] 068 | 003|060 |069]| 062 |0.05| 043 | 062 | 054 | 0.09
KK3 116 | 037 | 073 [ 001079 |035] 063 |0.02) 046 | 031 | 051 | 0.04
KK4 057 | 024 | 05 | 000|054 ]019] 05 |[0.00]| 044 |0.12 | 050 | 0.00
KKS 069 | 016 | 066 | 000 | 088 |0.09] 075 |0.00| 0.89 | 0.04 | 0.77 | 0.00
KK6 063 | 023 ] 059 | 000|059 |019] 057 |[0.00]| 047 | 013 | 052 | 0.00
KK7 026 | 030 ] 041 | 000|033 |018] 046 |0.00| 047 | 0.08 | 0.56 | 0.00
KK8 056 | 018 | 059 | 000|074 011 ] 069 |0.00| 082 | 0.04 | 0.74 | 0.00
KK9 037 | 055 | 050 | 002|034 048] 048 |[0.02| 028 | 0.35 | 0.42 | 0.03
KL1 098 | 071 ] 073 | 003|086 |059] 071 [0.04]| 076 | 040 | 0.66 | 0.06
KL2 035|082 | 054 | 000|027 070 048 |[0.00| 0.18 | 0.53 | 0.38 | 0.01
KD1 391 1008 | 139 |0.00 | 294 | 0.05| 127 |0.00] 170 | 0.02 | 101 | 0.00
KD2 241 1020 | 1.04 | 000 | 198 | 014 | 100 |0.01] 135|007 | 086 | 0.01
KD3 229 1019 | 101 | 0.00 | 189 |012| 097 |0.00] 1.33 | 0.05 | 0.86 | 0.00
KD4 152 | 048 | 085 [ 002|129 |039| 082 |0.02) 101 | 024 | 074 | 0.03
KS 6.08 | 0.02 | 185 | 0.00 | 3.86 | 0.01 | 152 |0.00] 1.85 | 0.01 ] 107 | 0.00
KS1 206 | 006 | 115 | 0.00 | 191 | 0.04| 110 |0.00] 132 | 0.02 | 0.91 | 0.00
KS2 019 | 048 | 037 | 000|016 |034] 031 |[0.00| 017 | 0.18 | 0.33 | 0.00
KS3 019 | 045 ] 036 | 000|017 |032] 032 |[0.00| 019 |0.17 | 034 | 0.00
K$4 224 1006 | 119 | 0.00 | 200 | 0.04 | 112 |0.00 ] 1.34 | 0.02 | 092 | 0.00
KS5 019 | 045 ] 036 | 000|016 |032] 032 |[0.00| 019 |0.17 | 034 | 0.00
KAL1 | 495 | 002 | 171 | 000 ) 350 |001| 146 |0.00) 180 | 0.01 | 1.06 | 0.00
KAL2 | 537 | 002 | 177 | 000 ) 364 |001| 149 |0.00) 182 | 0.01 | 1.06 | 0.00
KAS1 | 152 | 013 | 092 | 000 ) 155 | 009 | 093 |0.00) 1.03 | 0.05] 0.77 | 0.00
KAS2 | 054 | 099 | 066 | 004|051 |09 | 064 |0.07) 045|088 | 059 | 0.14
KAS3 | 062 | 039 | 060 |001) 061 |036| 059 |002) 044 | 031 ] 050 | 0.04
KAS4 | 054 | 073 | 062 | 003 ) 051 |069| 060 |0.05)| 042 | 062 | 054 | 0.09
KAS5 | 122 | 017 | 081 | 000 ) 146 |0.10| 090 |0.00) 128 | 0.04 | 0.87 | 0.00
KN1 032 | 075 ] 049 | 002|027 [ 064 044 [0.04]| 0.2 0.5 0.38 | 0.06
KN2 029 | 042 | 044 | 001] 03 |034] 044 [001] 027 | 023 | 041 | 0.02
KN3 054 | 025 | 054 0 044 | 0.2 0.49 0 035 | 013 | 045 | 0.00
KN4 125 | 017 | 0.78 0 1.06 | 013 | 0.74 0 0.84 | 0.06 0.7 0.00
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p =4, p =0.95, intercept = -1

n=70 n =100 n =200
MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr. | MSE | Bias | MAPE | Pr.
ML 891 1000 | 222 |0.00| 491 |000| 171 | 0.00 | 2.05 | 0.00 | 1.12 0.00
KH1 403 | 008 | 138 |0.00| 237 |007] 110 | 000 | 111 J0.05| 0.79 0.00
KH2 210 | 016 | 097 | 000| 130 | 014 | 0.79 | 0.00 | 0.64 | 0.10 | 0.58 0.00
KL 239 1014 | 106 |0.00| 201 |0.09 | 1.01 | 0.00 | 1.30 | 0.04 | 0.87 0.00
KHG | 323 |010| 123 |0.00| 197 | 0.09 | 099 | 0.00 | 095 |0.07 | 0.72 0.00
KBH | 062 | 025 | 057 |0.00| 042 {024 | 047 | 000 | 023 | 021 | 0.36 0.01
KNR | 052 | 038| 053 | 000|034 037 | 044 | 000 018 | 035 0.35 0.01
KK1 104 | 037 ] 068 |001] 067 034 ]| 058 | 001 035|029 045 0.03
KK2 083 | 076 | 069 |003)| 059 [071] 061 | 004|042 | 070 | 0.55 0.11
KK3 115 {038 ] 072 [001] 075|036 | 061 | 001 040 |033 | 048 0.04
KK4 057 | 024 | 05 |000)| 053 019 | 054 |0.00]| 040|013 | 048 0.00
KKS 070 | 016 | 067 |0.00)| 0.89 | 009 | 076 | 0.00| 093 |0.04| 0.78 0.00
KK6 062 | 024 | 059 | 000|057 |019 | 056 |0.00]| 042 013 | 049 0.00
KK7 026 | 030 ] 040 | 000 033 019 | 045 | 0.00 | 045 | 0.08| 0.55 0.00
KK8 057 | 018 | 060 |0.00)| 077 |010] 071 | 0.00 | 0.86 | 0.04 | 0.75 0.00
KK9 038 | 058 | 051 |002)| 033 |049 | 047 | 001 ] 027 |039| 042 0.04
KL1 098 |075] 075 | 003|084 |062] 069 | 0.03 ]| 067 | 046 | 0.63 0.06
KL2 035 |085] 055 | 000|028 |071] 048 | 0.00| 0.18 | 054 | 0.38 0.02
KD1 396 | 007 141 |0.00] 296 | 0.05| 127 | 0.00 | 1.65 | 0.02 | 0.99 0.00
KD2 237 1021 | 104 | 000] 192 |015| 097 |0.00 | 119 |0.07 | 0.81 0.01
KD3 223 1019 100 |0.00] 186 | 013 | 095 | 0.00 | 1.19 |0.06 | 0.81 0.00
KD4 149 | 052 ]| 085 |0.02] 124 {040 ]| 079 | 0.02 | 0.87 | 0.28 | 0.69 0.03
KS 6.25 | 002 | 187 | 0.00| 386 | 001 | 152 | 0.00 | 1.80 |0.01 | 1.05 0.00
KS1 206 | 006 | 115 | 0.00| 190 |0.04 | 110 | 0.00 | 1.28 | 0.02 | 0.90 0.00
KS2 019 | 048 | 037 |000)| 015|034 | 031 |0.00]| 017 0427 | 0.33 0.00
KS3 019 | 044 | 036 | 000 016 |032 ] 032 | 000|019 |016 | 0.34 0.00
K$4 224 1006 | 119 | 000] 199 |0.04| 112 | 0.00 | 1.30 | 0.02 | 0.90 0.00
KS5 019 | 045 | 036 | 000 016 |032 ] 031 | 000 ]| 0.18 | 017 | 0.34 0.00
KAL1 | 503 | 002 | 172 | 000 | 347 | 001 | 145 | 000 | 175 |0.01 | 1.04 0.00
KAL2 | 547 | 002 | 178 | 000 | 362 |0.01 | 148 | 000 | 1.77 |0.01 | 1.04 0.00
KAS1 | 156 | 012 | 094 | 000 | 158 |0.09 | 094 | 000 | 1.03 | 0.05| 0.76 0.00
KAS2 | 056 | 1.03| 067 |005| 053 |1.00| 064 | 006 | 047 | 097 | 061 0.15
KAS3 | 062 | 041 | 060 | 001 ] 059 |037] 057 |001) 039 |033] 047 0.04
KAS4 | 056 | 077 | 063 | 003 | 051 |072] 059 | 004|042 |0.70 | 054 0.11
KAS5 | 120 | 017 | 080 | 000 142 |011| 088 | 0.00 | 119 |0.04 | 0.83 0.00
KN1 031 |074] 049 | 002 026 | 063 | 043 | 0.03 | 0.21 | 048 | 0.38 0.04
KN2 028 | 041 ] 043 | 001029 [034 | 043 | 001|028 |022| 041 0.01
KN3 052 | 0.25 | 0583 0 044 | 0.2 0.49 0 035 | 013 | 045 0.00
KN4 118 | 017 | 0.76 0 11 1013 | 074 0 09 006 | 071 0.00
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