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This supplementary material provides (i) theoretical details on the four submodels, i.e.,
the FE-SDPD model with only SE effect, the FE-SDPD model with only SL effect, the FE-
SDPD model with both SE and SL effects, and the FE-SDPD model with both SL and
STL effects, (i) a much more comprehensive set of Monte Carlo results, (iii) an empirical
illustration with matlab codes, and (iv) more detailed proofs of the theoretical results.

1 Unified Estimation and Inference for Some Submodels

The general theories and methods introduced in this section can easily be simplified to
suit various submodels discussed in Section 2, from which important insights can be gained
on the properties of the CQMLE and the proposed M-estimator. The simplified methods
are also helpful for practical applications, and allow easy comparisons of our approach with
the standard small T or large T approaches if available. We concentrate on the submodels
that contain spatial dependence, namely, the FE-SDPD model with only SE dependence,
the FE-SDPD model with only SL dependence, the FE-SDPD model with both SL and STL
dependence, and the FE-SDPD model with both SL and SE dependence.

The FE-SDPD model with SE effect. Setting A\; = A2 = 0, Model (3.1) reduces to
an FE-SDPD with only SE dependence of a SAR form, which has been rigorously treated in
Su and Yang (2015) based on a full QML approach where the initial differences are modeled.
It would be certainly interesting to see how the proposed approach compares with this full
QML approach. The conditional quasi Gaussian loglikelihood (3.3) simplifies to:

lse(v) = =" log(02) — §log |2 — 555 Au(6)' Q71 Au(®), (1.1)
where 1 = {#,02,p, A3} and 0 = (5, p)’ and u(f) = AY — pAY_1 — AXB. Given A3, lse(¢))
is maximized at 0(\3) = (AX'QTAX)TAX'QAY and 62(\3) = ﬁAﬂ/(Ag)Q_lAﬂ()\g),

where A@(\3) = AY — AX 6()3), and AX = (AX,AY_;). Substituting 6(\3) and G2(\3)
back into (1)) gives the concentrated quasi loglikelihood function of Ag,

tee(hg) = =" 10g(52(\3)) — Llog |2]. (1.2)

Maximizing 4z(\3) gives the CQMLE A3 of A3, and thus the CQMLEs § = 6()\3) and
2 = 52(X3) of 8 and 02, respectively.
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Now, Sse(v)) = %ng(w) has elements: %AX'QAAU(G) L Au(0)Q 1 Au(f) — n(l-1)

20 202 7

L Au(0)QTAY ﬁAu(G)'(Cil ® Asz)Au(f) — (T — 1)tr(G3). Only the p-element of

v

E[Sse(t0)] is non-zero, noting that D_; in Lemma 3.1 reduces to D(p) ® I,
o tE(AYQ YY) = —ntr[C 1D (po)), (1.3)

where the (T'— 1) x (T — 1) matrix D(p) has the following expression:

1 0 00
p—2 1 00

(1-p)? p=2 - 0 0

D(p): . : . : .
p’ (1 =p?* p" 1 =p)* -+ 1 0

PP 1 —p)? PP =p)? - p-2 1

It is easy to see that, when |p| < 1, tr[C~1D(p)] = 1= L1-p") " a result that has appeared

- T(1—p)2°
in the literature of non-spatial dynamic panel data Ipnodel(s (pe).g., Nickell, 1981; Lancaster,
2002; and Alvarez and Arellano, 2004), and was derived from different angles. Our derivation
shows that the result holds when the errors are non-spherical in cross-sectional dimension.

The result suggests that the p-element of the conditional quasi score function is such
that plimn_,ooﬁAu’ QO 'AY_; # 0, unless T also approaches co. A necessary condition for
consistency is ViOfE’%ted, and hence the conditional QMLE of p is inconsistent when T’ is fixed.
This result also suggests that even under the large n and large T set up, the conditional
QMLE of p would incur a bias of order O(T~!) as shown in Hahn and Kuersteiner (2002)
for the regular DPD model. With (1.3) and the fact that other score elements have zero

expectation, the adjusted quasi score becomes

LAX'Q Au(f),
s Au(0) Q1 Au(g) — IS0, L4
L Au(0)QTAY + ntr(C71D(p)), '

ﬁAu(H)'(C_l ® As)Au(f) — (T — 1)tr(Gs).

SEE(¢) =

Solving Siz () = 0 leads to the M-estimator TZJM of 1. This root-finding process can
be simplified by first solving the equations for 8 and o2, given § = (p, A3)’, resulting in
the constrained M-estimators of 8 and 02 as 3(6) = (AX'QAX)TAX'QTAY (p) and
62(8) = ﬁAﬁ(é)’Q*lAa(é), where AY (p) = AY — pAY_; and Au(6) = Au(B(5), p).
Substituting 3(§) and 62(J) into the last two components of the AQS function in (1.4) gives
the concentrated AQS functions:

L A(5)QTAY_ ) 4 ntr(CTLD(p)),

*C ‘}EM g
SsE(6) = w0)

A1) (€7 @ A)A() — (T = 1)tr(Gy).

(1.5)

Solving the resulted concentrated estimating equations, Sgg(d) = 0, we obtain the uncon-
strained M-estimators SM = (pu, 5\37M)' of . The unconstrained M-estimators of 5 and 012) are



thus fy = B(dy) and &2 M=0 2(5y).

Compared with the full QML estimation of Su and Yang (2015), the proposed M-
estimation, though slightly less efficient, is much simpler as it is free from the specification
of the initial conditions, and is thus robust against misspecifications of initial conditions. In
contrast, the full QML estimation requires that the process starting time m is known a priori
and that the processes evolve in the same manner before and after the data collection. Our
Monte Carlo results (Sec. 2) and those in Su and Yang (2015) confirm these points.

The FE-SDPD model with SL effect. Setting Ao = A3 = 0, Model (3.1) reduces to a
FE-SDPD model with only SL dependence. Now, ¥ = (3,02, p,A1)". The conditional quasi
Gaussian loglikelihood of 1 reduces to:

lsu(v) = =" log(02) + log [By| — §log|C| — 55 Av(0)C Av(9),  (1.6)

where 6 = (0], A1), 01 = (3, p), and v(0) = B1AY —pAY_; —AXS. Given A1, lsp(1)) is max-
imized at 6;(\) = (AX'C'AX)'AX'C~!'B1AY and 62(\;) = = 1)Av (AM)C1TAT(N),
where At(\) = BiAY — AX A()\;), and AX = (AX, AY_;). Substituting 6;(A;) and G2(\;)
back into fsp (1)) gives the concentrated conditional loglikelihood function of Ap,

5. (M) = log [Bi| — "T 10g(52(A1)) — §log|C. (1.7)

Maximizing €5, (A1) gives the CQMLE A; of A;, and thus the CQMLEs 6 = 0()\;) and
52 =62(\1) of  and 02, respectively.

The CQS function Ssp (1)) has elements: —AX C1Av(0), 214Av(9)’C*1AU(«9) - "(Z,ng’”,
U—IQAU(H)’C_lAY,l, %A’U(G) C'W;AY — tr(B "W). The expectations of the first ;WO
ccv)mponents of SSL(¢0§ are zero, but these of the last two are not as by Lemma 3.1,

E(AYCTIAY ) = —o2tr(C7'D_yg), and (1.8)
E(AYCT'W,AY) = —o%tr(CT'DyW)), (1.9)

where D_; and D are given in Section 3.1 with B simplifies to pB_1 These show that the
last two elements of plim,, nTSSL(wO) are not zero, showing that the CQMLEs of the SL
model are inconsistent. Even when T grows with n, it can be shown that the CQMLE of p
has a bias of order O(T~!) instead of the desired order O((nT)~!). Some modifications are
thus necessary whether T is fixed or not. The adjusted quasi score function is,
aigAX’C_lAv(G),

e Av(8)C71Av(9) — H5Y,

L Av(0)CTTAY_; + tr(C™'D_y),
Ui%Av(G)’C*WlAY +tr(C™'DWy).

Ssu(¥) = (1.10)

The M-estimator for the FE-SDPD-SLD model is thus defined as ¢y = arg{S%, (¢ ) = 0}.
The root-finding process can be simplified by first solving the equations for 4 and o2, given
5 = (p, A1)/, leading to the constrained M-estimators 3(6) = (AX'C'AX)'AX'C~ 1AY(5)



and 62(8) = T 1)Av(5)’C_1A1§(5) for 3 and o2, where AY(§) = B1AY — pAY_; and

Ad(8) = Av(B(6),6). Substituting 3(8) and 62(8) into the last two components of (1.10)

gives the concentrated AQS function of §:

mA@(é)/C_lAy_l + tr(C_lD_l),
1

Se(0) = (1.11)

57 A0(0) CTIWIAY + tr(CT'DW)),

Solving the concentrated equations, Sif(d) = 0, gives the unconstrained M-estimator by of 8.
The unconstrained M-estimators of 3 and o2 are thus fy = 5(dy) and Gy =0 (om).

The FE-SDPD model with SL and STL effects. Setting A3 = 0, Model (3.1)
reduces to a FE-SDPD model with SL and STL dependence. Now, ¢ = (3,02, p, A1, \2)".
The conditional quasi Gaussian loglikelihood of i reduces to:

lsme () = =" log(02) + log [Ba| — § log |C| — 515 Av(6)'C~1Aw(0), (1.12)

where 6 = (ﬁ,,p, )\1,)\2),, 91 = (ﬁ/,p, )\2)/, and 0(9) = BlAY - (pIn + )\QWQ)AY_]_ - AXﬂ
Given Ap, lsro(v) is maximized at 6;(\;) = (AX'CT'AX)'AX'C™'B1AY and 62(\;) =
ﬁATN),(/\l)C_IATN)()\l), where AX = (AX,AY_l,WgAY_l) and A@()\l) = BlAY —
AX 6(A1). Thus, the concentrated conditional quasi loglikelihood function of A is,

(M) = +1og |Bi| — "T M 10g(52(0)) — Llog|Cl. (1.13)

Maximizing €5, (A1) gives the CQMLE A1, and thus the CQMLEs 6 = 6(\;) and 62 = 52(\1).

The CQS function Ssrr(1)) contains elements: —» AX'C~'Av(6), 214Av( YC~tAv(0) —

M, ZAv(0) CTIAY., L Av(0) CTIWIAY —tx(By W), 5 Au(0)CTIWLAY . Tt s

202 ) g2
easy to see that the first two components of E[Sst.(109)] are zero, but these of the last three

components are not, and are obtained from (3.11)-(3.13). Thus a necessary condition for the
consistency of parameter estimators is violated, suggesting that with 7" fixed the conditional
QMLEs of the FE-DPD-SLD model are inconsistent. Even when T grows with n, it can be
shown that the conditional QMLE of p has a bias of order O(T~!) instead of the desired
order O((nT)™1). Some modifications are thus necessary whether 7T is fixed or not, and the

adjusted quasi score function is,

LAX’C_lAv(Q),

521 Av(0)'C 1 Aw(6) — ml-1),

Sim(8) = { LAv(B)CTIAY., +tr(C'D_y), (1.14)
1 Au(6)'C W AY + tr(C-'DW)),

U%Av(e)’cflwgmcl +tr(C71D_1 Way).

\

The M-estimator for the FE-SDPD-SLD model is thus defined as 1)s; = arg{S;:(¢)) = 0}. The
root-finding process can be simplified by first solving the equations for 8 and o2, given § =
(p, A1, A2)’, leading to the constrained M-estimators 3(8) = (AX'C 1AX)"TAX'C~1AY (6)



and 62(0) = ﬁA@((s)’C_lAﬁ(é), where AY (6) = B1AY — (pI, + 22W3)AY_; and
AD(8) = Av(B(d),6). Substituting 3(8) and 62(8) into the last two components of (1.14)
gives the concentrated AQS function of §:

(5)/0_1AAY_1 + tI‘(C_lD_l),
Ser(0) = 575 A0(0)CTWIAY + tr(W,C™'D), (1.15)
A= AT(5)CTIWLAY_; + tr(C7ID_ W)).

¥

Solving the concentrated equations, Si¢(8) = 0, gives the M-estimator dy of 8. The M-
estimators of 3 and o2 are, thus, Gy = $(dy) and ooy = 62(by).

The FE-SDPD model with SL and SE effects. Setting A2 = 0 in Model (3.1)
yields an FE-SDPD model with both SL and SE dependence. The conditional quasi Gaussian
loglikelihood of 1 = (8,02, p, A1, A3)" reduces to,

lo() = =" 1og(a2) + log |B1| — L10g [ — 55 Au(8)' Q' Au(h), (1.16)
where 6 = (8, p, A1)’ and Au(f) = B1AY — pAY_; — AX[3. Given A\ = (A1, A\3)', lsre(v)) is
maximized at A(\) = (AX'Q'AX)'AX'Q'BAY and 62()\) = ﬁAa’(A)Q‘lAﬂ(A),

where Ai(\) = B{AY —AX A()\), and AX = (AX, AY_ ;). Substituting (\) and 52(\) back
into /s g(v)) gives the concentrated loglikelihood function of A,

lee(N) = log [By| — "M 10g(52(X)) — L1og |€]. (1.17)

Maximizing ¢4 (\) gives the CQMLE X, and thus the CQMLEs 6 = 6()\) and 62 = 52()\).
The CQS function Ssre(¢)) has the components: UL%AX’QflAu(Q), ﬁAu(G)’QflAu(G) —
MG, HAu0)QTIAY , B Au(0)QTIWIAY — (BT W), gl Au(0) (C1 @ Ag) Au(9) -
(T — 1)tr(G3). The 3,02 and A3 components of E[Ssig(1))] are zero, but the p and A\
components are not as seen from Lemma 3.1: E(AWQ7IAY_ ) = —o2tr(C'D_10) and
E(AWQ YW AY) = —02,tr(C~'DyW}), which are of identical forms as those for the SLD

model. The results show that the CQMLEs are not consistent unless T also approaches

infinity. To achieve consistency, the conditional quasi score function should be modified as:

LAX'Q " Au(f),

e Au(0) Q1 Au(9) — 50,

Sse(¥) = {72 Au(0)QTAY_; + tr(CT'D_y), (1.18)
L Au(0)Q'WAY + tr(CT'DW)),

sk Au(0) (C~' @ Ag)Au(0) — (T — 1)tr(Gs).

The M-estimator of the FE-DPD-SLE model is defined as ¢y = arg{Siz(¢)) = 0}. The
root-finding process can be simplified by first solving the equations for § and o2, resulting
in the constrained M-estimators 3(8) = (AX'QIAX)TAX'QIAY (p, A1) and 62(6) =
ﬁAﬁ(é)’Q_lAﬂ(é), given § = (p,A1,A3)’, where AY (p,\;) = B1AY — pAY_; and



Aw(6) = Au(B(5),p, \1). Substituting 5(5) and 67 u(6) into the last three components of
S (1) gives the concentrated AQS function:

7 Au(0)QTTAY_y + tr(CTID_y),
sie(0) = 33;(5) Aﬁ((s)IQilWIAY + tr(cilDWI)a (1.19)
sz Au(0)(CH @ Ag) Aa(0) — (T — 1)tr(Gs).

Solving the concentrated equations, Si%(6) = 0, gives the M-estimator dy of 8. The M-

estimators of 3 and o2 are thus Gy = 3(0y) and 6oy = 52 (by).

2 Monte Carlo Results

Tables 1-5 presented here are the much extended versions of Tables 1-5 reported in the
main paper, which contain more cases corresponding to the values of the dynamic parameter
p, sample sized n and T', etc. Most of the cases with T' = 7 are reported here. To summarize,
the results show that when T’ is small our approach is comparable with the standard full QML
approach if the initial model is correctly specified, but if the the initial model is misspecified,
out approach performs better as it is free from the specification of initial conditions. When T’
is large, our approach has a clear advantage over the full QML approach as the latter faces the
‘choice of m value’ and ‘choice of predictors’ problems, besides the issue on its applicability
to a FE-SDPD model with SL term (see Footnotes 7 and 8 in the main paper). When T is
either small or large, our approach clearly outperforms the CQML approach.

3 An Empirical Illustration

To facilitate the practical applications of the proposed methods, we provide an empirical
illustration using the well known data set on public capital productivity of Munnell (1990).
The dataset gives indicators related to public capital productivity for 48 US states observed
over 17 years (1970-1986).12 In Munnel (1990), the empirical model specified is a Cobb-
Douglas production function of the form:

InY =06+ /1 InKy + B2Iln Ko + B3In L 4+ 64,Unemp + ¢,

with state specific fixed effects, where Y is the gross social product of a given state, K; is
public capital, K5 is private capital, L is labour input and Unemp is the state unemployment
rate. This model is now extended by adding the dynamic effect and one or more spatial

effects. The spatial weights matrix W takes a contiguity form with its (4, j)th element being

!The dataset can be downloaded from http://pages.stern.nyu.edu/~wgreene/ Text/Edition6 /tablelist6.htm

2This dataset has been extensively used for illustrating the applications of the regular panel data models
(see, e.g., Baltagi, 2013). In the spatial framework, it was used by Millo and Piras (2012) for illustrating the
QML and GMM estimation of fixed effects and random effects spatial panel data models, and by Yang et al.
(2016) for illustrating the bias-correction and refined inferences for fixed effects spatial panel data models.



1 if states ¢ and j share a common border, otherwise 0. The final W is row normalised. For
models with more than one spatial term, the corresponding W's are taken to be the same.
Each of the five models discussed in the paper is estimated using (a) full data, (b) data
from the last six years (T'+ 1 = 6), and (c) data from first six years. Table 6a summarize
the CQMLE, FQMLE, M-Estimate (M-Est) and the standard error of the M-Est for the
SE model, as for this model the full QMLE is available (Su and Yang, 2015). From the
results we see that (i) the dynamic and SE effects are highly significant in all models, (ii) the
three methods give quite different estimates of the dynamic effect, and (iii) the FQMLE of p
improves over CQMLE in that it is much closer to the M-est in particular when 7' is small.?
Table 6b summarize the results for the other four models. The results show that, for any
model estimated and data used, (i) the dynamic effect is alway significant, (i7) there is alway
at least one spatial effect that is significant, and (ii7) the CQMLE is always significantly
smaller than the corresponding M-estimate. The empirical results are consistent with the
theories and Monte Carlo results. Thus, it is recommended that in the practical applications
of spatial dynamic panel data models, the proposed methods should be used, in particular
when T is small. To facilitate the practitioners, the full set of matlab codes producing
the results in Tables 6a and 6b are made available at the same website as this supplement:
http://www.mysmu.edu/faculty/zlyang/, under the ‘Publications’ category.

Appendix A: Some Basic Lemmas

The following lemmas are essential for the proofs of the main results in this paper.

Lemma A.1 (Kelejian and Prucha, 1999; Lee, 2002): Let {A,} and {B,} be two se-
quences of n X n matrices that are uniformly bounded in both row and column sums. Let C,

be a sequence of conformable matrices whose elements are uniformly O(h,'). Then
(i) the sequence {A, By} are uniformly bounded in both row and column sums,

(ii) the elements of A, are uniformly bounded and tr(Ay,) = O(n), and
(iii) the elements of A, Cy and CnA,, are uniformly O(h,;1).

Lemma A.2 (Lee, 2004, p.1918): For Wi and By defined in Model (3.1), if |W1]|| and
| Big-|| are uniformly bounded, where || -|| is a matriz norm, then | By*| is uniformly bounded
in a neighborhood of A\ig.

Lemma A.3 (Lee, 2004, p.1918): Let X,, be an n x p matriz. If the elements X,, are
uniformly bounded and lim,, %X{TXH exists and is nonsingular, then P, = X, (X! X,,) "t X/,
and M, = I, — P,, are uniformly bounded in both row and column sums.

Lemma A.4 (Lemma B.j, Yang, 2015, extended): Let {A,} be a sequence of n X n
matrices that are uniformly bounded in either row or column sums. Suppose that the elements
anqj of An are O(h,;Y) uniformly in all i and j. Let v, be a random n-vector of iid elements

3FQMLE uses m = 6, and the time mean of the regressors as the predictor for the initial differences. The
results are quite robust to the value of m, but not quite to the choice of the predictors.



with mean zero, variance o® and finite 4th moment, and b, a constant n-vector of elements
~1/2

of uniform order O(h,'"). Then
(i) E(U%Anvn) = O(%)z (i) Var(U;zAnUn) = O(%)’
(i1i) Var (v, Apvn + bon) = O(3), (i) vy Apvn = Op(3),

(v) 0 Anvn —B(vhAntn) = Op((3)2),  (vi) v Anbn = Op((3)2),
and (vii), the results (iii) and (vi) remain valid if b, is a random n-vector independent of vy,
such that {E(b2,)} are of uniform order O(h,').

Proof of Lemma A.4: The results in (vii) extend the results (ii7) and (vi) of Lemma
B.5 of Yang (2015) by allowing b,, to be a random vector. Proofs are done similarly. m

Lemma A.5 (Central Limit Theorem for bilinear quadratic forms). Let {®,,} be
a sequence of n X n matrices with row and column sums uniformly bounded, and elements of
uniform order O(h,1). Let v, = (v1,--+ ,v,)" be a random vector of iid elements with mean
zero, variance o2, and finite (4 + 2€o)th moment for some €y > 0. Let by, = {by;} be an n x 1
random vector, independent of vy, such that (i) {E(b2,)} are of uniform order O(h;'), (ii)
sup; E|bp;|>T¢0 < oo, (iii) %” Yo [énii(bni — Ebyi)] = 0p(1) where {¢n.ii} are the diagonal
elements of ®,, and (iv) "2 3" [by; — E(b2,)] = 0p(1). Define the bilinear-quadratic form:

n
Qn = blv, + vl ®pv, — agtr(fbn),

and let O'én be the variance of Qn. If limn_,ooh}fyeo/n =0 and {%"aén} are bounded away

from zero, then Qn/0q, <, N(0,1).

Proof of Lemma A.5: The proof proceeds by assuming (W.L.O.G.) ®,, being sym-
metric, with elements denoted by ¢, ;. Write Qn = Y1 [bnivi + vini + gbn,ii(vl? —02) =
oy Yo, where &, = 22;;11 ®n,ijvj. Consider the o-fields G; = o(vy,...,v;) generated
by (v1,...,v;),i = 1,...,n. By construction, G;_; C G;. Define the o-field F,o generated
by b,. By independence between b, and v,, Fn; = Fno X G; is the o-field generated by
(bn,v1,...,v;). Clearly, Yy; is Fp;-measurable and &,; is F,, ;—i1-measurable. It follows that
E(Yoi| Frio1) = bniB(vi) + E(v;)&ni + ¢niiE(v? — 02) = 0, and hence {Yy;, Fri, 1 < i < n}
forms a martingale difference (M.D.) array, and aén =" | E(Y,2). Define Z,; = Yi/og, .
Then, {Z,;, Fni, 1 <i <n} also forms a M.D. array. The proof of the lemma thus amounts to
verify the conditions for the central limit theorem (CLT) for M.D. arrays, e.g., the condition

(A.1) or (A.3) and condition (A.2) of Theorem A.1 in Kelejian and Prucha (2001):

(a) Y0 E[E(|Zu|*0|Fniz1)] — 0, for some § > 0;
(b) Z:‘L:l E(Zr%i’]:n,iﬂ) 2,1,

The details for the proof of (a) follow closely that of Theorem 1 of Kelejian and Prucha (2001),

where the quantities |by;|, b2,

made to the proof of Lemma A.13 of Lee (2004s) to take care unbounded h,,.
To prove (b), we have Y1) B[Z2[Fpi1] — 1= 052 i [E(Y,5| Frio1) — E(Y,5)], and

1=

|bni|? are replaced by their expectations, and references are



b S [B(YAFrimr) — E(YV2)]

= 012)/1# zn 1( 'r2n - ) + 202 by Zz 1( nibni) + 2:“«3hnn Z?:l (¢n,u§m)
+2“37 Yi1[bnii (bni — Ebm)] + UQh” S [02; — B(2)]

= 05Q1+207Q2 + 213Q3 + 23Q4 + 02Qs5,

where 72, = Var(&,;) = 402 Z m] To show Q1 —= 0, we have Q; = }Z‘ Z? 1( 2 _r2)=

4h" Z] ] an](v]2 o) + Sh” ZJ | Vj€nj, where an; = > 1" it P2 ijr € Zk 1 Cn,ikVk, and
Cnjik = P ore i1 Pnij ik Clearly, both {(v —02),G;} and {v]&?n],gz} are M.D. arrays, and
hence both terms in )1 convergence in probability to zero by the weak law of large numbers
(WLLN) for M.D. arrays of Davidson (1994, p. 299).

By applying Chebyshev inequality, we show that Qo 2., 0. Now, it is easy to see that
Q3 = h" > La n,jV; Where dpj = Y315 ¢nii¢ij. Thus, the convergence of Q3 is proved
by applylng Chebyshev inequality. Finally, by Assumptions (ii7) and (iv) stated in Lemma
A5, both Q4 and Q5 converge to zero in probability. This completes the proof Lemma A.5
(details, in particular the proof of (a), are available from the author upon request). m

Appendix B: Proofs of Lemmas 3.1-3.3

Proof of Lemma 3.1: Using Ay; = BoAy;_1 + Bl_olAXt + Bl_OIBS_OlAvt, t=2,...,T

given in (3.8), we have under Assumption A: if m > 1, then
E(Ay1Avh) = By By  E(Av1 Avh) = —02,Byy By’

if m = 0, then E(Ay; Avh) = By By E(y1Avh) = By Byg E(v1Avh) = —020 By Bag -

Now, for t > 2, we have, E(Ay;Av,, ;) = By B3y E(viAv), ) = —0% B By

E(Ay;Av)) = BoE(Ay—1Av)) + By Bag E(Av Av,) = 02,(21, — Bo) By By, and

E(Ayi11A0)) = BoE(Ay, Av)) + By Bag E(Avi 1 Avl) = —a2y (I, — Bo)? By Bag'-
Furthermore, for ¢ > 3, we have, E(Ay,Av}) = —03086_3(In — BO)QBl_OlBgOl; and for ¢ > 4,
we have, E(AyAvy) = —a2,BL (I, — Bo)? By By etc., leading to

E(AyAvl) = —03086 (SH)(I — Bo)?Biy By, fort > s+1and s> 2.
Finally, all the terms E(Ay;Av;,,),t > 1, are zero. Putting these together gives the results
of Lemma 3.1. =
Proof of Lemma 3.2: By (3.8), continuous substitution gives, for t =2,...,T,
Ay, = B 'Ay + BB AXo By + ...+ B AX, G
+B4? By Byy Ava + ... + By Bgolmt
= By Ay + {BS2 B, 1,0, 01 B AX By
+{By 2, By, 1,,0,...,0} By B3, Av.

The results of Lemma 3.2 thus follow. m



Proof of Lemma 3.3: First, for the terms linear in Av, we have,

MAv = YL, Aw
T
= Do Z?:l I, A
> e Zthz I, Avie = 370 g1

Clearly, {g1;} are independent with mean zero, and thus form a vector M.D. sequence. Now,

for the terms quadratic in Av, we have,

E(Av®Av) = o2tr[(C ® I,,)®]
= o ZtT:Q ZZ:Q tr(cesPot)
= 0p0 21 ZtT:Q ZZ:Q(Ctsq)ii,st) =000 it ZtT:Q dit,
where {cis,t,s =2,...,T} are the elements of the matrix C' given in Section 3.1, {®j; 5,1 =
1,...,n} are the diagonal elements of @4, and d;; = ZZZQ(ctS<I>Z-Z-,St); and

AV PAv — E(AVPAv) = ZtT:2 ZST:2 Avj® Avg — 02, S0 th2 dis
= Yy Y ey AR, + B+ L) A, — 02 Y S, dir
= YLy, [Av,@ Av; 4+ Avy(Bf + D) Avs] — 025 D0, Yo dit
= Yo AUAG + Y, AvAv; — 02y S0 Sy d,
= 2 Yise (AvaA&i + AviAvf, — ogodi)
= ZZ‘L:1 924,
where A& = ZSTZQ(@;{ + CIDQS)AUS, and Av} = ZZ:Q @fsAvs. Noting that A& is Gy i—1-
measurable, it is easy to see that E(g2;|Gy,i—1) = 0. Thus, {g2i, Gn,i} form a M.D. sequence.
Finally, for the terms bilinear in Av and Ay; = 171 ® Ay, we have,

ATy, = 23;2 25:2 Avy WAy
= ZtT:Q Avy ( Zstz ‘I’ts) Ay
= S, A Ay
= AviUoy Ay + Z;‘F:?) Avy Wy Ayp
= AOAY; + 35 AvjAyi,,

where Ay = BggBioAy: and Ayj, = Uiy Ayp. The second term equals Y ;- (Z,:T:g, Avi Ay ),
which is the sum of n uncorrelated terms of mean zero, due to the fact that Ay is independent
of Avg,t > 3. The term Avi,OAyS needs some special attention. Noting that

Ayy = B3oB1oAy1 = B3oB20Ayo + BaoAz1 5 + Avy, (B.1)
and as Ay is independent of v¢, ¢ > 1 by Assumption A, E(Av40Ay]) = —o2,tr(O), and

AvhOAYS — E(AvhOAYS) = Avh(0% + 6! + 0% AyS + o2,tr(0)
Avh (0" + O AYS + AvhOLAYS + o2,tr(0)
Doimy AvgiAG + 301 O Avai Ayg; + o),
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where {A(;} = A = (O"+0)AyS. As A is measurable w.r.t. Fni—1and {Avi iq1,... Avigt,
the first term is the sum of a M.D. sequence. The second term is easily seen to be the sum of
n uncorrelated terms by (B.1). It follows that Av'UAy; — E(AVUAy;) = >0 | g3i, where

931 = AvgiAG + 04 (Avg; AyS, + 02) + g Avi Ay,

It is easy to see that E(gsi|Fni—1) = 0. Hence, {gs;, Fr i} form a M.D. sequence. Finally, it
is easy to verify that E[(¢);, 92i, g3i)|Fn,i—1] = 0. Hence, {(¢};,92i,g3i)’, Fn,i} form a vector
M.D. sequence. m

Appendix C: Proofs of Theorems 3.1-3.3

In proving the theorems, the following matrix results are used: (i) the eigenvalues of a
projection matrix are either 0 or 1; (i7) the eigenvalues of a positive definite (p.d.) matrix are
strictly positive; (i44) ymin(A)tr(B) < tr(AB) < Ymax(A)tr(B) for symmetric matrix A and
positive semidefinite (p.s.d.) matrix B; (iv) Ymax(A+ B) < Ymax(A) + Ymax(B) for symmetric
matrices A and B; and (v) Ymax(AB) < Ymax(A)Vmax(B) for p.s.d. matrices A and B. See,
e.g, Bernstein (2009).

Proof of Theorem 3.1: From (3.17) and (3.20), we have

i A QTAY — e EAu(G) QT AYL,
L Aa(6)'2 1W1AY L_E[AG(6)Q "W, AY],
Sxc (5) S (5) JU,M( ) M( )
STLE STLE 1 . 1 rv—1
&2M(5) Au(é) O~ WQAY 1 — ( ) [AU(CS) Q WQAYLl],

where T = $(C~! ® A3). With Assumption G, consistency of by follows from:

(a) infseadsy(6) is bounded away from zero,

(b) SuPJeA’&?)M 5) — 612;»4 )’ = op(1),

(€) SsuPsea Ty ‘Au §)QLAY_ — E[Au(6)QTAY_1]| = 0,(1),

(d) SuPcSeAnT 0 |AQ(S6) QT 'WLAY — E[AG(8) Q"W IAY]| = 0,(1),
(€) SuPsea Ty ‘A (6’ 'WLAY_y — E[AG(6)' Q' WoAY ]| = 0,(1),
() supsen s A6 TAGS) — EIAG) T AG(E)] = op(1).

Proof of (a). By Au*(6) = M(BJAY — B5AY_;) + P(B{AY° — B5AY?®,) given in
(3.21), and the orthogonality between the two projection matrices M and P, we have,

aiu(6) = ﬁ (AT (5)AT*(5)]
= D D E[(BfAY — B3;AY_;)M(BAY — B3AY_ )]
+ e BIBIAY® — BJAY?,)'P(B{AY® — BSAY®))]

= Lrptt[Var(BiAY — BSAY. ;)]

+ 7 (BIEAY — B;EAY 1) M(BJEAY — B3EAY 4).
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As M is p.s.d., the second term is nonnegative uniformly in § € A. The first term is
ﬁtr[ﬁ_lVar(BlAY BoAY_ )] > T 1)’ymm(C"l)7min(BéBg)tr[Var(BlAY—BQAY_l)]
> ¢ > 0, uniformly in § € A, by the definition of the matrix C', Assumption E(iv) and the
assumption given in the theorem. It follows that infseads y(6) > ¢ > 0.

Proof of (b). Noting that Au*(d) = QféAﬂ(é) = M(B7AY — B5AY_;), we have,
53u(8) = sy ALY (6) A% (6) = 53 (BJAY — B3AY.1)M(BJAY — B5AY.).
It follows that
Gon(0) = Ton(®) = s y (BfAY — B3AY_;)M(B;AY — B3AY_4)
E[(B{AY — B5AY ) )M(B;AY — B5AY_ ;)]
(T SE[(BIAY® — BjAY?,YP(BjAY® — B5AY®) )]
= 7 b [AY'BYMB;AY — E(AY'BYMB;AY)]
o [AY/ BYMB3AY.; — E(AY! | BYMBJAY. )]
— o [AYBYMB3AY | — E(AY'BMB3AY )]
E[(BAY° — B5AY®,)P(B{AY® — B5AY®))]

1
Ca(T-1)
= (Q1 —EQ1)+2(Q2—EQ2) — (Q3 — EQ3) — EQu.

The results follows if Q; — EQ; -~ 0,7 = 1,2,3, and EQ4—0, uniformly in § € A.
The uniform convergence of Q; — EQ;,j = 1,2,3, to zero in probability follows from

(T 1)

the pointwise convergence for each 4 € A and stochastic equicontinuity of @;, according
to Theorem 1 of Andrews (1992). Let M* = ~2MQ 2. We have, by the two identities:
AY =R Ay; +n+SAv and AY_ 1 = R_1Ay; + 11 + S_1Awv, given in Lemma 3.2,
Q1 = "D —AY'BYMBIAY
= (T T (Ay R'B)M*B;RAy; + n'B/M*Bin + AVS'BIM*B;SAv
+2Ay,R'B{M*B1n + Ay|R'B)M*B;SAv + 2/B)M*B;SAv),

which gives Q1 —EQ1 = Z?:1(Q1,E_EQ1,K), where Q1 ¢, =1,...,5, denote the five stochastic
terms of ()1, and EQq 5 = 0;

Q2 = n(T 1)AY/ ByMB3AY-,
= 2 (AYIR. BM BoR 1 Ayy + 1. BoM*Boni + Av'S_ ByM*BoS_1 Av
+2Ay R BYM* Bon1 4 2Ay | R'BoM*BoS 1 Av + 21/ | BHM*BsS 1 Av),

leading to Q2 —EQs = 22:1(Q2,€ —EQ2y), where Q2,0 =1,...,5, denote the five stochastic
terms of ()2, and EQ2 5 = 0; and

Qs = - e AYBYMB3AY.
= = (AYIRBIM ByR_, Ay; + 7/B{M Byn_; + AvSB{M ByS_ Av
+Ay|R'BIM*Ban_1 + n'B/M*ByR_; Ay, + Ay R'B/M*BsS_1 Av

+AVS'B)M*BoR 1Ay} + 7/B{M*BsS_1 Av + Av'S B, M*Ban_1),
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leading to Q3 —EQ3 = Z§:1(Q3,1€ —EQ3,¢), where Q34,¢ =1,...,8, denote the eight random
terms in Q)3 and the last two terms have expectations zero.

Thus, Qk, k =1,2,3, are decomposed into sums of terms of the forms: 27— L )AyitiAyl,
ﬁAU’HAU, ﬁAy’llPAv ( Aylgb, and - Av'ﬁ, where the matrices ®, IT and
W, and the vectors ¢ and & are deﬁned in terms of R R 1,S,S_1, 1, n—1, B1, Bo and M*.
Note that R, R_1, S, S_1,  and n—_; depend on true parameter values, whereas By depends
on A1, Bo depends on p and A9, and M* depends on As.

For the terms quadratic in Ayq, they can be written as fAyICI)++(5)Ay1 where @4, (J) =
Y25 Prs(0). It can easily be seen by Lemma A.1 and Lemma A.3 that for each § € A,
P, 4(6) are uniformly bounded in either row or column sums. The pointwise convergence
of 2[AY @1 (0)Ay1 — E(Ay; @4 (6)Ay;)] thus follows from Assumption F(iii). For the
terms quadratic in Awv, they can be written as ﬁ Zthl ZST:1 vyIl;svs. The pointwise
convergence of 1 [v/Ilisvs — E(vgﬂtsvs)] follows from Lemma A.4 (v), for each t,s =1,...,T.
The pointwise convergence of ( i) [Ay| PAv — E(Ay| Y Aw)] follows by writing Ay ¥Av =
DAy U Ay and then applying Lemma A.4 (vii) and Assumption F(iv). The pointwise
n(T 0 [Ay)¢ — E(Ay)¢) follows from Assumption F(ii), and of ( Av’{

from Chebyshev inequality. Thus, Q. ¢(d) — EQp¢(0) 2,0, for each § € A, and all k and L.

convergence of

Now, for all the Q, ¢(d) terms, let §; and 2 be in A. We have by the mean value theorem:

Qre(62) — Qi p(01) = 2% Que(5) (52 — 61),

where § lies between 61 and J elementwise. Note that Qr0(0) is linear or quadratic in p, A\
and Ag, and thus the corresponding partial derivatives takes simple form. It is easy to show
that supsca |%kag(5)| = Op(1), for w = p, A1, Aa. For %kag(d), note that only the matrix
M* involves A3. Some algebra leads to the following simple expression for its derivative:

LM = MO QMY
3

where Q! = &Q_l = C~1®Aj3. Thus, the results supse a |%Qk7g(5)| = Op(1) can be easily
proved for all the Q ¢(d) quantities. For example, for Q11(0), noting that ymax(M) =1,

supsea |72 @11(0)] = SUP&eA\ﬁ%AY'lR'BﬁM*BlRAyﬂ
= supaGA#|Ay;R'BgM*QQ*19M*BlRAy1\
< SUPseA 7D |AY1R'B'19 'BiRAy/|
< Ymax(27 )’Ymax(BllBﬁn(T_l)’Ale/RAyﬂ

O(1) x O(1) x Op(1) = Op(1), by Assumption F(i).

It follows that Q¢(d) are stochastically equicontinuous. Hence, by Theorem 1 of Andrews
(1992), Q. ¢(6) — EQg () 2, 0, uniformly in 6 € A for all k and ¢. It follows that Q(6) —
EQ(8) - 0, uniformly in 6 € A, k= 1,2,3.

It left to show that EQ4(d) — 0, uniformly in § € A. We have,
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EQ: = S7ppElBiAY° - BjAYS))P(BjAY° — BJAY®,)]
= Lt AX (AX'QTIAX) TTAX'Q T WVar(BIAY — BoAY )]
Ty Ynax (272 Ynin (AX'QTTAX) t[AX Var(B1AY — BoAY. ) AX]

<
= max ()i (AEG5E) s trAX Var(B1AY — BoAY 1)AX],

As Q7! = C~! @ BBj3, we have by the matrix C' defined at the beginning of Section 3.1

and Assumption E(iv), 0 < ¢, < infy,ens Ymin(Q71) < SUD)\ e A, Ymin(Q71) < &, < 0c0. By
. . _ ! ro—1

Assumption D, we have, 0 < ¢, < infy;ery Ymin (9 1)7min(%f;ff)() < fymin(%i_ﬁx) <
r0—1 / —

'ymax(%) < SUPj,en, ’ymaX(Qfl)fymaX(AX AX) < é; < oo. It follows that

n(T—1)
EQ4

T CoCo )y A X Var(B1AY — B2 AY. ;) AX]
1

n(Tlil)Eﬁ,gméy mtr[AX’AX], by the assumption in Theorem 3.1
O(n~1Y), by Assumption D.

IN A

Hence, 62 (8) — 62 4(9) 2,0, uniformly in § € A, completing the proof of (b).

5

Proofs of (c)-(f). By the expressions of Au(d) and Au(d) given earlier, we have,

Au(§)YQ LAY — E[AG(0)QTAY 4]

= [AY'B/M*AY_; - E(AY'B{M*AY_4)] — [AY/B,M*AY_; — E(AY’  BLM*AY )]
—E(AYB{P*AY?,) + E(AY? | B4P*AY?));
Au(§)Q'WIAY — E[Au(6)'Q W AY]

= AY'B/M*W;AY — E(AY'B/M*W;AY) — AY' B,M*W;AY
~E(AY B,M*W,AY] — E(AYYB|P*W;AY°) + E(AY* B,P*W;AY°);
A(8)Q TWoAY 1 — E[AG(6) QW AY_ ]

= AY'B/M*W,AY_; — E(AY'B{M*W,AY_ ;) — AY' | B,M*W,AY 4
—E(AY’ByM*W,AY_ | — E(AYYB|P*W,AY?)) + E(AY? B,P*W,AY?,); and
AW TAUS) — E[Au(5)

= AY'B/MTM°B;AY — E(AY'B|M*YTM°B;AY)
+AY!  BLMYTMCBoAY ;| — E(AY!  BLMYYTMPBoAY. )
—2AY'B/M”TM°ByAY_; + 2E(AY'BM”TM°ByAY_)
+2E[(B1AY° — BoAY? MY TP°(B1AY® — BoAY®))]
+2E[(B1AY° — BoAY?,)PYTP°(B;AY° — BoAY®))],

where M° = MQ 3. By Lemma 3.2, all the quantities involving AY and AY_; can be
decomposed into sums of quadratic, bilinear and linear forms in Ay; and/or Av, and all the
quantities involving AY® and AY?®; can be handled in a similar manner as for Q4 in (b).
The rest of the proof proceeds in a similar manner as for the proof of (b). m

Proof of Theorem 3.2: We have by the mean value theorem,

0= \/ﬁngLE(QZ)STLE) = \/ﬁs&m(%) + [ﬁa%/s&m@)} n(T — 1) (¢ — o),
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where 1 lies elementwise between @M and vg. The result of the theorem follows if

(a) \/ﬁss'rw@%) 2, N[O lim,, e F;TLE(wo)L
(b) n(%q) [aiw/‘s’gTLEw) B?W SékTLE(ZZJO)] 2, 0, and
(c) ﬁ [%W‘%TLE(Q#O) - (WSSTLE(@Z)O))] 0.

Proof of (a). From (3.24), we see that Sgrg(100) consists of three types of elements:
IT'Av, Av®Av and Av'¥ Ay, which can be written as

WAy = 1 T, AvdAv =3 ST v @k v, and AvTAy; = S5 0] WAy,
where IT}, ®}, and ¥} are formed by the elements of the partitioned II, ® and W, respectively.
By (2.1), y1 = B10 Baoyo + m + B10 330 v1, leading to Zt LAYy = Zt AZTIES

Z?zl vy Ty, for suitably defined non-stochastic quantities 7, ¥;* and ¥ . These show
that, for every non-zero (p + 5) X 1 vector of constants ¢, ¢/ Sgrg(%0) can be expressed as

c SSTLE wO Z Z vtAtsvs + Z 'UtBtUI + Z vtg yO

t=1 s=1
for suitably defined non-stochastic matrices A;s and By, and the function g(yp) linear in yo.
. : : 1 ! Q*
As, {yo,v1,...,vr} are independent, the asymptotic normality of 7\/mc Série (o) follows
from Lemma A.5. Finally, the Cramér-Wold devise leads to the joint asymptotic normality.

Proof of (b). The Hessian matrix, Hins(¢) = %,S;TLEW), has the elements:

H, =~ LAX'QIAX, HYy oo = =5 Au(0)'Q " Au(9) + 21,

H;UQ = —UL;AX'Q%AU(G), H}sy, = UL;AYL:LW’QQ*IAu(H), '

H;, =-5AX'Q7AY Hzy\ = gerAu(9) Q" Au(B),

Hfy = -5 AX'QT'WIAY,  Hp, = SAYLOTAYL +60(CT Dy ),
Hpy, = —HAX'QTIWoAYLy,  HYy = = HAY Q7 'WIAY +tr(C'Doy ),
Hpy = HAX'Q Au(d), Hy\, = =5 AY Q7" WRAY ) +t(C7'Doy ),

H},, = —UA%AYQQ%AU(Q), H; \, = —GLEAY’WQQ*WlAY +tr(C™1Dy, Wh),
Hs, = —;%AY’W'lszflAu(e), H; \, = LAY'W'Q*Wsz_l +tr(C7 1Dy, W),
= Ul—gAYile_lAu(H), H; = 1 Sz AYL WHQT WL AYL + tr(C™'Doy ), Wa),
H = LAY'W'Q—IAU(G), H;\, = —UT%AU(Q) (O~ & (WiW3)]Au(8) — tr(G32).
H},\, = ! S AY  WH0 ™ Au(B),

where Q7! = 52071, D, , = ZD_; and D, = & D, w = p, A1, Ay, and G3 = W3B3 .

It is easy to show that (T 1)HSTLE(¢O) Op(1) by Lemma A.1 and the model assump-
tions. Thus, mHSTLE(@/J) = 0,(1) because ¥ — 1y = 0p(1) which is implied by Iy — 1.
As 52 2 030, " =0, +o0p(1),r =2,4,6. Noting that 0" appears in Hgr (1) multiplica-
tively, Zor— )HékTLE(Q/_)) = ﬁHg‘TLE(B, 020, P> A) + 0p(1), i.e., replacing 5% by o2, results in
an asymptotically negligible error. The proof of (b) is thus equivalent to the proof of
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ﬁ [HsTLE(B70-30757 5\) - HSTLE(U)O)] £50.

From Au(f) = Au— (A — A1o)W1AY — (p — po)AY_1 — (A — A20) W2 AY_; — AX (5 — fo),
Q71 (A3) — Q7 N30) = (A3 — A\3)C1 @ (WEW3) — (A3 — A30)C 1 @ (W4 + W3), and Q1 =
—C~1® (W4Bs + B,W3), we see that all the random elements of Hgp (1)) are linear, bilinear,
or quadratic in AY, AY_; or Awu, and linear or quadratic in 3, p, and A. This means that all
the corresponding elements in ﬁ [Hi1e(B, 02, p, A) — Hipg(vo)] are linear, bilinear, or
quadratic in AY, AY_; or Au, and linear, bilinear or quadratic in 5 — Gy, p — po, and A — Ag,
and thus are all o,(1) by the consistency of Yw, Lemma 3.2, Lemma A.1 and Assumption F.

This can be easily seen as follows. First, for all the terms linear in AY or AY_1, quadratic
in AY or AY_q, or bilinear in AY and AY_;. For example, for the term corresponding to
Hj ), we have, by the consistency of S\M, Lemma 3.2, Lemma A.1, and Assumption F,

ﬁ[—LAY’W'Q 'A3)WIAY + L AY'Wi Qg Y(A\30)W1AY]
- (T Do : AY Wi[-Q~ ()‘3)+Qo (ASO)]WIAY]
= (\3— Ago)WAY’W’ [C~1 @ (W] + W3)]W1AY

—(A - )‘go)WAY'W/ (O~ @ (WiW3)|W1AY
= 0p(1) x Op(1) = 0p(1) x Op(1) = 0p(1).

Now, all the remaining terms involve Au(#). We have, for example,

2>\ (ﬁa vOapa ) 2)\1( )
= —LAY'W/Q 1 (A3)Au(f) — QytAul
UUO
= —%%AY'WQ{[Q(?l + (A3 = A35) 0 @ (W3W3) — (A3 — A30) O~ @ (W + W)
X [Au — (5\1 — )\10)W1AY — (,5 — pQ)AY_l — (5\2 — )\Qo)WQAY_l — AX(B — 50] — Qo_lAu},
from which one sees clearly that it is linear, bilinear or quadratic in AY, AY_4, or Awu, and
linear, bilinear or quadratic in 8 — By, p — po, and A — A\g. The proof of

[H2, (B,0%: 5, N) — Hiy (10)] = 0p(1)
boils down to show that the quantities ﬁAY’WiQalwlAY, AT 1)AY’W’Q_1AY_1,
ﬁAY’ WiQy TAX, etc., are all Op(1), which can be done easily by Lemma 3.2, Lemma

A.1 and Assumption F. The proofs for the other terms involving Au(#) proceed in the same

1
n(T-1)

manner. It left to show that

() (T1 [tr(CT D 15(p, A1, A2)) — tr(C ™ D1,5(po, A10, A20))] = 0p(1)

() T 1)[t1“(C_1D—1,A1(ﬁa5\1a>\2))—tl“( D10, (P0, A10s A20))] = 0p(1)

(©) mpy[tr(CT D10, (5, A1, A2)) — tr(C™ D1\, (po, A10, A20))] = 0p(1)

(d) T 1)[t1"( Dy, (7, A1, A2) W) — tr(CT Dy, (o, Aio, A20)W1)] = 0(1)

(e) T [tr(C 1D>\2 (p, A, )\Q)Wl) — tlr((J_lD)\2 (P0s A10, A20)W1)] = 0p(1)

(f) 5 _1) [tr(C™ D13, (p; A1, A2) W2)) — tr(CT'D_1 5, (po, A1o, A20) W2))] = 0,(1)
(9) 7 [tr(G(X3)?) — tr(G (A30)*)] = 0p(1).
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It is easy to show the last result. By the mean value theorem, tr(G(A3)?) — tr(G(A30)?) =
2(A3 — A30)tr(G(N3)3), where A} lies between A3 and A3p. By Lemmas A.1 and A.2, the
elements of G(\%)?3 is uniformly bounded. Thus, ﬁtr((}()\g)?’) = O,(1), leading to (g).
The proofs of (a

A3)

Let (p*, A],
)[ r(C™IDy, (p, A1, A2)W1) — tr(C 1Dy, (po, Mo, A20) W1)]

1A Ao — 1A
tr(CTIDY, W) + 2-2586(CTIDJIWH ) + 22228 41(C D2 W),

)-(f) are similar, and some details are given for the most complicate case (d).
be between (p, A1, A2) and (pg, A10, A2o). By the mean value theorem,

(_
_  _P=po_
- aT-1) )

where Dil, Dii and D )j are the partial derivatives of Dy, evaluated at (p*, A}, A\3). Consider,

W.L.O.G., T = 3. Recall By = I,, — \Wy, By = pl,, + \oWs and B = BQ_IBQ. We have

BlB,B7 !, Bl
o (P )

(I, — B{'By)?B; !, B{'ByBy!

This shows that the elements of Dy, are the multiplications of the matrices Wy, B; L and
By. Subsequently, Df\’l, Dﬁi and D:\\f have elements being the multiplications of the ma-
trices Wy, Wa, By Y(\1), and Bs(p, X2), and hence are uniformly bounded in the neighbor-
hood of (po, Ao, A20) by Lemmas A.1 and A.2. Therefore, ﬁtr(C_lDﬁjwl) = 0,(1),

At (CTIDY W) = 0,(1), and —7—55tr(C~'DY W) = 0,(1), leading to (d).

Proof of (c). First, for the terms involving only Aw (linear or quadratic), the results
follows Lemma A.4(v)-(vi), noticing Au = B35 Fv where Fv = Av. For example,

H, (o) — E[Hz, (o)) = ﬁ[Au’Qo‘lAu — E(AWQy Au)] = 4 [v'Av — E(v' Av)],

1
2030
where A = F Bg_olﬂa lBgolF, which is easily seen to be uniformly bounded in both row and
column sums. Thus, Lemma A.4(v) leads to - {H*Q)\3 Vo) —E[H* 2)s (10)]} = op(1).

Second, by Lemma 3.2 all the terms involvmg AY and AY_; can be written as sums of
the terms linear in Ay, quadratic in Ay, bilinear in Ay and Aw, or quadratic in Awv. Thus,

the results follow by repeatedly applying Lemma A.1, Lemma A.4, and Assumption F. m

Proof of Theorem 3.3: First, the result Sk q(¢u) — Sipg(to) == 0 is implied by
the result (b) in the proof of Theorem 3.2. The result (T 0 Soi119:9; — E(gigl)] 2.0
follows from 5 370, (3:6] — 9ig9}) —— 0 and 7y Yily[9ig) — Elgig})] —— 0. The
proof of the former is straightforward by applying the mean value theorem. We focus on the

proof of the latter result. As the elements of S (1)) are mixtures of terms of the forms
IMAv =30 | g1, AVPAv =31 | go; and Av'W Ay, = > 1" | g3, it suffices to show that

a2t (9819 — Blgrigr)] = op(1), k7 =1,2,3.

To facilitate the proof, the following dot notation is convenient: (a) for an n(7°—1) x 1
vector Av with elements {Awv;;} double indexed by i = 1,...,n for each t =2,...,T, Avy is
the subvector that contains all the elements with the same t, and Aw;. is the subvector that

picks up the elements with the same i; (b) for an n(7T — 1) x n(T — 1) matrix ® with elements
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{Pitjs, i, =1,...,n; t,s =2,...,T}, where it is the double index for the rows and js the
double index for the columns, ®.; . is the n x n submatrix corresponding to the (¢, s) periods,
®;. ;. the (T'— 1) x (T'— 1) submatrix corresponding to the (4, j) units, ® ;. the (T'—1) x 1
subvector that picks up the element from the itth row corresponding to s =2,...,T.

With the vector dot notation, the g,;,7 = 1,2, 3, defined in Lemma 3.3 can be written as
g1i = 11, Av;., go; = AvL A& + Av] Av: — 1) 1 d;., and g3; = Avy AG + ;i (Ave AyS, +02)) +
Avl_Ay;,_ where ‘_’ plays the same role as ‘.’ but corresponds to t = 3,...,T. Note that
under Assumptions D and E, one can easily see by Lemma A.1 that the elements of all the
Il’s, ®’s,, and ¥’s, defined in (3.24), are uniformly bounded. The proofs proceed by applying
the weak law of large numbers (WLLN) for M.D. arrays, see, e.g., Davidson (1994, p. 299).

First, with g1; = II} Av;., ﬁzgﬂ;l[gh‘g’li — E(q1i91;)] = n(T T S I (Av Avf, —
o2, O, = ﬁ Yoi1 Uni, where C is defined below (3.2). Wlthout loss of generality,
assume Uy; is a scalar, as if not we can work on each element of it. Clearly, {U, ;} are
independent, thus form a M.D. array. By Assumption B and using the fact that the elements
of II;. are uniformly bounded, it is easy to show that E|Um~|1+E < K, < o, for ¢ > 0.
Thus, {U,;} are uniformly integrable. With the constant coefficients ﬁ the other two

conditions of WLLN for M.D. arrays of Davidson are satisfied. Thus, n(T 0 Yo Unji 0.
Second, with go; = Av] A&;. + Av] Avf — 1/._,d,., we have,
ﬁ Z?:l[g%i —E(93;)]
= ﬁZ? 1[(AvLAE)? — E((Avj.A&.)?)]
oy L (AvLAVE)? — E((Av]Av})?)]
oy Siet (AVLAG) (Av AvE) — Loy ST (11 di ) (Av,. A

e S (1 i) (A Av E(Av:-.szim = 0, H,.

Now, Hi = = S [AEL(Avy AvL— 02, C)A& |+ =S ST [AEL CAE —E(AELCAG )]
For the first term, let V,,; = A& (Avi.Av) — UUOC)A&. As A¢;. is Gy i—1-measurable,
E(VpilGn,i—1) = 0. Thus, {V;,;,Gn} form a M.D. array. It is easy to see that E|anj€| <
K, < oo, for some € > 0. Thus, {V},;} is uniformly integrable. The other two conditions of
the WLLN for M.D. arrays of Davidson are satisfied. Thus, ﬁ S Vi L50.

For the second term of Hy, recall & = ZSTZQ(CI);L{ + ®¢,)Av,. We have,

Abit = 3 amg D51 (Bhsir + Pit ) Avjs = D000 301 o (R it + it js) Avjs = 3521 Ol Avy.,
where ¢je = (9.t + Pit,j.). Thus, (A&ir)? = E[(A&i)?] = 32771 [0 (A Av). — 050C)dije] +
23] ST AV iy, Avg. Tt follows that

e S {(Ag)? — B[(A&)?)
= ﬁ 2lim1 23;11[ z]t(AUJ Avj. — 730C) i)
2y it Ly Z 1 AV ey Av
= ﬁ Zﬂ_l { Z? j+1 z]t(AvJ A’U - UUOC)¢Z]t]}
1 —
T nT—1) En AU {Zz =j+1 Zk 1¢1Jt¢zktAUk}
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Clearly, the first term is the ‘average’ of n — 1 independent terms, and the second is the
‘average’ of a M.D. array as the term in the curling brackets is G, j—i-measurable. Conditions
of Theorem 19.7 of Davidson (1994) are easily verified, and hence (Tl i S {(AG)? —
E[(A&:+)?]} = 0,(1). Similarly, one shows that ﬁ Yo {AG A — [(AfztAfls)]} = op(1)
for s # t. Thus, 11(%231) Yo (AL CAE. — E(AEL.CAE)] = 0p(1), and Hy = op(1).

The proofs for Hs and H4 can be done in a similar manner as the proof for the second
term of Hy. The proofs for Ho and Hj are similar to the proof of the first part of Hy, as they
each involves a sum of n independent terms.

Third, with g3; = AUQiAQ + @“(AUQszTl + 0'30) + AvLAyi;, we obtain,

ﬁ >l — E(g3)]
= ey S (A3~ 202) A + s S [AC? — E(ACD)]

"‘ﬁ im1 O7[(AvaiAyy,)? — E((AvaiAys;)?)]

+% >ois1 O5i[AvaiAyf; — E(AvyiAyf)]

T S (A Ayi, )2 — B((AY Ays, )?)

"‘m >oic1 ©ii [AU;AQA?J% - E(AU%ZAQA?/%)] n(T 1) Y1 ©iiAvg AG

oy Diet [Av2AG(AV_ Ayl ) — E(Avy AG(Av,_Ayj; )]

+n(+2_1) >im1 Oul(Avai Ay (Avi_Ayy; ) — B((Avai Ay (Avi_Ayy; )]

‘*‘n(z;?iol) S OulAvl_ Ayt — E(Av_ Ayt )] = 3,2, Qr

As ACZ? is F,i—1-measurable, ) is the average of a M.D. array and its convergence follows
from WLLN for M.D. array, and the convergence of (7 immediately follows. For ()2, note that
A¢ = (0% +©Y)Ays = (6" +6) By BioAyy. Tt follows that Qo = vy S (Ags Aly; —
E(Ayj AAy;)] = 0,(1) by Assumption F, where A = (0" + ©%)B3gBio)' (0" + ©%) B3¢ Bio
is easily seen to be uniformly bounded in both row and column sums. Writing Ay} =
B3y B1oAyo + BsoAx160 + Avi = g(yo,v0) + v1, the convergence of @3, Q4 and Qg can be
easily proved though tedious. The results for Q5 and ()1g are proved by the independence
between Av,_ and Ayf,_, Ay}, = @1 Ay, and Assumption F. Finally, the results for Qg and
Qo can be proved by further writing Ay}, = @44 Ay = @4y (BsoBio) Ay = q(Ayo,v0) +
@1 (B3oBro) o1
Subsequently, for the cross-product terms, we have,

ﬁ > ic1l91i92i — E(g1i92i)]
n o2 n
= ﬁ >[I0 (Avi. Av, — a5, C)AG:] + AT 2im (IG.CAL)
+ﬁ 2 imr I [Avi Avg Avj — E(Avi. Avg Avp)] + ﬁ 2 i (Vg di )T Avi ],

a1 it (911930 — E(g1i93:)]

= Y T (A Avy AG — E(Av AvyAG)]
+ﬁ >y Ol [Avi. (Avgi Ays; + 0%y) — E(Av. (Avgi Ayy; + 07))]
+ﬁ Yo I [Av Avl_ Ay, — E(Av. Av_ Ayt )]
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ﬁ > 119293 — E(g2i93i)]

= ﬁ 21 [(AvLAE) (Avyi AG) — E((Av. A&) (Avg AG))]
+ﬁ >oi1 Ol (AL AL) (AvniAyg; + 07) — B(AVLAE) (AvziAyg; + 05y))]
+ﬁ P [(AviAG) (Avi_Ayj; ) — E((Av AG) (Avi_Ayy; )]

a1y 2ict (AU AvT ) (AvgiAG) — E((Avy Avy) (Avgi AG))]

+ ( 17 i [(AVL AV ) (Avi Ay, + o50) — E((Av). Avi) (AvaiAys; + o))
+ ( 17 2oimt [(Avp Avf) (Avi_Ayg; ) — E((Av Avy)(Avi_Ayj; )]

+ ( 1y it (Vo1 di ) Avgi AG) + Sy Yo (11 di) Oy (Avai Ayg; + 03]
tor—D Z [y di ) (Avi_ Ayt — E(Av;_Ayy; )]

The convergence of each of the terms above can be proved in a similarly manner as these
terms appear in similar forms as the terms appeared in the H, and (),. =
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Table la. Empirical Mean(sd) of CQMLE, FQMLE and M-Estimator, SE Model, T'=3,m = 5

n =50 n = 200
err i CQMLE FQMLE M-Est CQMLE FQMLE M-Est
1 1| 1.0152(.096) | 1.0017(.100) | 1.0015(.100) | 1.0109(.050) | 1.0021(.052) | 1.0020(.053)
1| 0.9154(.135) | 0.9678(.148) | 0.9719(.154) | 0.9080(.065) | 0.9960(.079) | 0.9962(.080)
5| 0.3605(.055) | 0.4995(.065) | 0.5015(.066) | 0.2869(.033) | 0.5009(.043) | 0.5013(.044)
5| 0.4702(.107) | 0.4761(.093) | 0.4793(.105) | 0.4775(.073) | 0.4877(.060) | 0.4907(.070)
2 1] 1.0142(.098) | 1.0007(.102) | 1.0002(.102) | 1.0099(.050) | 1.0015(.053) | 1.0014(.053)
1| 0.9176(.266) | 0.9662(.284) | 0.9785(.307) | 0.9045(.128) | 0.9920(.152) | 0.9935(.155)
5| 0.3610(.066) | 0.4975(.069) | 0.5023(.078) | 0.2876(.041) | 0.5002(.047) | 0.5018(.052)
5| 0.4701(.106) | 0.4770(.092) | 0.4803(.104) | 0.4741(.075) | 0.4844(.063) | 0.4883(.072)
3 1| 1.0133(.099) | 1.0001(.103) | 0.9997(.103) | 1.0090(.047) | 1.0003(.049) | 1.0003(.049)
1| 0.9192(.198) | 0.9678(.212) | 0.9771(.227) | 0.9060(.099) | 0.9938(.119) | 0.9947(.121)
5| 0.3585(.059) | 0.4953(.066) | 0.4992(.071) | 0.2881(.036) | 0.5018(.046) | 0.5029(.048)
5| 0.4681(.110) | 0.4736(.093) | 0.4786(.106) | 0.4741(.075) | 0.4852(.062) | 0.4884(.073)
1 1| 1.0525(.100) | 1.0035(.103) | 1.0012(.104) | 1.0517(.052) | 1.0009(.053) | 0.9999(.053)
1| 0.9204(.138) | 0.9255(.126) | 0.9702(.154) | 0.9313(.069) | 0.9712(.066) | 0.9915(.078)
0 | -0.1524(.065) | -0.0036(.074) | 0.0032(.078) | -0.1825(.035) | -0.0032(.042) | 0.0005(.043)
5| 0.4731(.106) | 0.4848(.085) | 0.4807(.105) | 0.4820(.072) | 0.4897(.059) | 0.4881(.070)
2 1] 1.0528(.099) | 1.0042(.102) | 1.0006(.104) | 1.0479(.053) | 0.9979(.055) | 0.9962(.055)
1| 0.9230(.265) | 0.9032(.241) | 0.9764(.299) | 0.9327(.133) | 0.9596(.129) | 0.9940(.150)
0 | -0.1529(.071) | -0.0091(.076) | 0.0022(.086) | -0.1821(.039) | -0.0042(.043) | 0.0018(.047)
5| 0.4741(.103) | 0.4880(.086) | 0.4805(.102) | 0.4806(.073) | 0.4917(.059) | 0.4873(.072)
3 1| 1.0515(.100) | 1.0021(.103) | 0.9990(.104) | 1.0497(.053) | 0.9998(.054) | 0.9985(.054)
1| 0.9250(.200) | 0.9194(.185) | 0.9767(.224) | 0.9319(.102) | 0.9661(.100) | 0.9924(.115)
0 | -0.1543(.068) | -0.0077(.076) | 0.0014(.083) | -0.1831(.037) | -0.0045(.043) | 0.0001(.045)
5| 0.4740(.107) | 0.4855(.088) | 0.4811(.105) | 0.4834(.072) | 0.4929(.057) | 0.4906(.070)
1 1| 1.0484(.103) | 0.9987(.104) | 1.0015(.104) | 1.0418(.053) | 0.9989(.054) | 0.9997(.054)
1| 0.9504(.139) | 0.9552(.135) | 0.9764(.147) | 0.9641(.072) | 0.9849(.071) | 0.9909(.075)
-.5 | -0.6034(.059) | -0.4915(.067) | -0.4978(.070) | -0.6070(.030) | -0.4970(.035) | -0.4988(.036)
5| 0.4798(.108) | 0.4830(.090) | 0.4815(.108) | 0.4889(.072) | 0.4880(.060) | 0.4905(.072)
2 1] 1.0494(.102) | 0.9980(.102) | 1.0024(.103) | 1.0419(.054) | 0.9981(.054) | 0.9997(.054)
1| 0.9380(.271) | 0.9261(.250) | 0.9642(.284) | 0.9661(.138) | 0.9775(.131) | 0.9933(.145)
-.5 | -0.6028(.065) | -0.4885(.070) | -0.4981(.075) | -0.6072(.032) | -0.4949(.035) | -0.4989(.037)
51 0.4792(.104) | 0.4831(.090) | 0.4822(.102) | 0.4849(.073) | 0.4889(.060) | 0.4862(.073)
3 1| 1.0481(.105) | 0.9971(.106) | 1.0009(.106) | 1.0409(.054) | 0.9975(.054) | 0.9989(.054)
1| 0.9388(.195) | 0.9340(.182) | 0.9647(.205) | 0.9658(.103) | 0.9808(.099) | 0.9928(.108)
-.5 | -0.6059(.061) | -0.4924(.068) | -0.5005(.072) | -0.6092(.030) | -0.4974(.034) | -0.5008(.035)
5| 0.4744(.108) | 0.4790(.091) | 0.4764(.108) | 0.4841(.073) | 0.4871(.059) | 0.4856(.072)

Note: Par = ¢ = (3,02, p,A3)"; err = 1 (normal), 2 (normal mixture), and 3 (chi-square).
X; values are generated with 6, = (g, ¢1, ¢2,01,02) = (.01,.5,.5,1,.5), as in Footnote 13.
W3 is generated according to Group Interaction scheme as in Footnote 14.
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Table 1a. Cont’'d, T =7

n =50 n = 100
err CQMLE FQMLE M-Est CQMLE FQMLE M-Est
1 1| 1.0248(.044) | 1.0015(.044) | 1.0013(.044) | 1.0231(.033) | 1.0018(.033) | 1.0017(.033)
1| 0.9771(.081) | 0.9888(.083) | 0.9893(.083) | 0.9821(.059) | 0.9949(.060) | 0.9956(.061)
5| 0.4456(.028) | 0.4987(.029) | 0.4990(.029) | 0.4407(.021) | 0.4990(.022) | 0.4994(.022)
5| 0.4928(.057) | 0.4920(.055) | 0.4947(.056) | 0.4931(.047) | 0.4904(.044) | 0.4953(.046)
2 1] 1.0247(.045) | 1.0012(.045) | 1.0010(.045) | 1.0232(.033) | 1.0020(.033) | 1.0019(.033)
1| 0.9776(.183) | 0.9887(.186) | 0.9899(.187) | 0.9806(.129) | 0.9931(.132) | 0.9942(.133)
5| 0.4461(.028) | 0.4988(.029) | 0.4992(.029) | 0.4412(.022) | 0.4991(.022) | 0.4996(.022)
5| 0.4919(.058) | 0.4914(.055) | 0.4941(.057) | 0.4906(.048) | 0.4882(.046) | 0.4928(.047)
3 1| 1.0250(.044) | 1.0015(.044) | 1.0013(.044) | 1.0214(.033) | 1.0003(.033) | 1.0002(.033)
1| 0.9751(.130) | 0.9863(.133) | 0.9872(.134) | 0.9779(.095) | 0.9908(.097) | 0.9915(.097)
.5 | 0.4458(.028) | 0.4986(.029) | 0.4990(.029) | 0.4413(.020) | 0.4996(.021) | 0.5000(.021)
5| 0.4903(.057) | 0.4896(.056) | 0.4923(.057) | 0.4919(.048) | 0.4898(.045) | 0.4940(.047)
1 1| 1.0342(.048) | 1.0017(.048) | 1.0009(.048) | 1.0360(.035) | 1.0021(.035) | 1.0016(.036)
1| 0.9840(.083) | 0.9660(.077) | 0.9922(.084) | 0.9873(.059) | 0.9807(.056) | 0.9961(.060)
0 | -0.0603(.036) | -0.0020(.037) | -0.0005(.038) | -0.0632(.026) | -0.0012(.027) | -0.0003(.028)
5| 0.4932(.055) | 0.4953(.052) | 0.4945(.055) | 0.4932(.047) | 0.4946(.044) | 0.4941(.047)
2 1| 1.0345(.047) | 1.0024(.047) | 1.0013(.047) | 1.0341(.034) | 1.0006(.034) | 0.9999(.034)
1| 0.9860(.182) | 0.9575(.170) | 0.9943(.185) | 0.9805(.133) | 0.9666(.126) | 0.9893(.135)
0 | -0.0603(.037) | -0.0028(.038) | -0.0008(.039) | -0.0631(.027) | -0.0018(.027) | -0.0005(.028)
5| 0.4920(.057) | 0.4959(.054) | 0.4931(.057) | 0.4917(.048) | 0.4943(.045) | 0.4928(.047)
3 1| 1.0327(.046) | 1.0004(.046) | 0.9994(.047) | 1.0343(.035) | 1.0005(.035) | 0.9999(.035)
1| 0.9882(.134) | 0.9642(.125) | 0.9966(.135) | 0.9863(.093) | 0.9759(.088) | 0.9951(.094)
0 | -0.0606(.038) | -0.0025(.039) | -0.0007(.039) | -0.0637(.027) | -0.0018(.028) | -0.0007(.029)
5| 0.4933(.056) | 0.4958(.052) | 0.4942(.056) | 0.4930(.047) | 0.4953(.044) | 0.4941(.046)
1 1| 1.0244(.047) | 0.9977(.047) | 1.0002(.047) | 1.0251(.034) | 0.9988(.034) | 1.0003(.034)
1| 0.9822(.082) | 0.9705(.078) | 0.9867(.082) | 0.9906(.058) | 0.9859(.056) | 0.9952(.059)
-.5 | -0.5454(.037) | -0.4945(.038) | -0.4992(.039) | -0.5472(.027) | -0.4973(.028) | -0.5002(.029)
5| 0.4919(.057) | 0.4920(.054) | 0.4923(.057) | 0.4959(.047) | 0.4952(.044) | 0.4963(.047)
2 1] 1.0262(.047) | 0.9983(.047) | 1.0019(.047) | 1.0241(.036) | 0.9969(.036) | 0.9992(.036)
1| 0.9859(.177) | 0.9655(.165) | 0.9906(.179) | 0.9945(.128) | 0.9834(.121) | 0.9992(.129)
-.5 | -0.5460(.037) | -0.4931(.039) | -0.5000(.040) | -0.5466(.027) | -0.4950(.029) | -0.4995(.029)
5| 0.4903(.059) | 0.4924(.055) | 0.4904(.059) | 0.4944(.046) | 0.4955(.043) | 0.4947(.046)
3 1| 1.0251(.047) | 0.9977(.047) | 1.0008(.047) | 1.0246(.035) | 0.9978(.035) | 0.9998(.035)
1| 0.9791(.132) | 0.9630(.123) | 0.9837(.133) | 0.9892(.095) | 0.9816(.090) | 0.9939(.096)
-.5 | -0.5462(.036) | -0.4943(.039) | -0.5002(.039) | -0.5468(.027) | -0.4962(.029) | -0.4998(.029)
5| 0.4924(.055) | 0.4932(.051) | 0.4927(.055) | 0.4956(.046) | 0.4952(.043) | 0.4958(.046)
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Table 1b. Empirical sd and average of standard errors of M-Estimator

SE Model, T'= 3, m = 5, Parameter configurations as in Table 1a.

n =50 n = 100 n = 200

err 1 sd se se  rse sd se se  rse sd se se  Tse
1 11].100 .112 .099 .096 | .071 .073 .070 .069 | .053 .053 .051 .051
1] .154 .165 .150 .146 | .113 .114 .110 .109 | .080 .081 .079 .080

b | 066  .068 .064 .065 | .059 .054 .054 .056 | .044 .040 .042 .044

S| 105 111 .099  .096 | .083 .086 .081 .080 | .070 .070 .068 .068

2 1 |.102 .124 .099 .093 | .071 .078 .069 .068 | .063 .055 .051 .050
11].307 .117 .152 .263 | .209 .076 .110 .198 | .155 .050 .079 .147

b | 078 .071  .064 .070 | .065 .053 .054 .063 | .052 .037 .042 .051

b 104 0126 .099  .090 | .089 .095 .082 .078 | .072 .074 .068 .067

3 1 |.103 .117 .099 .095 | .070 .075 .069 .069 | .049 .053 .051 .051
1] .227 .133 .151 .203 | .162 .089 .110 .153 | .121 .061 .079 .113

S| 071 .070 .064 .066 | .062 .053 .054 .060 | .048 .039 .042 .047

b5 | 106 (118 .099 .093 | .088 .091 .082 .079 | .073 .072 .068 .067

1 11].104 .113 .102 .100 | .072 .074 .071 .071 | .053 .054 .052 .052
11].154 .165 .149 .144 | .111 .112 .107 .106 | .078 .078 .076 .076
.01].078 .081 .075 .075 | .056 .057 .055 .055 | .043 .042 .042 .042

S| 105 111 .099 094 | .087 .086 .082 .081 | .070 .071 .069 .068

2 1|.104 .126 .103 .131 | .074 .078 .071 .070 | .055 .056 .052 .052
11].299 .117 .157 568 | .211 .073 .107 .196 | .150 .048 .076 .143

.0 1] .086 .086 .077 .173 | .065 .058 .055 .060 | .047 .041 .042 .046

S| 102 01260 .099  .094 | .087 .094 .082 .078 | .072 .075 .069 .067

3 1|.104 .120 .102 .099 | .073 .076 .071 .071 | .0564 .054 .052 .052
11].224 .132 .150 .203 | .156 .086 .107 .149 | .115 .058 .076 .109

.0 ] .083 .084 .075 .077 | .069 .057 .055 .057 | .045 .042 .042 .044

S| 105 117 099 093 | .084 .091 .082 .079 | .070 .072 .068 .067

1 11].104 .115 .104 .101 | .072 .075 .072 .071 | .054 .054 .053 .052
1] .147 .161 .145 .140 | .103 .108 .103 .101 | .075 .075 .073 .072

-5 1.070 .077 .069 .067 | .048 .051 .048 .047 | .036 .036 .035 .035
b | 108 111 .099 .095 | .086 .087 .082 .081 | .072 .070 .068 .068

2 1 |.103 .126 .103 .099 | .072 .081 .072 .071 | .054 .056 .053 .052
1] .284 .107 .143 .255 | .215 .067 .104 .196 | .145 .043 .073 .142

-5 1.075 .08 .069 .067 | .051 .054 .048 .049 | .037 .037 .035 .036
S| 102 0127 099 089 | .084 .095 .082 .077 | .073 .075 .069 .067

3 1|.106 .120 .103 .100 | .074 .077 .072 .071 | .054 .055 .053 .053
1] .205 .124 .143 .194 | .151 .081 .103 .147 | .108 .054 .073 .106

-5 1.072 .080 .069 .068 | .049 .052 .048 .048 | .035 .037 .035 .035
5[ .108 118 .100  .094 | .088 .092 .083 .079 | .072 .073 .069 .067
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Table 1b. Cont’'d, T =7
n =50 n = 100 n = 200

err ¢ sd se se  rTse sd se se  Tse sd se se  Tse
1 11].044 .047 .044 .043 | .033 .034 .032 .032 | .025 .026 .025 .025
1].083 .090 .084 .082 | .061 .062 .059 .058 | .042 .043 .042 .042

b .029 .031 028 .028 | .022 .022 .021 .021 | .016 .016 .016 .015

b | .056  .060 .055 .054 | .046 .048 .046 .045 | .039 .040 .039 .039

2 1 |.045 .050 .044 .043 | .033 .035 .032 .032 | .025 .026 .025 .025
1] .187 .050 .084 .172 | .133 .032 .059 .127 | .093 .021 .042 .092

b 029 .032  .028 .028 | .022 .023 .021 .021 | .017 .016 .016 .016

b | 057 .066 .055 .052 | .047 .051 .046 .045 | .040 .041 .039 .038

3 1 |.044 .049 .044 .043 | .033 .034 .032 .032 | .026 .026 .025 .025
11].134 .062 .083 .128 | .097 .041 .059 .092 | .069 .028 .042 .066

b .029 .031 .028 .028 | .021 .022 .021 .021 | .017 .016 .016 .016

b5 | 057  .063 .056 .053 | .047 .049 .046 .046 | .039 .040 .039 .038

1 11].048 .051 .047 .047 | .036 .036 .035 .035 | .027 .027 .027 .027
1].084 .090 .083 .082 | .060 .061 .059 .058 | .040 .042 .042 .042
0.038 .042 .039 .038 | .028 .029 .028 .028 | .021 .021 .021 .021

.5 | .05 .061 .055 .054 | .047 .048 .046 .046 | .040 .040 .039 .039

2 1 1.047 .054 .047 .046 | .034 .038 .035 .034 | .027 .028 .027 .027
1] .18 .050 .084 .174 | .135 .031 .058 .126 | .095 .021 .042 .092
0.039 .045 .039 .037 | .028 .030 .028 .028 | .021 .022 .021 .021

b | 057  .066 .055 .052 | .047 .051 .046 .045 | .040 .041 .039 .038

3 1 1].047 .052 .047 .047 | .035 .037 .035 .035 | .027 .028 .027 .027
1] .135 .062 .084 .128 | .094 .040 .059 .093 | .068 .027 .042 .066
0.039 .043 .039 .038 | .029 .030 .028 .028 | .021 .021 .021 .021

b | 056 .063 .055 .052 | .046 .049 .046 .045 | .039 .040 .039 .039

1 11].047 .051 .047 .046 | .034 .036 .035 .035 | .027 .027 .027 .027
1].082 .089 .083 .081 | .059 .061 .059 .058 | .041 .042 .041 .041

-5 1.039 .043 .040 .040 | .029 .030 .029 .028 | .021 .021 .021 .021
.5 | 057 .061 .056 .054 | .047 .048 .046 .045 | .039 .040 .039 .039

2 1 |.047 .054 .047 .046 | .036 .038 .035 .035 | .027 .028 .027 .026
1] .179 .048 .083 .174 | .129 .031 .059 .127 | .095 .020 .041 .091

-5 1.040 .048 .040 .038 | .029 .032 .029 .028 | .021 .022 .021 .020
b5 | .059 .067 .056 .052 | .046 .051 .046 .045 | .038 .041 .039 .038

3 1 |.047 .052 .047 .046 | .035 .037 .035 .034 | .026 .027 .027 .027
1] .133 .061 .082 .125 | .096 .040 .059 .093 | .067 .027 .041 .066

-5 1.039 .045 .040 .039 | .029 .031 .029 .028 | .021 .021 .021 .021
.5 | 055 .063 .056 .053 | .046 .049 .046 .045 | .039 .040 .039 .039
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Table 2a. Empirical Mean(sd) of CQMLE and M-Estimator, SL Model, T =3,m =5

n = 50 n = 100 n = 200
err CQMLE M-Est CQMLE M-Est CQMLE M-Est
1 1 1.0190(.053) .9992(.055) | 1.0024(.035) | 1.0004(.036) | 1.0112(.025) .9998(.025)
1 .9365(.133) .9695(.143) .9620(.096) .9855(.100) .9657(.068) .9949(.072)
.5 4279(.042) .5015(.047) .4467(.024) .5007(.026) .4310(.020) .4995(.022)
2 .2331(.060) .1933(.064) .2114(.049) .1953(.052) .2048(.039) .1980(.040)
2 1] 1.0193(.052) .9992(.054) | 1.0005(.034) .9984(.034) | 1.0116(.026) | 1.0003(.026)
1 .9391(.260) .9743(.280) .9558(.184) .9797(.194) .9635(.137) .9929(.145)
) .4289(.045) .5031(.048) .4474(.027) .5012(.028) .4318(.022) .5000(.023)
2 .2335(.061) .1938(.065) .2124(.050) .1967(.053) .2030(.037) .1962(.039)
3 1| 1.0180(.055) .9980(.056) | 1.0019(.035) .9998(.036) | 1.0111(.024) .9997(.025)
1 .9388(.203) .9730(.218) .9581(.147) .9817(.155) .9623(.102) .9913(.108)
) A4277(.043) .5018(.047) .4461(.027) .5000(.029) .4319(.021) .4999(.023)
2 .2354(.060) .1960(.064) .2121(.050) .1962(.052) .2054(.037) .1986(.039)
1 1| 1.0349(.056) .9978(.058) | 1.0159(.035) .9990(.036) | 1.0260(.026) | 1.0005(.027)
1 .9398(.138) .9691(.146) .9626(.098) .9844(.102) .9684(.068) .9921(.071)
0 | -.0801(.047) | -.0010(.052) | -.0670(.031) | -.0004(.033) | -.0718(.023) .0003(.025)
2 .2301(.089) .1892(.092) .1879(.061) .1944(.061) .1909(.046) .1973(.047)
2 1] 1.0367(.056) .9999(.058) | 1.0157(.036) .9989(.037) | 1.0253(.026) .9997(.027)
1 .9389(.268) .9695(.284) .9587(.195) .9809(.204) .9694(.139) .9935(.146)
0 | -.0759(.050) .0030(.055) | -.0667(.034) | -.0005(.035) | -.0726(.025) -.0004(.026)
2 .2273(.090) .1869(.094) .1892(.062) .1959(.062) .1925(.046) .1990(.047)
3 1| 1.0344(.056) .9977(.058) | 1.0158(.035) .9989(.036) | 1.0245(.026) .9988(.027)
1 .9404(.202) .9703(.214) .9647(.150) .9869(.157) .9693(.103) .9933(.108)
0 | -.0770(.048) .0019(.053) | -.0662(.032) .0005(.034) | -.0714(.023) .0009(.024)
2 .2316(.092) .1916(.095) .1876(.061) .1941(.061) .1913(.046) .1975(.046)
1 1 1.0261(.057) .9978(.059) | 1.0188(.037) .9993(.037) | 1.0226(.027) .9992(.027)
1 .9600(.136) .9753(.141) .9761(.099) .9891(.102) .9797(.068) .9917(.070)
-5 | -.5577(.046) | -.4976(.050) | -.5543(.031) | -.4989(.034) | -.5513(.022) -.4991(.024)
2 .1898(.096) .1841(.097) .1855(.059) .1978(.059) .1824(.044) .1975(.044)
2 1.0254(.056) .9971(.058) | 1.0179(.037) .9985(.037) | 1.0228(.028) .9993(.028)
.9557(.281) .9719(.290) .9745(.201) .9878(.206) .9857(.140) .9980(.143)
- -.5557(.048) | -.4958(.052) | -.5542(.033) | -.4990(.035) | -.5518(.023) -.4995(.024)
2 .1985(.093) .1920(.094) .1853(.058) .1974(.058) .1815(.043) .1966(.043)
3 1| 1.0261(.057) .9978(.059) | 1.0184(.037) .9989(.037) | 1.0225(.028) .9990(.028)
1 .9487(.198) .9640(.204) .9752(.155) .9884(.159) .9808(.105) .9929(.108)
-5 | -.5562(.048) | -.4971(.052) | -.5547(.034) | -.4992(.037) | -.5514(.023) -.4991(.025)
2 .1938(.097) .1877(.098) .1824(.058) .1943(.058) .1827(.043) .1974(.044)

Note: Par = ¢ =
X; values are generated with 6, = (

(ﬂaagnval) ; €rr = 1 (normal),
9,01, ¢2,01,02) =
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Table 2a. Cont’'d, T =7
n =50 n = 100 n = 200
err CQMLE M-Est CQMLE M-Est CQMLE M-Est
1 1] 1.0069(.024) | .9994(.024) | 1.0064(.017) | .9994(.017) | 1.0094(.012) | .9998(.012)
1| .9833(.080) | .9885(.080) | .9879(.059) | .9935(.060) | .9926(.040) | .9976(.040)
5| .4787(.017) | .4999(.018) | .4775(.013) | .5001(.013) | .4807(.008) | .4997(.009)
2| .1995(.034) | .1984(.034) | .2025(.025) | .1992(.025) | .2063(.014) | .2002(.014)
2 1| 1.0075(.024) | .9999(.024) | 1.0071(.018) | 1.0001(.018) | 1.0098(.012) | 1.0003(.012)
1] .9843(.182) | .9896(.184) | .9910(.131) | .9968(.132) | .9928(.091) | .9978(.092)
5| .4780(.017) | .4991(.017) | .4771(.013) | .4997(.013) | .4807(.008) | .4997(.008)
2| .1986(.033) | .1975(.033) | .2017(.024) | .1982(.024) | .2056(.014) | .1996(.014)
31 1.0080(.024) | 1.0003(.024) | 1.0078(.017) | 1.0007(.017) | 1.0091(.012) | .9996(.012)
1] .9837(.132) | .9890(.133) | .9893(.094) | .9950(.095) | .9905(.066) | .9954(.067)
5| A774(.018) | .4986(.018) | .4771(.013) | .4997(.013) | .4808(.008) | .4998(.008)
2| .2008(.033) | .1997(.034) | .2021(.024) | .1987(.024) | .2059(.014) | .1998(.014)
1 1] 1.0149(.026) | 1.0012(.026) | 1.0137(.019) | 1.0000(.020) | 1.0143(.013) | .9998(.014)
1] .9863(.082) | .9902(.082) | .9905(.058) | .9946(.059) | .9930(.040) | .9971(.040)
0 | -.0284(.025) | -.0019(.025) | -.0266(.018) | .0002(.018) | -.0261(.012) | -.0001(.012)
2| 2011(.043) | .1992(.043) | .2017(.030) | .1989(.030) | .2037(.021) | .1994(.020)
2 1| 1.0146(.026) | 1.0009(.026) | 1.0139(.020) | 1.0003(.020) | 1.0144(.014) | .9999(.014)
1] .9885(.178) | .9926(.179) | .9860(.129) | .9901(.130) | .9934(.093) | .9975(.094)
0 | -.0272(.025) | -.0006(.025) | -.0279(.018) | -.0013(.018) | -.0259(.013) | .0001(.013)
2| .1991(.042) | .1973(.042) | .2014(.031) | .1986(.031) | .2037(.020) | .1994(.020)
31 1.0145(.026) | 1.0008(.026) | 1.0137(.019) | 1.0000(.020) | 1.0143(.013) | .9998(.013)
1| .9875(.136) | .9915(.137) | .9873(.092) | .9913(.093) | .9932(.067) | .9972(.067)
0 | -.0281(.025) | -.0015(.026) | -.0276(.018) | -.0009(.018) | -.0258(.013) | .0002(.013)
2| .2001(.043) | .1081(.042) | .2011(.031) | .1983(.031) | .2043(.021) | .2001(.020)
1 1] 1.0123(.026) | 1.0001(.026) | 1.0130(.020) | .9996(.020) | 1.0130(.014) | 1.0000(.014)
1] .9841(.082) | .9864(.082) | .9910(.058) | .9936(.058) | .9955(.040) | .9981(.040)
_5 | -.5248(.028) | -.5006(.029) | -.5258(.020) | -.5001(.021) | -.5250(.014) | -.5000(.015)
2| 1957(.045) | .1970(.045) | .1983(.035) | .1986(.035) | .2004(.023) | .2003(.023)
2 1| 1.0133(.027) | 1.0010(.027) | 1.0128(.020) | .9994(.020) | 1.0135(.013) | 1.0005(.013)
1| .9849(.184) | .9872(.185) | .9979(.129) | 1.0005(.130) | .9930(.093) | .9956(.093)
_5 | -.5240(.028) | -.4999(.028) | -.5255(.020) | -.4997(.021) | -.5255(.014) | -.5006(.015)
2| .1924(.046) | .1936(.046) | .1974(.036) | .1977(.036) | .1996(.023) | .1995(.023)
3 1] 1.0109(.027) | .9986(.027) | 1.0131(.020) | .9997(.020) | 1.0129(.013) | .9999(.013)
1] .9832(.133) | .9855(.134) | .9916(.094) | .9942(.094) | .9935(.068) | .9960(.069)
_5 | -.5238(.028) | -.4996(.029) | -.5250(.020) | -.4992(.021) | -.5248(.014) | -.4998(.014)
2| .1954(.047) | .1967(.047) | .1979(.035) | .1981(.035) | .2000(.023) | .1998(.023)
Note: Par = ¢ = (3,02,p,\1)’; err = 1 (normal), 2 (normal mixture), and 3 (chi-square).

X; values are generated with 6, = (

g, 01, ¢2,01,02) =

W1 is generated according to Queen Contiguity scheme.
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Table 2b. Empirical sd and average of standard errors of M-Estimator

SL Model, T' = 3, m = 5, Parameter configurations as in Table 2a.

n =50 n = 100 n = 200

err 1 sd se se  7rse sd se se  rse sd se se Tse
1 11].055 .060 .054 .052 | .036 .036 .035 .034 | .025 .026 .026 .025
1| .143 .158 .142 .138 | .100 .106 .101 .100 | .072 .075 .073 .072

b 047 .049  .044 044 | .026 .028 .026 .026 | .022 .021 .021 .021

2| .064 .070 .063 .061 | .052 .048 .052 .059 | .040 .037 .039 .042

2 1 |.054 .066 .054 .052 | .034 .039 .034 .034 | .026 .027 .026 .025
1] .280 .105 .143 .255 | .194 .063 .101 .190 | .145 .042 .073 .141

b | 048  .052  .044 .046 | .028 .029 .026 .027 | .023 .021 .021 .022

2| .065 .077 .063 .061 | .063 .051 .052 .058 | .039 .039 .039 .042

3 1 |.056 .062 .054 .052 | .036 .037 .034 .034 | .025 .027 .026 .025
1] .218 .122 .143 .196 | .155 .078 .101 .144 | .108 .053 .072 .105

5| .047  .050 .044 045 | .029 .028 .026 .027 | .023 .021 .021 .022

2| .064 .074 .063 .060 | .052 .049 .052 .058 | .039 .038 .039 .042

1 11].058 .063 .057 .056 | .036 .037 .036 .035 | .027 .027 .027 .027
1| .146 .157 .142 .138 | .102 .106 .101 .099 | .071 .074 .072 .072

0| .052 .055 .051 .050 | .033 .034 .033 .033 | .025 .025 .024 .024

22 1.092 .101 .092 .090 | .061 .065 .062 .061 | .047 .047 .046 .045

2 1 |.058 .069 .057 .055 | .037 .040 .035 .035 | .027 .028 .027 .027
1] .284 .104 .142 .252 | .204 .063 .101 .191 | .146 .042 .072 .141

0 .055 .059 .050 .052 | .035 .036 .033 .033 | .026 .025 .024 .025

21 .094 .110 .091 .088 | .062 .069 .061 .060 | .047 .048 .045 .045

3 1 |.058 .066 .057 .055 | .036 .039 .036 .035 | .027 .028 .027 .026
1] .214 .120 .142 .195 | .157 .078 .101 .145 | .108 .053 .072 .106

0| .053 .056 .051 .051 | .034 .035 .033 .033 | .024 .025 .024 .024

2| .095 .105 .091 .088 | .061 .067 .062 .061 | .046 .047 .046 .045

1 11].059 .063 .057 .056 | .037 .039 .037 .036 | .027 .028 .027 .027
1| .141 .155 .140 .137 | .102 .106 .100 .099 | .070 .073 .071 .071

-5 1.050 .056 .051 .049 | .034 .036 .034 .034 | .024 .024 .024 .023
21 .097 .099 .096 .100 | .059 .059 .059 .060 | .044 .041 .043 .045

2 1 |.058 .069 .057 .055 | .037 .041 .037 .036 | .028 .029 .027 .027
11].290 .099 .140 .251 | .206 .062 .100 .192 | .143 .040 .072 .142

-5 1.052 .061 .050 .049 | .035 .038 .034 .034 | .024 .025 .024 .024
21 .094 .109 .095 .096 | .058 .063 .058 .059 | .043 .043 .043 .045

3 1 .059 .066 .057 .055 | .037 .039 .037 .036 | .028 .029 .027 .027
11].204 .118 .139 .191 | .159 .077 .100 .145 | .108 .051 .071 .105

-5 1.052 .058 .050 .049 | .037 .037 .034 .034 | .025 .024 .024 .024
.21 .098 .104 .096 .098 | .068 .061 .059 .060 | .044 .042 .043 .045
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Table 3a. Empirical Mean(sd) of CQMLE and M-Estimator, SLE Model, T =3,m =5

n =50 n = 100 n = 200

err ¢ CQMLE M-Est CQMLE M-Est CQMLE M-Est
11| 1.0139(.057) | 1.0000(.058) | 1.0050(.037) | 1.0002(.038) | .9941(.027) | 1.0009(.028)
1] .9236(.132) | .9538(.141) | .9497(.095) | .9769(.101) | .9577(.070) | .9887(.075)

5| .4264(.041) | .4993(.046) | .4323(.028) | .4983(.031) | .4255(.021) | .4999(.023)

2| .2063(.066) | .1910(.071) | .1686(.076) | .1907(.080) | .1918(.046) | .1946(.049)

2| .1776(.168) | .1871(.166) | .1942(.120) | .1859(.119) | .1952(.082) | .1948(.081)

2 1| 1.0137(.056) | .0998(.058) | 1.0022(.036) | .0972(.037) | .0948(.027) | 1.0015(.028)
1] .9240(.261) | .9560(.279) | .9471(.193) | .9749(.204) | .9617(.138) | .9933(.147)

5| .4281(.046) | .5009(.048) | .4338(.031) | .4997(.032) | .4255(.023) | .5000(.024)

2| .2091(.065) | .1942(.070) | .1675(.076) | .1885(.080) | .1910(.047) | .1942(.050)

2| 1734(.168) | .1825(.167) | .1935(.119) | .1865(.118) | .1985(.082) | .1967(.082)

3 1| 1.0162(.058) | 1.0022(.060) | 1.0057(.036) | 1.0008(.036) | .9937(.027) | 1.0005(.027)
1| .0185(.194) | .9492(.208) | .9501(.143) | .9777(.152) | .9577(.101) | .9888(.108)

5| .4273(.044) | .5000(.047) | .4336(.031) | .4998(.033) | .4262(.022) | .5005(.023)

2| 2057(.066) | .1908(.070) | .1697(.076) | .1912(.081) | .1926(.046) | .1959(.049)

2| 1757(.166) | .1822(.167) | .1917(.117) | .1850(.115) | .1921(.083) | .1914(.083)

1 1] 1.0377(.062) .9988(.064) | 1.0235(.038) | 1.0001(.039) | 1.0175(.028) | 1.0003(.029)
1] .9208(.135) | .9574(.143) | .9590(.098) | .9813(.103) | .9602(.069) | .9882(.073)

0| -.0779(.047) | .0021(.052) | -.0702(.032) | .0002(.034) | -.0831(.024) | .0003(.027)

2| 2075(.087) | .1844(.090) | .1668(.073) | .1883(.073) | .2061(.050) | .1949(.051)

2| 1793(.166) | .1872(.165) | .1950(.117) | .1961(.117) | .1928(.086) | .1949(.086)

2 1| 1.0383(.063) | .0994(.064) | 1.0223(.033) | .9991(.038) | 1.0173(.027) | 1.0002(.028)
1] .9337(.270) | .9630(.287) | .9534(.196) | .9759(.205) | .9578(.137) | .9860(.145)

0| -.0781(.051) | .0016(.054) | -.0713(.0 4) ~.0017(.035) | -.0834(.026) | -.0003(.028)

2| .2115(.083) | .1891(.086) | .1685(.071) | .1895(.070) | .2058(.047) | .1946(.048)

2| .1749(.161) | .1818(.159) | .1896(.118) | .1915(.117) | .1955(.081) | .1968(.081)

3 1| 1.0412(.061) | 1.0023(.063) | 1.0227(.038) .9995(.039) | 1.0180(.027) | 1.0007(.028)
1] .9328(.198) | .9609(.210) | .9564(.151) | .9788(.158) | .9598(.104) | .9880(.110)

0| -.0816(.050) | -.0020(.053) | -.0711(.033) | -.0012(.036) | -.0845(.025) | -.0011(.027)

2| 2083(.084) | .1857(.087) | .1720(.072) | .1931(.071) | .2076(.048) | .1961(.049)

2| 1817(.167) | .1892(.165) | .1897(.117) | .1912(.116) | .1924(.083) | .1942(.084)

1 1| 1.0339(.065) | .9985(.066) | 1.0253(.041) | 1.0006(.042) | 1.0226(.028) | 1.0003(.029)
1| .9363(.135) | .9510(.139) | .9665(.098) | .9796(.100) | .9777(.068) | .9928(.070)

_5 | -.5576(.047) | -.4984(.051) | -.5546(.033) | -.4997(.036) | -.5608(.024) | -.4996(.026)

2| .1820(.100) | .1779(.101) | .1778(.067) | .1888(.068) | .1895(.050) | .1936(.050)

2| 1832(.171) | .1817(.171) | .1898(.117) | .1897(.116) | .1955(.083) | .1946(.083)

2 1| 1.0337(.066) | .0980(.067) | 1.0248(.039) | 1.0001(.040) | 1.0220(.029) | 1.0008(.029)
1| .9379(.275) | .9536(.283) | .9655(.195) | .9788(.201) | .9759(.139) | .9911(.143)

_5 | -.5565(.051) | -.4971(.054) | -.5550(.034) | -.5002(.036) | -.5598(.025) | -.4990(.027)

2| 1825(.100) | .1782(.101) | .1794(.067) | .1906(.068) | .1896(.052) | .1937(.052)

2| .1806(.170) | .1794(.170) | .1953(.116) | .1949(.116) | .1951(.081) | .1948(.081)

3 1| 1.0322(.064) | .9967(.065) | 1.0237(.038) | .9989(.039) | 1.0227(.029) | 1.0005(.029)
1] .9411(.203) | .9564(.209) | .9691(.147) | .9824(.151) | .9736(.104) | .9887(.107)

_5 | -5572(.048) | -.4975(.052) | -.5542(.033) | -.4991(.035) | -.5609(.025) | -.5001(.026)
2 .1825(.102) .1785(.103) .1773(.068) .1882(.069) .1895(.051) .1931(.052)

2| .1813(.169) | .1798(.169) | .1926(.114) | .1928(.115) | .1946(.081) | .1944(.080)
Note: Par = ¢ = (3,02, p, A1, A3)’; err = 1 (normal), 2 (normal mixture), and 3 (chi-square).

X, values are generated with 6,

= (gv¢17¢2101702) -

W1 from Group Interaction, and W3 from Queen; see Footnote 14.
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Table 3a. Cont’'d, T =7

n =50 n = 100 n = 200
err ¢ CQMLE M-Est CQMLE M-Est CQMLE M-Est
1 1| 1.0083(.023) | 1.0003(.024) | 1.0092(.018) .9995(.018) | 1.0089(.012) .9998(.012)
1 .9788(.079) .9838(.080) .9877(.058) .9935(.058) .9914(.041) .9961(.041)
5| .4794(.017) .4991(.017) 4757(.013) .4998(.014) .4808(.008) .4999(.008)
2| .2057(.030) .1994(.030) .1976(.030) .1979(.031) .2050(.018) .1990(.018)
2| .1945(.092) .1972(.091) .1960(.066) .1958(.066) .1962(.047) .1970(.047)
2 1] 1.0083(.023) | 1.0003(.023) | 1.0093(.017) .9996(.017) | 1.0094(.012) | 1.0002(.012)
1 .9843(.183) .9894(.185) .9857(.128) .9916(.130) .9948(.089) .9996(.090)
5| .4795(.017) .4993(.017) .4757(.013) .4997(.013) .4807(.008) .4998(.008)
2| .2051(.031) .1989(.031) .1981(.029) .1982(.029) .2047(.018) .1987(.018)
2| .1893(.092) .1920(.091) .1972(.066) .1970(.066) .1956(.048) .1966(.047)
3 1| 1.0078(.023) .9998(.023) | 1.0103(.018) | 1.0006(.018) | 1.0092(.012) | 1.0000(.012)
1 .9748(.133) .9799(.134) .9863(.093) .9921(.094) .9918(.065) .9966(.066)
5| .4801(.017) .4998(.017) .4752(.013) .4992(.013) .4810(.008) .5001(.009)
2| .2052(.031) .1989(.032) .1970(.030) .1972(.030) .2051(.018) .1991(.018)
2| .1920(.093) .1945(.092) .1961(.064) .1959(.065) .1961(.047) .1968(.047)
1 1| 1.0144(.026) | 1.0000(.026) | 1.0151(.019) | 1.0002(.020) | 1.0144(.013) | 1.0003(.014)
1 .9824(.082) .9864(.082) .9884(.057) .9922(.058) .9917(.042) .9955(.042)
0 | -.0259(.025) .0004(.025) | -.0283(.018) | -.0003(.019) | -.0258(.012) | -.0004(.012)
2| .1994(.047) .1945(.047) .1950(.039) .1974(.038) .2025(.029) .1980(.029)
2| .1943(.092) .1961(.092) .1952(.066) .1952(.066) .1972(.048) .1982(.048)
2 1| 1.0140(.026) .9996(.026) | 1.0150(.019) | 1.0001(.019) | 1.0141(.013) | 1.0000(.013)
1 .9807(.182) .9848(.184) .9869(.128) .9908(.129) .9915(.094) .9953(.095)
0 | -.0268(.025) | -.0006(.025) | -.0282(.019) | -.0003(.019) | -.0255(.012) | -.0001(.012)
2 | .2007(.044) .1960(.044) .1929(.039) .1953(.038) .2019(.028) .1975(.028)
2| .1960(.093) .1972(.093) .1973(.067) .1970(.067) .1969(.047) .1977(.046)
3 1] 1.0143(.027) .9999(.027) | 1.0143(.020) .9993(.020) | 1.0142(.013) | 1.0001(.013)
1 .9854(.133) .9895(.134) .9935(.092) .9974(.093) .9915(.064) .9952(.065)
0 | -.0268(.025) | -.0005(.025) | -.0283(.018) | -.0002(.018) | -.0260(.012) | -.0006(.013)
2 | .2003(.045) .1956(.045) .1956(.039) .1981(.039) .2035(.029) .1991(.029)
2| .1911(.090) .1926(.090) .1992(.067) .1992(.066) .1975(.048) .1984(.048)
1 1] 1.0126(.027) .9998(.027) | 1.0134(.020) .9999(.020) | 1.0128(.013) | 1.0000(.014)
1 .9842(.082) .9867(.083) .9907(.057) .9929(.058) .9939(.040) .9964(.040)
-5 | -.5252(.029) | -.5004(.030) | -.5261(.021) | -.5001(.022) | -.5243(.014) | -.4994(.015)
2| .1919(.050) .1916(.050) .1889(.038) .1957(.038) .1970(.031) .1981(.032)
2| .1955(.091) .1956(.091) .2000(.067) .1998(.067) .1979(.046) .1981(.046)
2 1] 1.0112(.027) .9984(.027) | 1.0135(.020) | 1.0000(.020) | 1.0134(.013) | 1.0006(.013)
1 .9894(.187) .9919(.188) .9910(.132) .9933(.132) .9885(.094) .9909(.095)
-5 | -.5237(.028) | -.4990(.029) | -.5260(.021) | -.5000(.021) | -.5248(.014) | -.5000(.015)
2| .1962(.051) .1960(.051) .1900(.038) .1966(.038) .1954(.031) .1963(.032)
2| .1921(.092) .1921(.092) .1992(.066) .1987(.066) .1980(.047) .1984(.047)
3 1| 1.0122(.027) .9994(.028) | 1.0139(.020) | 1.0003(.020) | 1.0128(.013) | 1.0000(.014)
1 .9857(.136) .9882(.137) .9891(.094) .9914(.094) .9943(.067) .9968(.067)
-.5 | -.5235(.028) | -.4988(.029) | -.5264(.020) | -.5004(.021) | -.5246(.014) | -.4997(.014)
2| .1932(.050) .1930(.050) .1890(.038) .1955(.038) .1958(.033) .1968(.033)
2| .1951(.092) .1952(.092) .1983(.065) .1979(.065) .1962(.047) .1966(.047)
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Table 3b. Empirical sd and average of standard errors of M-Estimator

SLE Model, T' = 3,m = 5, Parameter configurations as in Table 3a.

n =50 n = 100 n = 200

err 1 sd se se  rse sd se se  rse sd se se  Tse
1 11].058 .063 .058 .057 | .038 .038 .037 .036 | .028 .028 .027 .027
1| .141 .158 .140 .136 | .101 .107 .101 .100 | .075 .075 .073 .072

b | 046 .047 .044 .044 | .031 .030 .029 .030 | .023 .022 .022 .023

21 .071 .070 .068 .073 | .080 .063 .077 .099 | .049 .043 .048 .054

2| .166 .179 .160 .159 | .119 .123 116 .117 | .081 .085 .082 .081

2 1 .058 .070 .057 .056 | .037 .041 .036 .036 | .028 .029 .027 .027
11].279 .109 .141 .249 | .204 .066 .101 .190 | .147 .044 .073 .141

5| .048  .051 .044 .045 | .032 .032 .029 .031 | .024 .022 .022 .024

.2 | .070 .079 .068 .070 | .080 .068 .077 .097 | .050 .046 .048 .054

.2 | 167 .209 .161 .151 | .118 .136 .116 .113 | .082 .090 .082 .080

3 1 .060 .066 .057 .057 | .036 .040 .037 .036 | .027 .029 .027 .027
1] .208 .124 .140 .188 | .152 .080 .101 .144 | .108 .054 .073 .106

b 047 .049  .044 045 | .033 .030 .029 .032 | .023 .022 .022 .023

.21 .070 .073 .068 .072 | .081 .065 .077 .099 | .049 .045 .048 .054

2 | 167 .192 161 154 | .115 129 116 .115 | .083 .087 .082 .081

1 11].064 .068 .062 .061 |.039 .040 .038 .038 | .029 .029 .028 .028
1| .143 .158 .140 .137 | .103 .107 .101 .099 | .073 .075 .072 .072
0.052 .056 .051 .051 | .034 .035 .034 .034 | .027 .027 .026 .026

2| .090 .097 .086 .084 | .073 .074 .070 .069 | .051 .049 .048 .048

.2 | .165 .180 .160 .159 | .117 .122 114 .113 | .086 .085 .082 .082

2 1 |.064 .075 .062 .061 | .038 .043 .038 .038 | .028 .030 .028 .028
1] .287 .108 .142 .249 | .205 .066 .101 .190 | .145 .043 .072 .140

0 .054 .061 .051 .052 | .035 .037 .034 .034 | .028 .027 .026 .027

.2 | .086 .107 .085 .081 | .070 .080 .069 .067 | .048 .051 .048 .047

2| .159 .209 .161 .150 | .117 .135 .115 .109 | .081 .090 .082 .080

3 1|.063 .071 .062 .062 | .039 .042 .038 .038 | .028 .029 .028 .028
1] .210 .124 .141 .192 | .158 .080 .101 .143 | .110 .054 .072 .106

0| .053 .058 .051 .051 | .036 .036 .034 .034 | .027 .027 .026 .027

.2 | .087 .102 .086 .082 | .071 .076 .069 .068 | .049 .050 .048 .048

2| 165 .193 .160 .153 | .116 .129 115 .111 | .084 .087 .082 .081

1 11].066 .070 .064 .063 | .042 .042 .040 .039 | .029 .029 .029 .028
1] .139 .154 .138 .134 | .100 .106 .100 .099 | .070 .074 .072 .071

-5 | .051 .056 .050 .050 | .036 .036 .034 .034 | .026 .026 .026 .026
.2 1 .101 .102 .096 .101 | .068 .069 .065 .065 | .050 .050 .051 .054

2| 171 183 162 .161 | .116 122 115 .114 | .083 .085 .082 .081

2 1 |.067 .079 .064 .063 | .040 .045 .040 .039 | .029 .031 .029 .028
1] .283 .104 .138 .246 | .201 .064 .100 .189 | .143 .042 .072 .140

-5 1.054 .062 .050 .049 | .036 .039 .034 .034 | .027 .027 .026 .026
2| .101 .116 .096 .097 | .068 .073 .065 .064 | .052 .052 .051 .053

2 (.70 211 163 .152 | 116  .135 115 .109 | .081 .090 .082 .079

3 1 |.065 .074 .064 .063 | .039 .043 .040 .039 | .029 .030 .029 .028
11.209 .121 .138 .191 | .151 .078 .100 .143 | .107 .052 .071 .105

-5 1.052 .059 .050 .050 | .035 .037 .034 .034 | .026 .027 .026 .026
.2 | .103 .109 .096 .098 | .069 .071 .065 .065 | .052 .051 .051 .053

2 .169 195 163 .157 | .115 128 115 .112 | .080 .087 .082 .081
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Table 3b. Cont'd, T =17
n =50 n = 100 n = 200
err ¢ sd se se  rTse sd se se  Tse sd se se  Tse
1 11].024 .025 .023 .023 | .018 .018 .018 .017 | .012 .012 .012 .012
1] .080 .088 .081 .080 | .058 .060 .058 .057 | .041 .042 .041 .041
b5 017  .019 .017 .017 | .014 .014 .013 .013 | .008 .009 .008 .008
.21 .030 .032 .030 .031 | .031 .028 .030 .033 | .018 .018 .018 .019
21 .091 .099 .091 .089 | .066 .069 .066 .065 | .047 .048 .047 .047
2 1 ).023 .027 .023 .023 | .017 .019 .018 .017 | .012 .012 .012 .012
1] .18 .047 .082 .173 | .130 .030 .058 .126 | .090 .020 .041 .091
b | 017  .020 .017 .016 | .013 .014 .013 .013 | .008 .009 .008 .008
.21 .031 .034 .030 .031 | .029 .029 .030 .033 | .018 .018 .018 .019
221 .091 .109 .091 .087 | .066 .073 .066 .064 | .047 .050 .047 .046
3 1).023 .026 .023 .023 | .018 .019 .018 .017 | .012 .012 .012 .012
1] .134 .060 .081 .125 | .094 .040 .058 .091 | .066 .027 .041 .066
b | 017  .019 .017 .017 | .013 .014 .013 .013 | .009 .009 .008 .008
.21 .032 .033 .030 .031 | .030 .028 .030 .033 | .018 .018 .018 .019
2 1.092 .103 .091 .088 | .065 .070 .066 .065 | .047 .049 .047 .047
1 11].026 .028 .026 .026 | .020 .020 .019 .019 | .014 .013 .013 .013
1].082 .089 .081 .080 | .08 .060 .058 .057 | .042 .042 .041 .041
0.025 .027 .025 .025|.019 .019 .018 .018 | .012 .013 .012 .012
.21 .047  .049 .045 .044 | .038 .040 .039 .038 | .029 .029 .028 .028
221 .092 .100 .091 .089 | .066 .069 .066 .065 | .048 .048 .047 .047
2 1|.026 .030 .026 .026 | .019 .021 .019 .019 | .013 .014 .013 .013
1] .184 .046 .081 .172 | .129 .030 .058 .126 | .095 .020 .041 .091
0.025 .029 .025 .024 | .019 .020 .018 .018 | .012 .013 .012 .012
2| .044 .053 .045 .043 | .038 .042 .038 .038 | .028 .030 .028 .028
.2 1.093 .109 .091 .087 | .067 .073 .066 .064 | .046 .050 .047 .046
3 1 |.027 .029 .026 .026 | .020 .021 .019 .019 | .013 .014 .013 .013
1] .134 .059 .082 .128 | .093 .039 .058 .093 | .065 .027 .041 .066
0.025 .028 .025 .025 | .018 .019 .018 .018 | .013 .013 .012 .012
.2 1.045 .050 .045 .044 | .039 .041 .039 .038 | .029 .029 .028 .028
.21 .090 .105 .091 .088 | .066 .071 .066 .065 | .048 .049 .047 .047
1 11].027 .029 .027 .026 | .020 .021 .020 .020 | .014 .014 .013 .013
1].083 .089 .081 .080 | .08 .060 .058 .057 | .040 .042 .041 .041
.o | .030 .032 .029 .029 | .022 .022 .021 .021 | .015 .015 .015 .015
.2 | .050 .053 .050 .052 | .038 .038 .038 .038 | .032 .032 .032 .033
.2 1.091 .100 .091 .090 | .067 .069 .066 .065 | .046 .048 .047 .047
2 1 |.027 .031 .027 .026 | .020 .022 .020 .020 | .013 .014 .013 .013
11].188 .046 .082 .174 | .132 .030 .058 .126 | .095 .020 .041 .091
b 029 .034 .029 .028 | .021 .023 .021 .021 | .015 .015 .015 .014
.2 | .061 .057 .050 .050 | .038 .040 .038 .038 | .032 .032 .032 .033
21 .092 111 .092 .087 | .066 .073 .066 .063 | .047 .050 .047 .046
3 1.028 .030 .027 .027 | .020 .021 .020 .020 | .014 .014 .013 .013
1] .137 .059 .081 .127 | .094 .039 .058 .092 | .067 .027 .041 .066
b 029 .032 .029 .029 | .021 .023 .021 .021 | .014 .015 .015 .015
.2 | .050 .055 .050 .051 | .038 .039 .038 .038 | .033 .032 .032 .033
21 .092 .105 .091 .088 | .065 .071 .066 .064 | .047 .049 .047 .047
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Table 3c. Empirical Mean(sd) of CQMLE and M-Estimator, SLE Model, T'=3,m = 5

n =50 n = 100 n = 200
err ¢ CQMLE M-Est CQMLE M-Est CQMLE M-Est
11| 1.0028(.051) | 1.0012(.052) | .9894(.035) | .9990(.036) | 1.0130(.028) | 1.0001(.028)
1] .9268(.133) | .9542(.141) | .9491(.093) | .9800(.100) | .9629(.070) | .9911(.075)
5| .4332(.041) | .4993(.044) | .4285(.029) | .4999(.032) | .4337(.019) | .5010(.021)
2| 2064(.078) | .1930(.083) | .2190(.069) | .1905(.075) | .1871(.063) | .1938(.066)
2| .1383(.185) | .1489(.183) | .1561(.148) | .1582(.146) | .1781(.122) | .1723(.120)
2 1| 1.0006(.050) | -9989(.051) | .9908(.036) | 1.0005(.037) | 1.0123(.027) | .9995(.028)
1] .9219(.263) | .9505(.280) | .9495(.188) | .9813(.200) | .9626(.138) | .9910(.146)
5| .4355(.043) | .5011(.045) | .4291(.032) | .5006(.034) | .4332(.022) | .5001(.023)
2| .2016(.078) | .1881(.083) | .2199(.067) | .1921(.072) | .1881(.064) | .1940(.067)
2 .1411(.175) 1525(.171) .1597(.148) .1634(.145) 1778(.122) .1733(.120)
3 1| 1.0001(.052) | .0984(.053) | .9920(.036) | 1.0015(.037) | 1.0121(.028) | .9993(.028)
1| .9247(.199) | .9527(.212) | .9461(.143) | .9771(.152) | .9596(.102) | .9875(.108)
5| .4345(.042) | .5006(.046) | .4287(.031) | .4996(.034) | .4324(.021) | .4991(.022)
2| .2038(.080) | .1901(.086) | .2209(.071) | .1925(.076) | .1898(.063) | .1955(.066)
2| .1304(.186) | .1510(.182) | .1598(.148) | .1629(.145) | .1745(.121) | .1695(.118)
1 1| 1.0228(.054) | 1.0007(.055) | 1.0128(.035) | .9991(.036) | 1.0279(.028) | .9996(.029)
1] .9271(.136) | .9511(.143) | .9522(.096) | .9813(.102) | .9635(.068) | .9899(.072)
0| -.0730(.047) | .0000(.051) | -.0880(.036) | .0000(.039) | -.0795(.024) | .0001(.026)
2| 1975(.101) | .1855(.102) | .1901(.080) | .1886(.082) | .1921(.073) | .1896(.074)
2| .1396(.191) | .1555(.188) | .1689(.146) | .1747(.144) | .1685(.126) | .1748(.122)
2 1| 1.0201(.055) | .9978(.056) | 1.0130(.036) | .9994(.037) | 1.0280(.029) | .9999(.030)
1| .9314(.258) | .9568(.272) | .9457(.196) | .9750(.208) | .9634(.136) | .9901(.143)
0| -.0749(.050) | -.0016(.053) | -.0877(.038) | -.0006(.041) | -.0799(.026) | -.0006(.027)
2| .1978(.102) | .1851(.104) | .1004(.080) | .1889(.082) | .1948(.075) | .1922(.076)
2| .1407(.188) | .1585(.182) | .1693(.151) | .1750(.151) | .1683(.126) | .1746(.125)
3 1| 1.0201(.054) .9980(.055) | 1.0121(.036) .9985(.037) | 1.0272(.028) .9991(.029)
1] .9307(.201) | .9554(.212) | .9515(.149) | .9809(.158) | .9618(.100) | .9881(.106)
0| -.0756(.047) | -.0024(.051) | -.0867(.036) | .0011(.040) | -.0799(.025) | -.0008(.026)
2| .1986(.100) | .1865(.101) | .1902(.080) | .1894(.081) | .1932(.075) | .1911(.076)
2| .1455(.180) | .1606(.177) | .1650(.145) | .1697(.144) | .1642(.128) | .1697(.128)
1 1| 1.0255(.055) | 1.0012(.055) | 1.0193(.036) | 1.0010(.037) | 1.0266(.030) | 1.0001(.030)
1| .9386(.136) | .9523(.140) | .9631(.097) | .9784(.100) | .9738(.069) | .9895(.071)
_5 | -.5556(.046) | -.4978(.050) | -.5624(.034) | -.4995(.038) | -.5644(.024) | -.5005(.027)
2| .1858(.093) | .1867(.096) | .1916(.078) | .1914(.081) | .1871(.069) | .1933(.071)
2| 1520(.186) | .1533(.188) | .1676(.148) | .1687(.151) | .1774(.123) | .1718(.127)
2 1] 1.0231(.057) | .9988(.058) | 1.0179(.038) | .9997(.038) | 1.0272(.030) | 1.0006(.030)
1| 9575(.282) | .9724(.200) | .9637(.196) | .9794(.202) | .9745(.141) | .9904(.145)
_5 | -.5575(.049) | -.4991(.053) | -.5609(.036) | -.4982(.039) | -.5645(.025) | -.5006(.027)
2| 1865(.092) | .1883(.095) | .1868(.077) | .1862(.079) | .1830(.070) | .1885(.073)
2| .1590(.175) | .1598(.176) | .1726(.145) | .1741(.147) | .1816(.124) | .1762(.130)
3 1| 1.0232(.056) | .9992(.057) | 1.0176(.039) | .9992(.039) | 1.0260(.030) | .9994(.031)
1] .9418(.206) | .9558(.211) | .9669(.145) | .9826(.149) | .9721(.106) | .9879(.109)
_5 | -5551(.048) | -.4973(.051) | -.5630(.035) | -.4998(.038) | -.5638(.025) | -.4999(.027)
2| .1831(.096) | .1836(.099) | .1879(.078) | .1872(.080) | .1845(.068) | .1906(.071)
2| .1614(.180) | .1629(.182) | .1637(.152) | .1655(.153) | .1811(.126) | .1753(.131)
Note: Par = ¢ = (3,02, p, A1, A3)’; err = 1 (normal), 2 (normal mixture), and 3 (chi-square).

X, values are generated with 6, = (

9,91, ¢2,01,02) =

(.01,.5,.5,2,1), as in Footnote 13.

W1 and W3 are from Group Interaction scheme, and not equal; see Footnote 14.

33



Table 3c. Cont’d, T =7
n =50 n = 100 n = 200

err ¢ CQMLE M-Est CQMLE M-Est CQMLE Est
1 1| 1.0076(.024) | 1.0006(.024) | 1.0070(.017) | 1.0004(.017) | 1.0103(.012) | 1. 0004( 012)
1 .9792(.080) .9841(.081) .9869(.057) .9926(.058) .9899(.042) .9947(.042)
5| .4791(.017) .4988(.017) .4758(.013) .4998(.013) .4795(.009) .4997(.009)
2| .2037(.033) 1983(.033) .1970(.034) .1989(.034) .1968(.023) .1988(.023)
2| .1811(.092) .1842(.091) .1888(.078) .1892(.078) .1929(.063) .1932(.062)
2 1| 1.0077(.024) | 1.0008(.024) | 1.0067(.017) | 1.0001(.017) | 1.0106(.012) | 1.0007(.012)
1 .9811(.187) .9861(.189) .9900(.130) .9958(.132) .9887(.093) .9935(.094)
5| .4788(.017) .4985(.017) 4757(.013) .4997(.013) .4796(.009) .4998(.009)
2| .2029(.032) .1975(.032) .1965(.034) .1983(.034) .1973(.024) .1993(.024)
2| .1816(.088) .1851(.088) .1866(.078) .1872(.078) .1894(.064) .1895(.064)
3 1| 1.0067(.024) .9997(.024) | 1.0074(.018) | 1.0008(.018) | 1.0098(.012) .9999(.012)
1 .9802(.138) .9852(.139) .9888(.095) .9945(.096) .9906(.065) .9955(.065)
5| .4797(.017) .4995(.018) .4750(.013) .4989(.013) .4795(.008) .4998(.009)
2| .2027(.032) .1974(.033) .1953(.034) .1971(.034) .1972(.024) .1991(.024)
2| .1885(.087) .1911(.086) .1884(.079) .1889(.078) .1904(.063) .1906(.062)
1 1] 1.0134(.027) | 1.0005(.027) | 1.0129(.019) | 1.0001(.019) | 1.0145(.013) .9998(.013)
1 .9848(.082) .9886(.083) .9872(.057) .9911(.058) .9934(.041) .9972(.042)
0 | -.0270(.025) | -.0017(.025) | -.0276(.018) | -.0003(.018) | -.0263(.013) .0000(.013)
2 | .2005(.050) .1964(.050) .1999(.042) .1973(.041) .2012(.033) .1988(.033)
2 | .1844(.090) .1876(.090) .1865(.079) .1893(.079) .1878(.066) .1904(.066)
2 1] 1.0128(.026) | 1.0000(.027) | 1.0130(.019) | 1.0002(.019) | 1.0145(.013) .9998(.013)
1 .9828(.185) .9866(.186) .9877(.127) .9917(.128) .9929(.092) .9967(.093)
0 | -.0261(.025) | -.0009(.025) | -.0279(.018) | -.0006(.018) | -.0263(.013) .0000(.013)
2| .2006(.048) .1965(.048) .1975(.043) .1950(.042) .2018(.033) .1993(.033)
2| .1822(.094) .1855(.094) .1873(.081) .1899(.081) .1868(.067) .1893(.067)
3 1| 1.0135(.026) | 1.0007(.026) | 1.0124(.019) .9996(.019) | 1.0147(.013) | 1.0000(.013)
1 .9821(.135) .9858(.136) .9873(.095) .9912(.096) .9931(.067) .9969(.068)
0 | -.0264(.025) | -.0012(.025) | -.0276(.018) | -.0002(.018) | -.0263(.012) .0000(.012)
2| .1997(.049) .1957(.049) .2008(.042) .1982(.042) .1999(.033) .1975(.033)
2| .1844(.092) .1877(.092) .1891(.077) .1918(.077) .1893(.065) .1917(.065)
1 1| 1.0120(.027) .9994(.027) | 1.0113(.020) .9992(.020) | 1.0133(.013) | 1.0001(.013)
1 .9832(.082) .9857(.082) .9913(.056) .9938(.056) .9929(.042) .9954(.042)
-5 | -.5243(.028) | -.4994(.029) | -.5245(.020) | -.4992(.021) | -.5256(.014) | -.5002(.015)
2| .1977(.052) .1954(.053) .1927(.045) .1956(.046) .1963(.037) .1966(.037)
2| .1845(.094) .1860(.094) .1914(.082) .1891(.083) .1939(.067) .1937(.067)
2 1] 1.0116(.027) .9991(.027) | 1.0121(.019) | 1.0000(.019) | 1.0133(.014) | 1.0001(.014)
1 .9872(.187) .9897(.187) .9890(.131) .9915(.131) .9956(.092) .9982(.092)
-5 | -.5243(.028) | -.4997(.028) | -.5242(.020) | -.4990(.021) | -.5253(.014) | -.4999(.014)
2| .1969(.052) .1946(.053) .1920(.045) .1949(.046) .1974(.036) .1978(.036)
2| .1858(.092) .1872(.092) .1907(.081) .1882(.082) .1929(.065) .1926(.066)
3 1] 1.0126(.028) | 1.0001(.028) | 1.0119(.019) .9997(.019) | 1.0134(.014) | 1.0002(.014)
1 .9805(.130) .9830(.130) .9893(.093) .9917(.094) .9949(.065) .9975(.066)
-5 | -.5236(.029) | -.4989(.030) | -.5247(.020) | -.4994(.020) | -.5256(.015) | -.5002(.015)
2| .2009(.052) .1985(.052) .1930(.044) .1958(.045) .1981(.037) .1986(.037)
2| .1836(.094) .1854(.094) .1949(.081) .1928(.082) .1906(.067) .1902(.067)
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Table 3d. Empirical sd and average of standard errors of M-Estimator
SLE Model, T'= 3, m = 5, Parameter configurations as in Table 3c.

n =50 n = 100 n = 200

err 1 sd se se  rse sd se se  rse sd se se  Tse
1 1 |.052 .056 .051 .050 | .036 .038 .036 .035 | .028 .029 .028 .028
1| .141 .157 .140 .137 | .100 .108 .102 .100 | .075 .075 .072 .072

b 044 .045 .042 .042 | .032 .032 .031 .031 | .021 .021 .021 .021

2| .083 .072 .080 .098 | .075 .065 .072 .086 | .066 .056 .064 .076

2| .183 179 160 .163 | .146 .143 .135 .138 | .120 .116 .114 .117

2 1 .051 .062 .050 .049 | .037 .041 .036 .035 | .028 .030 .028 .027
1] .280 .107 .140 .247 | .200 .067 .102 .192 | .146 .043 .072 .141

b5 045 .049  .041 042 | .034 .033 .031 .033 | .023 .021 .021 .022

2| .083 .080 .079 .095 | .072 .070 .072 .085 | .067 .059 .064 .074

2| 171 .208 160 .153 | .145 .155 134 134 | .120 .122 113 .114

3 1 |.053 .058 .051 .050 | .037 .039 .036 .035 | .028 .029 .028 .028
1] .212 .123 .140 .190 | .152 .080 .101 .144 | .108 .054 .072 .105

b | .046  .046 .041 .043 | .034 .031 .031 .033 | .022 .021 .021 .022

.2 | .086 .076 .080 .097 | .076 .067 .072 .085 | .066 .057 .064 .075

2| 182 191 160 .159 | .145 .147 134 136 | .118 .119 .114 .115

1 11].055 .058 .053 .052 | .036 .038 .036 .036 | .029 .030 .029 .029
1] .143 .156 .139 .135 | .102 .108 .102 .100 | .072 .075 .072 .072

0 .051 .053 .049 .048 | .039 .040 .038 .039 | .026 .026 .026 .026

2| .102 .103 .093 .093 | .082 .082 .078 .078 | .074 .075 .073 .073

.2 | 188 .185 .164 .163 | .144 .145 137 138 | .122 .122 119 .119

2 1 |.056 .064 .053 .052 | .037 .041 .036 .035 | .030 .031 .029 .029
11].272 .108 .140 .247 | .208 .067 .101 .188 | .143 .043 .072 .140

0| .053 .058 .048 .049 | .041 .042 .038 .039 | .027 .026 .026 .027

2| .104 116 .093 .092 | .082 .088 .078 .077 | .076 .078 .072 .072

2| 182 215 165 .155 | .151 .159 137 .132 | .125 .129 119 .117

3 1].055 .061 .053 .052 | .037 .039 .036 .035 | .029 .030 .029 .029
1] .212 .123 .140 .191 | .158 .080 .102 .145 | .106 .054 .072 .105

0| .051 .055 .049 .049 | .040 .040 .038 .040 | .026 .026 .026 .026

.2 | .101 .108 .093 .093 | .081 .084 .078 .077 | .076 .076 .072 .072

2| 17T 196 164 159 | .144 151 137 136 | .128 127 119 118

1 11].055 .060 .055 .055 | .037 .039 .037 .037 | .030 .030 .030 .029
1| .140 .155 .138 .134 | .100 .106 .100 .098 | .071 .074 .071 .071

-5 .050 .055 .050 .049 | .038 .039 .037 .036 | .027 .027 .026 .026
.2 1.096 .096 .090 .095 | .081 .075 .075 .080 | .071 .067 .069 .073

2| 188 .185 168 .171 | .151 .146 .140 .142 | 127 123 120 .122

2 1 |.058 .068 .055 .054 | .038 .042 .037 .037 | .030 .032 .030 .029
11].290 .105 .141 .253 | .202 .064 .100 .190 | .145 .042 .071 .140

-5 1.053 .062 .050 .049 | .039 .042 .037 .037 | .027 .028 .026 .027
.21 .095 .108 .090 .092 | .079 .081 .076 .080 | .073 .070 .069 .073

20 .176 213 .168 .161 | .147 .160 .138 .136 | .130 .130 .120 .120

3 1 |.057 .063 .055 .054 | .039 .040 .037 .037 | .031 .031 .030 .030
1].211 .120 .138 .191 | .149 .079 .100 .143 | .109 .052 .071 .104

-5 1 .051 .058 .050 .049 | .038 .040 .037 .037 | .027 .027 .026 .027
2 1.099 .102 .091 .094 | .080 .078 .076 .080 | .071 .069 .069 .073

2| 182 196 166 .164 | .153 .153 .140 .140 | .131 .126 .120 .120
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Table 3d. Cont’'d, T =7
n = 50 n = 100 n = 200
err ¢ sd se se  rTse sd se se  Tse sd se se  Tse
1 11].024 .026 .024 .024 | .017 .018 .017 .017 | .012 .012 .012 .012
1] .081 .088 .081 .080 | .058 .060 .058 .057 | .042 .042 .041 .041
b5 | 017 .019 .017 .017 | .013 .014 .013 .013 | .009 .009 .009 .009
.21 .033 .031 .032 .035 | .034 .031 .033 .038 | .023 .022 .024 .026
.2 1.091 .095 .087 .085 | .078 .078 .075 .075 | .062 .064 .062 .062
2 1|.024 .028 .024 .023 | .017 .019 .017 .017 | .012 .013 .012 .012
1].189 .046 .081 .173 | .132 .030 .058 .127 | .094 .020 .041 .091
b | 017  .020 .017 .017 | .013 .014 .013 .013 | .009 .009 .009 .009
21 .032 .034 .032 .035 | .034 .032 .033 .038 | .024 .023 .024 .025
.2 | .088 .104 .087 .083 | .078 .082 .075 .074 | .064 .066 .063 .062
3 1).024 .027 .024 .023 | .018 .018 .017 .017 | .012 .013 .012 .012
11].139 .060 .081 .126 | .096 .040 .058 .092 | .065 .027 .041 .066
b | .018 .019 .017 .017 | .013 .014 .013 .013 | .009 .009 .009 .009
21 .033 .033 .032 .035 | .034 .031 .034 .038 | .024 .023 .024 .025
2| .086 .099 .086 .083 | .078 .080 .075 .074 | .062 .065 .062 .062
1 11].027 .029 .026 .026 | .019 .020 .019 .019 | .013 .014 .013 .013
1].083 .089 .081 .080 | .08 .060 .058 .057 | .042 .042 .041 .041
0.025 .027 .025 .024 | .018 .019 .018 .018 | .013 .013 .013 .013
.21 .050 .051 .047 .047 | .041 .044 .042 .042 | .033 .033 .033 .033
21 .090 .099 .089 .087 | .079 .082 .078 .078 | .066 .067 .065 .065
2 1 |.027 .031 .026 .026 | .019 .020 .019 .019 | .013 .014 .013 .013
1] .18 .047 .081 .173 | .128 .030 .058 .126 | .093 .020 .041 .091
0.025 .029 .025 .024 | .018 .020 .018 .018 | .013 .013 .013 .013
2| .048 .054 .047 .046 | .042 .046 .042 .042 | .033 .034 .033 .033
2 1.094 .109 .089 .084 | .081 .086 .078 .076 | .067 .069 .065 .064
3 1|.026 .030 .026 .026 | .019 .020 .019 .019 | .013 .014 .013 .013
1] .136 .059 .081 .127 | .096 .039 .058 .092 | .068 .026 .041 .066
0.025 .027 .025 .024 | .018 .019 .018 .018 | .012 .013 .013 .013
2 1.049 .053 .047 .046 | .042 .045 .042 .042 | .033 .034 .033 .033
21 .092 .103 .089 .086 | .077 .083 .078 .077 | .065 .067 .065 .064
1 11].027 .030 .028 .027 | .020 .020 .020 .019 | .013 .014 .014 .014
1].082 .089 .081 .079 | .056 .060 .058 .057 | .042 .042 .041 .041
.o .029 032 .029 .029 | .021 .022 .021 .021 | .015 .015 .015 .015
.2 | .0563 .056 .053 .055 | .046 .045 .045 .047 | .037 .037 .037 .039
.2 1.094 .100 .091 .090 | .083 .083 .080 .080 | .067 .068 .066 .067
2 1 ).027r .032 .027 .027 | .019 .021 .020 .019 | .014 .014 .014 .014
11].187 .046 .081 .174 | .131 .029 .058 .126 | .092 .020 .041 .091
b 028 .034 .029 .028 | .021 .023 .021 .021 | .014 .016 .015 .015
.2 | .063 .060 .053 .055 | .046 .047 .045 .046 | .036 .037 .037 .039
21 .092 .109 .091 .087 | .082 .088 .080 .079 | .066 .070 .066 .066
3 1 .028 .031 .027 .027 | .019 .021 .020 .019 | .014 .014 .014 .014
1] .130 .059 .081 .126 | .094 .039 .058 .092 | .066 .027 .041 .066
.5 | .030 .033 .029 .029 | .020 .022 .021 .021 | .015 .015 .015 .015
.2 | .052 .058 .053 .055 | .045 .046 .045 .047 | .037 .037 .037 .039
.21 .094 .105 .091 .089 | .082 .084 .079 .079 | .067 .069 .066 .066
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Table 4a. Empirical Mean(sd) of CQMLE and M-Estimator, STL Model, T =3,m =5

n = 50 n = 100 n = 200
err Y CQMLE M-Est CQMLE M-Est CQMLE M-Est
1 1| .9851(.058) | .9979(.060) | 1.0078(.037) | .9993(.038) | 1.0050(.026) | 1.0005(.026)
1| .9322(.133) | .9596(.141) | .9616(.006) | .9845(.101) | .9619(.069) | .9897(.074)
5| .4340(.042) | .5021(.046) | .4438(.027) | .5013(.029) | .4314(.020) | .5006(.023)
2| .1912(.102) | .1804(.104) | .1907(.067) | .1924(.067) | .1996(.049) | .1965(.050)
2| .2657(.080) | .2135(.082) | .2611(.063) | .2052(.063) | .2643(.045) | .2018(.046)
2 1| .9841(.058) | .9966(.059) | 1.0068(.037) | .9982(.038) | 1.0046(.026) | 1.0000(.027)
1| .9285(.268) | .9572(.285) | .9610(.197) | .9847(.207) | .9678(.139) | .9963(.147)
5| .4332(.045) | .5007(.047) | .4428(.029) | .5005(.030) | .4317(.023) | .5013(.024)
2| .1947(.097) | .1840(.099) | .1896(.068) | .1913(.068) | .1984(.049) | .1954(.050)
2| .2627(.080) | .2108(.081) | .2632(.065) | .2072(.065) | .2650(.046) | .2022(.046)
3 1| .9858(.059) | .9986(.061) | 1.0081(.038) | .9996(.038) | 1.0034(.026) | .9988(.026)
1| .9371(.196) | .9654(.208) | .9606(.145) | .9837(.153) | .9604(.101) | .9883(.107)
5| .4345(.043) | .5030(.047) | .4426(.028) | .5001(.030) | .4311(.022) | .5002(.024)
2| .1910(.099) | .1803(.101) | .1902(.068) | .1920(.067) | .1977(.050) | .1946(.050)
2| .2647(.079) | .2118(.081) | .2631(.064) | .2070(.064) | .2676(.045) | .2055(.046)
1 1| 1.0083(.058) | 1.0020(.058) | 1.0229(.038) | .9993(.039) | 1.0258(.027) | 1.0005(.028)
1| .9242(.135) | .9515(.143) | .9606(.096) | .9822(.101) | .9623(.068) | .9889(.072)
0 | -.0849(.050) | -.0014(.055) | -.0663(.031) | -.0001(.034) | -.0793(.024) | .0003(.026)
2| .1861(.096) | .1887(.098) | .1896(.070) | .1913(.070) | .1959(.050) | .1961(.050)
2| 2166(.112) | .2039(.121) | .2340(.057) | .2016(.059) | .2108(.054) | .2019(.056)
9 1| 1.0056(.059) | .9994(.060) | 1.0240(.041) | 1.0006(.042) | 1.0258(.027) | 1.0005(.028)
1| .9251(.260) | .9536(.276) | .9585(.196) | .9806(.205) | .9618(.135) | .9888(.142)
0 | -.0843(.054) | -.0015(.058) | -.0663(.034) | -.0005(.035) | -.0800(.026) | -.0005(.027)
2| .1816(.095) | .1839(.098) | .1909(.070) | .1926(.070) | .1941(.050) | .1941(.051)
2| 2193(.113) | .2060(.122) | .2350(.060) | .2029(.062) | .2105(.054) | .2015(.057)
3 1 1.0057(.058) | .9996(.059) | 1.0243(.040) | 1.0007(.041) | 1.0260(.027) | 1.0006(.028)
1| .9305(.202) | .9587(.214) | .9587(.147) | .9804(.153) | .9640(.101) | .9909(.107)
0 | -.0839(.051) | .0000(.056) | -.0648(.032) | .0012(.034) | -.0797(.024) | .0001(.026)
2| .1862(.094) | .1890(.097) | .1881(.071) | .1898(.071) | .1937(.051) | .1938(.051)
2| 2142(.114) | .2022(.123) | .2354(.059) | .2031(.060) | .2112(.054) | .2025(.057)
1 1| L.0135(.059) | 1.0004(.059) | 1.0255(.040) | 1.0001(.041) | 1.0241(.028) | .9989(.028)
1| .9425(.133) | .9585(.138) | .9679(.098) | .9823(.101) | .9744(.068) | .9901(.070)
_5 | -.5643(.048) | -.5001(.052) | -.5594(.035) | -.5017(.037) | -.5614(.024) | -.5000(.026)
2| .1872(.095) | .1869(.095) | .1915(.073) | .1903(.073) | .2023(.052) | .1989(.052)
2| .1956(.124) | .1960(.131) | .2109(.067) | .1958(.069) | .1987(.057) | .1990(.060)
2 1 1.0147(.059) | 1.0016(.059) | 1.0254(.040) | 1.0000(.041) | 1.0248(.029) | .9999(.029)
1| .0415(.273) | .9583(.282) | .9671(.199) | .9818(.204) | .9754(.142) | .9912(.146)
-5 | -.5616(.051) | -.4975(.055) | -.5560(.034) | -.4983(.036) | -.5611(.025) | -.4999(.027)
2| .1872(.096) | .1871(.097) | .1041(.072) | .1929(.072) | .1999(.051) | .1963(.051)
2| .1992(.119) | .1991(.127) | .2136(.068) | .1991(.070) | .1987(.058) | .1990(.061)
3 1| 1.0142(.058) | 1.0012(.059) | 1.0261(.040) | 1.0008(.041) | 1.0253(.029) | 1.0003(.029)
1| .9417(.207) | .9580(.214) | .9677(.145) | .9822(.149) | .9716(.104) | .9873(.107)
_5 | -.5634(.051) | -.4992(.055) | -.5574(.033) | -.4999(.035) | -.5599(.024) | -.4987(.026)
2| .1887(.096) | .1887(.096) | .1931(.072) | .1920(.073) | .1983(.050) | .1948(.050)
2| .1938(.121) | .1929(.129) | .2140(.065) | .1990(.067) | .1978(.057) | .1987(.060)
Note: Par = ¢ = (8,02, p, A1, \2)’; err = 1 (normal), 2 (normal mixture), and 3 (chi-square).

X, values are generated with 6, = (

g, 01, 92,01,02) =

Wi and Wy are from Queen Contiguity, and equal.
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Table 4a. Cont’'d, T =7

n =50 n = 100 n = 200
err ¢ CQMLE M-Est CQMLE M-Est CQMLE M-Est
1 1| 1.0045(.025) | 1.0000(.025) | 1.0073(.017) .9998(.017) | 1.0078(.012) | 1.0002(.012)
1 .9809(.079) .9855(.080) .9897(.058) .9940(.058) .9923(.041) .9966(.041)
5| .4780(.018) .4996(.019) .4807(.012) .5001(.012) .4812(.008) .5001(.009)
2| .1904(.046) 1950(.046) .1971(.031) .1994(.031) .1974(.0 3) .1984(.023)
2| .2280(.041) 2043(.042) .2208(.030) .2006(.030) .2200(.021) .2013(.021)
2 1 1.0040(.0 6) 9994(.026) | 1.0078(.017) | 1.0003(.018) | 1.0074(.012) .9998(.012)
1 .9920(.182) .9968(.184) .9884(.130) .9927(.131) .9934(.090) .9977(.091)
5| .4780(.018) .4999(.019) .4805(.013) .4999(.013) .4816(.009) .5005(.009)
2 | .1908(.046) .1954(.046) .1962(.032) .1985(.032) .1986(.023) .1995(.023)
2| .2276(.042) | .2038(.042) | .2216(.031) | .2014(.031) | .2186(.022) | .1999(.022)
3 1| 1.0050(.025) | 1.0006(.025) | 1.0076(.018) | 1.0001(.018) | 1.0075(.012) .9999(.012)
1 .9815(.135) .9861(.137) .9912(.095) .9955(.096) .9903(.067) .9945(.068)
5| .4783(.018) .4999(.018) .4805(.012) .4999(.012) .4810(.008) .4999(.009)
2| .1905(.048) .1950(.048) .1954(.031) .1977(.031) .1978(.023) .1988(.023)
2| .2278(.042) .2041(.042) .2226(.030) .2024(.030) .2198(.022) .2012(.022)
1 1 1.0121(.026) | 1.0006(.026) | 1.0124(.019) | 1.0001(.019) | 1.0136(.014) | 1.0001(.014)
1 .9844(.081) .9881(.082) .9884(.055) .9917(.056) .9927(.040) .9963(.040)
0 | -.0272(.025) | -.0009(.026) | -.0247(.017) | -.0005(.018) | -.0260(.013) | -.0002(.013)
2| .1945(.049) .1957(.049) .1955(.034) .1972(.034) .1977(.025) .1986(.025)
2| .2060(.055) | .2018(.056) | .2117(.034) | .2010(.034) | .2084(.026) | .2005(.027)
2 1| 1.0120(.027) | 1.0005(.027) | 1.0131(.019) | 1.0009(.019) | 1.0137(.014) | 1.0002(.014)
1 .9778(.183) .9816(.185) .9915(.129) .9949(.130) .9906(.093) .9942(.094)
0 | -.0262(.025) | -.0001(.025) | -.0251(.017) | -.0010(.017) | -.0260(.012) | -.0002(.012)
2| .1958(.049) .1971(.049) .1953(.034) .1969(.034) .1992(.025) .2001(.025)
2 | .2052(.056) .2011(.057) .2112(.034) .2006(.034) .2080(.027) .2002(.027)
3 1| 1.0127(.027) | 1.0011(.027) | 1.0119(.019) .9997(.019) | 1.0137(.013) | 1.0002(.013)
1 .9835(.133) .9872(.134) .9923(.092) .9957(.093) .9920(.067) .9956(.067)
0 | -.0264(.025) | -.0002(.026) | -.0250(.017) | -.0007(.018) | -.0260(.012) | -.0002(.012)
2 | .1952(.050) .1965(.049) .1962(.034) .1979(.034) .1983(.025) .1992(.025)
2 | .2056(.054) .2014(.055) .2105(.034) .1998(.034) .2084(.026) .2006(.027)
1 1| 1.0126(.028) | 1.0006(.028) | 1.0112(.020) | .9991(.020) | 1.0132(.014) | 1.0003(.014)
1 .9831(.080) .9855(.080) .9917(.058) .9941(.058) .9939(.041) .9965(.041)
-5 | -.5232(.027) | -.4996(.028) | -.5233(.019) | -.4994(.020) | -.5261(.014) | -.5009(.015)
2| .1959(.049) .1953(.050) .1986(.035) .1976(.035) .1997(.025) .1989(.025)
2| .2018(.054) .1995(.054) .2050(.036) .1998(.036) .2054(.027) .2001(.028)
2 1] 1.0116(.027) .9996(.028) | 1.0116(.019) .9996(.019) | 1.0131(.014) | 1.0003(.014)
1 .9885(.182) .9910(.183) .9895(.131) .9919(.131) .9935(.092) .9960(.093)
-5 | -.5232(.028) | -.4995(.028) | -.5233(.019) | -.4996(.020) | -.5253(.014) | -.5002(.015)
2| .1985(.050) .1978(.050) .1986(.035) .1975(.035) .1992(.024) .1984(.024)
2 | .2035(.054) .2012(.055) .2049(.037) .1997(.037) .2062(.028) .2008(.028)
3 1| 1.0124(.027) | 1.0005(.027) | 1.0126(.019) | 1.0006(.019) | 1.0122(.014) | .9994(.014)
1 .9826(.136) .9851(.136) .9901(.094) .9925(.094) .9946(.066) .9972(.066)
-5 | -.5244(.028) | -.5009(.028) | -.5241(.020) | -.5004(.021) | -.5248(.014) | -.4996(.014)
2| .2002(.049) .1996(.049) .1982(.036) .1971(.037) .1991(.026) .1983(.026)
2| .2014(.055) .1990(.056) .2062(.037) .2011(.037) .2050(.028) .1997(.028)
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Table 4b. Empirical sd and average of standard errors of M-Estimator

STL Model, T' = 3,m = 5, Parameter configurations as in Table 4a.

n =50 n = 100 n = 200

err 1 sd se se  rse sd se se  rse sd se se  Tse
1 11].060 .066 .058 .056 | .038 .040 .038 .037 | .026 .027 .027 .026
1| .141 .157 .140 .139 | .101 .108 .101 .100 | .074 .074 .072 .073

b | .046  .040 .044 .056 | .029 .026 .028 .033 | .023 .019 .022 .028

2| .104 .109 .099 .103 | .067 .070 .068 .069 | .050 .049 .049 .051

2| .082 .089 .080 .080 | .063 .060 .064 .075 | .046 .041 .045 .055

2 1 .059 .072 .058 .055 | .038 .043 .038 .037 | .027 .028 .027 .027
1] .285 .105 .140 .251 | .207 .065 .101 .193 | .147 .043 .073 .141

5| 047 .044  .043  .056 | .030 .028 .028 .033 | .024 .019 .022 .029

21 .099 .120 .098 .100 | .068 .075 .068 .068 | .050 .052 .049 .050

21 .081 .099 .079 .078 | .065 .064 .064 .074 | .046 .043 .045 .055

3 1 |.061 .069 .058 .056 | .038 .041 .038 .037 | .026 .028 .027 .026
1] .208 .122 .141 .198 | .153 .079 .101 .146 | .107 .053 .072 .106

5| .047  .041  .044 .057 | .030 .027 .028 .033 | .024 .018 .022 .029

.2 | .101 .115 .099 .102 | .067 .073 .068 .068 | .050 .051 .049 .050

2| .081 .094 .080 .079 | .064 .062 .064 .075 | .046 .042 .045 .054

1 1] .058 .064 .057 .055 | .039 .041 .039 .039 | .028 .029 .028 .028
1| .143 .157 .139 .135 | .101 .107 .101 .099 | .072 .074 .072 .072
0.055 .059 .053 .052 | .034 .035 .033 .033 | .026 .026 .026 .026

2| .098 .105 .095 .096 | .070 .074 .070 .071 | .050 .053 .051 .051

22| 121 .093 115 .160 | .059 .049 .060 .076 | .056 .044 .057 .075

2 1 |.060 .071 .056 .054 | .042 .044 .039 .039 | .028 .030 .028 .028
11].276 .108 .140 .246 | .205 .065 .101 .191 | .142 .043 .072 .140

0| .058 .065 .052 .052 | .035 .036 .033 .034 | .027 .027 .026 .027

.21 .098 .118 .095 .093 | .070 .080 .070 .069 | .051 .055 .051 .050

2| 122 .103 114 156 | .062 .053 .059 .075 | .057 .046 .056 .074

3 1 |.059 .067 .057 .055 | .041 .043 .039 .039 | .028 .029 .028 .028
1] .214 .125 .140 .190 | .153 .080 .101 .143 | .107 .054 .072 .105

0] .056 .062 .053 .053 | .034 .036 .033 .033 | .026 .027 .026 .026

2| .097 .110 .095 .095 | .071 .077 .070 .070 | .051 .054 .051 .050

22| 123 .098 115 .160 | .060 .050 .059 .076 | .057 .045 .057 .075

1 11].059 .064 .058 .057 | .041 .043 .041 .040 | .028 .029 .029 .028
1] .138 .155 .138 .135 | .101 .107 .100 .098 | .070 .074 .071 .071

-5 (.052 .059 .053 .051 | .037 .037 .035 .035 | .026 .027 .026 .026
.2 1.095 .106 .095 .093 | .073 .076 .073 .074 | .052 .053 .052 .052

2| 131 .109 126 .162 | .069 .063 .067 .077 | .060 .053 .060 .070

2 1 |.059 .071 .058 .056 | .041 .046 .040 .040 | .029 .030 .028 .028
1] .282 .104 .138 .248 | .204 .064 .100 .190 | .146 .041 .071 .140

-5 1.055 .066 .052 .051 | .036 .040 .035 .035 | .027 .027 .026 .026
221 .097 118 .094 .090 | .072 .082 .072 .072 | .051 .056 .051 .051
200127 122 124 158 | 070  .068 .067 .076 | .061 .056 .060 .069

3 1 |.059 .067 .058 .056 | .041 .044 .041 .040 | .029 .030 .028 .028
11].214 .122 138 .187 | .149 .079 .100 .143 | .107 .052 .071 .104

-5 1.055 .062 .052 .051 | .035 .039 .035 .035 | .026 .027 .026 .025
2|1 .096 .111 .094 .091 | .073 .078 .072 .073 | .050 .054 .052 .051

2| .129 114 125 .160 | .067 .065 .067 .076 | .060 .055 .060 .070
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Table 4b. Cont’'d, T =7
n =50 n = 100 n = 200
err ¢ sd se se  rTse sd se se  Tse sd se se  Tse
1 11].025 .027 .025 .024 | .017 .018 .017 .017 | .012 .012 .012 .012
1] .080 .088 .081 .080 | .058 .060 .058 .057 | .041 .042 .041 .041
b5 | .019 .019 .018 .019 | .012 .012 .012 .013 | .009 .008 .009 .009
2| .046 .049 .047 .048 | .031 .032 .032 .032 | .023 .023 .023 .024
2| .042 .044 .042 .044 | .030 .030 .030 .032 | .021 .021 .022 .023
2 1 ).026 .029 .025 .025 | .018 .019 .017 .017 | .012 .013 .012 .012
1] .184 .046 .082 .174 | .131 .029 .058 .126 | .091 .020 .041 .091
.5 | .019 .021 .019 .019 | .013 .013 .012 .013 | .009 .008 .009 .009
.2 | .046 .052 .047 .048 | .032 .033 .031 .032 | .023 .024 .023 .024
2| .042 .047 .042 .044 | .031 .031 .030 .032 | .022 .021 .022 .023
3 1.025 .028 .025 .024 | .018 .018 .017 .017 | .012 .013 .012 .012
1] .137 .060 .081 .126 | .096 .039 .058 .092 | .068 .026 .041 .066
b5 | 018 .020 .018 .019 | .012 .012 .012 .013 | .009 .008 .009 .009
.2 | .048 .050 .046 .048 | .031 .033 .032 .032 | .023 .023 .023 .024
2| .042 .045 .042 .044 | .030 .030 .030 .032 | .022 .021 .022 .023
1 11].026 .029 .027 .027 | .019 .020 .019 .019 | .014 .014 .013 .013
1].082 .088 .081 .080 | .056 .060 .058 .057 | .040 .042 .041 .041
0.026 .028 .025 .025 | .018 .018 .017 .017 | .013 .013 .013 .013
.21 .049 .052 .050 .064 | .034 .034 .034 .035 | .025 .025 .025 .025
.2 | .056 .053 .055 .067 | .034 .031 .033 .037 | .027 .024 .027 .030
2 1 |.027 .031 .027 .026 | .019 .021 .019 .019 | .014 .014 .013 .013
1] .18 .046 .081 .171 | .130 .029 .058 .127 | .094 .020 .041 .091
0.025 .029 .025 .025 | .017 .019 .017 .017 | .012 .013 .013 .013
21 .049 .056 .049 .049 | .034 .036 .034 .035 | .025 .025 .025 .025
.2 | .057 .056 .054 .060 | .034 .033 .033 .037 | .027 .025 .027 .030
3 1 |.027r .030 .027 .026 | .019 .020 .019 .019 | .013 .014 .013 .013
1] .134 .059 .081 .127 | .093 .039 .058 .092 | .067 .027 .041 .066
0.026 .028 .025 .025 | .018 .018 .017 .017 | .012 .013 .013 .013
2 1.049 .053 .049 .051 | .034 .035 .034 .035 | .025 .025 .025 .025
.2 | .065 .054 .055 .061 | .034 .032 .034 .037 | .027 .025 .027 .030
1 11].028 .030 .027 .027 | .020 .020 .020 .020 | .014 .014 .014 .014
1] .080 .088 .081 .079 | .08 .060 .058 .057 | .041 .042 .041 .041
.o | .028 031 .028 .028 | .020 .021 .020 .020 | .015 .015 .015 .015
.2 | .050 .053 .051 .055 | .035 .036 .036 .038 | .025 .026 .026 .027
.2 | .0564 .054 .055 .060 | .036 .035 .037 .040 | .028 .026 .028 .030
2 1 ).028 .032 .027 .027 | .019 .021 .020 .019 | .014 .015 .014 .014
11].183 .046 .081 .174 | .131 .029 .058 .126 | .093 .020 .041 .091
b 028 .034 .028 .028 | .020 .022 .020 .020 | .015 .015 .015 .015
.2 | .050 .057 .051 .054 | .035 .037 .036 .038 | .024 .026 .026 .026
.2 | .055 .058 .055 .060 | .037 .037 .037 .039 | .028 .027 .028 .030
3 1 |.027r .030 .027 .027 | .019 .021 .020 .019 | .014 .014 .014 .014
1] .136 .059 .081 .126 | .094 .039 .058 .092 | .066 .026 .041 .066
b .028 .032 .028 .028 | .021 .021 .020 .020 | .014 .015 .015 .015
.21 .049 .054 .051 .055 | .037 .037 .036 .038 | .026 .026 .026 .026
.2 | .056 .055 .054 .060 | .037 .036 .037 .040 | .028 .027 .028 .030
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Table 5a. Empirical Mean(sd) of CQMLE and M-Estimator, STLE Model, T'= 3,m = 5

n =50 n =100 n = 200
err 1 CQMLE M-Est CQMLE M-Est CQMLE M-Est
T 1 1.0076(.031) | .9995(.031) | 1.0092(.024) | .9999(.025) | 1.0057(.016) -9999(.016)
1| .9287(.133) | .9437(.138) | .9622(.099) | .9746(.102) | .9723(.070) .9841(.071)

3| .2578(.033) | .3000(.035) | .2663(.021) | .2992(.022) | .2685(.014) .2999(.015)

2| .1966(.073) | .1957(.075) | .1877(.059) | .1967(.060) | .2030(.037) .1987(.038)

2| .2209(.084) | .2055(.091) | .2240(.047) | .2037(.049) | .2019(.037) .2005(.039)

2| .1463(.185) | .1459(.191) | .1846(.132) | .1745(.135) | .1785(.092) .1838(.094)

2 1| 1.0084(.031) | 1.0003(.032) | 1.0091(.025) | .9998(.025) | 1.0055(.016) .9997(.016)
1| .9288(.264) | .9448(.273) | .9591(.195) | .9717(.201) | .9713(.140) .9832(.144)

3| .2564(.035) | .2986(.036) | .2661(.022) | .2988(.022) | .2685(.015) .2998(.015)

2| .1989(.073) | .1983(.076) | .1895(.060) | .1985(.060) | .2043(.036) .1999(.037)

2| .2168(.082) | .2008(.089) | .2211(.047) | .2008(.050) | .2015(.036) .2003(.039)

2| .1367(.184) | .1358(.190) | .1805(.131) | .1702(.134) | .1799(.090) .1855(.092)

3 1| 1.0066(.031) | .9985(.031) | 1.0084(.025) | .9991(.025) | 1.0054(.016) .9995(.016)
1| .9318(.201) | .9476(.208) | .9644(.148) | .9769(.152) | .9727(.102) .9846(.105)

3| .2590(.034) | .3014(.036) | .2679(.022) | .3008(.022) | .2689(.015) .3003(.015)

2| .1983(.071) | .1978(.073) | .1879(.060) | .1969(.060) | .2046(.037) .2003(.038)

2| .2193(.081) | .2035(.087) | .2207(.047) | .2003(.049) | .2009(.037) .1998(.040)

2| .1412(.184) | .1403(.190) | .1852(.133) | .1750(.135) | .1794(.093) .1849(.095)

1 1| 1.0129(.033) | .9999(.034) | 1.0128(.025) | 1.0004(.025) | 1.0103(.017) .9991(.017)
1| .9273(.134) | .9404(.138) | .9635(.098) | .9753(.100) | .9764(.069) .9881(.071)

0 | -.0407(.035) | .0017(.038) | -.0365(.023) | -.0001(.024) | -.0352(.016) .0004(.017)

2| .1939(.075) | .1971(.077) | .1921(.059) | .2006(.060) | .2094(.040) .1973(.042)

2| .2168(.076) | .2006(.081) | .2116(.049) | .2020(.051) | .1919(.040) .2008(.043)

2| .1508(.187) | .1464(.193) | .1808(.132) | .1722(.136) | .1713(.095) .1866(.098)

2 1| 1.0141(.033) | 1.0010(.033) | 1.0119(.026) | .9995(.026) | 1.0107(.017) .9996(.017)
1| .9316(.271) | .9456(.279) | .9591(.203) | .9713(.208) | .9729(.140) .9847(.143)

0 | -.0413(.037) | .0013(.038) | -.0357(.024) | .0005(.024) | -.0355(.017) | -.0001(.017)

2| .1939(.074) | .1972(.076) | .1896(.059) | .1981(.060) | .2122(.040) .2004(.042)

2| .2183(.076) | .2018(.082) | .2101(.048) | .2004(.051) | .1920(.039) .2007(.043)

2| .1495(.185) | .1446(.191) | .1769(.135) | .1683(.138) | .1703(.093) .1852(.096)

3 1| 1.0128(.032) | .9996(.033) | 1.0119(.026) | .0994(.026) | 1.0106(.017) .9994(.017)
1| .9404(.206) | .9540(.212) | .9622(.150) | .9742(.154) | .9752(.104) .9870(.106)

0 | -.0416(.037) | .0014(.039) | -.0360(.024) | .0003(.025) | -.0346(.017) .0009(.017)

2| .1964(.072) | .1996(.075) | .1907(.059) | .1994(.059) | .2118(.040) .1999(.042)

2| 2155(.074) | .1983(.079) | .2089(.048) | .1991(.050) | .1916(.039) .2003(.042)

2| .1399(.187) | .1347(.195) | .1790(.130) | .1703(.133) | .1711(.092) .1862(.096)

1 1| 1.0145(.034) | .9999(.035) | 1.0133(.026) | .9998(.027) | 1.0143(.017) | 1.0005(.017)
1| .9356(.138) | .9458(.141) | .9637(.099) | .9737(.101) | .9748(.069) .9848(.071)

-3 | -.3382(.036) | -.2990(.039) | -.3376(.025) | -.3011(.026) | -.3361(.017) | -.3004(.018)
2| .1935(.075) | .1965(.077) | .1942(.059) | .1995(.060) | .2140(.043) .1996(.045)

2| .2129(.073) | .2003(.076) | .2036(.052) | .2003(.054) | .1880(.040) .1985(.043)

2| .1516(.186) | .1477(.192) | .1735(.133) | .1686(.137) | .1671(.093) .1854(.096)

2 1| 1.0148(.033) | 1.0001(.033) | 1.0127(.025) | .9994(.025) | 1.0150(.017) | 1.0010(.017)
1| .9470(.272) | .9579(.278) | .9547(.192) | .9648(.196) | .9785(.140) .9887(.143)

-3 | -.3394(.038) | -.2999(.039) | -.3363(.026) | -.3001(.026) | -.3359(.019) | -.3001(.019)
2| .1947(.077) | .1980(.080) | .1931(.059) | .1984(.060) | .2140(.042) .1992(.044)

2| .2119(.076) | .1987(.079) | .2020(.051) | .1990(.053) | .1905(.040) .2012(.042)

2| .1460(.191) | .1415(.197) | .1778(.134) | .1730(.138) | .1668(.094) .1855(.097)

3 1| 1.0125(.033) | .9979(.034) | 1.0134(.026) | .9999(.026) | 1.0137(.017) .9999(.017)
1| .9356(.201) | .9461(.205) | .9683(.150) | .9786(.153) | .9721(.104) .9822(.106)

-3 | -.3391(.038) | -.2999(.040) | -.3364(.026) | -.2997(.028) | -.3362(.017) | -.3006(.018)
2| .1939(.077) | .1970(.079) | .1935(.058) | .1990(.059) | .2140(.042) .1996(.044)

2| .2149(.077) | .2015(.080) | .2025(.052) | .1993(.053) | .1905(.039) .2008(.042)

2| .1429(.188) | .1389(.194) | .1760(.132) | .1709(.136) | .1648(.094) .1831(.097)

Note: Par = ¢ = (3,02, p, M1, A2, A3)"; err = 1 (normal), 2 (normal mixture), and 3 (chi-square).
p

X values are generated with 0, = (g, ¢1, ¢2,01,02) = (.01,.5,.5,3, 1), as in Footnote 13.
Wi, Wa and W3 are all from Queen Contiguity, and equal.
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Table 5a. Cont’d, T =7

n =50 n = 100 n = 200
err 1 CQMLE M-Est CQMLE M-Est CQMLE M-Est
1 1| 1.0048(.017) | 1.0002(.017) | 1.0054(.012) | 1.0005(.012) | 1.0053(.008) | .9999(.008)
1| .9791(.079) | .9809(.080) | .9898(.058) | .9916(.058) | .9944(.042) | .9963(.042)

3| .2898(.013) | .2993(.013) | .2901(.010) | .2999(.010) | .2899(.007) | .3001(.007)

2| .1988(.033) | .2000(.033) | .1995(.029) | .2001(.029) | .1991(.019) | .1998(.019)

2| .2009(.035) | .1996(.036) | .2025(.026) | .1998(.026) | .2001(.019) | .2000(.019)

2| .1831(.099) | .1823(.100) | .1909(.073) | .1906(.074) | .1974(.051) | .1972(.052)

2 1| 1.0045(.017) | .9999(.017) | 1.0046(.012) | .9998(.012) | 1.0053(.008) | .9999(.008)
1| .9769(.187) | .9787(.187) | .9883(.132) | .9902(.132) | .9933(.092) | .9953(.092)

3| .2904(.014) | .2999(.014) | .2900(.010) | .2998(.010) | .2899(.007) | .3000(.007)

2| .1979(.034) | .1991(.034) | .1991(.029) | .1996(.029) | .1997(.020) | .2004(.020)

2| .2022(.036) | .2007(.037) | .2027(.026) | .2000(.026) | .1989(.019) | .1988(.019)

2| .1792(.096) | .1784(.097) | .1896(.070) | .1892(.071) | .1954(.051) | .1952(.051)

3 1| 1.0052(.017) | 1.0007(.017) | 1.0053(.012) | 1.0004(.012) | 1.0054(.008) | 1.0001(.008)
1| .9786(.136) | .9804(.136) | .9886(.095) | .9905(.095) | .9899(.066) | .9918(.066)

3| .2897(.013) | .2992(.013) | .2901(.009) | .2998(.009) | .2896(.007) | .2998(.007)

2| .1989(.033) | .2000(.033) | .1996(.029) | .2002(.029) | .1992(.019) | .1999(.020)

2| .2023(.034) | .2010(.035) | .2028(.025) | .2001(.026) | .2003(.019) | .2002(.019)

2| .1851(.100) | .1843(.101) | .1902(.072) | .1899(.073) | .1951(.051) | .1950(.051)

1 1| 1.0068(.018) | 1.0004(.018) | 1.0063(.013) | .9999(.013) | 1.0069(.009) | 1.0000(.009)
1| .9835(.084) | .9851(.085) | .9896(.057) | .9913(.057) | .9949(.042) | .9967(.042)

0 | -.0121(.017) | -.0005(.017) | -.0118(.012) | -.0001(.012) | -.0124(.008) | .0000(.009)

2| .1992(.037) | .1991(.037) | .2021(.031) | .2008(.031) | .1997(.021) | .1987(.021)

2| .2027(.036) | .2011(.036) | .2014(.027) | .1996(.027) | .2002(.020) | .2010(.020)

2| .1817(.100) | .1820(.101) | .1879(.074) | .1893(.075) | .1937(.053) | .1951(.054)

2 1| 1.0073(.018) | 1.0009(.018) | 1.0064(.013) | .9999(.013) | 1.0070(.009) | 1.0001(.009)
1| .9802(.183) | .9818(.184) | .9948(.130) | .9964(.130) | .9919(.095) | .9936(.095)

0 | -.0126(.016) | -.0011(.016) | -.0116(.012) | .0002(.012) | -.0125(.008) | -.0002(.009)

2| .1995(.037) | .1994(.037) | .2007(.031) | .1995(.031) | .2008(.021) | .1997(.022)

2| .2020(.037) | .2005(.038) | .2019(.026) | .2001(.026) | .1990(.020) | .1997(.020)

2| .1808(.099) | .1811(.100) | .1884(.072) | .1898(.073) | .1935(.052) | .1949(.052)

3 1| 1.0063(.018) | .9999(.018) | 1.0069(.013) | 1.0004(.013) | 1.0071(.009) | 1.0002(.009)
1| .9825(.133) | .9842(.133) | .9927(.094) | .9943(.094) | .9936(.067) | .9954(.068)

0 | -.0119(.016) | -.0003(.016) | -.0119(.012) | -.0001(.012) | -.0121(.009) | .0002(.009)

2| .2015(.037) | .2013(.037) | .2017(.030) | .2005(.031) | .2001(.021) | .1991(.021)

2| .2003(.036) | .1988(.037) | .2010(.027) | .1992(.027) | .1996(.020) | .2004(.020)

2| .1798(.098) | .1800(.099) | .1881(.074) | .1895(.075) | .1944(.052) | .1958(.053)

1 1| 1.0076(.019) | 1.0001(.019) | 1.0072(.014) | 1.0000(.014) | 1.0073(.009) | .9999(.009)
1| .9815(.081) | .9830(.081) | .9896(.058) | .9911(.058) | .9938(.040) | .9954(.040)

-3 | -.3134(.019) | -.3002(.020) | -.3133(.014) | -.3000(.014) | -.3140(.010) | -.3002(.010)
2| .2020(.039) | .2009(.040) | .2019(.033) | .1996(.033) | .2011(.022) | .1993(.023)

2| .1991(.038) | .1982(.038) | .2015(.027) | .2005(.028) | .1991(.021) | .2000(.021)

2| .1784(.101) | .1797(.102) | .1882(.075) | .1908(.076) | .1944(.053) | .1965(.054)

2 1| 1.0079(.019) | 1.0005(.019) | 1.0075(.013) | 1.0003(.014) | 1.0076(.009) | 1.0001(.009)
1| .9868(.181) | .9883(.182) | .9910(.129) | .9925(.129) | .9940(.092) | .9956(.093)

-3 | -.3138(.019) | -.3006(.019) | -.3136(.014) | -.3002(.014) | -.3141(.010) | -.3002(.010)
2| .2017(.040) | .2005(.041) | .2011(.033) | .1988(.033) | .2020(.022) | .2003(.022)

2| .2009(.038) | .1999(.039) | .2015(.027) | .2006(.028) | .1998(.021) | .2007(.021)

2| .1780(.101) | .1793(.102) | .1887(.074) | .1912(.075) | .1925(.052) | .1946(.052)

3 1| 1.0083(.020) | 1.0008(.020) | 1.0071(.013) | .9999(.013) | 1.0072(.009) | .9997(.009)
1| .9855(.133) | .9869(.133) | .9886(.094) | .9901(.094) | .9910(.066) | .9925(.066)

-3 | -.3141(.020) | -.3009(.020) | -.3136(.014) | -.3002(.014) | -.3136(.010) | -.2997(.010)
2| .2017(.038) | .2006(.039) | .2032(.032) | .2009(.033) | .2010(.022) | .1992(.022)

2| .2001(.037) | .1992(.038) | .2003(.029) | .1993(.029) | .1993(.021) | .2003(.021)

2| .1781(.098) | .1794(.100) | .1873(.073) | .1898(.074) | .1949(.052) | .1970(.052)
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Table 5b. Empirical sd and average of standard errors of M-Estimator

STLE Model, T' = 3, m = 5, Parameter configurations as in Table 5a.

n =50 n = 100 n = 200

err 1 sd se se rse sd se se rse sd se se  rse
1 11].031 .035 .031 .030 | .025 .026 .025 .025 | .016 .017 .016 .016
1| .138 .156 .136 .132 | .102 .106 .099 .098 | .071 .073 .071 .070

B0 .035 .038 035 .035 | .022 .023 .021 .022 | .015 .015 .015 .015

.2 | .075 .080 .071 .071 | .060 .062 .059 .060 | .038 .039 .038 .038

2| .091 .079 .08 .108 | .049 .043 .049 .060 | .039 .033 .039 .050

2| 191 209 .184 186 | .135 141 132 .132 | .094 .096 .093 .094

2 11(.032 .039 .031 .030 | .025 .028 .025 .024 | .016 .017 .016 .016
1(.273 .109 137 .239 | .201 .065 .099 .187 | .144 .042 .071 .139

3| .036 .042 .034 .035 | .022 .024 .021 .022 | .015 .016 .015 .015

.2 | 076 .089 .070 .069 | .060 .067 .059 .059 | .037 .041 .038 .038

.2 | .089 .088 .083 .104 | .050 .047 .049 .059 | .039 .034 .039 .049

2| 190 243 184 177 | 134 154 132 .130 | .092 .102 .093 .092

3 11].031 .037 .031 .030 | .025 .027 .025 .025 | .016 .017 .016 .016
1| .208 .124 .137 .187 | .152 .079 .099 .142 | .105 .052 .071 .104

31 .036 .040 .035 .035 | .022 .023 .021 .022 | .015 .015 .015 .015

2| .073 .084 .070 .069 | .060 .065 .059 .059 | .038 .040 .038 .038

.2 | 087 .084 .084 .106 | .049 .045 .049 .059 | .040 .033 .039 .050

2| .190 224 183 .181 | .135 .147 131 .130 | .095 .098 .093 .094

1 11].034 .036 .032 .032 | .025 .027 .025 .025 | .017 .017 .017 .017
1| .138 .155 .136 .132 | .100 .106 .099 .098 | .071 .074 .071 .070

0| .038 .041 .037 .037 | .024 .025 .024 .024 | .017 .017 .017 .017

2| 077 .082 .073 .072 | .060 .062 .059 .060 | .042 .041 .041 .044

2| .081 .073 .079 .096 | .051 .042 .050 .064 | .043 .032 .042 .057

2| .193 208 .183 .184 | .136 .141 .133 .135 | .098 .097 .096 .100

2 1(.033 .040 .032 .031 | .026 .029 .025 .025 | .017 .018 .017 .017
1(.279 108 .137 .242 | .208 .066 .099 .185 | .143 .042 .071 .137

0] .038 .046 .037 .037 | .024 .027 .024 .024 | .017 .018 .017 .017

2| 076 .093 .072 .071 | .060 .066 .058 .060 | .042 .043 .041 .044

2| 082 .082 .079 .096 | .051 .045 .050 .063 | .043 .034 .042 .057

2| 191 246 184 174 | 138 156 .133 .131 | .096 .103 .096 .098

3 1].033 .038 .032 .032 | .026 .028 .025 .025 | .017 .018 .017 .017
1| .212 .125 .138 .187 | .1564 .079 .099 .141 | .106 .052 .071 .104

0] .039 .043 .037 .037 | .025 .026 .024 .024 | .017 .017 .017 .017

2| 075 .087 .072 .072 | .059 .064 .059 .059 | .042 .042 .041 .044

2| .079 .077 079 .096 | .050 .043 .050 .063 | .042 .033 .042 .057

2| 195 226 .185 .182 | .133 .147 132 .133 | .096 .100 .096 .099

1 1].035 .038 .033 .033 | .027 .027 .026 .026 | .017 .018 .017 .017
1| .141 .156 .136 .132 | .101 .106 .099 .098 | .071 .073 .071 .070

-3 .039 .043 .038 .038 | .026 .028 .026 .026 | .018 .019 .018 .018
2 | 077 .08 .075 .076 | .060 .061 .059 .061 | .045 .043 .044 .048

2| 076 .072 .075 .089 | .054 .048 .053 .063 | .043 .034 .042 .055

2| .192 211 185  .185 | .137 .141 .133 .136 | .096 .098 .097 .102

2 1.033 .042 .033 .033 | .025 .030 .026 .025 | .017 .019 .017 .017
1| .278 .109 .138 .246 | .196 .064 .098 .185 | .143 .042 .071 .139

-3 .039 .049 .038 .038 | .026 .029 .026 .026 | .019 .019 .018 .019
.2 | .080 .096 .075 .075 | .060 .066 .059 .061 | .044 .045 .044 .048

2| .079 .081 .074 .087 | .053 .052 .053 .062 | .042 .035 .042 .055

2| 197 246 .185 178 | .138 .156  .133 .132 | .097 .105 .098 .101

3 1].034 .039 .033 .033 | .026 .028 .026 .026 | .017 .018 .017 .017
1(.205 .123 .136 .185 | .153 .080 .099 .141 | .106 .052 .070 .104

-3 | .040 .045 .038 .038 | .028 .028 .026 .026 | .018 .019 .018 .018
2| .079 089 .075 .075 | .059 .064 .059 .061 | .044 .043 .044 .048

.2 | .080 .076 .074 .088 | .053 .050 .053 .063 | .042 .034 .042 .054

2| 194 225 186 .183 | .136 .148 .133 .134 | .097 .101 .098 .102
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Table 5b. Cont’'d, T =7
n = 50 n = 100 n = 200

err 1 sd se se  rse sd se se rse sd se se  rse
1 1] .017 .019 .017 .016 | .012 .013 .012 .012 | .008 .009 .008 .008
1| .080 .089 .081 .079 | .068 .061 .058 .057 | .042 .042 .041 .041

3| .013 .015 .013 .013 | .010 .010 .009 .009 | .007 .007 .007 .007

2| .033 .036 .033 .034 | .029 .030 .029 .030 | .019 .020 .020 .020

2| .036 .034 .035 .040 | .026 .024 .026 .029 | .019 .018 .019 .021

.2 | .100 .109 .098 .097 | .074 .076 .073 .072 | .052 .053 .051 .052

2 1| .017 .020 .017 .016 | .012 .013 .012 .012 | .008 .009 .008 .008
1| .187 .047 .080 .170 | .132 .030 .058 .126 | .092 .020 .041 .091

3| .014 015 .013 .013 | .010 .010 .009 .009 | .007 .007 .007 .007

2| .034 .038 .033 .033 | .029 .031 .029 .029 | .020 .020 .020 .020

.2 | .037 036 .035 .040 | .026 .025 .026 .029 | .019 .018 .019 .021

.2 | .097 120 .098 .094 | .071 .081 .073 .071 | .051 .055 .052 .051

3 1| .017 .019 .017 .016 | .012 .013 .012 .012 | .008 .009 .008 .008
1| .136 .061 .081 .125 | .095 .040 .058 .091 | .066 .027 .041 .066

3| .013 .015 .013 .013 | .009 .010 .009 .009 | .007 .007 .007 .007

2| .033 .037 .033 .033 | .029 .031 .029 .029 | .020 .020 .020 .020

2| .035 .035 .035 .040 | .026 .025 .026 .029 | .019 .018 .019 .021

.2 | .101 113 .098 .096 | .073 .079 .073 .072 | .061 .054 .051 .051

1 1] .018 .020 .018 .018 | .013 .013 .013 .013 | .009 .009 .009 .009
1 (.08 .089 .081 .079 | .0567 .061 .058 .057 | .042 .042 .041 .041

0| .017 .019 .017 .016 | .012 .012 .012 .012 | .009 .009 .009 .009

.2 | .037 .039 .036 .038 | .031 .031 .031 .032 | .021 .021 .021 .022

2| .036 .035 .037 .043 | .027 .024 .027 .031 | .020 .019 .020 .023

.2 | .101  .110 .100 .099 | .075 .078 .074 .074 | .054 .053 .052 .053

2 1| .018 .021 .018 .017 | .013 .014 .013 .013 | .009 .009 .009 .009
1| .184 .048 .081 .170 | .130 .030 .058 .127 | .095 .020 .041 .091

0| .016 .020 .016 .016 | .012 .013 .012 .012 | .009 .009 .009 .009

2| .037 .042 .036 .037 | .031 .033 .031 .032 | .022 .022 .021 .022

.2 | .038 .037 .037 .042 | .026 .025 .027 .031 | .020 .019 .020 .022

.2 | .100 .122  .100 .096 | .073 .082 .074 .073 | .052 .055 .052 .052

3 1| .018 .020 .018 .018 | .013 .014 .013 .013 | .009 .009 .009 .009
1| .133 .060 .081 .127 | .094 .040 .058 .092 | .068 .027 .041 .066

0| .016 .019 .017 .016 | .012 .013 .012 .012 | .009 .009 .009 .009

.2 | .037 .040 .036 .037 | .031 .032 .031 .032 | .021 .021 .021 .022

2| .037 .036 .037 .043 | .027 .025 .027 .031 | .020 .019 .020 .023

21 .099 .116 .100 .097 | .075 .079 .074 .074 | .03 .054 .052 .052

1 11].019 .021 .019 .019 | .014 .014 .013 .013 | .009 .009 .009 .009
1| .081 .089 .081 .079 | .068 .061 .058 .057 | .040 .042 .041 .041

-3 1 .020 .022 .020 .019 | .014 .015 .014 .014 | .010 .010 .010 .010
.2 | .040 .041 .039 .042 | .033 .033 .033 .035 | .023 .022 .022 .024

.2 | .038 .035 .038 .046 | .028 .026 .028 .032 | .021 .019 .021 .023

.2 | .102 .112 .101 .101 | .076 .078 .075 .076 | .054 .054 .053 .053

2 1|.019 .023 .019 .018 | .014 .015 .013 .013 | .009 .010 .009 .009
1 (.18 .047 .081 .174 | .129 .030 .058 .126 | .093 .020 .041 .091

-3 .019 .024 .020 .019 | .014 .016 .014 .014 | .010 .011 .010 .010
.2 | .041 .045 .040 .042 | .033 .034 .033 .035 | .022 .023 .023 .024

21 .039 .039 .038 .045 | .028 .027 .028 .032 | .021 .020 .021 .023

2| 102 124 102 .099 | .075 .083 .075 .074 | .052 .056 .053 .053

3 1|.020 .022 .019 .019 | .013 .014 .013 .013 | .009 .010 .009 .009
1(.133 .061 .081 .126 | .094 .040 .057 .091 | .066 .027 .041 .065

-3 1 .020 .023 .020 .019 | .014 .015 .014 .014 | .010 .010 .010 .010
2| .039 .043 .040 .042 | .033 .033 .033 .035 | .022 .022 .022 .023

.2 | .038 .037 .038 .045 | .029 .026 .028 .032 | .021 .019 .021 .023

.2 | .100 .117 .101 .100 | .074 .080 .075 .075 | .052 .055 .053 .053
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Table 6a. CQMLE, FQMLE, ; M-Est and its t-Ratio based on Munnell Data: SE Model

Full Data Last 6 Years First 6 Years
cQM  FQM M-Est tratio | CQM FQM M-Est t-ratio | CQM FQM M-Est t-ratio
61| -.0433 -.0234 -.0467 -1.877 | -.1008 -.1124 -.0852 -2.440 | -.0851 -.0922 -.0810 -1.136
B2 | -.0393 -.0309 -.0702 -2.796 | -.0305 -.0336 -.0501 -1.373 .0644 .0106 -.0714 -.639
O3 .2644 .2008 .1654 3.329 7840 .6504 .5971 5.526 4192 .3532 3161 2.353
Bs | -.0024 -.0026 -.0028 -5.306 -.002 -.0018 -.0021 -3.590 | -.0028 -.0031 -.0031 -4.389
o2 .0001 .0001 .0001 5.931 .0000 .0000 .0000 5.366 .0000 .0000 .0000 3.998
p 7772 .8283 9140 17.222 .4409 5728 .6265 7.162 .4594 .5942 .6521 4.018
A3 7592 7550 7697 20.665 7133 7460 7638  14.021 7114 7120 7155 13.842
Table 6b. CQMLE, M-Est and its t-Ratio based on Munnell Data: Other Models
Full Data Last 6 Years First 6 Years
CQMLE  M-Est t-ratio | CQMLE  M-Est  t-ratio | CQMLE  M-Est  t-ratio

SL Model

1 -0.0620 -0.0598  -1.8194 -0.1850 -0.1692 -2.5069 -0.0165 -0.0079 -0.1005

Ba 0.0296  0.0105 0.3514 -0.0365 -0.0540 -1.1542 -0.1081 -0.2194 -2.7020

B3 0.3045  0.2480 3.1542 0.9917 0.9012 10.4729 0.3916  0.2369 1.2416

o -0.0025 -0.0027  -4.0988 -0.0016 -0.0019 -2.5384 -0.0018 -0.0018 -2.5330

o2 0.0001  0.0001 9.5094 0.0001  0.0001 8.6974 0.0001  0.0001 3.5254

p 0.5333 0.6132 7.0194 0.1625  0.2448  4.4754 0.2849  0.4801 2.8386

A1 0.2131  0.2046 4.3797 0.2077  0.1991 4.4475 0.3767 0.4134  4.0345

SLE Model

1 -0.0412 -0.0454  -1.6237 -0.0888 -0.0755 -1.8749 -0.1023 -0.0829 -1.1113

0o -0.0364 -0.0675  -1.3981 -0.0197 -0.0373 -0.8777 0.4341  0.0429 0.1011

B3 0.2649  0.1685 1.4418 0.7585  0.5904 5.3430 0.4201  0.3343 2.2261

B4 -0.0024 -0.0027  -3.9247 -0.0021 -0.0023 -3.5416 -0.0025 -0.0031 -3.8491
o2 0.0001  0.0001 5.1623 0.0000  0.0000  4.8590 0.0000  0.0000 2.9107

P 0.7752  0.9092 5.9496 0.4515 0.6189 8.0173 0.3754  0.6123 2.9549

A1 -0.0235 -0.0123  -0.3143 -0.0804 -0.0789 -0.8565 -0.3615 -0.1289 -0.4139

A3 0.7753  0.7757  17.6446 0.7800 0.8015 10.7070 0.8878  0.7789 4.2353

STL Model

1 -0.0383 -0.0343  -1.2882 -0.1367 -0.1072 -3.0105 -0.0791 -0.0727 -0.8560

B2 0.0215  0.0040 0.1641 -0.0158 -0.0262 -0.6303 0.1456  0.0937  0.8758

B3 0.2414  0.1844 2.9434 0.7215  0.5669 5.5058 0.4769  0.4040 4.3346

B4 -0.0011 -0.0012  -3.4687 -0.0014 -0.0017 -2.8457 -0.0017 -0.0018 -3.1086
o2 0.0001  0.0001 6.1872 0.0000  0.0000 5.0666 0.0000  0.0000 4.9172

P 0.7547  0.8474  12.1490 0.4757  0.6365 7.2715 0.4258  0.5700 4.6003

A1 0.6662 0.681  15.2637 0.4890  0.5409 7.9038 0.5533  0.5565 10.9247

Ao -0.6350 -0.6747 -11.3723 -0.466 -0.5797 -6.4991 -0.5343 -0.5775 -4.5748
STLE Model

061 -0.0399 -0.0432  -1.7639 -0.1255 -0.1071 -2.8461 -0.0657 -0.0322 -0.2979

0B -0.0370 -0.0617  -1.3938 -0.0180 -0.0264 -0.5836 0.1254  0.0584  0.5115

B3 0.2146  0.1353 1.2129 0.7684  0.5690 3.7925 0.4517  0.3512 2.5418

B4 -0.0023 -0.0026  -3.5825 -0.0017 -0.0017 -2.3548 -0.0015 -0.0012 -1.1755
o2 0.0000  0.0001 4.5221 0.0000  0.0000 5.0517 0.0000  0.0000 4.2264

p 0.7973  0.9164 6.2388 0.4484  0.6349 5.3390 0.4367  0.6001 3.8399

A1 -0.5538 -0.5566  -5.3667 0.4137  0.5381 3.6888 0.5976  0.6711 3.9109

Ao 0.4985 0.5331 4.8853 -0.4138 -0.5770 -3.6064 -0.5514 -0.6536  -3.4999

A3 0.9074  0.9059  31.9162 0.2058  0.0078 0.0237 -0.1215 -0.3409 -0.6752

45



