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C hapter 2

Fstimation M thods

2.1 Existing Estir ation Methods

2.1.1 LSDV and B orrected LSDV Estimators

The LSDV cstimators of rression parameter 3 and the dynamic dependence
p uneter ¥ in model (1.4) > derived by applying the least squares technique
to a transformed model, where 1e transformation is achieved from (1.4) by using

1
. ’ . . . o« . — g Y
the deviations of variab  from their individual-specific means. Let y; = &ti— <

T T T
_ Y- _ T _ e
Gi-1 = ;‘;&r'—'—‘ for knc . ¥ = ;’:f—” and €; = —2—:17}4—", and fort =1...., 7,

Uit = Yit — Jis Yat—1 = Yot—1 — Yi,—1 Tit = Ty — Iy, € = € — €;. We may then write the

t1 asformed model from (1.4)
Qu =. 3+’7gi,[—l+gihi=1»---»1\’- (21)

Note that as opposed to the odel (1.4), this model (2.1) is free from individual
r. dom effects n;. Next, defi = (Yirs- - yir)s
d /

I, = (i’,], N ,j‘”‘ PO ,.EIL'T) T nd ,X; = (.i‘.,, gi,—l):Tx(p+l)v with

¥i-1 = (Yio,-- -, y,r—1)". Now, by applying the well known least squares method to
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with g = (yn — Yio. Ye2 — Va1, -+ Yin—2 — Yie—3, D) for known y,, where Auy =

O O N wir-1)]. In (2.6), Ae; = [(es — €2), ..., (€ — €,7-1)]". Thus,
(T —-2)(T - )(p+ %) number of moment equations can be constructed to solve for
tt (p+ 1)—dimensional 6 » , which naturally would not yield any solutions. As
a medy, a generalized distar  function such as

1 1

(5 Dawney( i Wile) (2.8)

K =1

is minimized with respect to 6, yielding (p + 1) equations to solve. Here ® =
E[1/K?> SN, Wihe, AW T solution of these (p + 1) equations are known as
the generalized method of mc ts (GMM) estimates.

Note that in the next sectio we provide a new GMM where instrumental variables
are firstly used in a different way to construct (p+1) ordinary moment equations. The
¢ ariance matrix of the m¢ . functions involved in the ordinary moment equations
1s then used as a weight n r to construct a generalized distance function, which is

d erent than (2.8).
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the estimates.

G. M Estimation of 3

o develop the GMM frany >k (Hansen (1982)) for the estimation of .3 involved
in model (1.4). we first note by (2.9) that 3 is contained in the first moment of y,
or foralli=1,....Kandt=1,...,T. So we first write sample based moment

function given by

=1 t=1 \y=0

K T ft-1
W Z ZVJ-FM—J' Yt (2.21)

as reflection of this first order oment keeping in nind that 3 is a vector parameter.

It then follows that
t-1
E(Wh) (Z 7}5171',1—1') Hit
j=0
t—1 t—1
= v (Z vfxi,t_j) (Z vfasi,t_jﬁ) (2.22)
J=1 7=0

by (2.9). Secondly, we write an ordinary distance function

Y1 =Wy — E(IW), (2.23)
so that E[y,] = 0.
Now to estimate 3 involv E(W)), we minimize a generalized distance function
g n by
Qv = i Cyn (2.24)

i ead of solving the ordit 7 stance function (2.23), where (') is a suitable p x p

~1 as the optimal choice under a class of

positive definite matrix, with ; = [cov(y)]

moments based estimation. Note that minimizing the distance function in (2.24) is
¢ 1ivalent to solve the estin r equation

i

oy

op

Cigy =0, (2.25)









estimation. in computing 3, one does not require the normality assumption for the
errors and the random effects. F ther note that if the true distributions of the errors
an  random effects were normal, then Cy = Cyn. This leads to the variance of 4¢aza;
as

Oy OV,

-1
var(Ygarar) = {E—Cwa—v} , (2.37)

wl h naturally is similar to
G M Estimation of o = (07,07

2
€

To develop the GMM fram: rk for the estimation of 0,2] and o, we first note

by (2.10) and (2.11) that ¢, o? are contained in the variance and covariance of
yi. For the estimation of the two parameters, we use the following two moment

fu tions given by

K T
Wa =33 (yie — pa)’ (2.38)
i=1 t=1
and
1T
Wy = _ Z (Yiu — i) (Yit — Hit) (2.39)
=1 u=1t=u+l

for 02 and o?, respectively. S e

K T
EWy) = 33 var(yu)

(2.40)

Il
M=
M=
S

and

- 2 O, (2.41)

v ere o, and o, are given 1 equations (2.10) and (2.11) respectively, we can now

v te two appropriate distai nctions as ¢y = Wi — E(W3) and vy = W, — E(1V))
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we  d reduce to

K 9ol 00,]
Vs = Ov=—| - 2.61
2 [; (90. N 8(1’ ( )
Note that simiilar to the « n ion of 7, one may like to use an alternative esti-

m: ng equation for «, based on a slightly different sufficient statistic. To be specific,

a ' tor of raw second order responses s} given by

ST =i o VY -  Yiuits - - - BT -1 Wit (2.62)

ca be used for such constructic  In the next chapter, we use this approach as well

for studying the properties of t mators. Note however that using the estimating
equation based on corrected order responses is much simpler than using the
estimating equation based on second order responses.

As far as the derivatives u in this chapter for different GMN and GQL esti-
mating equations are concer » provide them in Appendix A. The computational
formulas for ('}, Con and Csn r the GMM approach, and for M,y and ;v under

the GQL approach, are  “ven ppendix B.
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we ave chosen

K =1000,p=2.T = 6;
B =0.50r0.1. 8 = 0.5;7 = £0.8, £0.3.0.01;

02=0.50r 1.0, and 67 = 1.0,

an for the p = 2—dimensional covariates for 1000 individuals over a period of 6 time

pc  ts, we have chosen

with P(Ii” = 1) = 4

Tl = .

0 otherwise

foralli=1,...,1000 and t = ...,6; and
-1.0 fori=1,....K/4;t=1,2
0.0 i=1,...,K/4. t=3,4
1.0 fori=1,.... K/4,t=5"T
Ty =

t/T fori=K/4+1,...,3K/4;t=1,T

00 | i=3K/4+1,...,K;t=13
| 1.0 i=3K/4+1,... K t=4T

T  asymptotic variances computed by using the above covariates and associated
parameters are reported in " + 3.1 when 3; = 3 = 0.5 and in Table 3.2 when

31 = 0.1 and 3, = 0.5.

g2 GMM versus QL (Based on f’ and s})

Note that as opposed to the GI I approach, GQL approach is constructed based
o suitable distance functio r all individuals : = 1,.. ., K. For the developuient
of the GQL approach in Chap 2, we have mainly used e basic statistics f, (2.48)

a 1s; (2.57) to construct the cessary distance functions. Note however that these
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ole 4.3 contd....)

Quantities

o2 v Method SSE ESE SAMSE

03 GQL 74 857x10.0"%7 8.62x10.0"2 7.35x10.073
B2 7.69x10.0"2 7.43x10.0"2 5.92x10.073

v -0.301 5.89x10.072 6.23x10.072 3.47x10.073

GMM 5 495 0.105 0.103 1.11x10.072

B2 0.501 0.102 0.101 1.05%10.072

¥ -0.302 546x10.07%2 5.29x10.0°2 2.99x10.073

001 GQL 5 0.500 8.58x10.07? 8.62x10.07% 7.37x10.073
B2 04 7.93x10.072 7.43x10.07% 6.30x10.07°

v 4. 0.07% 6.36x10.072 846x10.072 4.07x10.073

GMM 3 97 0.124 0.121 1.54x10.07%

Ba 0.503 0.109 0.103 1.19x10.072

¥ 241x10.07%  6.27x10.07% 6.08x10.07% 3.99x10.073

0.3 GQL 4 0.500 8.59x10.072 8.62x10.0"? 7.37x10.07°
B3, 505 8.04x10.072 7.43x10.0°% 6.49x10.073

v 0.2! 549%10.072 7.84x10.07% 3.05x10.073

GMM 5 0.499 0.157 0.154 2.46x10.07%

32 0.505 0.121 0.113 1.48%10.072

5 € ) 596x10.072 5.76x10.0"% 3.65x10.07¢

0.8 GQL 5 0.500 8.58%x10.0"2 8.62x10.0"2 7.36x10.0°3
B2 0.504 781x10.0°2 7.43x10.072% 6.11x10.073

¥ 0.797 2.85%x10.072 3.28x10.072 8.19x10.07°

GMM 5 0.500 0.238 0.232 5.64x10.072

B2 0.508 0.198 0.190 3.93x10.072

v 0.791 4.53%x10.072 4.36x10.07%2 2.13x10.07°

35
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5

Method

0.8

GQL

GMM

o

Quantities

SSE

ESE

SMSE

8.47%x10.072
8.17%x10.072
4.94%10.072
0.149
7.31x10.072
0.172
0.153
4.49%10.072
6.17x10.072
0.207

8.24%x10.072
7.14%10.072
3.61x10.072
9.40%x10.0~2
6.35%10.072
0.167
0.144
4.17x10.0~2
9.32x10.072
0.172

7.20x10.073
6.71x10.073
2.58x10.073
2.26x10.072
5.34x10.073
3.05x10.072
2.52x10.0~2
4.84%10.073
1.45%10.072
5.25% 10.0~2

41






(Table 4.6 contd....)

v

Method

0.8

GQL

GMM

1.013

_— e~

Quantities
SSE ESE SMEw
x10.072 861x10.077 7.84x1lv.u 3
x10.0"2 7.43x10.072 7.29x10.07"
x10.072 3.22x100°2 2.85x10.0°3
).245 0.156 6.86x10.072
9.12x10.07% 6.43x10.072 8.49x10.073
0.231 0.225 5.37x10.072
0.196 0.189 3.89x10.0"2
142x10.072 4.29x10.0"% 2.56x10.073
8.78x10.072 0.161 1.73%x10.072
0.297 0.195 9.86% 10.072
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(Table 4.7 contd....)

v
0.8

Method
GQL

GMM

bad|

Quantities

SSE

ESE

SMSE

-2

8.46x10.072
7.45%x10.072
4.92x10.072
0.147
7.29%10.072
0.172
0.151
4.49x10.072
6.18x10.072
0.207

8.24x10.0~2
7.14%10.072
3.62x10.072
9.39x10.0~2
6.35%x10.072
0.167
0.144
4.17x10.0°2
9.32x10.072
0.172

7.18x10.07°
5.55x10.0~3
2.55x10.0~3
2.22x10.072
5.32x10.07%
2.97%x10.0°2
2.39x10.072
4.84%10.073
1.45%10.072
5.28x10.0~2







(Table 4.8 contd....)

Quantities

ESE

SMSE

v Method
0.8 GQL
GMM

8.84%10.0°7
7.60%x10.072
4.16x10.072

7.64x10.072
9.54 % 111.0~2

4.42x10.072
8.79x10.072

8.61x10.072
7.42x10.072
3.22x10.072
0.157
6.40x10.072
0.225
0.189
4.29%10.072
0.161
0.195

7.82x10.073
5.79%10.073
2.19x10.0°3
6.05%10.072
5.93x10.073
5.37x10.072
3.81x10.072
2.56x10.073
1.74x10.072
9.89x10.0°2

u
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(a.11)

(a.12)

(a.13)
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var|(ya

COV[ (yiu

var(yityi,t+l)
COV(Yiuiut1, YitYit+1 )

Vr‘r(yu)

var (Y Yir )
cov(y?,, v3)
cov(yz,, yitYa)
cov(Yiulit» YitYim)
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phat) Wi 41 = Hig+1)] = U?t,t+1 + CinnOit,t+1 (b.9)

;ufiu) ‘ S M ;u'i,u+l); (yit - Nit)(yi,Hl - ,Ui,t+1)] = OiutTiu+1,t41

+ 00t +103t ut1 (b.10)
paie)’] = 20%, (b.11)
fin) o= Hit)] = 0oy + TinnOin (b.12)
pin)®, (yie = )’ = 207, (1L.13)
HW)zv (Yie — tae) (it — pat)) = 2005w (b.14)
fhie)(Yat = Hit)s (Yst — i) (Yim — fim)] = TsuGitm + Tium it

(b.15)

2 2 2
Titr1 T OittOit+1p41 + HyOitr1, .+ My Tiee + 2L it 41058 141

(b.16)
it -1t41 T Oiut 105t ur1 T Hiwflit+10it utl
+ Ui Ciugitl T Hiut 1 it Oiugt+1 + Hiut 1 4it+1 Tt (b.17)
20" + dpjoum (b.18)
Op + OiaTitt + Mo Titt + 130 iun + 2fbinfhitOint (b.19)
200 Mgt Oin (b.20)
20005 + 2iu it Ot + 2fbintbit Oiut (b.21)

Tiult v+ CaumOin

+ HimTin t ReufbilTitm + it O iwm + Mt fim Tiul (b.22)



















