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1. Introductien

Data on a mmber of individual units (firms, households,
geographical areas, etc.) over aeverallperiods of time are becoming
increasingly available. .VEry often we would like to use such data
10 estimate & hehévier relafionship containing an autoregressive com-
ponent, due, possibly, to a distributed lag or other dynamic factor
affecting economic behavier. In an earlier study {3], Balestra and
thé;present author studied the demand for natural gas using dats on
36 states of the United States, over a six year period. We encountered
& number of rather seriocus methodological problems in attempting to
estimate a distributed lag model which appear to be of more general
interest in view of the graéing availability of data for individual
units over several time periods. This paper reports the second of
a series of experimental studies designed to explore the general mew

thodological issues involved in studies of this type.

The first series of experiments, reported in [16], dealt

with estimation of the following simple model:
(l) yit =ay1t_1 +uit ? i = l, sesy E 3 t = l, ey T ?

vhere the Ugg are uncbserved random variables such that
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In typical economic application the nunber of individuals, N , is
-much larger than the number of time periods, T , and #n the first
set of experiments and in those reported here N has been chosen

two and one-~hslf times as large ags T :

e 25

Tcl@'.‘

The random variables LI vhich disburb the autoregres-

sive relationship (1), are supposed to represent the net effects of
variables 1t has not.been possible to inelude explicitly in ﬁhe
analysis. When one considers & pure cross-section and fits, for
example, a simple linear relationship to the data, it is standard
practice to assume that the large number of factors which affect the
individusls in the sample and the value of the-dependent variable

observed for each of them, but which have not been explicitly included



as independent variables, may be appropriately sumarized by a random
disturbanee.l/ The assumed stochastic mechanism generating the dis-
turbances becomes, then, a basis for econcmetric analysis. To be
gsure, it is important to consider carefully just what the disturbances
may or may not represent, but their stochastic nature is = necessary

assumption for econometric analysia.g/

When time-geries data are considered a similar argument is
mqé? for the inclusion of stochastic disturbances in the relation or
relations to be estimated. So much is well-known and widely under-
stood, but when numerous individual units are cbserved over time the
problem of specifying the stochastic nature of the disturbances becomes
conceptually more diffi@uitoi it is clear in the abstract that scme
of the left-out variables will represent factors peculiar to both
the individual units and the time periocds for which observations are
obtained; while cther variables reflect individual differences which
tend to affect the observations for a given individual in more-or-
léss the same fashion over more than one, and perhaps all perieds of
time. Still other variasbles may reflect factors peculiar to specific
time veriods but affecting individual units more-or-less egually.

A three-component model naturally suggests iteelf:
Vi TRy F Ayt Vg

pi' represents the more-or-less time-invariant, individusl effects,

Lt represents the period-apecific and more-or-less individusl-in-

variant effects and v represents the remaining effects which are

it



assumed.to vary over both individuals and time periods. The fundamen-
tal question which must be answered prior te econometric analysis is

whether or not to treat By and Lt a3 parameters or as random vari-

gbles. If we treat them as parameters, we may or may not wish to es-
timate their valuea explicitly; if we treat them as random variables
we may, of course, only estimate certain moments of their joint dis-
tribution. This question is not a trivial one, for it makes a sur-
prising amount of difference in the estimates of the other parameters

in dynamic relations depending upon which approach is adopted.

The model, (1) and (2), investigated in the first series of

experiments assumed peried, individual-invariant effects, lt » to
be absent, and that By and .vit were uncorrelated random variables

with zero means. The assumed absence of period effects is largely
a question of judgment in any particular applieation; however, vhat
happens to the estimates when such effects are erroneously assumed
to be absent will be the subject of further investigation. That

By and v are assumed uncorrelated is essentially definitional

it
and involves no loss of generality. The assumed absence of serial

correlation among the Vie is more fundamental. When the random

variaebles u are arranged in vector form, first by individuals,

it

then according to period,

u = (ull, cwog ulT, U.El, [ EN] U.2T, so0y uNl, s ey uNT)I F
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it Ean be seen that the variance-qovarianee matrix of these variables

takes the following form:

r.A. 0 ... 61
| 2|0 a..0
(3) Euu. = - » .
LP ¢ PN ﬁ_
2 2 2
vhere 6 = oﬁ + 0,
1 D see P
D 1 e 9
A= 1
@ P oeee 1
and
2,2
p.= UH/U

The parameter p 15 the so-calle& "{ntra-class correlation coeffi-
cient" of the classical random-effects model in the analysis of var-
iance (5, pp. 222-26]. (The-model in this form was used by Kuh [13]
in his work on the relation between time-series anﬁ ereoss-section es~
timates, except that he did not assume that the individual effects,

Ky , and the time-varying effects, were uncorrelated.} It

Yiy 2

can be seen that the assumptions made concerning the L amount to

the assumption of a very specific form of serial correlation; indeed,

one might argue that the model ie simply aﬁ approximation to & more



realistic one which allows rather pronounced serial dependence among
the disturbances for the same individusl, but only a negligible amount
of dependence among disturbances fér different individuals. To achieve
a good spproximation, it mey be necessafy to allow, for example, some

negative serial correlation among the disturbances v for the same

it
individual to counter-balance the exceptionally rigid formulation

invelving the random effect By assumed to persist for all time

pericds over which a given individual is observed. The effects of
mis-gpecification in this direction will also be investigated at a

later date.

The question of whether or neot the lndividual effects may
e treated as constant paraméters for the purpose of statistical
analysis is related, not only to the nature of the approximation dis-
cussed above, but alse to the underlying mechanism assumed and the
purpose of the analysis. Thus, for example, consider a number of
individuals; for each of these we suppose some stochastic mechanism

chooses certaln individual effects, Hy and another mechanism chooses
& namber of further disturbances, T for each. These two effects

are then summed to give us NT disturbances, T for each of N in-
dividuals. If we think of extending the sample by € perieds for

the same individual units by choosing € more viy's » Dut retaining
the same CH with vhich we began, it is apparent that something use-

ful can be said abeut the new observations by explicitly estimating

the values p; , 1i=1, ..., F, i.e. treating these as parameters




in the preblem. This iz analogous to the problem of predicting from
a reéression equation in which the disturbances are known to be ser-
iall& correlated. For such prediction it is helpful not only te have
good estimates of the coefficients (i.e., estimates which take account
of the serial correlation of the disturbances), but estimates of past
values of the disturbances themselyes.zj Ehtimatien, however, is not
quite the same as prediction and it is far from clear that treating

thé pi's ag parameters will lead to good estimates of the true para-

meters of the system. Indeed, 1t was found in the series of experi-
ments reported in [16] that eatimates of a blased downwards were

cbtained when each By was estimated explicitly. If the standard
econometric approach is taken to the disturbances Uy s WO part,
not 'even the i, should be regarded as non-stochastic or fixed in

repeated samples. Treating part as if it were fixed, but unobserved,
is one possible approach to estimation, but it is only one and it

is far fiom clear a priori that it is better than some other approach.

Several recent investigations have examined the question
of estimation in models similar to (1) and (2). Wallace and Hussain
[19] and Hussain [11] consider estimafion of ﬁon-dynamic relationships
from cross-sections over time; in the latter, various approaches ap-
plicable.to simultanecus equations are considered; the former, and
evidently more recent paper, compares analytically a method equi-

valent to treating m, (and M ) 88 paramétefs; andione based ex=

prlicitly on notion that these are random variables.’ In:the second

case, estimates of the moments of By and v, (and My ) are obtained

from the calculated residuals of an ordinary least squares, and the estimated



variance proportions arethén used totransform the data before running a second
regression. Wallace and Hussain show that, provided the moment matrix
of the independent varisbles (all assumed non-stochastic) tends to a
positive definite matrix es both N and T tend to infinity, both
methods lead to asymptotically equivalent estimates with asymptotically
equal variance-covariance matrices. Under sultable additional assump-
tions, both methods yield asymptotically normal estimates. Wallace

and Hussain do not consider situations in which a lagged value of the
dependent varisble is one of the explanatery variables. Unfortunately,
examples of this sort are exceptionally common in the analysis of
economic data, and a great deal of complexity is introduced into the

problem when & dynamic structure is postulated.

Amemiya [1] has ceﬁsidered the problem of estimating a model
such as (1) and (2), i.e., one including & lagged value of the depen-
dent variaﬁle. Hié model alse includes truely exogenous variables
as explanatory as well. Amemiya obtains the agsymptotic distribution
for fixed N and T + e for the following three estimates of the
regression coefficients: (1) Maximm-likelihood; (2) least-squares,
assuming the u, &re fixed éonstants; and (3) generﬁlizea least-squares
vased on a consistently estimated value of p‘ (vhat I have called the
two-round estimates) or even one vwhich is arbitrarily guessed. Not
unexpectedly Amemiyé gshows ‘that it is impossible %0 obtain separate
qonsistent estimates of p and o’2 when N i1s fixed. That this
is so should be intuitively obvious since the distributional properties

of the random variebles can hardly be determined with greater precision



es the sample size is increased as long as the gample size is not
permitted to increase in a direction which could yleld more informa-
tj.t;ﬁ in this connection, i.e., with respect to the number of indivi-
duals. When both N and T eare allowed to terd to infinity, Amemiya
shiows that all three estimates are consistent and asymptotically ef-
ficilent provided that the moment matrix of the independent variables

converges to & positive definite matrix, regardless of the Way in

vhich N and T increase.t/

Asymptotic results are useful largely to the extent that
they can serve as a gnide to what we may find in the samples of small
or moderate size with wvhich we typically deal in econometrics .2/

It is apparent that the fesq}.ts of Wallace and Hussain and Amemiya
may net serve us well in thié respect since, asymptetically, they

do not distinguish between various estimation procedures. Indeed
Amemiya's results suggest ordinary least-squares, with no allowance
for unobserved individual differences are a.symptotiea:lly as good as

| full maximum-likelihood, two-round procedures using an estimated value

of p , and methods based on treating the By a8 constant parameters

to be estimated, Since it was found in [16] that ordinary least-squares,

either ignoring the p i's or treating them as constants to be esti-

mated, gave exceedingly poor estimates of & for relevant sample:
sizes, it is apparent that ‘existing large-sample asymptotic results
are not helpful in problems of this sort. Consequently, I believe

that Monte Carlo experiments of the sort described here and in [16]
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may serve a useful purpose in increasing our understanding of the pro-
blems of estimation of dynamic economic relations from a time series

of croag-sections.

In the experiments reported in [16] no exogeneous variable
was included. This not only made it impoasible to ascertain the pro-
perties‘of instrumental varisble estimates and related two-round pro-
cedures, but may very well have significanﬁly affected thé properties
of those estimates vhose distributions were investignted.él Indeed,
as we shall see belov the relative performence of full-maximum like-
lihood end two-round procedures is affected by the inclusien of an

exogenous variable.

Five'methode  of:estidmation werw compared in the $nitial
get of experiments:

(a) Generalized least-squares estimates employing the true value

of p (used to generate the cbservetions).

(b) Ordinary least-squares estimates, which are the same as

() for p=0.

(¢c) least-squares estimates of « and an over-all constant term
obtained from regressions containing individual constant

terms, i.e., analyses treating the u, es parameters to
be estimated.

(d) Two-round estimates based upon a value of p estimated by

means of the individual constants from (c) by computing a
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variance of these constants and forming the ratio of this
estimate to the sum of this estimate and the estimated re-

sidual variance of the regression, i.e., the same as (a)

AR 2 ~2
but usin = o o) .
g o=0/(g +3)

(e) Maximum~likelihood estimates based on a search procedure

for p in the interval [0, 1) .

In [16] it was noted that, for fixed N , the estimates obtained

by (a) and those obtained by (c) tend to a common valne. For N, T+ w
such fhat N/T + 0, estimates (a), (d) and (e) tend to a common value
in prdﬁdbility, albeit the estimatés.maf have different asymptotic
distributions. Thus, asymptotic theory casts relatively little light
on the cemparativé'small sample properties of the estimates. In the
experiments reported in [16]5 the following &onclusions regarding

these small sample properties emerged:

1. Despite the small number of cbsservations over time, the small
sample bias known to exist in the estimation of auboregressive
schemes is surprisingly small for generalized least-squares
using the true value of p . While this method is ngt ohe
whick may be used in practice, the result does indicate the
importance of information concerning the value of p and

the great relevance of that information in estimation.

2. Ordinary least-squares estimates of « are sériously biased

upvwards when p 18 different from zero.. The corresponding



estimates of 02 based on the calculated residuals from an
ordinary least-squares regression are strongly biased towards

ZeT0.,

3» Leesst squares with individual constant terms ylelds estimates
of a biased towards zero. Furthermore, the implied esti-
mate of p , based on the "variance" of the constant terms

and the estimated residual variance, is biased upwards des-

pite the fact that the implied estimate of oa = oﬁ + a% is

also biased upwards.

k., fThe distribution of the two-round estimates of @ and the
distribution of the maximum likelibood estimates are very
similar. There is some bias downwards for large true «
and some upwards for small true @ ., The estimates of o‘2
are highly erratic for the maximum-likelibood methed and
some vhat less so for the two-reund method. The very implau-
g8ible behavior of the maximum-likelihood method found in the
study of the demand for natural gas [3] was not, however, re-

produced in the experiments.

The experiments reported below differ from the earlier series
in three respects: First, an exogenous variable is Iintroduced in the
relationship to be estimated. Second, the presence of an exogenous
variable gllows us :t-.o explore the behavior of 1nstnmental=vafiable
estimates and of two-round estimates based on an instrumental variable

first stage. Third, a gradient procedure for obtaining the maximum-
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likelihood estimates is used, The findings confirm the bias of the
ordinary least-squares estimates and those based on least-3quares
with individual constant terms. Furthermore, contrary to the conjec-
ture expressed in [16] that the curious behavior of the maximum-like-
1lihood estimates found in [3] could probably not be reproduced without
the introduction of specification error, we find here that such be-
havior occurs with non-negligible frequency when exogenous varlables

with the sorts of time paths assumed here are introduced.



2. Design of the Experiments

Generation of the observations. -- Except for inclusion

of an exogenous variable, the model used to generate the observations
was that previously employed. Arranging the observations first by

individual, then according to peried, and defining
y = (yll, revy le) ey ym) Tty YM)| H
Y_l = (y10: veey le—l, teay ym) 2oy ym_i)' ’

xz(x ..-,J’C

1
11 R L XHT? s
0= (ull, LE XN ulT, sey um, teey U.NT)' »

the model becomes

(1) y =0y  +Bx+u.
A 0...0]
0 A. 'R 0
(2) E‘uu’ = 02 - . -. = 629 ]
(0 0...A]
1 P esa P
P 1 ..6 0P
Where Aﬁ * . " -
Le P oeen 1]

The first step in the generation of the observations for

2
various sets of parameter values o« , B, p, and o was the
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generation of a set of exogenous variables, held fixed through the

entire get of experiments. While a set of real exogenous variables,

say state employment figures over the last 10 or twenty years, cculd
have been used, there are several advantages in using an artificially
generated series. The exact characteristics of the exogenous varisbles
may be controlled if they are artificially generated. This means

that the series may have many of the properties of real exogencus
variebles, serial correlstion, trend, and the like, without scwe of
the undesirable properties found in particular series. To he sure

we have to live with these undesirable properties in real estimation
problems, but, in real estimation problems, we generally have more
than cne exogenous varisble. The extreme smoothness and trend.like
character of, say, state employment figures is not characteristic

of some linear combination of, for example, these, prices, and Weather
variables. 8Since the nature of the exogencus varlables present may
quite profoundly affect that character of the estimates cbtained by
vafious methods, it is important, not only to know this nature exactly,
but:te be éble té vﬁry it systematically. Such variation is not at-

tempted here, but will form the basis of subsequent experiments.

The exogenous variables wWere generated by‘choosing a random

variable ® , uniformily distributed on the interval. [-1/2, 1/2]

end forming



TABLE 2.1: Values of

‘the Exogencus Variables

1 & 3 % 5 6 7 8 .9 10

11 12, 131k 15 . 16 17..18 19 20

-
\Om-dc\\n-l:'\.ﬂfol-‘“

W M0 N PR E K R e
VEF U R OWmaomEw P ED

1.36 0.77 1.1l 0.66 1.22 0.95 1.01 1.28 1.75 2.1k
3.58 1.58 1.05 0.87 0.67 0.8% 1.58 1.52 2.01 2.18
8.50 4.35 2.55 1.19 1.20 1.53 1.09 0.93 1.23 1.5k
5.59 2,57 1.47 0.78 1.1% 0.68 0.89 1.30 2.03 1,88
0.33 0.43 0.67 0.65 0.43 0,99 0.72 1.47 1.81 2,23
6.24 3,65 1.93 1.08 1.15 0.79 0.77 1.29 1.43 1,54
9.92 5.5%3 3,09 2.26 1.72 1,91 1.75 1.45 1.28 2.06
9.96 5.27 3.29 1.75 1.T7 1.36 0.90 1.31 1.23 1.h7
7.55 3.56 1.98 1.4l 0.97 1.39 1.32 1.35 1.62 2.01
2,00 1.05 1,10 0,77 0.7% 0.77 0.89 0.98 1.45 1.54
1.49 1.19 0.5% 1.10 1.00 1.58 1.38 1.96 2.0% 1.58
4.99 2.48 1.28 0.85 1.%0 1.70 1.78 1.55 1.99 2.43
7.83 %.29 2.83 2.25 1,20 1,05 0.78 0.85 0.97 1.20
9.61 4.61 2.4k 1,37 1,49 0.97 1.09 0.94 1.43 1.83
9.37 4.43 2,11 1.67 1.43 1.35 1.15 1.41 1.34 1.86
9.18 4.79 2.88 1.35 0.83 0.68 1.1% 1.50 1.72 1.66
3.58 2.50 1.49 1.38 0.9% 1.20 1.67 1.41 1.28 1.87
8,49 k.57 2.32 1.60 1.55 1.11 0.9% 1.0k 1.82 1.70
9.63 4.85 2,74 1.32 1.52 1.63 1.58 1.80 2,14 1.95
6.52 3.53 1.78 1.74% 1.18 0.81 1.34 1.60 1.65 1.51
b,48 1.96 1.25 1.37 1.59 1.85 2.10 2.31 1.59 2.29
3,38 2.29 1.17 0.8% 0,76 1,11 1.02 1.0% 1.8l 2.22
8.00 4.18 2,21 1.39 0.73 1.19 1.6k 1.33 1.94 1.77
1.19 0.49 0.53 0.62 0.35 0.73 1.1k 1.15 1.23 1.26
T.2L 4,04 2,00 0.95 0.55 1.32 1.22 1,75 2.18 1.61

1.99 2.34 2,25 2.33 2,94 2.57 2.49 2.7h 3.53 3.67
1.70 2,13 2,34 2,66 2.86 2.73 3.25 3,55 3.43 3.54
1.96 2.00 2.74 2,48 2.62 3.17 3.16 3.64 4,11 4,51
2.20 2.75 2.83 2,77 2.99 3.52 3.56 3.67 3.67 3.63
2,51 2.39 2.06 2.3% 2.35 2.43 2.45 3,24 3,11 3.93%
1.97 2.35 2.06 2,83 2.81 2.58 2.93 3.29 3.13 3.28
2.35 1.96 2.43 2,59 2.86 2.77 3.31 3,46 4,12 L.02
1.71 1.89 1.98 2,53 2.69 3.12 3.50 3,33 3,7h 4,02
2.%6 1.90 2,15 2,71 3.16 3.6L4 3,12 3,50 3.58 3.%2
1.68 2.47 2,29 2,87 2,96 3.50 3.76 3.59 3.65 363
1.65 2.0k 1.91 2.10 2.35 2.31 2.67 3.11 3.4l .53
2.64 2,90 2,43 2.69 3.17 3.66 3.97 3.61 k.11 3.83
1.84 2.07 2.25 2,76 2.46 2.78 3.19 3.40 3.97 3.82
1.52 2.39 2,01 2,14 2.4 2,140 2.46 3.07 3.18 3,11
1,55 2.19 2.00 2,61 2.66 3.26 3.55 3.32 3.55 3.60
1.59 2.3% 2.73 3.18 3.13 3.53 3.68 k.03 3.52 3.53
2,21 2.68 2,68 2.69 2.65 3.00 3,00 3.40 3,14 3.24
2.21 2.64 2.45 2,92 3.27 2,77 3.17 3.67 3.69 3.86
2.57 2.12 2.63 2.34 3.14% 3.4k 3,03 3.64 3.90 h.hl
1.67 2.26 2,33 2.82 2.95 2.87 2.87 3.31 2.57 3.80
1.9% 2.23 2.8% 3.21 2.95 3.41 3.15 3.77 3.55 4.19
2,28 1.90 1.85 2.57 2.46 2.86 3.06 3.70 4.21 3.92
2.08 2,41 2,94 2,45 2.80 2.57 2.68 3.18 3.16 3.62
1.98 2.47 2,73 2.73 2.%6 2.68 3,31 3.81 3.58 3,60
2,13 1.85 2.63 2.57 2.64 3.25 3.65 3.89 4,18 3.67

E9“L'.=.—.
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vwhere the value Xio Was chogen as 5 + lgwio .+ This wasg done for

i1=1, s+, 2 and ¢t =1, +s., 20 ., In the experiments reported below
K=25, but T =10 . The additional 10 exogenous variables were used
in & manner described below. Values of the exogenous variables used in

all experiments and for all parameter values are given in Table 2.1.

The next step in each repetition was the generation of random

varisables L with variance-covariance matrix given in (2). Since

the maximum-likelihood estimates, the properties of which are explored
below, are based on the assumption of normality, and since specification

error was not being investigated in this series of experiments the uit'a

were assumed to follow a miltivariste normal distribution. G@Given values

for - UE and p there are two ways in which random variables u may

it
be computed starting with indépendent random varisbles uniformily dis-
stributed on the interval [0, 1] . From the uniformily distributed

_ raégem variables it is easy to obtain independent normal variables with
Zero mean and unit variance.z/ At this point there are two posaibﬁlities:

Suppose we wish to generate 500 values W

We may first choose 25 ui's such that
2.
Hy 7 §(o, pa°) ,
then obtain 500 v, _'s such that

it

2
.vi't - N(O, (l‘p)a ) ]

iﬁl, 100,25, t=l’ oal’20°
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and finally form

uitzpi.l-vit’ il"—l, [E XN 25, t.—-l’ “ony 200

An alternative to the foregoing is to transform the sequence
of independent normel, zero mean, unit variance random variables, call

these wj , Gireectly into & vector u having the desired variance-

covariance matrix, 8 in (2).

In general, the best way in which to cbtain a vector u coming
from a population N(6, @) on the basis of a series of random variables

v, - n(0, 1) is to make use of the unigue decomposition of any real,

positive semi-definite matrix into the product of a lower trianguler

matrix end its transpose:
(3) 0’0 = T .

Then u = Tv + & ~ N(©, oga) vhere each element of w is n(0, 1) .

The elements of T may be found by & simple system of recursions,' Sach
a general solution to the problem, however, does not permit one to take
advantage of the very eimple structure of Q , in particular of the
fact that it depends on only ﬁwo éarameters. Thus, it is preferable

in this case to make use of the square root of 1 defined as the matrix
with characteristic roots equal to the square roots of the characteristic
roots of § (all real and positive because of the positive definitgness

of Q).
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1

To obtain 92 , one makes use of the orthogonal transforma-

tion

e' NT

©

(%) c =

vhere e is a Txl vector consisting entirely of ones and Cl is a
T-1 x T matrix such that

—

Gle = 0

(5) 9611 = Tpg

lfipl = I, - ee'/T

As shown in [;]:

- =
£ 0 ... 0
. o 1
(6) GPCAC' = | . .
= 0 0 ..ll‘]
where
2
t =0 ((L-p)+ Tp]

N ‘ |
: q = o(1-p) .

'I'hua we bave

POj-.

(8) on” =

lOtooo )
o
'S
-
'Y
Weee® ©
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vhere each of the K Dblocks B dis a T x T matrix of the form

(9 B = C' aiagWE, ¥, ..., Va)c

R

2

Thus, an element of the NI x 1 vector u is obtained as

P
(10) uitafLiT'—J-—;lk)ilwk+J§wt, t =1, eos, T,

where Wis see, Vip is a seguence of independent normal varlables with

zero mean and unit variance. Rote that N such sets ef 'Tw's are re-

quired to generate the full KT x 1 vector u .

It is important to note that the uit's generated in either

of the twe ways have exactly the seme distribution. Given & particular

starting point for the random number generator used to obtain the ini-
tial uniformly distributed pseudorandom numbers with which both methoeds

begin, the actual u,'s generated will differ in value (since the

original pseudorandom numbers enter in each somewhat differently),
however, the distributions will both be N(O, @) . Bence, there is
no way cne could distinguish between two sets of such numbers, one

" generated one way, the other in the other fashion. The only ground

for choice is thus computationsl convenience. Obtaining the uit's

by the first method requires the computation of N + NT wvalues of

two different random normal variables and NT additions, whereas
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the computation of the uit's by the second methed requires only

NT values of a random zero-mean, unit-variance, normal variable and

N ; NT additions. 'Thus, the second method trades N additions for

the:generation of N additional random values. Given the complexity
of the pseudorandom number routines it is obviously a considerable

computational saving to use the second method.

@Given the valueas of the exogenous variables, fixed for the
entire series of experimenis, and glven the disturbances, computed
for each repetition of a single experiment invnlving cartain parameter
values, the next step is to compute the values of the series y and

Y- for each individual and for the numwber of time perieds, T, in-

volved in the experiments. Were the relatiomship to be estinated a
pure autoregression, as in the firast series of experiments reported

in [16], it would be easy to choose the starting value Yjo 1n such

a %ay that its variance would be exactly the same as the variance of

any other Yi¢ for the same individual. However, the presence of

an exogenous variable complicates matters. The initial value yil

was thken to be

(ll? Yqq = BXyq +

which would yield an appropriate value for B = 0, 1i.e., no exogenous
variable present. Then; however, 19 more velues were generated and

the first 10 discarded in forming the vector y , +the first © in
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forming the vector Yy s and correspondingly the first 10 values of

X vere also discarded in forming x .

it
The procedure described was repeated 50 times for each set
of parameter values, &, fi , @, and 02 chosen, giving, for each

_ repetition, three vectors vy , Yy s and x , each 250 x 1.

Parsmeter values. -- As indicated above, in all experiments

reported here T =10 and N = 25 ., The parameter « was taken to
have values 0.10, 0.30, 0.50, 0.T70, and 0.90. For each such value,
three values of P were examined: f =0.0, C.5, and 1.0. For
each of the 15 combinations of o and 6 , the following values of
p were investigated: p = 0.00, 0.15, 0.30, 0.45, 0.60, 0.75, 0.90,
and 0.95. ‘Throughout 02 was set equal to 1. Although a constant
term was estimated, the true constant was assumed to be zero. Thus,

eltogether 120 parameter combinations were examined in the experiments.

Methods of estimation. -- For each of the 120 paramefer com-

binations chosen, six methods of estimation were considered:

(a) Generalized least-squares estimates employing the true value
| of p used in the generation of the observations. An esti-
mate of the residual variance, 32 , was obtained by a slightly
modified form of the standard formuls for an unblased esti-
ﬁator of 02 .Q/ The modification was simply not to make the
-usual adjustment for loss of degrees of freedou. This led

to an estimate slightly {but very slightly since NI = 250 )
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biased downwards, buf comparable with the maximum-1likelihood
estimate of 02 . Generalized least-squares is, of course,
not a practical method of estimation since the true value

of p 1s unknown; however, it provides a useful standard

of comparison. We refer belew to this method as GLS.

(b) Ordinary least-squares estimates of the relation (1) of this
section, i.e., not including individual constant terms.
Again 02 was estimated without adjustment for leost degrees

of freedom. We refer to this method below as OLS.
(¢) lLeast-squares estimates of the parameters in

N
(12) Y =0y 5 +Bx + ]Elpiti + v,

where the u; are N constants, ty iz an NT x 1 wvector

congisting entirely of zeros except for the ith individual

and then of ones, and v = (vll’ ooy Vyps cres Vgpo eees vﬁT)J .

An estimate of 02 was obtained from the usual estimate of

the residual variance c:i in (12), unadjusted, however, for

loss of degrees of freedom, and the estimates of the paremeters
-~ i

RIS
(23) PR . . P
N v

An estimate of p was cobtained as



(14)

(15)

(16)

(4)

(e)
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A Y2

r ?‘i

S 6, - i

- 5 i N
c K

~2
fo .
We refer te¢ this method below as 1.37.

Instrumental-variable estimataes using as an instru-

X4l

ment for yit-l « The intraclass correlation coefficient

was estimated from the calculated residuals, Git by

Ls(rea,) -4 L&

. T yo1 te1 IF NT 1 g1 1t
1 NTG

where
N T .
! ie
R _ 1=l t=1 9/
- ET .

Standard errors of the estimates were computed from an esti-
mate of the asymptotic variance-covariance matrix suggested
by Sargan {17, pp. 396-97]. Ve refer to this method below

as IV.

"Two-round” estimates equivalent to generalized least squares

using not the true value of p but the eatimate Ty ob-

tained in (c), & lesst-squares regression with individual
constant terms. Standard errors for these estimates were

not compuﬁed.lg/ We refer to this method below as 2RC.
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-(£) "Two-round” estimates similar to (e) but using r
estimate of p based on the calculated residuals from the
instrumental variable estimate of equation (1) as given in

(15) above: Standard errors for these estimates were not

computed.lg/ We refer to this method below as IV.

(g) Maximum-likelihood estimates obtained by maximizing the

logarithmic likelihood functions

(17) L(dy B> 7, P 02) = - Eé 108 2T- % log 0_2-,122}: logll - p + Tpl
._(_T_ll 1o (l - ) 2 % 2
& P 2 = [l»p-i-'I‘pl[t l
T 2 T
1 - 1 2
- T(l-pj(tgiuit) T T-0) ;? 1]

where T = 10 , N=285 3 and

Ugg = Vg =~ Wigay =~ PXyp =7

with respect to all the unknown parameters. Note that a
non-zero constant term, ¥ , is allowed for. Asympitotic
standard errors were obtained from the standard result for
the asymptotic variance-covariance matrix of maximum-like-

liheood estimates:
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3% %L 3%, L ¥y |7
%L, 3°L 3°1L 3%L, %L
mﬁ BBE 5557 Sﬁsﬁ aBa 02
3%L %L Q_Q_L_ 3L 3L
%3y Py 3,2 M 337
3L BEL 5211. 3%, 621.
mD 5559 6730 3 pg dpd 02
3%L 2% %1, %1, 2%y,
3D WP Pd® IR 3(eD)?

where the partial derivatives of the logarithmic likelihood
function are evaluated at the maximum-likelihood estimates

@, 8, 7, #, and & . The method used to obtain the
maximum of the likélihood functien was that suggested by
Fletcher and Powell [6] and programmed in ALGOL by Wells

[20] vith the modification suggested by Box [4] for incor-
porating the constraint that p 1ie in the interval [0, 1) .
To engure that 32 would be positive the simple device of |
maximizing L with respect to ¢ instead of 02 was adopted.

The method of bounding § was to meximize L with respect to

8 = [arcsin «pl
or

p:.-sinae R
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Clearly © may range over the entire real line whereas

g = 8in 29 must lle between O and 1. The problem is that

L will have multiple maxima (albeit widely separated) with
respect te @ since 8in @ i3 a periodic function. .Howu
ever, the method of Fietcher and Powell is & local procedure
and the estimates were taken to be the firast point at whieh
a local maximum of I was obtained. As a starting point
for the maximum-likelihood estimation procedure the egtimates
of @, B, 7, and o® from 2RC, method (e) sbove, and

the estimate of p , r_, from method {c) above, vere used.

We refer to this method below as Mi..

When & boundary point maximum of the likelihood function
oceurs the usual formmls for the ssymptotic variance-covariance matrix
given above 1s no longer valid. Indeed the mairix of second-derlvatives
need not be negative definite at a boundary maximum. It is possible
in such cases that the inverse of the information matrix has negative
diggonal elements. Hence, in all cases (and there are a great many
for B =0 ) in which a boundary maximum (always § = 0 } occured,
the computation of asymptotic standard errors was omitted; To check
many of the boundary maxima a search procedure similar to that used
in {16} was employed. The solution by the method of Fletcher and

Powell was validated in every case checked by search.



3. Comparative Properties of Different Estimation Procedures

For each of the methods of estimation described in the pre-
ceeding section and each choice of parameters, 50 sets of observationg
and estimates were generated in the manner described. To characterize
the distributions of coefficient estimates, the mean, mean-square error,
minimwe, first quartile, median, third quartile, and maximum were com-
puted. When estimated standard errors were computed, their distribu-
tions were characterized in the same way except that the variance of
the distribution was computed rather than the mean-square error. The
reason for computing the variance rather than mean-gguare error in
these cases was simply that the "true" standard error was generally

unkncwn.££/

Appendix Tebles A.l1-12, B.1-12, and C.1-12 summarize these
results. The sets of tables A, B, and C refer to the value of £
chosen, respectively 0.0, 0.5, and 1.0. The case P = 0.0 is an es-
pecially interesting one inasmuch as the specification error invelved,
namely including a variable when it should be excluded, is one’seldam
analyzed. The first seven tables of each set present the means and
mean=-ggquare errors of the estimates of @, B, 7, 02 and, where
appropriate, p , for various combinations of the true values of the
parameters 'and p - Each tsble covers a different estimation pro-

cedure:

1. Generalized least-squares estimates (GLS);
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2. Ordinary least-squares estimates (OLS); |
5. Least-squares estimates with individuél constant terms (LSC);
k4, Two-round estimates using p from LSC (2RC); |
5. Instrumental-variable estimates using X Vas the instrument
for y ., (Iv);
6. Two-round estimates using $ from IV {2RI);

7. Maximum-likelihood estimates (ML).

The remaining five tables of each set give the means and variances
of the computed standard errors of the estimates of a, B , and

y for the corresponding combinations of the true values of & and
p . Standard errors were computed only for five of the seven types
of estimates considered: @GLS, OLS, LSC, IV, and ML. Maxime, minima,
and quartiles of the distributions are not reported in this paper

although they were computed.

To facilitate comparison of estimation procedures, the re-
sults are discussed under three headings: bias, relative mean.sguare
error, and characteristics of the maximum-likelihood estimates. The
computed standard errors are discussed only tangentially and then with
reference to how well they serve, or do not serve, to indicate the

actusl variability of the estimates.

Bias. -~ Although small-sample bias is known to exist in
all cases in vwhich a lagged valye of the dependent variables is one
of the explanatory variables,;g/ it is apparent that such bias is

very slight for the GLS estimates reported in appendix Tables A.l,
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B.l, and C.1. The means of the GLS estimates of @ are particularly
cloge to the true values, irrespective of the value of B . The resi-
dual variance is also well estimated by GIS. B and ¢y are somewhat
less well estimated, the bias in ¢y being slightly larger, the larger
the true value of # . Perhaps the intuitive rational of the virtually
negligible small-gample bimsg, is that when p is known a cross-section
over time of the sort considered here,in fact provides a large number

of observations.

The picture is quite different when ordinary least—squares
estimates are considered. Except wvhen p = 0 ; 1n vwhich case the
GLS and OLS estimates coincide, the OLS estimate of & is severely
biaged upwards. Indeed, for large values of p , the OL3I estimate
of @ 1is a better estimate_of p than it is of & . The coefficient
of the exogenous varijasble, 6 , 1is strongly biased downwards for large
values of p except when the true value of B is zero; in this casge,
.. the bias is comparable to that of the GLS estimate and essentially
negligible. The OLS estimate of & 18 strongly biased downwards
for large values of p and all values of B . Turning to Tables
A.9, B.9, and C.9 1t is apparent that the estimated standard errors
are greatly affected by the under estimation of the residual variance.
The OLS estimate of the constent term is slightly but distinctly bilesed
downwards for B = 0:, and greatly biased downwards for large values

of B and p -«

As was the case in the experiments reported in [16], the in~

troduction of individual constant terms in an attempt to remove the
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time-invariant individuval effects produces estimates of O which are

but the LSC estimates of o are noticeably less blased downwards

the higher the value of B and p ; indeed, for § = 1.0 and p =
.9 , the bies in the LSC estimate of a is negligible when @ = .9
but increases as the true value of @ falls., For small values of
o, p, and P, the blas is 50 percent or more of the true para-
meter value. Rather surprisingly, the 1LSC estimate of 8 is biased
upwards irrespéctive of the true value of B . The bias is greater
the greater @ , and less the greater p . When B is not zero and
a is large the LSC estipate of 7y is biased upwards, especially

as when the true value of p is small. The estimated value of p

i biased upwards, the more severely the lower the true value of p .

On the ¢ther hand, the LSC estimate of a2 s Which depends on the

“variance” of the constant terms as well as the estimate of the remaining

regidual variance, is biased upwards but generally less s¢ the lower

the true value ¢f o .

In [16, p. 46] the following argument was given for expecting

the LSC estimate of @ (and B ) to be biased downwardss

“We are not, in fact, interested in the individual wy's but
rather oply in p or oﬁ , 1l.e., the extent to which varia-

tion in the pi‘s causes to vary. By treating the

y
it
ui's as constants and estimating them, we must inevitably over=
estimate oﬁ on account of errorg of estimation of each indi-
vidual By - For T wvery large relative to N this effect

should be very slight, but typically N will be substantislly
larger than T 1inapplications of economic relevance. If such
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overestimation of 03 doeg not result in a compensating under-
estimation of c% , ‘there is simply too little variation in

Yit left over to be explained by variation in Yigo1 and Xy o
Thus ¢ and P ehould tend to be underestimated in value.”

It was left, however, as an open question as to why ci vas not under-

estimated. Far from clearing up the puzzle, the present series of
Monte Carlo experiments have only deepened the mystery, for, as ve
have seen, the LSC eatimate of £ is not bilased downwards but uE wards !
While it is likely that the extent and nature of the bias has a good

deal to do with the serisl correlation in the X4 series and the

degree to which the levels differ from individual to individual, it
is evident that so simplelan\explanation as offered in [16] cannot .

be adeguate.

Despite the upward bias in the LSC estimate of p (largar the
smaller the true value of p ), two-round estimates of @, B, 7,
and cz'2 based on generalizedrleast-squares estimates assuming the
LSC © are not seriously biased in comparison with either the OLS
or LSC estimates. Indeed, as we shall see, these two-round estimates
appear to be superior over a wide range of true parameter values to
all the other estimates considered. The 2RC estimate of « is biased
downuards but this bilas is greatly reduced as the true value of b
riaes (presumably because the L& estimate p is 1ess biaged. The
estimate of P 1is biased upwards, but considerably less than - the
oo;;eﬂponding LSC estimate. Perhaps the principle source of difficulty

is the distinct upward bias in the 2RC estimate of qa « Exceptionally
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erratic behavior was noted in [16] for a similar estimate. The pre-
sence of an exogenous variable appears greatly to mitigate this dif-
ficulty (when B , of course is not equal to gero), but it does not

remove it entirely.

The instrumental variable estimates illustrate clearly the
implieations of asymptotic efficiency and consistency for the behavior
of estimates in small samples., It is often stated that large sample
properties are of no relevance to those who must of necessity be con-
tent with small samples; yet such properties do serve as some guide
to what we may expect in the finite case even if the sample is not
really large. When the true value of B 1s zero, the IV estimates:
are inconsistent. In this case, we might expect highly erratic be-
havior as indeed occurs. Both the means and mean-gsquare errors of
all estimates vary greatly and are often extremely large. VWhen B =
1.0 , on the other hand the bias in the IV estimates of all the para~
meters is slight. The variances, however, of the distributions of
the IV estimates are large, giving rise to fairly high mean-square
errors desgpite the lack of bias. When B = 0.5 , the IV estimates
are considerably more erratic than for B = 1.0 . To some extent the
increased variability affects the means of the distributions. (This
is especially true for 62 .) 8ince the IV estimates are less effi-
cient (asymptotically) the smaller B , but not inconsistent as leﬁg

as B does not actually equal zZero (or xit and xit-l are not

perfectly correlated), we might expect little difference in the re-

sults for distributions of the estimates based on very large numbers
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of repetitions of each experiment. It is clear, however, that when
only 50 repetitions of each experiment are performed, halving B
greatly affects the results. It is also clear that this represents
an important genmeral implicatdon both for Monte Carlo methods of in-
vestigation and for the reliability of results in actual estimation
problems (where, in effect, only one repetition is performed). The

large -sample property of inefficiency implies erratic small sample

behavior.

¥hen B = 0.0 , the two-round estimates which use the IV
estimate of p to transform the data are greatly affected by the
extreme variability of the estimates of p . However, there surpri-
singly seem certain systeﬁat;p tendeﬁcies. The blas of & , for
example, is negative for smali values of p , Dbut becomes large and
positive as p increases. The bias of 62 is erratic but does de-
finitely appear to shift from positive to negative as p increases.
Hheﬁ B = 0.5 or 1.0, the 2RI estimates are much better behaved,
Only for p = O , for example, do the blases of Q appear non-negli-

gible. The estimates of 02 show the greatest bias and behave some-

whﬁé erratically for B = 0.5 .

Perhaps the most unexpected result of the present investi-
gation was the exceedingly poor performance of the maximum-likelihood
method under certain eircumstances: This finding is s0 iﬁportant
that 1t is discussed separately below, Here, however, we merely note

that the biases in cases where & large number of boundary solutions
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(always $ = 0 ) did not occur are slight. A great mahy such solu-
tions occurred for £ = 0.0 , and for @ = 0.7 even when P = 0.5
or 1.0. In these cases the means of the distribution of the ML es-

timates were greatly affected.

On the whole the 2RC estimates appear to have less biss

over a wider range than do the other estimates examined.

Relative mean-gsguare errors. -- Tables 3.1-3.9 give the ratios

of the mean-gsquare errors of the OLS, LSC, . . 2RC, 2RI and ML esti-
matés of. «, B, and y to the corresponding mean-square error

of the GLS estimate, In some sense, the GLS estimate represents an
ideél, and, because the different estimation techniques may be affected
by the vicissitudes of the pafticular experiments, examining their
behavior relative to the GLS estimates may be helpful in avelding

the-difficulties due to too small a number of repetitions.

When the true p 1s zero, ordinary least-squares and genera-
lized least squares coincide and the MSE is 1.00., Curicusly thQIOLS
estimates of B and 7 have smaller mean square errors than the GLS
estimates in certsin cases. When P = 0.0 these are frequent, espe-
ciaily for small & and large p ; this phenomenon cccurs only for
; and not for § vhen P = 1.0 or 0.5 . HNeedless to say, the
GLS estimates are best only among unbiased linear éstimaﬁes, and the
phenomenon here cbserved is perfectly possible when compariscn among

biased estimates is made.

The instrumental variable estimates are terrible, as expected,



-3 -

"PABLE 3.1: Ratios of M8Bs for Various Estimators of «

to Those of .the GLS Estimator. Various Values of a and p .
=00, 7y=00, 62=10, T=10, N=25
g=} 0.0 '¢~= 0.0 1p.= 0:.15{p = 0.30|p = 0.45]p = 0.60ip = 0.751p = 0.90 ﬁ = 0.95
oLS 1.00 5.77 24.59 39.96 80.97 {100.46 |129.78 [230.31
4| LsC 4.79 5 5.26 N 4,38 3 3.71 5 L.31 L h.3k 5 3.00 ) 5.59 ¢
ol Iv 16.05%x107|1.35x10 | 7.12xX10 1.42x107|2.57%x10 " |1.87x107|2.19x10 | 2.48x10
Ut 2RC 2.31 2.02 1.49 1.38 1.33 1.66 1.1h4 1.06
8| 2R 2.20 2.h1 3.92 4,78 6.49 - 1 15.84 27.88 50,12
ML | 1.13 1.h1 1.51 1.73 | 1.36 1.68 1.55 1.25
OLS 1.00 5,22 25.84 33,75 |105.83 {112.00 |129.36 [131.28
] LSC 4.86 gl .32 5 7.27 4 4,90 5 11.00 o 7.06 3 8.58 717 »
S! IV |1.10x107|1.17x10 1.18x10" |6.80x10” {6.31x10715.95x10 * 3.63x10
H{ 2RC 2.3% 2.71 2.24 1.62 2.83 1.68 2.30 2.00
8| 2RI 2.12 3.68 3.70 5.88 11.00 14.81 39.58 hW8.37
ML 1.08 - 1.58 1.94 2.58 2.33 2.29 2.12 2.4
oLs | L.00 | 8.05 | 2431 | 35.17 | 4h.ob | 63.87 | 58.12 | 66.67
| L8C | 16.63 3 9.84 | 15-17 ), 9.63 wl o 9:31 10.94 3 9.48 o 8.17 5
Sl o1v |7.14x107}3.35%10 7 |3.85x107 | 1.85x10 1.61x10  |8.45%107 | 4.55x107 [9.61x10
¥ | 2RC 6.79 3.16 L.00 2.54 2.43 2.84 2.8 1.97
81 2RI 6.7h 4,00 8.52 T.T4 6.57 10.61 13.38 26.64
ML 1.58 2.65 6.1k 1%.80 16.63 24 42 27.85 34,33
OLS 1.00 10.50 12.91 25.86 23.96 36.04 2R.86 38.7h
Y| Lsc | 19.87 1 27.30 5 13.35 & 23.1k 15.34 5 20.23 | 15.17 4 2k.26
3 v |4.07x10'|9.29x107|3.82x107 {3.61x10 " |8.10x107 | 1.79x10 6.90x10” |1.87x10
i 2RC | 8.%6 9.95 3.82 6.95 4,10 5.82 3.57 7.Th
2RI | 10.83 | 11.90 5.65 9.73 8.28 8.36 9.00 | 19.00
ML | 1.78 9.75 | 12.15 | 2h.23 | 23.1% | k.32 ek,11 | 36.00
OLS 1.00 3.63% h.61 5.71 h.82 7.10 7.84 15.10
o1 LsC | 56.67 N 29.89 5 23,96 5 2471 3 13.28 5 15 1 3.84 | 3.20
? Iv |1.78x10 ' }1.20x107|1.31x107 | 4. 77107 {1.08x107 | 1.01x10 5.82x10" | 8.31x10
s | 2RC | 25.08 10.68 8.39 8.05 3.71 3.90 0.6% 0.70
2RI | 29.17 12.63 9.09 6.19 4,0k 4,25 3,47 . 5.70
ML 1.50 3,47 L.61 5.7 L.82 7.00 T.T4 14.50

*
Format field exceeded.
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TABLE 3,2t Ratios of MSEs for Various Estimators of 8
to Those of .the GLS Estimator. Various Values of o and p
B=00, 7=00, 8=1.0, T=12, H=25
B=| 0.0 |p = 0.0 (p = 0.15[p = 0.30|p = O.450p = 0.60]p = 0.75]p = 0.90|p = 0.95
oLS | 1.00 0.92 0.79 0.62 0.55 0.68 0.54 0.75
4] 1sC 1.18 1) L.A7 .} L.22 f 1.20 1.18 o] 1.21 4 1.18 1] 125,
o) IV |2.39x107|2.24x107 | 7.56x10" |1.02x10™ |1.68x10%{8.82x10™| 4,18x10™| 5. 11x10
%1 2RC 1.07 1.08 1.08 1.05 1.04 1,07 1.09 1.00
81 2RI 1.08 1.12 0.99 1.02 1.0k 0.93 0.91 0.75
ML 1.01 1.03% 1.0% 0.98 0.98 1.0k 1.00 1.00
OLS | 1.00 0.8k 1.02 0.95 0.56 0. 74 0.56 0.40
| LSC 1.33 3 1.85 51 1.17 1 1.1k 1{. 1-25 ol 1.7 5] 1.2 5 1.40 1
ol IV {2.17x107)5.47x107]9.22x10 [2.15x10 | 3, 72x107 | 2.04x10| 7. 84x107 | 2. k2x10
4| 2rC 1.15 1.09 1.05 1.05 1.08 1.0k 1.00 1.20
8| 2RI 1.11 1.09 1.10 0.95 1.02 0.91 0.78 0.%0
ML 1.02 0.99 0.98 1.02 0.9 1.00 0.89 1.00
oLs | 1.00 0.90 0.88. 1 0.7 0.63 0.50 0.7% 0.50
LSC 1.60 1 1.34 a 1.36 o 1.4% o 1.36 1 1.31 , 1.45 ol 1.33 4
1 IV §3.85x107|2.71x107 | 3.07x107 | 1.03x10 6. 46x107{ 1.57x10°| L.03x107]2.38x10
(=] |
x| 2RC 1.31 1.1h 1.18 1.18 1.15 1,09 1.18 1.00
a8 | 2RI 1.42 1.18 1.21 1.12 1.12 1.06 0.82 0.83
ML 1.10 1.00 1.06 1.04 0.88 0.81 1.27 0.8%
oLS 1.00 0.96 0.82 0.86 1.15 1.17 0.62 0.80
L3C 1.60 o 1.38 1 1.48 o 1.63% o 1.46 3 1.48 o 1.46 2 1.60 1
z; IV 16.29x107 {5.83x10{1.89x107 13, 02x10°|3.11x10” | 4. 61x107 } 5.50x10°| 7. 82x10
s | 2RC 1.31 1.18 1.23% 1.26 1.15 1,22 1.15 1.h0
3| 2RI 1.36 1.22 1.1% 1.16 1.08 1.04 1.15 0.80
ML 1.05 0.95 0.8 0.84 1.27 1.35 0.69 0.80
OLS 1.00 0.91 0.97 0.9% 0.97 1.0% 1.09 2.00
o] LSC 1.36 - 1.54 ol 1.90 1.86 ol 129 5| 1.4l 1 1.00 .| 1.00 1
o} IV [1.03x107 |4.85x107|5.40x10" [3.03x10%|1.22x10° [5.9T«107| 1. 76x10° | 2.90x10
"1ere ) 1.13 § . 1.26 1.42 1.40 1.00 1.07 0.91 1.00
Blort | 1.1% 1.30 1.%7 1.19° | 0.97 1.1% 1,18 1.50
ML 1.02 0.9% 0.97 0.90 1.06 1.03 1.09 2.25
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TABLE 3.3: Ratios of MSEs for Various Estimators of s

to Those of the GLS Estimator,

Various Values of & &nd p .

=00, 7=00, =10, T=10, N=25
B=| 0.0 Jp = 0.0 Jp = 0.15]p = 0.30|p = 0.45|p = 0.60[p = 0.75|p = 0.90]p = 0.95
OLS 1.00 0.92 0.71 0.58 0.36 0.28 0.15 0.05
~1 LsC l.22 | 1.16 il 1.23 | L1.18 ot 1.2k 1.28 | 1.26 .| 1.28 3
Sl IV [2.48x107[2.30x107 [1.72x107 | T.03%10 " (1.39x107{6.32x10° [ %.91x10™"| 2. 7510
"] 2RC 1.09 1.06 1.08 1.03 1.07 1.10 1.07 1.06
8| 2RI 1.10 1.09 1.00 1.00 1.07 0.94 0.70 0.72
ML 1.0L 1.02 1.01 0.96 1.00 1.02 1.00 0.97
OLS 1.00 0.580 0.80 0.60 0.34 C.31 0.09 0.07
| LSC 1.33 3 1.25 51 .27 .1 1.29 , 1.36 3 1.36 2 1.46 5 1.45 1
Sl IV J1.10x10713.78x107]6.05%x107 | 1.21%x107 [ 1.17%107 | 1.21x107§1.33x107 | 1.03%10
"1 2RC 1.15 1.10 1.10 1.09 1.11 1.12 1.1% 1.12
8| 2RI 1.11 1.07 1.11 0.94 1.04 0.94 0.59 0.60
ML 1.02 1.00 1.02. 0.98 0.97 0.98 0.98 0.90
oLs | 1.00 0.83 0.82 | 0.5 0.16 0.21 0.15 0.10
] LSC 1.59 4 1.4k o 1.k0 o 1.56 1 1.43 o 1.68 5 1.94 1 1.88 3
Sl IV 13.72x107|2.05%107 | 2.53x107 | 5.23x10" | 1.89x107|1.92x107] 2.61x10" | 2.63x10
¢l 2R 1.31 1.19 1.17 1.23 1.13% 1.29 1.40 1.35
8l 2RI | 1.4 1.18 1.19 1.12 1.0k 1.17 0.73 0.56
ML 1.10 0.98 0.96 0.86 0.73 0.89 0.78 0.64
oLS 1.00 0.86 0.68 0.64 0.99 0.4k 0.12 0.11
| LSC 1.69 51 1.61 .| 1.87 51 2.02 5 2.71 5| 2.4 4 3.15 , 3.36 |
ol IV |1.50x107|7.23x10 }2.16x107]3.90x107 | 1.00x1.0" | 2.25x107" ] 1.50x10" | 2.16x10
"1 2R 1.37 1.30 i.42 1.45 1.72 1.66 2,00 2.15
Bl 2RI | 1.k% 1.30 1.29 1.39 1.29 1.02 1.02 0.70
ML 1.07 0.87 0.74 0.63 1.09 0.84 0.21 0.40
0LS 1.00 0.88 0.90 0.73% 0.62 0.57 0.39 0.27
% sc | 1.39 .| 2.02 5| 2.79 4] 4.10 gl B.00 o} 3.49 4 2.59 5| 2.07
©} 1v |9.28x10 |2, Thx10”|9.21x10"{1.17x107 | 1.23%107| 1. 12x107 1. 48x20%| 8.09x10
sl 2rc | 1.16 1.5% | 1.88 | 2.52 2.43 | 2.24 1.62 1.32.
2RI 1.15 1.67 1.61 2.1% 1.93 1.66 0.85 0.71L
ML 1.02 0.91 0.90 0.71 0.67 0.56 0.39 0.27
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TABLE 3.4: Ratios of MSEs for Various Estimators of o o those
of the GLS Estimator. various Values of o and 0o
B =0.5, Y=0.0, ¢g2=1.0 , T=10, Ny=75
1 |
B=1! 0,5 p=0.0 [p=0.15 | p=0.3d (=0.45] p=0.60 | p=0.75 | p=0.90 {0=0.95
OLS | 1,00 { 7.71 118.71| 40.61 | 81.78 | 133.97 |174.30 |184.95
LSC , 4.92 } 5.61 3.08 3.10 4.40 4.29 3.03 2.00
IV 1 90.57 |49.06 {21.38] 13.78 | 18,76 23.59 9.94 7.34
~ !

o 2rc | 2.43 | 1.90 1.23 1.12 1.35 1.35 1.19 1.00
B3 2RI | 2.03 | 1.74 2.17 1.31 4,05 3.97 1.56 1.18
ML 1.14 | 1.32 1.42 1.24 1.27 1.38 1.33 1.13
OLS | 1.00 | 6.56 | 25.55) 44.51 | 79.14 | 106.40 | 185.54 {219,55
Lsc | 4.87 | 6.02 5.15 6.43 7.38 6.40 5.32 4.70
Iv |[35.30 |79.39 |25.33| 24,17 | 36.79 16.33 | 10.68 | 17.40
“ 2RC | 2.33 | 2.17 1.33 1.91 1.90 1.63 1.14 1.50
9 2RI | 1.93 | 2.49 5.36 4.51 4.62 2.13 1.54 1.25
3 ML 1.15 § 1.58 1.97 1.71 3.24 1.50 1.18 1.35
OLS | 1.00 | 7.69 {24.18} 29.16 | 55.41 67.11 ] 100.54 | 121.68
Lsc | 11.71 }10.90 9.54 7.22 7.78 6.78 4,95 2.53
IV | 40.43 §23.52 {24.07| 11.81 8.92 8.61 | 15.14 7.37

Ta]
o 2RC 4.76 3.76 2.61 2.00 1.74 1.54 1.45 1.05
L 2RI | 3.62 | 2.90 4.68 3.89 4,04 2.93 2.64] 2,05
ML 1.38 | 2.79 6.75 7.19 | 12.78 13.50 . 5.82] 1.89
oLs | 1.00 | 8.46 |17.09| 32.00 | 33.45 28.92 | 52.25 | 71.25
LSC {17.95 {13.42 |16.36| 19.88 | 13.35 7.11 4,81 2.42
Iv | 23.60 | 7.12 |17.591 18.29 | 13.45 11.63 | 21.56 |222.92

T
I 2RC | 7.80 | 3.75 4.50 5.47 3.35 1.44 1.06 1.00
n 2RI | 5.40 | 2.21 3.95 7.12 5.40 2.56 3.81 3.67
ML 2.10 | 7.12 [15.18) 27.35 } 31.50 24.81 | 30.44 | 11.75
OLS { 1.00 | 3.50 4.83 6.41 7.00 10.92 | 19.57 | 45.67
LsC {63.40 |18.78 |11.00| 10.06 7.65 4,42 2.14 2.33
o Iv |50.00 |14.28 }16.22|1330.18 | 16.12 23.83 453,71 |807.00
S | 2rc |22.60 | 5.07 2.50 2.00 1.53 0.58 0.57 1.00
) 2RI |11.60 | 1.57 1.89 2.59 2.53 2.75 2.43 4.67
ML 1.40 | 3.21 4.56 6.18 6.94 10.25 | 17.14 | 20.00




TABLE 3.5; Ratios of MSEs for Various estimators of B to
those of the GLS Estimator. Various Values of
o and p. 8=0.5 , ¥=0.0 ,0% = 1.0 , T=10 N=25.
gs5]0.5 p=0.0 Jp=0.15 | p=0.30} p=0.45 |p=0.60 | p=0.75] p=0.90 1§ p=0.95
oLS 1.00 1.21 3.24 6.84 17.54 27.30 91.29 131.77
LSC 1.54 1.56 2.07 1.41 1.86 1.68 2.24 1.62
1v 9.60 3.30 5.88 2.35 4.50 5.42 10.24 11.69
- 2RC 1,22 1.12 1.26 1.04 1.09 1.10 1.12 0.92
2 2RI 1.15 1.06 1.51 0.98 1.45 1.68 1.24 1.15
i ML 1.03 0.94 1.04 1.01 1.02 1.12 1.18 1.08
0LS 1.00 1.60 5.46 10.79 14.27 31.44 73.18 122.28
LSC 2.26 2.53 1.56 1.73 2.55 2.56 2.77 3.14
1V 6.74 113,15 6.07 5.27 9.75 7.18 7.64 14.07
@ 2RC 1.53 1.46 0.93 1.12 1.28 1.15 0.95 1.28
o 2RI 1.37 1.37 1.90 1.92 1.91 1.38 1.09 1.21
b ML 1.02 1.12 1.05 1.30 1.60 1.10 0.91 1.21
OLS 1.00 2.74 7.05 10.10 22.16 31.88 75.81 97.59
LSC 3.58 2.75 3.46 3.33 4,28 4,41 3.28 2,06
v 8.98 5.29 8.65 4.08 4.76 5.51 6.57 9.65
ol 2RC | 2.04 1.43 1.43 1.41 1.40 1.51 1.14 0.94
< 2RI 1.88 1.49 2.09 1.99 1.96 1.76 1.90 1.70
3 ML 1.14 1.47 2.69 2.69 5.24 6.93 4.48 1.59
oLS 1.00 3.08 5.08 8.68 14.26 19.08 34.41 50.68
LSC 5.90 5.57 4,57 4.93 7.38 4.95 3.20 2.16
IV 6.37 3.35 4,98 4.94 6.69 7.48 7.85 73.48
~ 2RC 2.99 2.21 1.66 1.86 2.36 1.27 0.97 .04
o 2RI 2.21 1.56 1.60 2.56 3,01 1.98 2.62 .04
3 ML 1.34 2.82 4,64 7.69 13.26 16.36 20.64 8,80
OLS 1.00 2.30 3.35 5.15 6.09 8.43 14,48 37.31
LsSC |13.90 8.92 5.58 7.44 6.51 3.10 1.41 2.50
1V 13.27 |10.30 12,37 1924.70 16,38 11.02 |268.26 428.19
o
o 2RC 5.95 2.75 1.52 1.91 1.49 0.58 0.63 1.06
I 2RI 3.57 1.50 1.74 2.68 2.09 1.84 1.85 3.62
3 ML 1.10 2.19 3.02 4.90 5.89 7.73 11.70 14.94
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TABLE 3.6 Ratios of MSEs for Various Estimators of Y to
those of the GLS Estimator. Various Values of
¢ and p . B =0.5 ¥=0.0, 2 = 1.0, T=10 , N=25
B=t 0.5 1p=0.0]p=0.15 |p=0.30] p=0.45 |p=0.60 |p=0.75] p=0.90 |p=0.95
oLs | 1.00 | 0.87 0.82 0.57 0.46 0.42 0.17 0,17
Lsc | 1.24 ] 1.19 1.18 1.24 1.26 1.21 1.20 1.16
1v 1.13] 1.27 1.27 1.49 1.59 2.58 3.38 2.59
-
o 2RC | 1.12 ] 1.05 1.06 1.07 1.07 1.06 1.05 1.02
i 2RI | 1.10 ] 1.04 1.07 1.03 0.99 0.91 0.99 0.97
B ML 1.03| 0.98 1.01 0.99 0.99 1.00 1.01 0.98
oLs | 1.00] 0.83 0.84 0.52 0.62 0.36 0.12 0.17
Lsc | 1.39| 1.31 1.19 1.28 1.20 1.36 1.25 1.20
v 1.67 ] 1.21 1.22 2.86 2.70 2.67 .1.91 3.73
o™
? 2r¢ | 1.18 | 1.13 1.07 1.08 1.06 1.12 1.04 1.04
& 2RI | 1.16{ 1.05 0.96 1.01 1.02 1.05 0.97 0.99
ML 1.02] 1.01 1.01 0.96 1.01 1.00 0.94 0.98
oLs { 1.001 0.76 0.62 0.50 0.62 0.31 0.15{ 0.17
LsC |. 1.481 1.46 1.44 1.44 1.53 1.48 1,50 1.27
- v 1.20 | 1.14 2.15 1.44 3.19 3.33 3.71 2.78
S 2Rc | 1.23| 1.22 1.17 1.17 1.17 1.18 1.17 1.05
3 2RI | 1.16| 1.01 1.05 0.98 0.99 1.00 1.05 1  0.92
ML 1.01{ 1.02 0.92 0.93 0.86 0.87 0.97 0.94
oLs | 1.00| o0.83 0.87 0.60 0.80 0.73 0.20 0.41
LSC | 1.60| 1.64 1.56 1.94 1.87 1.72 1.68 1.42
v 1.35| 1.19 2.03 1.48 1.74 3.53 4,12 | 23.99
™ 2RC 1.27 1.31 1.24 1.41 1.36 1.29 21,21 1.08
o 2RI | 1.21] 1.08 1.04 1.03 0.94 1.09 0.97 0.88
3 ML 1.02| 0.95 0.92 0.77 0.86 0.85 0.58 0.76
oLs '} 1.00 | 1.26 1.35 2.07 2.26 3.51 4.23 4 .40
LsC | 5.99 ) 5.33 3.08 4.02 2.92 3.09 1.70 1.14
o 1V 3.74 1 2.74 3.03 |283.97 5.65 | 14.71 | 154.42 | 176.38
o
X 2RC | 2,51 2.22 1.41 1.40 1.18 1.14 0.98 1.05
2RT |} 1.66 ] 1.10 0.94 0.94 1.24 1.66 1.24 1,33
ML 1.03] 1.21 1.70 2.06 2.32 3.51 4.46 2.72
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TABLE 3.,7: Ratios of MSEs for Various Estimaters of o to those
of the GLS Estimator Various Values of o0 and p
B= 1.0 , y=0.0,0° = 1.0, T=10,N=25.

B=| 1.0 |p=0.0} p=0.15| p=0.30] p=0.45 | p=0.60] p=0.75 |p=0.90 |p=0.95
oLS [1.00 | 6.29 17.87 | 42.45 | 71.42 | 161.84 |288.31 [504.75
LSC |3.64 | 3.50 4.16 4.00 2.69 3.16 2.26 1.83
IV |9.67 | 9.53 8.21 5.84 7.47 5.64 6.63 5.33
= | 2rc l1.75 | 1.29 1.53 1.41 1.08 1.40 1.00 1.00
< 2RI (1.50 | 1.21 1,61 1.28 1.50 1.68 1.21 1.00
3 | ML |1.06 | 1.29 1.21 1.21 1.34 1.64 1.11 1.00
oLS [1.00 | 5.68 15.58 | 38,69 | 59.42 | 121.39 |297.50 | 422,78
LSC {4.90 | 4.33 2.81 3.92 4.30 4,18 3.50 2.33
Iv |8.38 | 4.35 3.13 4.42 4.00 4.30 9.25 4.78
@ | 2RC |2.40 | 1.55 1.08 1.14 1.58 1.26 1.33 1.11
2RI | 2.08 | 1.28 1.17 1.28 1.55 1.43 1.58 1.11
51 ML |1.18 | 1.40 1. 61 1.14 1.58 1.26 1.42 1.11
oLs [ 1.00 | 8.78 25.44 | 60,93 | 72.21 | 110.40 |241.38 | 408.60
Lsc | 9.89 | 6.07 5.70 9.20 5.47 5.27 3.00 2.60
IV | 6.32 | 6.26 5.00 5.87 5.74 4.13 6.75 | 11.40
w | 2RC| 4.21 | 1.67 1.22 1,87 1.21 1.40 1.00 1.20
ol 2RI} 3.21 | 1.74 1.61 1.87 2.58 1.47 1.25 1.40
4} ML {1.32 | 1.85 2.52 2.40 3.68 1.67 1.25 1.20
OLS | 1.00 | 9.06 20.33 | 24.37 | 32.44 57.42.1188.25 ] 254.33
LSC|13.19 |10.38 12.73 | - 5.32 4.06 3.08 3.00 1.57
IV | 6.13 | 4.94 7.53 2.84 3.61 2.17 7.00 8.67

P~
o| 2RC| 5.67 | 2.63 3.93 1.05 0.94 0.75 1.25 1.00
"1 2rI| 3.88 | 1.81 3.87 1.74 2.28 1.75 2.25 1.67
ML | 1.50 | 5.63 12.07 | 15.00 | 19.06 | 13.50 2.50 1.33
oLs| 1.00 | 3.71 6.13 9.00 9.56 17.33 | 37.00 [113.00
LSC [24.67 |10.14 6.00 4.75 2,22 1.67 1.00 1.00
iv |10.67 | 6.86 4 .00 3.00 4.56 3.50 8.00 26.00
“| 2rc| 6.67 | 2.57 | 0.88 | 0.63 | 0.67 0.67 | 0.67 1.00
| 2RI| 4.00 | 1.57 1.38 1.38 2.00 1.67 1.67 2.00
sf ML | 1.33 | 2.14 3.88 5.38 5.44 7.33 2.00 1.00
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TABLE 3.8 Ratios of MSE s for Various Estimators of B to
those of the GLS Estimator. Various Values of
@ and p B=1.0 y=0.0, a2=1.0, T=10, N=25,
Bt 1.0 Yp=0.0| p=0.15] p=0.30] p=0.45 | p=0.60| p=0.751 p=0.90 |p=0.95
oLS [1.00 2.32 6.22 15.98 34,37 57.03 198.00 {292.20
Lsc |1.71 1.52 2.40 2.17 1.96 2.12 1.50 1.50
1V 2.68 3.46 3.21 3.19 4,78 2.97 4.96 53.35
. 2RC |1.23 1.01 1.24 1.14 1.14 1.30 .96 1.05
K 2RI |1.17 1.08 1.11 1,06 1.44 1.38 1.11 1.00
. ML 1.03 1.01 .99 1.09 1.22 1,35 1.11 1.05
-8
OLS |1.00 | 4.26 12.02 22,93 33.77 76.66 222,16 |282.48
LSC | 2.60 2.58 2.14 2,22 2.84 2.76 3.24 1.90
v 4.02 3.30 2.49 3.56 2.61 3.67 5.92 7.81
™ 2RC ] 1.57 1.16 .89 .96 1.30 1.05 1.32 1.05
o 2RI | 1.50 1.11 1.02 1.22 1.35 1.21 1.32 1.00
L ML [1.13 | 1.22 1.27 1.15 1.36 1.10 1.28 1.00
OLS | 1,00 4.52 13.00 31.13 45.04 87.48 185,50 1305.42
LSC | 3.92 3.22 4.66 4,99 3.02 4,57 2.33 2.16
v 3.36 3.10 4,36 3.85 4.06 4,06 5.10 9.74
B 2RC | 1.98 | 1.27 1.64 1.52 .88 1.33 .90 1.05
S 2RI | 1.75 }.1.29 1.76 1.64 2.06 1.35 1.17 1.21
3 ML 1.15 1.43 1.96 1.90 2.59 1.42 1,10 1.05
OLS ] 1.00 6.38 12.18 16.24 28.30 39,11 132.40 }178.00
LSC § 9.56 6.31 9,22 3.68 3.89 2.61 2.46 1.50
IV ].5.30 3.33 5.67 2.33 3.43 1.92 7.06 8.38
™ 2RC | 4.30 1.72 3.16 1.01 1.10 .92 1.26 .96
< 2r1 | 3.06 1.36 2.86 1.50 2.07 1.50 1.91 1,31
3 ML 1.35 4.10 7.70 10.19 16.63 9.74 2.14 1.15
oLsS | 1,00 3.03 4,42 6.44 8.48 15.21 35.88 !127.06
o LSC | 6.05 8.71 2.93 3.05 1.99 1.25 1.03 1.24
o ML 4.23 7.19 2.96 2.30 4.03 2.55 7.10 27.59
1l
- 2RC § 1.99 2.33 .60 .76 .70 .67 .80 1.00
2RI | 1.54 1.53 1.21 1.20 1.80 1.69 1.58 1.82
ML 1.04 1.80 2.96 3.77 16.00 6.19 2.05 1.59




TABLE 3.9:

Ratios of MSEs for Varilous Estimators of y to those of

- bl -

the GLS Estimatnr.2 Various Values of o and p
g=1.0 ,Y=0.0, g“ =1.0, T=10, N=25.

g =41.0 p=0.0 { p=0.15] p=0.30] p=0.45] p=0.60) p=0.75| p=0.90 | p=0.95
OoLS |1.00 .92 .91 .85 .51 42 .26 .32
Lsc {1.22 | 1.14 1.15 1.09 1.15 1.16 1.14 1.08
Iv |1.00 |1.10 1.31 1.58 1.45 2.03 2.69 2.13

-

o 2RC [1.10 | 1.03 1.05 1.01 1.03 1.02 1.02 1.01

i 2R1 |1.08 | 1.01 1.05 .98 .97 .98 1.00 .99

3 ML |1.00 .97 1.01 .98 .98 .97 .99 .99
oLs | 1.00 .94 .65 .62 .45 40 .33 .15
LsCc {1.34 | 1.15 1.29 1.22 1.26 1.23 |23.39 1.11
1V .90 | 1.32 1.32 1.72 1.77 1.77 4.25 1.66

m -

o | 2rc |1.14 |1.0% | 1.10 1.06 1.04 1.07 1.05 1.02

5 1 2RI |1.13 | 1.04 1.05 1.00 .99 1.02 1.04 .98
ML |1.00 | 1.00 1.00 .99 .94 1.01 1.02 1.00
oLS ] 1.00 .78 .56 47 .54 .32 .24 .23
LSC | 1.39 | 1.38 1.52 1.41 1.50 1.30 1.18 1,10
IV .96 | 1.38 1.19 1.23 1.36 1.77 3.32 2.99

[T

3 2Rc | 1.18 | 1.15 1.17 1.12 1.18 1.11 1.03 1.02

L 2RI | 1.12 |} 1.13 1.05 .97 1.01 1.04 1.01 .99
ML |1.01 .97 .91 .91 1.00 1.02 .99 1.00
OLS } 1.00 .96 .84 .88 .90 1.08 .60 1.04
Lsc|1.41 | 1.51 1.44 1.54 1.55 1.35 1.33 1.11
1v {1.01 | 1.20 1.26 1.69 2.61 3.20 3,12 3.58

T~

o | 2re|1.20 | 1.27 1.19 1.20 1.18 1.12 1.08 1.00

0 2RI | 1.13 |} 1.05 1.08 1.03 1.09 1.03 1.00 .98

| ML |1.03 .95 .93 .94 .98 1.03 .98 .98
oLs | 1.00 | 1.80 2.40 3.02 3,21 6.74 9.41 8.73
LsC | 4.36 | 3.62 4.72 2.25 1.49 2.02 1.15 1.12

o~ | IV {1.53 | 1.75 2.10 1.72 2.68 4.68 6.14 3.63

S| 2rs | 1.90 | 1.43 1.51 .80 .84 .87 1.05 1.02

3 | 2rR1]1.37 1.01 1.18 1.08 1.23 1.25 1.22 1.00
ML {1.04 | 1.36 1.76 2.36 1.18 3.59 1.53 1.06
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vhen p = 0.0 . However, the mean-square errors fall markedly as £

increases and are respectible, if not comparatively low, for B = 1.0 .

Estimates of ¢ or B based on least-squares regressions
including individual constant terms are generally superior to QL3
or IV estimates, except that in certain cases when p is small their
mean-square errorg are greater than the OLS estimates, The LSC esti-

mates of 7y sare frequently worse than the QLS estimates.

An unexpected result of the present investigation was the
comparative behavior of the maximum-likelihcod method and the two-
round estimates using 'B from the:LSC regressions. When 3 from
an IV first round is used we would expect the corresponding two-round
estimates to be quite erratic when B = 0.0 simply because the un-
derlying estimates of p are so poor. However, even wvhen B = 0.5
or 1.0 , the 2RC estimates have lover mean-square errors except when
p is very small, Furthermore the 2RC estimates, especially of «
and £ , very frequently have smaller relative mean.square errors
than the ML estimates. One might have anticipated this in situations
in which a large number of boundary solutions ceccur for values of
p different from zero, but it also occurs even in situations in

which the ML method might be expected to perform.well.

On the basis of the eriterion of minimum mean-square error,
the 2RC estimates also compare favorably with all ether estimates,

including the ML, over a wide range. of parameter values.

Characteristics of the maximum-likelihood estimates. -- Table 3,10
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TABLE 3;10g Characteristics of Maximum-Likelihood Estimation Procedure
for Various Parameter Values
{411 Boundary Points Occur for F =0 .)

p=0.0{p=0.15|p=0.30}|p=0.45|p=0.60{p=0.75|p=0.90|p=0.95
% Boundary o=0.1| 64 b 0 0 0 0 0 0
4 Converged 100 | 100 100 100 100 100 100 100
% Boundary a=0.3| 76 L 0 2 0 0 0 0
% Converged| o 100 | 100 100 100 100 100 | 100 100
% Boundary ‘:‘ @=0.5| 60 8 16 38 3Y 34 42 46
% Converged o 100 | 100 100 100 100 100 100 100
4 Boundary a=0.7} 60 e 90 96 ok g4 g2 38
% Converged 100 | 100 100 100 100 100 100 100
4 Boundary a=0.9| 66 88 | 100 98 ob 98 g2 86
% Converged . 100 | 100 100 100 100 100 100 100
4 Boundary a=0.1| 66 0 0 0 0 0 0 0
4 Converged 100 | 100 100 100 100 100 100 100
4 Boundary a=0.35| 72| & 0 4] 2 0 0 0
% Converged| un 100 | 100 100 100 100 100 100 100
% Boundary | T |o=0.5| 70 | 1k 1k 18 18 16 Y 0
4 Converged - 100 | 100 100 100 100 100 100 100
4 Boundary a=0.T| 62 | 70 8k 8k 90 84 56 12
% Converged 100 | 100 100 100 100 100 100 100
4 Boundary a=0.9| 66 Th 58 58 h2 18 0 0
4 Converged 100 | 100 100 100 100 100 100 100
% Boundary a=0.1{ 60 2 0 0 0 0 0 0
9 Converged 100 | 100 100 100 100 100 100 100
% Boundary a=0.3| 68 8 2 0 0 0 o 0
% Converged 100 | 100 100 100 | 100 100 100 100
4 Boundary 3 a=0.5| 70 8 0 ) 2 0 0 0
4, Converged " 100 { 100 100 100 100 100 100 100
% Boundary | a|a=0.7{ 64 36 Ll 52 50 20 0 0
% Converged 100 [ 000 | 200 | 100 | 100 | 100 | 100 | 100
% Boundary a=0.9! T4 8 L 0 0 0 0 0
4 Converged 100 | 100 100 100 100 1000 | 100 100
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shows, for each set of true parameter values, vhat percentage of the
50 repetitions converged, and, for convergent cases, in what percen-
tage boundary maxima were obtained. Since p and 02 were the only
bounded parameters, only p and & might be found at a boundary.

In fact, all boundary points found were points for which # =0 .

In only one case, out of the many thousands estimated, did
con;ergence of the maximization procedure used fail to occur: One
of the fifty repetitions for the parameter values @ = 0.9 , B = 1.0,
p =-0.75 . Further investigation of this case¢ suggested the presence
efﬁéwo local maxima very clese together, but, in view of the generally
smooth behavior of the likelihood functions, this case requires still

further study.

More disconcerting was the large number of boundary solutions
obtained. Naturally, these sre to be expected when the true value
of wp is zero or close to zero, but such solutions are far more wide-
spread. 'They occur in great numbers for « = 0.7 when B = 0.0 and
B =1.0, and when P = 0.5 such solutions occur for nearly all
vai;es of p and & =0.5, 0.7, or 0.9 . The results do net
appear to be due to the method of Fletcher and Powell, modified to
pefﬁit bounding of P , for, in & large number of ceses in which
a boundary solution occurred, the maximum-likelihood estimates were
reestiéated using the slower séarch procedure.describéd in [16, pp.
54.55] with exactly the same results. Comparison of cases in which
the'method converged to interior solutions with those in which it

converged to a boundary soclution, revealed that, despite a large true
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p , the likelihood function was extremely flat in the p direction.
Small variations in the sample of random disturbances, thus, frequently
produced & boundary solution. As noted by Konijn [12], there are cir-
cumstances (namely, when the individual means over time of the dependent
variables perteining to any individual are equal for any pair of in-
dividuals) vhen a boundary solution must inevitably occur. However,

as pointed out in [16, p. k8, footnote 6], the crucial assumption
cannot be valid vhen one of the explanatory variables is a lagged

value of the dependent variable. What the present results appear

to indicate iz that when there is also an exogenous variable with
certain serial properties, these characteristics in asssoclation with
certain definite chﬂractefiaticavof the autoregressive part of the
relationship being estimated can interact to produce a situation close
to the one Konijn described. When one is calculating, in contrast

to a situstion in which one is theorizing, being close to a "bad” case
is quite as Aifficult as actually having the problem, It is clear

that further analytic work is required on this point in order to es-
tablish the validity of the conjecture based on the analysis of the
output of the ML search procedure in selected cases of boundary and

non-boundary solutions.



b, Conecliisions

While the results of the present lnvestigation are not en-

tirely unambiguous, the Dodo might well answer the question, "But

who has won?", by saying, "The 2RC method, of course!”

of relative bias and mean-square error, over a wide range of parameter

Both in terms

values, the two-round procedure, using & value of ? estimated from

first-round regressions ineluding individual constant terms, compares

favorably with all the other estimation techniques investigated, in-

cluding maximum likelihood, which method has considerable intuitive

- appeal for most econometricians. All studies of this sort, however,

have many dangling loose ends; further investigation of which ' is re-

quired.

L.

2.

5

Among those noted in preceeding pages are the followings

The sensltivity of the various methods investigated to the
presence of specification error, especially to the presence

of serial correlation in the "remainder” effects and/

Yit
or the presence of a individual-invariant, "period effect,"
Lt N
The sensitivity of the various methods, particularly the

maximum-likelihood method, te the cheice of exogenous vari-

sbles with different characteristics.

The question of whether the Monte Carlo results on bias and
mean-square error can be well approximated by the so-called

small-g asymptotics of J. Kadane, i.e., approximations to
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finite sample moments obtained by letting the veriance of

the disturbance term tend to zero.

The reascn or reasons why least-squares with individual con-

stant terms underestimates « and overestimates P and p .

Finally, the question of the shape of the likelihood function
particularly its flatness or peakedness in certain directions
and the possibility of more than one local maximum and the
implications of this shape for the convergence of gradient

maximization procedures.
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FOOTNOTES

l/This elementary and old point (see Haavelmo [8, pp. 50-51]) is stressed
here because the nature of the disturbances in the analysis of cross-
_ sections over time has proved to be a source of considerable confusion.

g/It is also standard to assume that the relationship to be estimated
18 homogeneous from observation to observation, even though dlsturbed,
that is to say, the parameters excepting the constant term do not vary
from individual to individual in, for exasmple, a crogs-section. It
is possible, of course, to adopt a more general specification in which
the coefficients in the relationship to be estimated are also random
varisbles and we estimate only certain of their moments (see Hildreth,
C., and J.P. Hauck, "Linear Models with Random Coefficients,” unpublished
mimeo. (March 27, 1967) and [18], for example), but such models have
not proved highly productive, The simplification that the disturbing
elements affect only the level, and not the form of the functional re-
 lationship, is the basis of nearly all econometric work.

z/Of course, the problem can always be cast in the form of a prediction
conditional upon past values of the dependent variable and the inde-
pendent variables alone, but the calculated residuals provide equi-
valent information if the regression coefficients have been correctly
calculated.

E/I find this result counter-intuitive on at leest two counts: First,
it is puzzling that the choice of an initial estimate of o» in &
two-round procedure can be completely arbitrary, and, indeed may be
zero, so that ordinary least-squares are used in the second-round,
without in any way impairing the consistency or asymptetic efficiency
of the estimates. Second, it is difficult to believe that if N
vere to increase at a much grester rate thar T , estimation of each .
#, could possibly be as efficient a procedure as one based on some
cﬁaracteristics of the distribution of the By - Since, however, the

proof of Amemiya's assertions in the case when both N and T tend
to infinity consists merely of the assumption of convergence of the
moment matrix of the independent variables and the following sentence:
“Then, extending our results of Section 4, it is easy to show that,
regardless of the way N and T go to infinits ..:", [1, p. 14],

it is difficult for me to find an error in his derivation.

2/Largg-samplé asymptotic results are, in fact, only one form of asymp-
‘totic theory. Essentially, what we try to do is to approximate the
finite sample moments of our estimators, or some function thereof,
by the first few terms in an expansion in powers of the reciprocal
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of sample size. It is possible to make similar ealculations using
expansions in povwers of a scalar factor in the variance=-covariance
matrix of disturbances. This amounts to an asymptotic result for
the variance of the disturbances tending to zero rather than sample
size to infinity. Often these resulis provide a better approxima-
tion to the finite sample distributions obtained in Monte Carlo ex-
periments than do the large-sample asymptotics. An explanation of
the method and application to certmin problems in the estimation

of simultanecus equations is contained in a fortheoming Cowles
Foundation Discussion Paper by J.B. Kadane, At a later date gn
attempt will be made to derive asymptotic results of this sort for
the present model and compare them with the experimental gampling
distributions reported here.

”

2/For example, Malinvaud [15, pp. 463-64] shows that the asymptotic
bias of the ordinary least-squares estimate of the coefficient of
& lagged dependent variable in a regression containing exogencus

_ variables 1s smaller than when no. exogenous variables are present.

I/Only & true random process may, of course, produce real random numbers.
To approximate such a process digitally in machines with a 36-bit
word recursion relations of the form

35
R.i= CRn(mod 2 ?

are used t¢ produce a sequence of numbers RQ, Rl, RE’ eses whiech

simulate the behavior of a true random sequence, i.e., so-called
""paeudorandom numbers.' (For a discussion of various methods for
generating pseudorandom numbers and the problems arising, see (9,

Pp. 25-42).) Not only do such sequences repeat after a certain point,
but they tend to exhibit certain forms of nonrandeom behavior. Hence
when generating long sequences of such nuwbers it is desrisble to use
several generators, i.e., relations of the form given above with dif-
ferently chosen C and BO » In the calculations reported here,

five such generators were used in such a way that no generator was
ever started at a previous starting point and’'in such a way that
the partieunlar generator used to produce a number in the ultimate
sequence was itgelf determined through the use of one of the gener-
ators, It is believed that the sequence of numbers thus obtained are
subject to very few of the difficulties and problems by which most
sequences of pseuvdorandom numbers are baset. The numbers resuliing
vere transformed into pseudorandom varisbles uniformly distributed
on the interval [6, 1}. Pairs of such numbers were in turn trans-
formed to independent neormal variates with mesn Zero and variance
one by means of the transformation.
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L

w, = (-2 log v )2 cos(2xv,)
1 1y 2’

= (-2 log vl)2 sin(2xv,) ,

where (vl, va) is a pair of uniformly and independently distributed
 random variables (9, p. 39].

sJSee, for example, [ , p. 234],

2/Ali'.hcmgl'l (15) is a patural formuls for estimating p from the cal-
culated residuals, it differs from the maximum-likelihood estimate
of p from observed u1t ; Wwhich is a common estimate in components

of variance analysis, The maximum-likelihood estimate would he
H’ i

Tl 3 2. 28
1=l tuluit i “'tgj.nit

NF(P-1)8

vhere & 1is given by (16).

Except when p is very small or very large the two estimates tend
to be quite close. The maximum-likelihood estimate, however, does
have one major defect for the use proposed below: mnawely, 1t may
be slightly negative, whereas- r; 1in (19) cannot be negative. Below

it is proposed to use r, in place of p in a "second-round" gen-

i
eralizeéd least-squares estimation procedure. The possibility of a
~ negative value has obvious disadvantages.

39/Hadansky (14, p. 52] gives an extremely general formula for the com-
putation of an asymptotic variance-covariance matrix of estimates in
8 generalizes instrumental variable estimation context. He later
interprets two- and three-stage least-squares as instrumental variable
estimates and uses his result to evaluate the efficiency of three-
stage least-squares. If the validity of Madansky's result is accepted
for three-stage least squares, then it should also be applicsble to

the two-round estimates provided the estimates T, and r; are cons

sistent estimates of p . Although they both are, estimated asymp-
totic standard errors have not been computed fof either of the two-
round estimates. Madansky's results as well as those of Sargan are
for the case in which no lagged value of the dependent variable is
present as one cf the explanatory variables. On the basis of earlier
results of Amemiya and Fuller [2] which showed such two-round estimates
to be inefficient in comparison to maximum-likelihood estimates, the
Madansky standard errors were never programmed. Iater results of
Amemiys [1), however, suggest their asymptotic validity.



yExcept, of course, 1n the case of the generalized least-squarea esti-
mates. -

12/ See Hurwicz [10].
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APPENDIX

Means and Mean-Square Errors of Various Estimates of @, B, 7y,

02 and p and Selected Estimates of Standard Errors for Various

Values of the Parameters o , £, and p .
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GLS. Generalized least-Squares Estimates of o ,

B 4
and Modified Generalized least-Squares Estimates of ’
Means and Mean-Square Errors. vVarious Velues of o and D .
B=0.0, 7=20.0, ¢ =1.0
Sample size:
T=10 N=25
B=| 0.0lp = 0.0 {p = 0.15[p = 0.30{p = 0.45|p = 0.60 p=0.75p = 0.9|p - 6.95
& [Mean 0.0899 | 0.0876 | 0.1066 | 0.1033 | 0.1012 | 0,1098 | 0.1116 | 0.1058
MSE | 0.0039 | 0.0039 | 0.0039 | 0.0045 | 0.0039 | 0.0050 | 0.0051 | 0.0032
5 [Mean| 0.0014 | -.0106 | -.0150 0.0236 | -.0075 | 0.020% | 0.0019 | -.0028
MSE | 0.0073 | 0.0089 | 0.0072 } 0.0056 | 0.0051 | 0.0028 | 0.0011 | 0.000k
H o
ols |Mean| -.0165 | 0.0405 | 0.0370 | -.0898 | -.0152 | -.0710 | -.0%94 | -.03h42
w|? |MsE | 0.0718 | 0.0772 | 0.0%k | 0.0606 | 0.0769 | 0.0627 | 0.0361 | 0.0547
3
32 Mean| 0.9791 | 0.9934 | 0.9762 | 0.9982 | 0.9703 | 1.0010 | 0.9759 | 1.0028
MSE | 0.0048 | 0.0075 | 0.0097 | 0.0072 | 0.0090 [ 0.0065 | 0.0117 | 0.0059
S Mean
MSE —_ — —_ —_ — — — _
5 |Mean| 0.2798 | 0.2777 0.3059 | 0.3069 | 0.2976 | 0.3192 | 0.2907 | 0.3067
MSE | 0.0049 | 0.004L } 0.0037 | 0.0048 | 0.0024 | 0.0031 | 0.0033 | 0.0035
’ 5 Mean| 0.0239 | 0.0112 | 0.0032 | -.0009 | 0.0038 | 0.0056 | 0.0040 | 0.00%0
MSE { 0.0113 | 0.079 0.0042 | 0.0043 | 0.0052 | 0.0023 | 0.0009 | 0.0005
LY
o~ |Mean| -.0638 | -.0410 | -.0095 | 0.0264 | -.0%24 { -.0205 | 0.0192 | 0.0296
ul? [MsE 0.0985 | 0.0857 | 0.0575 | 0.0738 | 0.0898 | 0.04k7T | 0.053% | 0.0295
(o]
~2|Mean| 1,0091 | 0.9803 | 0.9834% | 0.9991 | 0.9998 | 0.956k | 0.96M { 0.9786
% Iuse | 0.0076 | 0.0097 | 0.0054 | 0.0085 | 0.0099 | 0.0107 | 0.0078 | 0.0083
~ |Mean o . . o o __ . o
P imsE
5 {Mesn 0.4962 | 0.5062 | 0.5015 | 0.5186 | 0.5095 | 0.5095 | 0.5301 | 0.5193
MSE | 0.0019 | 0.0037 | 0.0029 | 0.0035 | 0.0035 | 0.0031 | 0.0040 | 0.003%6
~ |Mean| 0,0143 | 0.0011 { -.0083 | -.,0134 | 0.0201 | -.0061 | 0.012L | 0.001k4
B IMsE { 0.0077 | 0.0062 { 0.0072 | 0.0056 | 0.0041 | 0.0032 | 0.0011 | 0.0006
T
ol ~ [Mean| -.0424k | -.02k1 | 0.0378 | 0.0%07 | -.0823 | -.0238 | -.0h61 | -.0358
s]7 IMse | 0.0660 | 0.0690 | 0.0661 | 0.0800 |} 0.0522 | 0.06L8 | 0.0485 | 0.0302
o]
32 Mean{ 0.9676 | 0.9779 | 0.9939 | 0.9755 | ©0.9985 | 0.9696 | 1.0000 | 0.9759
MSE | 0.0084 | 0.0049 | 0.0075 | 0.0097 | 0.0072 | 0.0090 | 0.0065 | 0.0117
a3 i T M M et Mt Mt
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TABLE A.1 (Continued)

B=! 0.0]p = 0.0 |p = 0.1 }p = 0.30{p = O.4 |p = 0.60{p = 0.7 {p = 0.90{p = 0.9
5 |Mean 0.6824 | 0.720k §{ 00,7288 | 0.7202 { 0.7323 | 0.7206 | 0.7291 | 0.721%
MSE | 0.0023 | 0.0020 | 0.003% | 0.0022 | 0.0029 | 0.0022 | 0.0035 | 0.0023
a Mean. "00183 ".0085 000018 -.0060 0.0061- -.0008 “0-()000 000058
MSE | 0.0077 | 0.0079 | 0.0065 | 0.0049 | 0,0026 | 0,0023 | 0.0013 | 0.0005
b—
S|a |Mean| 0.0527 | 0.0375 | -.0347 | -.0112 | -.0002 | -.0046 | -.0134 { -,03%0
w17 |MsE | 0.0733 | o.0841 | 0.0722 { 0.0632 | 0.0259 | 0.057% | ©0.0%03 | 0.0%329
8
~2|Mean| 1.0000 | 0.9852 |} 1.0072 | 1.0069 | 0.9806 | 0.9809 | 0.9877 | 1.0018
C |MSE { 0.0058 | 0.00k9 { 0.0125 | 0.0065 | 0.0062 } 0.0078 | 0.0098 | 0.0065
~ Mesn _ — . . _ ___ . .
P IMsE
& |Mean 0.8934 | 0.9353 | 0.943% 0.9408 | 0.9493 | 0.9399 | 0.9415 | 0.9290
MSE | 0.0012 | 0.0019 | 0.002 0.0021 | 0,0028 | 0.,0020 | 0.0019 | 0.0010
A~ (Mean| -.0152 | -,0095 | -.0043 | -.0173 | 0.0016 |} -.0121 | 0.0010 | 0.0006
P ImsE 0.0117 | 0.0087 ) 0.0060 | 0.00%2 | 0.0031 | 0.0029 | 6.0011 | 0.0004
0\ -
o)~ Mean| 0.0409 | 0.0399 | 0.0099 | 0.06Lkk | -.00k4 | O.O43h | -.0140 | 0.0109
w]” IMSE | 0.0992 | 0.0749 | 0.0579 | o.0u6k | 0.0422 | 0.0451 | 0.0258 | 0.026k
o]
32 Mean| 0.9713 | 0.979% | 0.9763 { 0.9817 | 0.9608 ]| 0.9670 | 0.9718 | 0.9796
MSE | 0.0072 | 0.0065 | 0.0087 | 0.0085 | 0.0084 | 0.0085 | 0.0082 | 0.0096
A~ (Mean
Plwe | T = - - - — ~ ~
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TABLE A.2: OLS. Ordinary Least-Squares Estimates of a, 8, 7 ,
and Modified Least-3quares HEstimates of

Means and Mean-Square Errors.

Various Values of o and p .

B = 0.0 b 7= 0.0 y 02 =1.0 .
Sample slze;
T=10 N=25
{p=[ 0.0]p = 0.0 |p =.0.15|p = 0.30|p = 0.45|p = 0.60|0 = 0.75|p = 0.90[p = 0.95
&l Mean| 0.0899 | 0.2339 | 0.4008 | 0.5169 | 0.6577 | 0.8070 | 0.9132 | 0.956%
MSE| 0.0039 | 0.0225 | 0.0959 | 0.1798 | 0.3158 | 0.5023 | 0.6619 | 0.7370
3 Mean| 0.0014 | -.0090 | -.0175 | 0.0199 | 0.0026 | 0.0185 | 0.0023 | -.0033
MSE| 0.0073 { 0.0082 { 0.0057 | 0.0035 | 0.0028 | 0.0019 { 0,0006 | 0.0003
S ~ IMean] ~.0165 | 0.0338 | 0.0472 | -.067hk | -.0245 | -.0552 | -.0081 | 0.0086
«|7 { MSE| 0.0718 | 0.0708 | 0.0639 | 0.0351 | 0.0275 | 0.0177 | ©0.0055 | 0.0028
5 _ _ _
~2Mean| 0.9791 | 0.9649 | 0.8728 | 0.7600 | 0.5945 | 0.4119 | 0.1699 | 0.0901
O | Mse| 0.0048 | 0.0084 | 0.0238 | 0.0625 | 0.1681 | 0.3476 ! 0.689% | 0.8279
~ |Mean _ __ ___ _ _ _ . _
9 1 MsE
& |Mean 0.2798 | 0.4324 l0x6016 0.6970 | 0.7975 | 0.8878 | 0.953% | 0.9778
MSE( 0.00%9 | 0.021k | 0.095% | 0.1619 | 0.2492 | 0.3472 | 0.4269 | 0.4595
3 Mean| 0.0239 | 0.000 | -.0069 | 0.0090 | -.0067 | 0.0026 | -.0086 | 0.0019
MSE| 0.0113 | 0,0066 | 0.0043 | 0.0041 | 0.0029 | 0.0017 | 0.0005 | ©0.0002
:;,\ Mean| -.0638 | -.0181 | 0.0218 | -.0185 | 0.0189 | -.0080 | 0.0289 | -.0053
7 | MsE| 0.0985 | 0.0685 | 0.0459 | 0.0uk7 | 0.0%0k | 0.0147 | 0.0046 | 0.0020
o)
42 [Mean| 1.0091 0.9428 | 0.8534 | 0.7249 | 0.5645 | 0.3480 | 0.14B80 | 0.0751
MSE| 0.0076 | 0.0117 | 0.0255 | 0.0811 | 0.193L | 0.4264k | 0.7261 | 0.8555
A (Mean
Plimse| — — — - — — e —
& |Mean 0.4962 | 0.6616 | 0.7612 | 0.8493 | 0.895 | 0.9446 | 0.9822 | 0.9898
MSE| 0.0019 | 0.0297 | 0.0705 | 0.1231 { 0.1573 | 0.1980 | 0.23%25 } 0.2400
~ |Mean| 0.0143 | 0,0004 | -.0061 } -.0171 | 0.015k | 0.0003 | 0.0098 | 0.001k
® 1'use| 0.0077 {0.00% | 0.0063 | 0.0042 | 0.0026 | 0.0016 | 0.0008 | 0.0003
~ :
Si~ Mean| -.0Ok24 | -.0134% | 0.0239 | 0.0488 | -.0468 | -.0082 | -.0279 | ~-.0039
7 L MsE| 0.0660 |0.057% | 0.0541 | 0.0418 | 0.0238 { 0.0139 | 0.0072 | 0.0030
e}
32 Mean | 0.9676 | 0.9286 | 0.8291 | 0.6652 | 0.509% | 0.3207 | 0.1320 | 0.0651
MSE| 0.008% | 0.0091 | 0.0343 | 0.1164 | 0.2425 | 0.4625 | 0.75%6 | 0.8741
A |Mean
i° | MsE —_— _ — — — — — -
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TABLE A.2 (Continued)

p=0|0

Dr = 0.30

Q=0.1|-

P = 0460

ﬁ= 0.0 p = 0.1 p = 0.7 P o= 0.90 g = 0-9
& |Mean 0.6824 | 0.8421 | 0.907L | 0.9378 | 0.9653 | 0.981k | 0.9950 | 0.9984
MSE| 0.0023 | 0.0210 | 0.0439 | 0.0569 | 0.0695 | 0.0793 | 0.0870 { 0.0891
g |Meen -.0183 | -.0071 | 0.0102 | -.0008 | 0.0036 | 0.002% | -.0001 | 0.0062
MSE{ 0.007T7 | 0.0076 { 0.0053 | 0.0042 | 0.0030 | 0.002T | 0.0008 | 0.000k
I
o |~ |Mean! 0.0527 | 0.0266 | -,0466 | -.0097 | -.0118 | -.0104 | -.0030 | -.0205
v |7 | MSE} 0.0733 | 0.0726 | 0.0889 | 0.0402 | 0.0257 | 0,025 | 0.0062 | 0.0036
5 .
52 |Meanj 1.0000 | 0.9155 | 0.7999 | 0.6398 | 0.457L | 0.2925 | 0.1L79 | 0.0600
MSE{ 0.0058 | 0.0114 { 0.0472 | 0.1320 | 0.2961 { 0.5013 | 0.7783 | 0.8837
i~ {Mean
P ) MsE — —_ — — —_ —_ — —
& Mean] 0.8934 § 0.9809 | 1.0025 | 1.0094 | 1.0163 | 1.0191 | 1.0221 1.0227
MSE| 0.0012 | 0.0069 | 0.0106 | 0.0120 - 0.0135 | 0.01k2 | 0.0149 | 0.0151
4 [Mean| -.0152 | -.0078 | -.0038 | -.017k | 0.0000 | -.0237 | 0.0013 | 0.0011
MSE| 0.0117 | 0.0079 | 0.0058 { 0.0039 { 0.0030 | 0.0030 | 0.0012 | 0.0008
A —
o ; Mean} 0.0409 | 0,0299 | 0.0115 | 0.0517 | 0.0008 | 0.0%369 | -.0045 | -.0023
y MSE] 0.0992 | 0.0661 | 0.0521 | 0.0337 | 0.0263 | 0.0259 | 0.0100 | 0.0072
8
o¢ |Mean| 0.9713 | 0.8906 | 0,746 | 0.5930 | 0.42%2 | 0.2704 { 0.1111 | 0.058k
MSE| 0.0072 | 0.0167 | 0.0698 | 0.1686 | 0.3339 | 0.5329 | 0.7903 | 0.8867
8 Mean
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TABLE A.3: LSC. Least Squares with Individual Conatant Terms.
Estimates of « ,

Means and Mean-Square Errors.

B, 7

, ¢ and p .

Various Values of a and p .

a = 000 » 7 = 0.0 2 02 = 1.0 -
Sample size:
T=10 N=25
ﬁ=} 0.0}p = 0.0 |p ='0015 p = 0.30 p = 0.14-5 o = 0.60 p = 0-75 P = 0.90 p = 0-95
& |Mean| -.0239 -.0274 | -.0145 | ~.008% | -.01k6 | -.025% | -.0016 | -.0100
MSE | 0.0187 | 0.0205 | 0.0171 | 0.0167 | 0.0168 | 0.0217 { 0.0153 | 0.01k7
5 Mean| -.000L { -.0118 | -.0131 | 0.0240 | -.0092 | 0.0207 | 0.0020 | ~-.0028
MSE | 0.0086 | 0.0104 | 0.0088 | 0.0067 | 0.0060 [ 0.0034 { 0.0013 | 0.0005
-~
S|~ |Mean]| -.0043 | 0.0460 | 0.0%06 | -.00k2 | -,0143 | -.07h1 | -.0443 | -.0409
a|7 Iuse | 0.0877 | 0.0895 | 0.1111 | 0.0717 | 0.0958 | 0.0805 | 0.0456 | 0.0700
B
32 Meanf 0.9937 | 1.041k | 1.0654 | 1.0709 | 1.1062 | 1.3212 | 1.1108 | 1.1922
MSE | 0.0050 | 0.012% | 0.0250 | 0.0416 | 0.0643 | 0.2399 | 0.1292 | 0.1458
3 Mean| 0.1263 | 0.2748 | 0.4232 | 0.5271 | 0.6750 | 0.8186 | 0.9142 | 0.9595
MSE | 0.0170 | 0.0194 0,0202 0.0121 | 0.,0101 | 0.0083% | ©0.0008 | 0.0002
& |Mean) 0.1576 | 0.1406 | 0.1500 | 0.1662 | 0.1479 | 0.1638 | 0.1439 | 0.1566
MSE | 0.0238 | 0.0%00 { 0.0269 | 0.0235 | 0.026h | 0.0219 | 0.0283 | 0.0251
'g Mean| 0.0%305 | 0.0172 | ©.0086 | -.o0kk | 0.0079 | 0.0068 0.0068" 0.0631
MSE | 0.0150 | ©0.0097 | 0.0049 | 0.0049 | 0.0065 | 0.0027 ] 0.0011 | 0.0007
[ "
of A {Mean 0821 | ~,0603 | -.0260 | 0.0435 | -.0536 | -.02kk | 0.0142 | 0.0375
M7 IMse | 0.1%314 1 0.1075 | 0.0730 | 0.0950 | ©.1217 | 0.0650 | 0.0778 | 0.0428
o]
a2{Meani 1.0275 1.0489 | 1.1521 ] 1.1659 | 1.2813 | 1.3160 | 1.3018 | 1.3673
MSE | 0.008 | 0.0160 | 0.0506 | 0.0764 | 0.1830 | 0.2663 | 0.2115 | 0.2978
~ IMean| 0.12u1 | 0.2017 | 0.4640 | 0.5653 | 0.7109 | 0.8234 | 0.9296 | 0.9652
P lmsE 0.0165 | 0.02ki 0.034%7 | 0.0215 | 0.0166 | 0.0091 | 0.0013 } 0.000k
4 [Mean 0.3%03 | 0.3189 | 0.3153 | 0.3271 { 0.3324 | 0.3270 | 0.3205 | 0.3425
MSE | 0.0%16 | 0.0364 | 0.0382 | 0.0337 | 0.0326 | 0.0339 | 0.0379 | 0.0294
3 Mean{ 0.0080 | 0.0020 | -.0101 | -.0105 | 0.0211 | -.0082 | 0.0133 | 0.0018
MSE | 0.0123 | 0.0083 | £.0098 | 0.0080 | 0.0056 | 0.00%2 | 0.0016 { 0,0008
Sl A |Mean! -.0242 | -.0384 | o.0882 | 0.0182 | ~.09u2 | ~.0325 | -.0540 | -.0k82
o|”7 |MsE | 0.1052 | 0.0992 | 0.0924 | 0.1246 | 0.07h5 | 0.1092 | 0.0939 | 0.0567
" _
4?2 |Mean 1.0068 | 1.1428 | 1.2618 | 1.3559 | 1.3949 | 1.5215 | 1.9413 | 1.5602
MSE [ 0.0083 | 0.0408 | 0.1111 | 0.1957 { 0.2943 | 0.4531 | 1.3890 | 0.667h
~ |Mean} 0.1619 | 0.3604 | 0.5072 | 0.6426 | 0.7316 | 0.8497 § 0.9483% | 0.9685
1P |use | 0.0286 | 0.0493 | 0.0505 | 0.0L425 | 0.0218 | 0.0119 | 0.0029 | 0.0005
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TABLE A.% (Continued)

B=| 0.0[p = 0.0 [p = 0.15|p = 0.30|p = 0.45]p = 0.60[p = 0.75|p = 0.90}p = 0.95
& |Mean 0.4933 | o.4767 | 0.4957 | 0.4831 | 0.5980 | 0.4993 | 0.4933 | 0.4759"
MSE | 0.0457 | 0.0546 | 0.0454 | 0.0509 | 0.0445 § 0.0kk5 | 0,061 | 0.0558
~ {Mean| -.0076 { -.0107 } -.0097 | -.0108 | 0.0066 | -.0053 | -.001k | 0.001%
B |mse 0.0123 | 0.0109 { 0.0095 | 0.0080 | 0.0038 | 0.0034% | 0.0019 | 0.0008
b‘“ .
o}~ |Mean| 0.0186 | 0.0553 | -.0178 | -.0162 | 0.0242 | -.0028 | -.0101 { -.0580
wi?” MSE | 0.1239 | 0.1354 | 0.1353 | 0.1280 | 0.0701 | 0.1382 | 0.1585 | 0.110%
o]
~2{Mean| 1.0730 | 1.3740 | 1.6260 | 1.8520 { 2.0122 | 2.0728 | 2.5033 | 2.7421
° [MsE | 0.0138 | 0.1785 | 0.5400 | 1.0b27 | 1.h71ik | 1.6%97 | 2.87h7 | L.4503
~ IMean| 0.1965 | 0.4729 | 0.6119 | 0.7197 | 0.8111 | 0.8848 | 0.9623 | 0.9817
P ImMse | o.ok12 | 0.112% | 0.1055 | 0.0801 | 0.0495 | 0.0199 | 0.0041 | 0.0011
& |Mean 0.647h § 0.6685 | 0.6724% | 0.6772 | 0.7138 | 0.7366 t 0.8201 | 0.8502
MSE { 0.0680 | 0.,0568 }{ 0.0551 1 0.0519 | 0.0372 | 0.0289 | 0.0073 { 0.0032
~ |Mean| -.0082 | -.0011 | -.0044 | -.0148 | 0.00%2 | -.0058-| -.0027 | 0.0017
P |MsE 0.0159 | 0.0134 | 0.0114 | 0.0078 | 0.0040 | 0.0041 | 0.0011 | 0.000L
o ‘
I~ |Mean| 0.0428 | o0.042k 0.026%% 0.1085 | -.0007 | 0.0562 | -.0207 | ©.0166
7 |MsE | 0.138% | 0.151k | 0.161% ) 0.1905 | 0.1728 | 0.1576 | 0.0669 | 0.0547
2 |Mean| 1.2920 | 2.260% | 3.2662 | 3.8095 | ¥.13%2 | 3.9901 | 2.6043 | 1.8801
% IMse | 0.1196 | 1.9296 | 6.0954% | 10.113 | 11.173 | 10.920 | 3.1733 | 1.1080
ia |Mean| 0.3766 | 0.6752 | 0.8078 | 0.8690 | 0.9137 | 0.9407 { 0.96%2 | 0.974%
ip MSE | 0.1508 | 0.2826 | 0.2622 { 0.1784 | 0.0931 | 0.03%69 { 0.0042 | 0.0007
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Two=-Bound Batimates of o,

B,

2

y and o .

Using 3 Estimated by L3C. Means and Mean-Square Errors.

Varioud Values of & and p .

B = 000 » 7 = 000 » @ L] 1-0
Sample size;
T=10 N=25
B=] 0.0{p = 0.0 |p = 0.15|p = 0.30|p = 0.U5|p = 0.60{p = 0.75|p = 0.90}p = 0.95
& |Mean 0.0254 | 0.0k10 | 0.06329 | 0.0751 | 0.0695 | 0.0618 { 0.0887 | 0.0795
MSE | 0.0090 | 0.0079 | 0.0058 | 0.0062 | 0.0052 { 0.0083 | 0.0058 | 0.0034
é‘ Mean}| 0.0005 | -.0112 | -.01L43 | 0.,0238 { -.0074 | 0.0206 { 0.0019 | -.0028
MSE | 0.0078 | 0.0096 | 0.0078 | 0.0059 | 0.0053 | 0.00%0 | 0.0012 | 0.000k%
i
o ; Mean| -.0150 | 0.0430 | 0.0346 § -.0910 | -.0167 | ~.0722 | -.0403 | -.0364
. MSE | 0.0786 | 0.0821 | 0.0980 | 0.0625 | 0.0825 | 0.0688 | 0.,0387 | 0.0579
2]
~2|Meanj 1.0490 | 1.1178 | 1.1518 | 1.1611 { 1.2032 | 1.4398 | 1.2110 | 1.3005
9 |MsE | 0.008% | 0.0267 | 0.0480 | 0.0699 | 0.1047 | 0.3571 | 0.1839 | 0.2202
3 Mean . _ . . _ _
MSE . T -
& [Mean 0.212k | 0,2191 | 0.2400 | 0.2596 | 0.243k4 | 0.2633 | 0.244k | 0.2580
MSE | 0,011k | 0.0111 | 0,0083 | 0.0078 | 0.0068 | 0.0052 | 0.0076 | 0.0070
6 Mean| 0.0278 | 0.0139 | 0.0054 | -.001% | 0.0057 | 0.0063 | 0.0048 | 0.0029
MSE | 0.0130 | 0.0086 | 0.00kk | 0.0045 | 0.0056 | 0.0024 | 0.0009 | 0.0006
Y B
o|~ [Mean|{ -.0746 | -.0492 | -.0164 | 0.0313 | -.0431 | -.0225 | 0.0158 | 0.0%29
|7 |MsE | 0.1135 | o.09kk | 0.0635 | 0.080% | 0.1000 | 0.0535 | 0.0611 | 0.0329
(o}
~2|Mean| 1.0830 | 1.1251 | 1.244k | 1.2622 | 1.3909 | 1.4299 | 1.4160 | 1.487%
O [MsE 0.0158 | 0.0319 | 0.0930 | 0.1274 | 0.2767 | 0.3828 | 0.3165 | 0.L4312
~ |Mean o _ _ . _ . _ o
P lMse
& |Mean 0.3978 § 0.4108 | o.%1k4k | 0.4322 | 0.5401 | 0.%331 | 0.4305 | 0.453¢9
MSE | 0.0129 { ©.0117 | 0.0116 | 0.0089 | 0.0085 | 0.0088 | 0.0112 | 0.0071
5 Mean| 0.0101 0;0015 -.0095 | -.0123 | 0.0202 | -.0066 | 0.0128 | 0.0017
MSE | 0.0101 | 0.0071 | 0.0085 | 0.0066 | 0.0047 | 0.0035 | ©.,0013 | 0.0006
W™y - T
o|~ {Mean] -.0301 | -.0320 | 0.0435 | 0.0258 | -.0858 | =-.0292 | -.0488 | -.0%96
|7 |MsE | 0.0864 | 0.0824 | 0.0775 | 0.098% | 0.0591 | 0.0834 | ©.0678 | 0.0LO8
| 32Mea.n 1.0660 | 1.2268 | 1.3603 | 1.4646 | 1.5081 | 1.64k79 | 2.1038 | 1.6897
MSE | 0.0140 | 0.0758 | 0.1806 | 0.2977 | 0.4220 | 0.6342 | 1.8148 | 0.8928
~ Mean _ . _ _ . . _ _
P luse
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TABLE A.4 (Gontinued)

D = 0-60

MSE

a= 0-0 p = 000 p = 0-15 = 0‘50 P = 0.1"5 P = 0.75 P = 0090 p = 0.95
& [|Mean 0.5689 | 0.5771 | 0.5993 | 0.5934 | 0.6112 | 0,6107 | 0.606% 0.5901
MSE | 0.0197 | 0.0199 | 0.0130 | 0.0153 { 0.,0119 | 0.0128 | 0.0125 | 0.0178
é‘ Mee-n ".0121 -00105 -.0014’4- --0081 0.0058 -.0035 —.0009 0.002’1'
MSE | 0.0101 | 0.0093 | 0.0080 | 0.0062 { 0.0030 | 0.0028 | 0.0015 | 0,0007
t—
ofs [Mean| 0.0331 | 0,0498 | -.0241 | -.0161 { 0.0151 | -.0055 | -.0092 | ~.04g90
x|7 MSE | 0.1003 | 0.1091 | 0.1027 | 0.0918 | 0.04k7 | 0.0955 | 0.1009 | 0.0708
A2{Mean| 1,1382 | 1.h745 | 1.7478 | 1.9933 | 2.1659 | 2.2333 | 2.6976 | 2.9570
9 MsE | 0.0293 | 0.2718 | 0.7320 | 1.3591 | 1.8859 | 2.0966 | 3.6030 5.491%
» [Mean — — — — _ — _ —
P imsE
& [Mean| 0.7370 | 0.7691 [ 0.7734 | 0.7793 | 0.8113 | 0.8239 | 0.8854 | 0.8988
MSE | 0.0301 | 0.0203 | 0.0193 | 0.0169 | 0.0104 | 0.0078 | 0.0012 | 0.0007
5 [Mean| -.0091 | -.0048 | =.0055 | -.0170 | 0.0026 | -.008L | -.0006 | 0.0003 |
MSE | 0.0132 | 0.0110 | 0.0085 | 0.0059 | ©.0031 | 0.0031 | ©0.0010 | ©0.000k.
o
dra Mean| 0.0388 ! 0.0k21 | 0.0247 | 0.094%7 | -.0020 | ©.0516 | -.0178 | 0.0113
a7 IMse | o.115% | 0.1150 | 0.1086 0.1172 | 0,1026 | 0.1009 | 0.0419 | 0.0350
v .&2 Mean| 1.3774 | 2.4169 | 3.4960 | L.1731 | 4.W13h | L4.2691 | 2.7816 | 2.0272
MSE | 0.183k | 2.4110 | 7.3539 [12.067 [13.238 |[12.998 3.8748 | 1.4342
3 Mean — _ _ __ — . _ _
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TABLE A.5: IV. Instrumental-Varieble Estimates of a ,
B, 7, o and p . Means and Mean-Square Errors.
Various Values of o and p .

ﬁSOoO, 7‘0.0’ 0231.-0-

Sample size:
T=10 N=5

B=| 0.0lp = 0.0 |p = 0.15|p = 0.30lp = 0.45|p = 0.60]p = 0.75|p = 0.90]p = 0.95

& |Mesn| 0.8800 | 0.1655 |-1.2629 0.1642 | 0.6264 | 3.8689 | -.4638 | 8.9559
MSE { 23.582 | 52.501 | 27.770 | 6.3932 | 100.30 | 935.k2 | 111.59 | 7936.6

6 Mean| 0.0724 | 0.,0507 | -.0548 | 0.0408 | -.0488 | 0,0391 | -.0445 | 0.8369
MSE | 0.17k2 | 0.1997 | 0.0546 | 0.0571 | 0.8579 | 0.2469 | 0.0460 | 20.4L0
~ -
S|~ |Mean| -.2089 | -.1321 | 0.2922 | -.1559 | -.1017 | 0.8737 | 0.3252 | -.0012
; 7 |mse | 1.78%2 | 1.7705 | 1.5594 | 0.4259 | 10.709 | 39.652 | 1.7732 | 150.63
22 Mean| 25.023 | 47.94h | 27.048 | 7.8398 | 82.865 | 690.46 | 114.60 | 9397.9
MSE | u4657.2 * * 251,00 * * * *
5 Mean| 0.1240 | 0.2553 | 0.3477 | 0.h4926 | ©0.5737 | 0.6262 | 0.6543 | 0.7395
MSE | 0.0220 | 0.0359 | 0.0472 | 0.,0519 | 0.0601 } 0,0853 | 0.1524 | 0.1k06
& [Mean 9.9142 |-4,6209 | -.2671 | 0.8693 {-3.7855 | 1.3991 |-~2k.016 | 0.9230
¥*

MSE | 5%06.7 | 80,52 | 43.80% | 32.636 | 1513.8 { 18.449 1.2713

A IMean| 0.5771 { 0.2004 | 0.1049 | 0.1598 | =-.3429 | 0.1012 | -3.7910 0.0182
e lMsE 24,498 | 4.3233 | 0.3871 | 0.9231 | 1.93%2 | 0.k702 | T706.03 | 0.0121

LY .

S|~ |Mean|~1.1271 | -.2607 | -.2528 | -.34%0 | 1.8783 | -.3577 | 11.939 | -.0381

; 7 |use | 108.66 | 32.38 | 3.4776 | 8.9002 | 104,98 | 5.7928 | 7092.1 | 0.3029

gryban 5569.1 | 533.00 | 66.690 | 44,932 | 3040.6 | 32.282 * 1.8102
MSE * * * * *

* * 18.509

5 Mean! 0.1283 | 0.239h4 | 0.493k | 0.4355 | 0.6320 | 0.6288 0.6204 { 0.6415
MsE | o0.0246 | 0.0388 | 0.0777 | 0.0642 | 0.0552 | 0.0753 | 0.191i2 | 0.1519

~ |Mean| 0.1516 | -.42k2 | 0.8772 | 0.3992 | O.U9L4 § 0.2019 | 1.0933 | T.5752

@ Ivse | 13.575 | 124.02 | 111.20 | 64.658 | 56.302 | 26.20k | 1.8190 | 3459.7

~ |Mean] 0.0282 | o0.2754% | 0.0512 | 0.0625 | -.0161 | -.0029 | 0.0068 | -.7137

B |usE 0.2965 | 1.6786 | 2.2119 | 0.5780 | 0.2649 | 0.5039 | 0.1130 14,267

z; ~ |Mean] -.100k | -.8012 | -.2840 | 0.1703 | 0.4370 | 0.2286 | ~.1080 | -4.3673

o |7 |MSE | 2.45k1 | 14,156 § 16.748 | 4.1878 | 9.8415 | 12.440 1.2681 | 792.79
° o2 [Mean| 19.025 | 208.43 | 199.56 | 148.95 | 106.72 | 65.286 | 6.0410 *
MSE | 5499.9 * * * * * 265.79 *

5 |Mean; 0.1985 | 0.3739 | 0.4538 | 0.5119 | 0.6595 | 0.6928 | 0.T7407 0.6457

MSE | 0.0565 | 0.0935 | 0.0970 | 0.0942 | 0.0685 | 0.0772 § 0.0839 } 0.2177

*
Format field exceeded.
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TABLE A.5 (Continued)

P={ 0.0]p = 0.0 [p = 0.15[p = 0.30{p = 0.45]|p = 0.60|p = 0.75]p = 0.90|p = 0.95
& [Mean| -.9152 | 0.9499 [ 0.3132 | 0.0023 | 1.4831 | 0.4316 | 0.4855 | 1.0496
MSE | 93.643 | 18.582 | 12.985 | 79.49k | 23.496 | 39.34k | 24.160 0.4304
8 Mean| 0,1980 { 0.,0011 | 0.2127 | -.1653 | 0.4039 | -.1403 | 0.1262 0.0373
MSE | 4.8416 | 0.4605 | 1.2255 | 1.4816 { 8.0884k | 1.0613 0.7150 § 0.0%91
|
o|s [Mean| -.0451 | 0.0408 | -.6860 | -.01% ~T295 | 1.6781 | -.2757 | -.1292
o|”7 |MsE | 11.018 6.0805 | 15.611 | 24.652 | 25.945 | 129,18 | 7.5572 0.7107
"
a2|Msan| 190.67 | 66.825 | 54,129 | 411.15 | 164.33 | 245.13 | 222.88 2.6274
o MSE * * * * * * * TL.648
4 [Mean| 0.3039 | 0.5229 | 0.568L | 0.6362 | 0.6744 | 0.7381 | 0.7118 | 0.6648
P imse | 0.1186 0.2078 Q.1h69 0.1103 | 0.1022 | 0.0636 | 0.1313 | 0.1798
& Mean| 0.4518 {-1.9992 1:1263 1.4361 | 0.9925 | 1.4808 | 0.9311 | 0.9967
MSE | 20.91k | 235.43 | 3.0190 { 10.013 | 3.0%8 | 20.2k1 | 1.1061 | 0.0831
3 Mean| -.225% | 0.0731 | 0.0667 | 0.1525 | 0.1150 | 0.1952 0.0594% | -.0167
MSE | 1.1961 | k.217h | 0.3237 | 1.2712 | 0.3791 | 1.7318 | 0.1937 | 0.0116
[#21
o2 [Mean| 0.7940 | 0.7869 | -.1635 |-1.0861 | -.5771 -.9599 | -.3852 | 0.0787
|7 [MSE | 9.2106 | 205.16 5.3338 | 54.356 | 5.172% | 50.591 | 3.8067 | 0.2135
o
62 Mean| 97.97T | 3663.6 | 70.057 | 333.73 | 135.54 | 837.68 89,028 | h.9h27
MSE * * * * * * * 280,16
o [Mean| 0.5753 | 0.6264 | 0.6736 | 0.6238 | 0.7316 | 0.6788 | 0.6972 | 0.7822
MSE | 0.2763 | 0.3176 | 0.2201 | 0.1268 0.10&0_ 0.1013 | 0.1327 | 0.0877

*
Format fileld exceedad.
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TABLE A.6: 2RI. Two-Round Estimates of ¢, B, 7 and e
Using © Estimated by IV. Means and Mean-Square Errors.
Various Values of « and p .
B‘ = 0.0 ? 7 = 000 F) = 1.0
Sample size:
T=l0 N=25
B=} 0.0ip = 0.0 }p = 0.15|p = 0.30]p = 0.11»5 p = 0.60 p =0.7T5lp = 0.90]|p = 0.95
4 |Mean| 0.0329 | 0.0681 | 0.1217 | 0.1188 } 0.14k2 | 0.2147 | 0.3ke0 0.3417
MSE | 0.0086 | 0.0094 | 0.01%5 | 0.0215 | 0.0253 | 0.0692 | 0.1ke2 | 0.1604
5 Mean| 0.0004 | -,0139 | -.0141 | 0.0206 { -.007k | 0.0178 | 0.0037 | -.0042
MSE | 0.0079 { 0.0100 | 0.0071 | 0.0057 | 0.0053 | 0.0026 | 0.0010 | 0.0003
~
o|a |Mean| -.0147 | 0.050L | 0.0370 | -.0839 | =.0125 | -.0659 | -.0212 | -.0337
x|” {MsE | 0.0791 | 0.0843 | 0.,0906 | 0.0603 | 0.0824 | 0.0593 | 0.025% | 0.0397
o)
2|Mean| 1.0598 | 1.150% | 1.1617 | 1.264k9 | 1.2052 | 1.0893 | 0.6568 | 0.7092
_ {7 |MsE | o.01h1 | 0.0654 | 0.1k29 | 0.2733 | 0.3352 | 0.4h406 | 0.3678 | 0.3803
~ Mean _ - — _ _ __ _ _
P IMSE
& |Mean 0.2216 | 0.2699 | 0.2523 | 0.3507 | 0.3025 | 0.4020 | 0.5230 | 0.6146
MSE | 0.010% | 0.0151 | 0.0137 | 0.0282 | 0.026k | 0.0459 | 0.1306 | 0.169%
g |Mean| 0.0252 | o.o141 | 0.0028 | 0.0012 | 0.007: 0.005L | 0.0004 | 0.0042
MSE | 0.0125 | 0.0086 | 0.004 | 0.0041 | 0.0053 | 0.0021 | 0.0007 | 0.000k
LY
ol~ |Meanl -,0666 | -.0483 | -.0048 | 0.0247 | -.0457 | -.0213 | 0.0197 §j 0.0054"
e|”7 {mse { o0.109% | 0.0917 | 0.06%0 | 0.0691 | 0.0933 | o.0u46 | 0.0316 | 0.0176
o] -
2|Mean| 1,1075 | 1.1202 | 1.4670 | 1.232k | 1.4591 | 1.1506 | 0.7631 | 0.5263
C Imse | 0.0%02 | 0.0611 | 0.5%%05 | 0.4053 | 0.734% | 0.860k | 0.5573 | 0.6123
~ {Mesan o _ __ _ o . _ _
P Yuse
a Mean| 0.4010 | o0.4347 | 0. 4743 | 0.5241 | 0.4872 | 0.5368 | 0.6369 | 0.7308
|MsE | 0.0128 | 0.0148 | 0.0247 | 0.0271 | 0.0230 | 0.0329 | 0.0535 | 0.0959
5 Mean| 0.0091 § 0.0021 | -.0127 | -.0147 | 0.0220 | -.0060 | 0.,0088 | 0.0010
MSE | 0.0109 | 0.0073 | 0.0087 | 0.0063 | 0.0046 | 0.0034 | 0.0009 | 0.0005
Qn Mean| -.0271 | -.0341 | o.0474 | 0.0373 | -.0933 | -.0251 | -.0%08 | -.0122
{7 |MSE | 0.0933 | 0.081k | 0.0784 | 0,089k | 0.05k2 | 0.0760 | 0.0356 | 0.0170
6'32 Mean| 1.1405 | 1.3860 | 1.5439 | 1.6125 | 1.9058 | 1.5805 | 1.ouk2 | 0.5961
MSE { 0.0518 | 0.3219 | o.7452 | 1.2751 | 2.3872 | 1.641% | 1.0420 | 0.6879
~ |Mean _ __ _; _ __ - _ ___
P IMSE
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TABLE A.6 (Continued)

B=| 0.0{p = 0.0 {p = 0.15[p = 0.30|p = 0.U5{p = 0.60{p = 0.75{p = 0.90{p = 0.95
& {Mean| 0.5557 | 0.5893 0.6337 | 0.6382 | 0.6726 | 0.6930 | 0.7766 | 0.850%
MSE | 0.0249 | 0.0238 | 0.0192 | 0.0214 | 0.0240 | 0.018% | 0.0315 | 0.0437
8 Mean| -.0110 | «.008% | ~.0062 | -.0066 | 0.0046 | -.0002 | -.0001 | 0.0033
. MSE | 0.0105 | 0,0096 | 0.007h | 0.0057 | 0.0028 | 0,002k | 0,0015 | 0.000k
S| [Mean 0.,0302 | 0.0405 | -.0287 | -.0176 | -.00h40 0.009% | 0.0152 { -.0388
;7 MSE | 0.1057 | 0.1096 | 0.0930 ; 0.0876 | 0.0335 | 0.0588 | 0.0515 | 0.0230
g2 |Mean 1.359% | 2.0559 | 2.2213 | 2.4604 | 2.6898 | 2.0712 | 1.5086 | 0.64Tk
MSE | 0.,2145 | 1.9549 | %.0%328 { 5.6058 | 7.8653 | 3.9228 | 2.9315 | 0.7459
~ |Mean _ — . . _ __ . _
P IMsE
2 [Mean| 0.7281 | 0.78k9 0.8100 | 0.8588 | 0.8618 | 0.906% | 0.95%2 | 0.9610
MSE | 0.0350 | 0.0240 | 0.0209 | 0.0130 | 0.0113 | 0.0085 | 0.0066 | 0.0057
8 Mean| -,0125 | 0,0020 | -.0091 | -.0191 | 0.0009 | ~-.0077 | 0.0020 | 0.000L
MSE | 0.0134 | 0.0113 | 0.0082 | 0.0050 | 0.0030 | 0.0033 | 0.0013 { 0.0006
(o
o|s [Mean| 0.0488 | 0.0161 | 0.0290 { 0.1179 | 0.0157 [ 0.0473 | -.0163 | 0.0147
W’ |MSE | 0.11%0 { 0.1250 | 0.0930 | 0.0992 | 0.0816 | 0.0749 | 0.0220 | 0.0187
o
42 |Mean 1.9281 | 4,153 | 4.9750 | 3.9696 | 5.3273 | 2.9445 | 1.6789 | 0.8862
MSE | 1.5944 | 19.476 | 38.099 | 28.87k | 51.613 } 16.30k § S5.5422 | 1.2017
~ |Mean
P IMSE " "‘ - “‘ _ ”‘ - -




TABLE A.T: ML,

Maximum-Likelihood Estimates of « ,
Meang and Mean~Square Errors.
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B, 7

s 02 and p .

Varicus Values of a and p .

B=0.0, =00, o =1.0. ,
Sample size:
T=10 N=25
B=| 0.0|p = 0.0 |p = 0.15)p = 0.30|p = 0.U5|p = 0.60]|p = 0.75]p = 0.90}p = 0.95
& [|Mean 0.076% | 0,0921 | 0.1107 | 0.1216 | 0,1097 | 0.1025 | 0.1296 | 0.1180
MSE | 0.0044 | 0.0055  0.0059 | 0.0077 | 0.0053 | 0.008k | 0.0079 | 0.0040
§ Mean| 0.0007 | ~.0108 | «.0151 | 0.0237 | -.0064 | 0.0204 | 0.,0019 | -.0028
MSE | 0.007T4 | 0.0092 | 0.00Ts | 0.0055 | 0.0050 | 0.0029 | 0.0011 | 0,000k
g ~ |Mean| -.0150 | 0.0410 | 0.0376 | ~.080hk | -.0184 | -.0713 | -.0385 | ~.0345
w17 MsE | 0.0727 | 0.0788 | 0.0917 | 0.0579 | ©.0770 | 0.0642 | 0.0%360 | 0.0531
o]
82 Mean| 0.9797 | 0.9905 | 0.9709 | 0.9426 | 0.9398 | 1.0742 | 0.8627 | 0.9227
MSE | 0.0048 | 0.0086 | 0.0157 | 0.0285 | 0.0401 | 0.1020 § 0.0929 | 0.0761
A (Mean| 0.014%0 | 0.1417 | 0.287% | 0.3947 | 0.5692 | 0.7471 | 0.874k | 0.9405
P lmse | 0.0006 | 0.00k2 | 0.0066 | 0.012% | 0.0082 | 0.0073 | 0.0021 | 0.000k
& |Mean} 0.2710 | 0.2878 } 0.3095 0.3328 | 0.3064 | 0.3305 | 0.3083 | 0.3240
MSE | 0.0053 | 0.0065 | 0.0072 { 0.0124 | 0.0056 | 0.0071 | 0.0070 | 0.0084
8 Mean| 0.0248 | 0.0113 | 0.0031 | 0.0016 | 0.0041 | 0.0060 | 0.0035 | 0.0027
MSE { 0.0115 { 0.0078 | 0.0041 | 0.004% | ©0.0050 | 0.0023 | 0.0008 { 0.0005
2 ~ IMean| -.0665 | -.0402 | -,0099 | 0.0186 [ ~.0350 [=0.0221 { 0.0l71 | 0.0313
+17 |MsE | 0.1001 | 0.0854 | 0.0586 | 0.0722 | 0.0871 | 0,067 | 0.0522 | 0.0265
o]
42|Mean| 1.0095 0.1347 | 0,9883 | 0.9476 | 0.9853 | 0.9370 | 0.8893 | 0.9038
MSE | 0.0076 | 0.0047 | 0.0155 | 0.0323 | 0.0637 | 0.0978 | 0.0897 | 0.1070
~ IMean! 0.008% | 0.9733 | 0.2907 | 0.3889 | 0.5707 | 0.7139 | 0.8791 | 0.937h
P IMsE | 0.0003 | 0.0108 | 0.0113 | 0.0205 | 0.0107 | 0.0114 { 0.0020 | G.0008
4 Mean| 0.4750 | 0.5286 | 0.5521 | 0.6341 | 0.6456 | 0.662% | 0.7084 | 0.7539
MSE | 0.00%0 | 0.0098 | 0.0178 | 0.0518 | 0.0582 | 0.0757 | 0.1114 } 0,1236
~ |Mean| 0.0128 | 0.0013 | -.0089 | -.0161 | 0.0187 | -.0021 | 0.0123 | 0.002k
B MSE | 0.0085 | 0.0062 | 0.0076 | 0.0058 | 0.00%36 | 0.0026 | 0.00Llk | 0.0005
:;* Mean| -.0375 | -.0253 | 0.0370 | 0,0388 | =-.0706 | =.0286 | -.0300 | -.0100
.17 MSE | 0.072% | 0.0674 | 0,06%3 | 0.0691 | 0.0382 | 0.0577 { 0.0378 | 0.0192
52 |Mean 0.9697 | 0.9694 | 0.9519 | 0.8540 | 0.7785 | 0.7280 | 0.7368 | 0.k682
MSE | 0.0082 { 0.0080 | 0.0222 | 0.0627 | 0.1232 | 0.2238 | 0.5264 | 0.5261
~ 'Mean! 0.0190 | 0.1247 | 0.2265 | o.2724k | 0.3559 | 0.4630 | 0.4939 | 0.4680
P Imse | 0.0013 | 0.0066 | 0.025% | 0.0826 | 0.1321 | 0.2061 | 0.367k | o.4u2T
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TABLE A.7 (Continued)

Be={ 0.01p = 0.0 |p = 0.15]p = 0.30]p = 0.45]p = 0.60]p = 0.75|p = 0.90]p = 0.95
& [Meon 0.6630 | 0.7981L | 0.8868 | 0.9176 | 0.9515 | 0,9564 | 0.9850 | 0.9690
MSE j 0.0041 } 0.0195 | 0.0413 | 0.0533 | 0.0671 | 0.0755 | 0.0844 | 0.0828
B Mean| -,0186 | -.0094 | 0.0088 | -.0022 | 0.0083 { -.0006 | 0.0002 | 0.0063
MSE | 0.0081 { 0.0075 9.0056 0.0041 | 0.0033 | 0.0031 [ 0.0009 { 0.0004
F.
o{» IMean| 0.0532 { 0,0391 | ~.0420 | -.0024 | -,0132 | -.0005 | -,0037 | ~.0346
|7 MsE | 0.0782 | 0.0733 | 0.053% | 0.0398 | 0.0282 | o0.0484 | 0.0105 | 0.0132
e
32 Mean| 1.0022 | 0.9483% | 0.8137 | 0.6776 | 0.4872 | 0.3603 | 0.1501 | 0.1842
MSE | 0.0059 | 0.0145 | 0.0430 | 0.1328 | 0.3037 | 0.4888 | 0.7564% | 0.8971
o |Mean 0.0186 | 0.0539 | 0.0272 [ 0.0364 { 0,0246 | 0.0502 { 0.0422 { 0,0963
MSE | 0.0010 | ©.0220 { 0.0816 { 0,190l | 0.3468 | 0.5290 { 0.7652 | 0.8023
& |Mean 0.8823 | 0.9796 1;'6021; 1.009% | 1.0118 | 1.0177 | 1.0189 | 1.0178
MSE | 0.0018 | 0.0066 | 0.0106 | 0.0120 ]| 0.0135 | 0,0140 | 0.01k47 | 0.0LL5
é\ M-ean -.01&6 hat ] 0075 - 0037 "00181 = 0019 “a 0133 0 00019 0 00008
MSE | 0.0119 | 0,0081 | ©.0058 | 0.00%8 | 00,0033 t 0.0030 | 0.0012 | 0.0009
[0,
o i~ [Mean{ 0.0396 | 0.0286 | 0.0112 | 0.0532 | -~.0069 | 0.0341 | -.0034 | -.0019
«|7 s | 0.1015 | 0.0682 | 0.0521 | 0.0%31 | 0.0283 | 0.0254 | 0.0100 | 0.0072
e
42 [Meant 0.9732 | 0.8908 | 0.7446 | 0.5910 | 0.4937 0.2765 { 0.1522 | 0.1208
MSE | 0.0071 | 0.0166 | 0.0698 { 0.1706 | 0.49T7T | 0.5262 | 0.801k | 0.8492
p |Mean 0.0176 | 0.0052 [ 0.0005 | 0.0011 { 0.0241 | 0.0113 | 0.0235 { 0.0765
MSE { 0.0011 | 0.0212 | 0.0897 | 0.2016 | 0.3488 | 0.5516 | 0.783 | 0.8188




TABLE p.8: GLS

Standard Frrors ofthe Generalized least-Squares Estimates of a , B, and 7

Sample Size: Means and ¥ariances, Various Values of & and p. P £ 0.0, v = 0,0, 02= 1.0
T =10, N = 25
T i
B = 0.0 P= 0.0 #=0,15 | P=0.30 | P=0.45! P=10.60! p=0.75! p= 0.90 p = 0,95
S,E.of | Mean 0.0629 0.0626 0.0629 | 0.0630 0.0625 0.0629 0.0628 D.0627
a -6 -6 -6 -6 -6 -6 -4 -6
variance | 1.42x10 °| 1.51x10 | 1.35x10 | 1.66x107% 1.94x10°°| 1.69x10°°] 2.04x10°9 1.36x10
3 " Mean 0.0962 0.0921 0.0835 0.0752 0.0633 0.0510 0.0319 0.0228
) . -5 - -6 . - -7
' variance | 1.04x1075] 1.61x107°] 1.72x10 ~| 1.03x10 ) 8.42x10 | 4.22x10°% 2.99x10 | 7.75x10
~ ]
y Mean 0.2869 0.2848 0.2711 | 0:2607 0.2426 0.2305 0.2101 0.2072
-5 . - - . ; . .
variance | 9.22x10 °| 1.58x10°%| 1.82x107%] 1.22x10°4 1.26x107%| 8.48x107°| 1.27x10 6.41x107°
.E. of{ Mean 0.0606 _{ 0.0606 0.0602 _| 0.0597 0.0598 0.0598 0.0605 0.0601
a variance | 2.94x10 | 2.76x107%] 3.01x10 | 3.40x10°8 2.20x107%| 2.04x10°% 2.91x1078 2.69x10 |
(o]
S B Mean 0.0978 0.0915 0.0839 0.0752 g 0.0644 0.0498 0.0317 0.0226
. - .6 - -6 ) -
g | variance | 1.87x10" 7] 2.10x1073, 9.48x107°| 1.18x10~% 1.00x10 | 5.85x10™0] 1.73x1076 1.03x10 ° 7
; Mean 0.2915 0.2830 0.2723 0.2613 0.2467 0.2252 0.2094 0.2045
-4 : - - -5 -
Yariance 1.65x1074  2.04x10 _l,DOx10-4 1,41;:10'4 1.43x10 4 1.27%10 4 7.67x10 8.66x10 >
.E. of| Mean 0.0549 0.0543 0.0543 0.0542 0.0545 0.0538 0.0536 0.0540
~ . -6 - -5 } ) . -6 )
“ a variance | 4.10x10°% 5.60x10 | 5.31x10 | 3.94x10 q 4.56x10°%] 5.21x107% 5.60x10° 5.91x10™°
o > T
" B Mean 0.0959 4 0.0915 | 0.0845 .} 0.0744 | 0.0643  0.050L _ | 0.0323 0.0226 _¢
8 Vartance | 1.74x1077 9.53x10°°] 1.35x107°| 1.36x10°3 7.65x10 0 5.26x10°%| 1.69x10°9 1.51%10
y Mean 0.2857 0.2830 0.2741 0.2583 0.2463 0.2273 0.2137 0.2044
- - - -l - =& - -
Variance | L1.54x10°] 9.23x10%) 1.48x107% | 1.61x10°% 1.11x10°% 1.17x10 4 6.97x107% 1.20x107%
— A ; ‘f d
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TABLE A-8:GLS (continued)

T =10, N = 25
B = 0.0 p=00 |p=0.15)p=0.30 |p=0.45 | p=0.60]p=0.75] p=0.90 p=0.95
S.E. of | Mean 0.0460  |0.0433 0.0431 0.0438 0.0431 0.0435 0.0429 0.0437
" -6 -6 -5 .6 -5 -6 -5 -6
0 variance | 5.81x10 “[6.15x10 1.02x10 8.62x10 1,14x10 6.40x10 1.05x10 7.58x10
r~ =
) 53 Mean 0.0974 0.0918 0. 0849 0.0757 0.0638 0. 0506 0.0321 0.0229
u -3 -5 -5 -6 -6 -6 -6 -7
” variance | 1.37x10 |1.03x10 2.14x107° | 8.98x10  16.42x10 ~ {4.62x10 = }2.63x%10 8.29x10
; Mean 0.2905  |0.2840 0.2760 0.2628 0.2448 0.2296 8.2132 0.2081
. -4 -4 -4 -4 -5 [1.01x10™* -4 -5
Variance | 1.21x10"%|1.00x10™" ]2.40x107" | 1.12x10  {9.51x10 > 1%- 1.46x10" " 17,5410
S.E. of | Mean 0.0285 |0.0244 0.0233 0.0237 0.0221 0.0221 0.0190 ] 0.0170
a variance | 1.00x10-3|7.88x1075 [6,70x107 | 8.97x107% |7.38%1076 J9.17x1078 [3.85%1077 |5.42x10
[=al '~ .
s B Mean 0.0959  {0.0914 0.0836 0.0746 0.0631 0.0502 0.0318 0.0227
i . - - - _ -
. variance | 1.65x1075) 1.33x10°%|1.54x1075 | 1.19%10™ |7.32x1076 [5.26x10°® [1.90x107® |1.22x1076
¥ Mean 0.2859  ]0.2829 0.2715 0.2593 0.2422 0.2270 0.2101 0.2047
Variggg_e___w_glo-q 1.35::10"4 1,.64x10'4 1_42310'4 1.14x10"% 1,046x1074 8.52x‘_1-;0'5 9,58x1072
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TABLE A-9: OLS Standard Errors of the Ordinary Least-Squares Estimators of g , @8 and 3
Means and Variances. Various Values of o and o - 8=0.0, X=0.0,‘ g2 = 1.0
Sample Size: .
T=10, N= 25
0.0 t p=0.0 P =0.,15 P =0.30 | P =0.,45 P = 0,60 _ P=0.75 P=0.90 P=10.,95
S.E. 0Ll Mean 0.0629 0.0610 0.0578 0.0539 0.0474 0.0370 0.0255 0.0180
" -6 -6 -6 -6 -5 ] -5 -5 -6
o Variance 1.42x10 }2.79x10 5.25x10 |8.43x10 1.37x10 1.89x10 1.35x10 6.45x10
- Mean 0.0962 0.0955 0.0908 0.0847 0.0749 0.0624 0.0400 0.0292
S ~ -5 -5 -5} . -5 -5 -6 -6 -6
“ 2 Variance 1.04x10 |1,78x10 2.15x10 |[1.55x10 1.48x10 9.84x10 5.25x10 2.18x10
B Mean 0.2869 0.2847 0,2707 0.2525 0.2234 0.1861 0.1194 0.0870
. -5 -4 -4 -4 -4 | -5 -5 -5
Y Var iance 9.22x10 {1.61x10 1.92x10 |1.36x10 1.32x10 8.81x10 4.70x10 1,91x10
S.E. of Mean 0.0606 6 0.0569 0.0503 5 0.0449 5 0.0377 0.0288 -5 0.0188 6 0.0129 P
o yariance 2.94x10 15,07x10 1.14x10 11.77x10 1.15x10 ‘1.45%10 5.51x10 2,97x10
) ~ Mean 0.0978 0.0944 0.0898 0.0827 0.0730 0.0573 0.0374 0.0266
) 8 -5 -5 =5 . =51 -5 -6 -6 -6
W variance 1.87x10 |2.19x10 1.09x10 |l.74x%10 1.52x10 8.99x10 2.69x10 1.52x10
3 Mean - 0,2915 0.2816 0.2679 0.2469 0.2179 0,1710Q | 0.1115 0.0795
~ -4 -4 : -5 ~4 -4 =5 . =5 -5
variance 1.65x10 {1.97x10 9.67x10 |1.52x10 1.35x10  } 8.21x10 2.46%10 1.36x10
S.E. off Mean 0.0549 0.0471 0.0405 0.0334 0.0280 0.0209 0.0118 0.0089
_ -6 -5 -5 -5 -5 -6 -6 -6
o Variance 4.10x10 }1.23x10 1.27x10  }1.18xl0 1.04x10 7.26x10 3.38x10 1.94x10
uy ' y
S Mean 0.0959 0.0938 0.0886 0.0792 0.0694 0.0550 0.0353 0.0248
i - - -5 -5 -6 - - -
3 | VYariance 1,74x10 11.02x10 1.49%x10 [1.58x310 B.47x10 7.41x10 2,52x10 1.91x10
| Mean’ 0.2857 0.2796 0.2642 0.2364 0.2068 0.1641 0.1054 0.0739
ean -4 -5 -4 -4 -5 -5 -5 -5
Variance 1,54x10 | 8,93x10 1.35x10 |1.42x10 7.55x10 6.70x10 2.26x10 1.71x10




TABLE A-8 : OLS (continued)
Sample Size:
T =10, N-= 25
= 0.0 p= 0.0 p= 0,15 p=0.301 0P = 0.45 = 0,60 {P= 0.75 P=0.90 P=0.95
g.E. of Mean 0.0460 0,0336 0.0269. 0.0220 0.0167 0.0128 0.0073 0.0051
R -6 -6 -5 -6 -6 -6 -6 -7
variance 5.81x10 7.24x10 1.27%x10 ! 8.59x10 6.70x10 2.51x10 1.61x10 4,61x10
a
™~ Mean 0,0974 0.0931 J. 0870 0.0778 0.0657 0.0526 0.0334 0.0238
o ~ ~5 -5 -5 -6 -6 -6 ~6 -7
W 8 Variance 1.37x10 1.12x10 2.07x10 8.39x10 7.83x10 5.70x10 3,07x10 8.44x10
° Mean 0.2905 | 0.2775 0.2596 0.2320 0.1960 0.1568 0.0995 0.0711
A - -4 -4 -5 -5 -5 -5 -6
A Variance 1,.21x10 1.02x10 1.90x10 7.73x10 6.88x10 5.15x10 2.88x10 7.82x10
S.E. of{ Mean 0.0285 | 0.0165 0.0117 0.0093 0.0066 0.0050 0.0028 0.0020
~ -5 -6 -6 -6 -7 -7 -7 -8
o Varjance 1.00x10 4,87x10 2.58x10 22x 9,34x10 - 7.38x10 1.31x10 71.27x10
A Mean 0.0959 |0.0918 ] 0.0839 | 0.0749 | 0.0632 . | 0.0506 0.0324 | 0.0235
A . -5 -5 -5 -5 -6 -6 -6 ~6
C;l Variance 1.65x10 1.27x10 1.49x%10 1.23x%10 6.80x10G 5.20x10 2.02x10 1.31x10
0.2859 | 0.273 .2500 | 0.223 .18 0. 0.0966 | 0.0700
. Mean 2859 _ | 5 _,]0-2500  0.2233 | 0.1886 | 0.1507 _ .5 0
A Variaguce 1.43x%10 1.17x10 1,34%10 1.08x10 6,17x10 4,54x10 1.82x10 1,16x10
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TABLE A-10: LSC Standard Errors of+the Estimates of @ andip Obtained by least-Squares
with Individual Constant Terms. Means and Variances. Varbus Values of
Sample size: 2
T = 10’ N = 25 [0 4 and O. ﬁ - 0.0, 7 = 0-0’ 0' = l.o
B = 0.0 o= 0.0 o= 0.15 e = 0.30 p = 0.45 p= 0.60 p=0.75] p = 0.90 p=0.95
$.E. of
-~ Mean 0.0631 0.0628 0.0633 0.0634 0.0627 0.0633 0.0633 0.0631
@ -6 -6 % © -6 -6 Y- -6
vVariance |2.04x10 1.56x10 1.87x10 2.35x10 2.72x10 2.26x%10 2.46x10 1.58x10
i ~ |
S B Mean 0.0951 6 0.0885 0.0795 ; 0.0717 0. 0600 0.0478 0.0302 6 0.0216
I - -5 - - - - -
"l variance |9.43x10 1,76x%10 1.72x10 1.04x0 3 8,22x1076 | 4.65x10 6 2.91x10 6.95x10 7
Y Mean
variancé - T -
S.R. of Mean 0.0623 0.0624 0.0625 0.0619 0.0619 0.0622 0.0626 0.0623
a variance 12.16x10°8 | 2.36x1070 | 2.42x109 2.37x1076 | 2.44x30"8 2.43x10°% | 3.03x10% | 2.86x107°
2 B Mean (.0969 0.0877 0.0794 0.0714 0.0607 0. 0468 0.0299 0.0213
-5 - - £ - -6 - -6 -
; variance [2.07x10 2. 30x10°5 | 1.19x10° 1.30x1073| 8.56x10 " | 4.52%107® | 1.56x10 | 1.03x107®
-~
Mean ‘ , .
7 . — —_— _— ——— — —_— —_ —_—
yariance
S.E. of Mean 0.0596 0.0598 0,0596 0.0599 0.0598 0.0589 0.0598 0.05%4
X -6 ) i ) _ i i )
o Varjance B.91x10 3.66x%x10 3.74x10% 2.92x10 6 4.82x10 6 5.13x10 6 4.21x10 6 6.39x10 6
g ;; Mean D.0939 0.0869 0.0797 0.0700 0.0607 0.0470 0.0301 0.0212
- - 45 - - -6 - -6
" yariance [.91x10 > 8.36x10 1.46%10 1.36x10 3 7.69x10 6 5.02x10 1.83x10 6 1.47x10
6 ~
7 Mean
variance Ia— — —— — —_ —_— —_— .

-9)_'-



Table

A-10:1SC (continued)

Sample size:

T =10, N= 25
B = 0.0 p=001|p=0.15|p=0.30 | p=0.45 |p=10.60| p=0.75 | =090} 0= 0.95
§.E. of } Mean 0.0548 0.0549 0.0546 0.0553 0.0550 0.0541 0.0545 0.0554
- - - -6 - - - 4 -5
o Variance | 7,52x10 6 5,83x10 ® 8.44x10 6.91x10 6 7.60x1@_6 4 90x10"® | 4.31x10 1.16x10
r~ r
s| 8 Mean | 0.0950 0.0862 0,0794 0.0708 0.0596 0.0473 0.0299 0.0212
0 o -5 -5 -3 -5 -6 -6 % | 7.60x1077
o Variance |1.40x10 1.44x10 2.22x10 1.05x10 7.21x10 5.03x10 2 A1x10Q 7.00x
; Mean
Yarijance
S.E. of
- Mean | 0.0483 0.0465 0.0456 0.0454 0. 0424 0.0382 0.0282 0.0217
variance |1.01x107% [1.02x107> ]9.61x107%| 1.19x107 11,3110 ~ [1.47x10 ~ 17.16x10 {1.02x1Q
()] ~ .
i Mean | 0.0914 0.0853 0.0776 0.0693 0.0590 0.0471 0.0301 0.0216
‘ - - . - - -6 -6 -6
. variamce | 1.92x1073 | 1.42x107% | 1.a4x107311. 2351075 |8.10x107% | 5.76x10 " 11.803107 L1 60x10
-~ Mean : |
vé . —_— - —_ _ _ — —_ N
variance ' .

-LL-



Table A-11 ; IV

Semple sgize:

T = 10, N = 25

Standard Errors of the Ingtrumental-Variable Estimates of <, 8, and 7.
and Vgriances. Various Values of & and p .

B =0.0, ¥y = 0.0, 0'2!: 1.0

¥Means

B = 0.0 p=0.0 | p=0.15 | p=10.30 | p=0.45{p=0.60 | p=0.75| p=0.90| p= 0.95
S'E' °L | Mean 174.60 283.46 2736.3 133.33 | 1322.6 * 1770.0 *
. 5 6 B 5
o variance 1.74x10 1.21x10 3.39x10 1.33x10 3.38x107 8.04x109 l.37x108 3.66x1014
- Mean 195.39 317.23 3062.3 149,21 1480.1 * 1980.8 *
e 5 6 8 5 7 10 8 14
g Varilance 2.18x10 1.52x10 4.24%10 1.66x%10 4.,23x10 1.01x10 1,72x10 4,59x10
~ Mean 23,066 37.417 360.73 17.622 174.35 1783.2 233.32 *
4 3 & 6 3 5 8 6 12
variance | 3.03x10° | 2.11x10 | 5.88x10 | 2.31x10° | 5.87x10° | 1.40x10 | 2.39x10%| 6.36x10
S.E. ot -
- Mean * 2696, 9 361.59 288.63 * 235.22 * 39.469
6 - 13 3
“ variance | 2.93x10"} 1.54x10% | 1.16x10 | 9.92x10° | 1.06%1010] s5.12x10° | 1.55x10"7] 8.77x10
g Mean %* 3018.1 404,66 323.02 #* 263.23 * 44,173
11 8 6 6 10 5 13 4
o variance | 3.68x10 | 1.93x10 | 1.45x10°% |1.24x106 | 1.32x10'0| 6.42x10” | 1.94x30"°| 1.10x10
o ”~
o |y Mean * 355, 54 47.720 38.099 2059.8 31.022 * 5.2152
s
variance | 5.10x10% | 2.68.10% | 2.01x10" | 1.72x10% | 1.84x108 | 8.80x10% | 2.60x10' 1.52x10°
E. of
SAE ° Mean 201.98 1067.8 3756.4 864.29 2945, 5 407.85 93.797 %
: |
Variance | 4.85x10° | 1.37x107 | 5.36x10% |2.22x107 | 3.69x108 | 2.73x105 | 1.30x10% | 6.68x10l1
| A Mean 226.06 1195.0 4204.0 967.22 3296.4 456 .47 104.96 *
: 7
° P variance |6.08x10° | 1.72x107 |6.71x10% 12.78x10" | 4.62x108 | 3.42x10° |1.62x10° | 8.37x10!
B 1A Mean 26.670 140. 82 495.19 113.96 388.30 53.804 12.387 *
7
] variance |8.43x103 | 2.38x10° | 9.31x10° |[3.86x105 | 6.41x106 | 4.74x10% |2.25%10% | 1.16x10"°

...9)_'-



Table A-11 (Continued)

IV
T =210, N=25
B = 0.0 p= 0.0 p= 0.15 | p= 0.30 | p= 0.45 | p= 0.60 | p= 0.75 | p= 0.90 | p= 0.95
5.E. of | Mean 1320.9 301.47 218.13 1352.0 1254.9 774.50 1161.0 47.327
7 7 7 :
a variance | 7.20x10’ | 8.04x105 | 6.68x10° | 6.91x107 | 6.95%10° | 1.99x10 | 1.66x10 3.48x10%
~ ~ Mean 1478.3 337.36 244,10 1513.0 1404.5 866.67 1299,3 52.959
© p 7 6 5 ‘ 7
; variance | 9.02x107 | 1.01x10° | 8.36x10%| 8.66x107 | 8.71x10" | 2.49x107 | 2.08x107| 4.35x10
3
R Mean 174.16 39,824 28.800 178.33 165.49 101.95 153.05 6.2621
6 4 2
7 variance | 1.25x100 | 1.40x10% | 1.16x10 120100 | 1.21x10% | 3.45x10° | 2.80x105] 6.03x10
S'ﬁi °f ) Mean 251.38 9904. 5 171.25 437.61 157.12 1187.2 247.32 13.966
o variance | 1.29x10% ]| 3.02x10% | 2.52x10%| 8.24x10% | 3.31x10° 6.56x107 | 1.88x10%] 1.18x10°
o ~ Mean 281.35 * 191.63 489.61 175.89 1328.7 276.81 15.645
6 7
g variance | 1.61x10° | 3.78x10° 3.15%10°1 1.03x10° | 4.14x10° | 8-19%10° | 5 3541061 1.48x103
n Mean 33.217 1305.7 22.704 57.600 20.963 | 156.74 32.641 1.9305
. 3
7 variance | 2.24x10%| 5.24x10° | 4.37x10°| 1.42x10%7 5.78x10 1.14x10° | 3.25x10% | 2.08x10!

-6L—



Table A-12 : ML Standard Errors of the Maximum-Likelihood Estimates of @ , B , amd 7 . Means

and Variances. Various Values of cdand p . 8 = 0.0, 7 = 0.0, o « 1.0
Sample Size:
T =10, N = 25
B = 0.0 o=0.0 | P=0.15| = 0.30 | P=0.45| P=0.60] P =0.75 P =0.90] P =0.95
8.B.of| Mean 0.0713 0.0722 0.0736 0.0746 0.0732 0.0741 0.0747 0.0741
-~
o ; -6 -6 -6 -3 -5 -5 -6 -6
yariance | 9.20x10 | 5.33x10 8.00x10°%] 1.29x10°% 1.08x107°| 1.08x107°| 9.89x10 | 6.00x10
~
ol a Mean 0.0968 0.0922 0.0837 0.0757 10.0636 0.0508 0.0321 0.0230
| B . - ) ) - ) -4 )
s variance | 9.13x10°% 1.77x10 3 1.84x10°%] 1.14x107% 9.18x10 6 5 2821076 3.34x10 ] 7.77x10°>
~ Mean 0.2908 0.2849 0.2712 0.2571 0.2403 0.2356 0.1979 0.1981
7 _4 . .
variance 8.56}{10-5 1.60x10-4 1,94x10 4 1.98x1i0 2.86x10-4 6,54x10 4 7.l7x10'£' [ 89x1(1'4
.E.of
2 Mean 0.0720 0.0756 0.0786 0.0791 0.0787 0.0806 0.0805 0.0813
- - -5 - - - -
@ Jariance | 8.47x10°| 1.14x107> | 2.54x107°| 3.69x107°| 7.36x10 5| 4 sox1075] 4.47x10° 9. s0x107°
oA Mean 0.0974 0.0915 0.0841 0.0758 0.0647 0.0500 0.0320 0.0228
o _ ) ) L ; -6 i
[ P variance 3.17x10 3 2,25x10 3 1.30x10 5 1.48x10 > 9,99x10 6 5.25x%10 1.93x10“6 1.32x10 6
8 = - :
Mean 0.2921 0.2826 0,2732 0,2590 0.2462 0.2227 0.2015 0.1958
. -4 4 -4 -4 -4 -4 -4 4
variance | 2.79x107%] 2.12%10 | 1.23x10 | 2.13x10 | 4.18x10""| 7.80x107"| 7.30x10"% '9.48x10
83.E.of ' )
~ Mean 0.0735 0.0918 0.0969 0.0963 0.1049 0.0936 0.0944 0.1098
- - -4 - - _ .
a variance | 1.37x10 5| 4 77x107% | 5.18x107% | 7.68x10™% 1.77x1073| 4.92x107%| 1.62x10"3 5.09x1073
‘g Mean 0.0967 0.0924 0.0854 0.0757 0.0651 0.0515 0.0325 0.0234
P variance | 3.16x107| 1.58x1075| 1.77x107% | 2.59x107%| 7.77x107%] 7.21x10"® 3.32x10°%  3.09x107%
U F.
Mean 0.2911 0.2854 0.2753 0.2615 0.2422 0.2294 0.2287 0.1889
y -4 -4 - -4 _4 -4 -3 -3
variance | 2.72x10 ' 1.62x10 |1.84x10 2.06x107%4| 3.17x107%{ 6.09x10" ' | 2.66x107° 2.21x10 "




Table A-12

1 ML

T =10, N = 25

..'[9'.-

B= Q.0 P= 0,0 P=0.15 | P = 0,30|P =0.45 P=10.,60 || P= 0,75 P=0.90] P = 0.95
S.E. of :
" Mean 0.0688 0.0938 0.1043 . Not Kot Not Kot 0.0931
o Variance | 3.65x107°|2.67x107% |5.44x10 Listed Listed Listed Listed |, 8121077
e
o ~
o Mean 0.0978 0.0917 s 0.0836 Yot Not Not Not 0.0236 .
B Variance | 1,38x107°12.00%107° 12 a3x1q73 | Listed Listed |Listed Listed | 9.66x10
; Mean 0.2948 0.2921 0.2710 . Not Not Not Not 0.2109
- . . . _3
Variance | 1.43x107%{1.26x107% |6.56x10 Listed Listed Listed Listed |g 44x10
S5.E. of
~ Mean 0.0520 |0.0228 §°t 4 Lﬁot q fot s Not 4 fbt 4 |0-0t61
_ Liste ste Liste Liste Liste -
o Variance | 1.26x10"%1.92x10°3 2.26x107%
[0, - )
" . ‘ -5 -5 Listed Listed Listed Listed Listed -6
3| Variance 1.37x10 1.25x%10 . 2.96x10
; Mean 0.2945 {0.2704 Not Not Not Not ‘Not 0.1351
Variance 1.22x10”4 9.56x10-5 Listed Listed Listed * Listed Listed 5.45x10-3

Not Listed cases are nearly all boundary solutions



TABLE B.1: GLS.

- 82 -

Generalized Least-Squares Estimates of « ,

and Modified Generalized Leasst-Squares Bstimates of o2 , Pr 7
Means and Mean-Square Errors. Various Values of & and o .
B=0.5, =00, ¢2=1.0.
Sample size:
=10 N=P5
B={ 0.5|p = 0.0 {p = 0.15]p = 0.30]p = 0.45|p = 0.60]p = 0.75|p = 0.90|p = 0.95
& [Mean 0.08%0 | 0.09%9 | 0.1107 | 0.1157 | 0.0966 | 0.1005 | 0.1018 | 0.1095
MSE | 0.0037 | 0.0031 | 0.0048 { 0.0049 | 0.0037 { 0.0034 | 0,0036 | 0.0038
) Mean| 0.5045 | 0.5136 | 0.5219 | 0.4886 | 0.5038 | 0.4965 | 0.5023 | 0.h9h7-
MSE { 0.0087 | 0.0111 | 0.0068 | 0,0080 | 0.004k | 0.0040 | 0,0017 | 0.0013
[
cSt Mean| 0,0175 { =.0249 | -.0878 | 0.,0205 | 0.018% { 0.0011 | =-.0042 | -.0228
W7 |MSE | 0.0699 | 0,1081 | 0.0697 | 0.0756 | 0.0590 | 0.0518 | 0.0465 | 0.0364
8
82 Mean| 0.9839 | 0,9812 | 0.9728 | 1.0072 | 0.9953 | 0.986k | ©.9710 | 0.9981-
MSE | 0.0080 | 0.0092 | 0,0109 | 0.0057 | 0.0091 { 0.0096 | 0.010L | 0.009%
Mean - - o
Bluse | — - — - ~ —
5 Mean| 0.286% | 0.2957 | 0.31kk4 | 0.3022 { 0.2945 | 0.2982 | 0.3022 | 0.20k9
MSE | 0.0045 | 0.00k1 | ©0.0033 | 0.0035 | 0.0029 | 0.0030 | 0.0022 | 0.0020
5 Mean| 0.5146 | 0.5164 | 0.4888 { 0.%756 [ 0.5L70 | 0.5026 | 0.5022 | 0.5045-
MSE | 0.0090 | 0.0086 | 0.0073 | 0.0067 | 0.0067 | 0.00%39 | 0.0022 | 0.001k4
S| IMean| -.0308 | -.0%16 | 0.0139 | 0.0504 | -,0u64 | -.0151 | ~.0231 | -.06k42
x|7 Imse | 0.0729 | 0.0760 | 0.067h | 0.0802 | 0.0542 | 0.0552 | 0.0kLT | 0.0298
s
MSE | 0.0078 | 0.0063 | 0.0092 | 0.0082 | 0.,0071 0.008&_ 0.0080 | 0.0081
~ |Mean — — —
P lvse "" - — — -
& |Mean 0.4960 | 0.493k | 0.5098 | 0.5048 | 0.5152 | 0.5171 | 0.5155 } 0.5196
MSE | 0.0021 | 0.0029 | 0.0028 |.0.0037 | 0.0027 | 0.0028 | 0.0022 | 0.0019
3 Mean! 0,5162 | 0.4834 | 0.4933 | 0.4967 | 0.4955 | 0.4929 | 0.4790 | 0.L4825
MSE | 0.0085 { 0.0106 | 0.0074 | 0.0078 | 0.0050 | 0.00KL | 0.0021 | 0.00L7
u‘o} ~ Mean -003}5 0.%36 - 0595 -.0256 ‘00193 -.0%9 -a 0201" ".001;'9'
. 7 MSE | 0.0702 §{ 0,0871 { 0.0687 | 0.0633 | 0.0368 | 0.0612 | 0.0372 | 0.0307
o _
RIMean| 0.9915 | 0.9985 | 1.0002 | 1.0019 0.9834 | 0.9927 | 0.9985 | 0.9869
MSE | 0.0073 | 0.0058 | 0.0071 | 0.007% | 0.,0049 | 0.00TL | 0.0090 | 0.0076
~ {Mean —— — —_— —_— —_— — —_— —_—
P IMsE
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TABLE B.1 {Continued)

=] 0. {p = 0.0 |p = 0.15|p = 0.30|p = 0.U5|p = 0.50[p = 0.75]p = 0.90]p = 0.95
g |Mesn 0.6910 | 0.726% | 0.7162 | 0.7181 | 0.7198 | 0.7319 | 0.7231 | 0.7178
MSE | 0.0020 | o.002% | 0.0022 | 0.0017 | 0.0020 | 0.0027 | 0.0016 | 0.0012
5 [Mesn| 0.5092 | 0.k770 0.4728 | 0.4613 | 0.4897 | 0.4614 | 0.4675 | 0.481%
MSE | 0.0105 | 0,0119 | 0.01k1 | 0.01l11l | 0.0072 | 0.0063 | 0.0039 { 0.0025
t~_
S|~ |Mean| -.0012 | 0.0016 | 0.0168 { 0.043k [ -.0007 | -.0219 | -.0021 - Q047
17 |M3E | 0.0807 | 0.0947 | 0.0717 | 0.0790 | 0.0543 | 0.0k21 | 0.0497 0.0356
3
62 Meani 0.9871 | 0.9916 | 0.9706 | 0.9960 | 0.9807 | 0.9688 | 0.9848 0.9947
MSE { 0.0070 | 0.0056 | 0.0065 { 0.0059 | 0.0087 | 0.0092 | 0.0059 0.0058
”~ Mean _ _ . . — _ .
P |use a -
4 |Mean| 0.8966 | 0.9274 0.9577 | 0.9357 | 0.9352 | 0.9322 | 0.9223 | 0.9119
MSE | 0.0005 | 0.001%4 | 0.0018 | 0.0017 } ©.0017 | 0.0012 | 0.0007 | 0.0003
g Mean] 0.5240 | 0.4421 | 0.415k | 0.4278 | 0.4367 | 0.4334 | 0.4510 0.k82k
Mse | o.o104 | 0.0134 | 0.0156 | 0.,0105 | 0.0089 | 0.0077 | 0.0046 0.0016
!~ IMean| -.0531 | -.0008 | -.1282 | -.1305 | -.1559 | -.090% | -.0744 | -.0850
v|7 |MsE | 0.0776 | 0.0821 | 0.1032 | 0.0678 | 0.0747 | 0.0k09 | 0.0320 0.0374
o)
32 Mean| 0.9937 | 0.9851 | 0.9762 { 0.9814 | 0.9880 | 0.9588 | 1.0150 0.9980
MSE | 0.0055 | 0.0081 | ©0.0106 | 0.0083 | 0,0075 | 0.0L31 | 0.0077 | 0.0105
A |Mean
P IMse - - - - _’ - - -
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TABLE B.2: OLS. Ordinary least-Squares Estimates of @, 8, 7,
and Modified lLeast-Squares Estimates of
Means and Mean-Sguare Errors. Various Values of o and p .
p=0.5%, ¥ =0.0 y = 1.0 .
Sample size:
T=10 N=25 .
B=| 0.5|p = 0.0 Jp = 0.15]p = 0.30]|p = 0.45]p = 0.60}p = 0.75|p = 0.90]p = 0.95
& |Mesn 0.0830 | 0.2407 | 0.3886 { 0.5368 | 0.6447 | 0.7728 | 0.801k | 0.9381
MSE | 0.0037 | 0.0239 | 0.0808 | 0.1990 | 0.3026 | 0.4555 | 0.6275 | 0.7028
8 Mean| 0.5045 | 0.L428 | 0.3747 | 0.2825 | 0.2306 .| 0.1727 | 0.107h | 0.0859
MSE | 0.0087 | 0.0134 { 0.0220 | 0.0547 | 0.0772 | 0.1092 | 0.1552 } 0,1713
1
S|~ |Mean| 0.,0175 | -.0388 | -.0729 | -.0145 | -,0179 | ~.0619 | ~.0407 | -.053k
w]7 [MSE | 0.0699 | 0.0940 | 0.0572 | ©.0430 { 0.0270 { 0.0217 | 0.008L { 0.0061
- .
A2|Mean] 0.9839 | 0.9550 | 0.68688 | 0.783%0 | 0.6188 | 0.4197 | 0.1898 } 0.1105
O IMSE | 0.0080 | 0.0119 | 0.0276 | 0.0517 | 0.1496 | 0.3385 | 0.6570 | 0.791k
A [Mean — ____ _ - — . _ _
P 1MSE "
& |Mean 0.2864 | 0.4473 | 0.5819 | 0.6903 | 0.7764 { 0.8637 | 0.9386 | 0.9625
MSE | 0.0046 | 0.0269 | 0.0843 | 0.1558 | 0.2295 | 0.3192 | 0.4082 { 0.4391
8 Mean{ 0.5146 | 0.4196 | 0.3228 | 0.2392 | 0.1995 | 0.1540 0.0998 | 0.088
MSE | 0.0060 { 0.0138 { 0.0%99 | 0.0723 | 0.09% | 0.1226 | 0.,1610 | 0.1712
N
o |~ |Mean| -.0%308 | -,0%66 | ~.0097 | 0.0180 | -.0263 | -,0526 | «.0352 | -.0LS6
w|?7 [MSE | 0.0729 | 0.0630 | 0.0%3 | 0.0k17 | 0.0338 | 0.0196 { 0.0055 | 0.0052
3
2iMean| 0.9874 | 0.9512 | 0.8521 | 0.7135 | 0.566L | 0.3728 | 0.1711 | 0.097k
% imse | 0.0078 | 0.0085 | 0.0287 | 0.086L | 0.1901 | 0.3945 | 0.6872 { 0.8149
A |Mean _ _ . — _ . — .
O IMsE
& |Mean 0.4960 | 0.6382 | 0.7565 | 0.8251 | 0.8855 | 0.9328 | 0.9702 | 0.9808
MSE | 0.0021 | 0.0223 | 0.0677 | 0.1079 | 0.1496 | 0.1879 | 0.2212 | 0.2312
A IMean| 0.5162 | 0.3592 | 0.283% 0.2268 0.172% | 0.1412 | 0.1017 | 0.0934
B IMsE 0.0085 | 0.0200 | 0.0522 | 0.0788 | 0.1108 | 0.1307 | 0.1592 | 0.1659
N
Ol |IMean] -.0335 | 0.0568 | -.0357 | -.0342 | =.0176 | =-.0489 | -.0307 | =-.0305
w17 IMSE | 0.0702 | 0.0658 | 0.0428 | 0.0316 | 0,0229 | 0.0190 | 0.0056 | 0.0052
3
32 Mean] 0.9915 | 0.9489 | 0.83%94 | 0.6929 | 0.5136 | 0.3389 | 0.1489 | 0.0833
MSE | 0.0073 | 0.0084 | 0.0316 | 0.0985 | 0.2375 | 0.4380 | 0.7245 | 0.8LOk
A |Mean _ . —_ . . . _ ____
P |Mse
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PABLE B.2(Continued)

g=| 0.5]p = 0.0 |p = 0.15{p = 0.30|p = 0.45}p = 0.60!p = 0.75|p = 0.90|p = 0.95
g |Mean 0.6910 | 0.8381 | 0.8913 | 0.9%26 | 0.9562 | 0.9795 | 0.9801 | 0.9924
MSE { 0.0020 | 0.0203 | 0.0376 { 0.054k% | 0.0669 | 0.0781 | 0.0836 | 0.0855
5 Mean| 0.5092 | 0.3360 { 0.2529 | 0.2000 | 0.1863 | 0.1573 | 0.1348 } 0.1448
MSE | 0.0105 | 0.0%366 | 0,0716 | 0,0964 | 0.1027 | 0.1202 | 0.1342 | 0.1267
-~ .
Sla |Mean| ~.0012 | ~c0%h2 | -.0235 | -.0%370 | -.0795 | ~.0884 | -.0590 | -.1023-
; 7 IMSE { 0.0807 | 0.078k | 0.062% | 0,0k75 { 0.04%3 { 0,0%306 | 0.0100 | 0,0147.
' 32 Mean{ 0.9871 { 0.921% { 0.7762 | 0.6448 | O.47U5 | 0.2999 | 0.1318 | 0.07L6-
MSE { 0,0070 ! 0.0116 | 0.0535 | 0.1287 | 0.2783 | 0.4910 | 0.7539 | 0.8365
~ Mean ' -
P lys —_ — — — — e e —
& Mean{ 0.8966 | 0.9679 { 0.9927 { 1.0043 | 1.00690 | 1.01kk | 1.0172 { 1.0l71
MSE | 0.0005 | 0.0049 | 0.0087 | 0.0109 | 0.0119 | 0.0131 | 0.0137 | 0,0137
8 Mean! 0.52k0 | 0.3511 | 0.2886 | 0.2760 | 0.2746 | 0.2k99 o.éu33 6:5575-
MSE | 0,010k | 0.0%309 | 0.,0523 | 0.0541 | 0.0542 { 0.0649 | 0.0666 | 0.0597
2,-‘ A {Mean| -.0531 | -.20b1 | -.2538 | «.3285 | -.3732 | -.3466 | -.3568 ;.5969‘
al? |MsE | 0.0776 | 0.10%6 | 0.1390 ' 0.1kol | 0,1687 | 0.1434 | 0.1325% | 0.16kk
3 ,
62 Mean| 0.9938 | 0.9037 | 0.766L | 6.619% | 0.4650 | 0.2995 | 0.1499 | 0.0928
MSE | 0.0053 | 0.0159 | 0.,0601 | 0.1478 | 0.2880 0.h915 0.7227 | 0.8230
A~ _l&ean L - . -
P IMSE — - — - — — - "'
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31 LSC. ILeast Squares with Individual Constant Terms.
Eztimates of @, @£,

7

and p .
Various Values of o and p .

ﬁ = 0-5 » Y= 000 ’ 0'2 = 140
Sample size:
T=10 N=25
B=] 0.5lp = 0.0 |p = 0.15|p = 0.30]p = 0.45]p = 0.60fp = 0.75|p = 0.90|p = 0.95
a man - 0221 -y 0200 bt ] 0002 - 0058 - 0159 - 0070 O » 0139 O [ 0352
MSE | 0.0182 | 0.017L4 | 0.0148 | 0.0152 § 0.0163 { 0.0146 | 0.0109 | 0.0076
8 Mean| 0.5544 | 0.569L | 0.5806 | 0.5467 | 0.5585 | 0.5478 | 0.5461 | 0.5311
MSE | 0.0134 | 0.0173% | 0.0141 | 0.,011% | 0.0082 | 0,0067 | 0.0038 | 0.0021
—
ol Mean| 0.0304 [ =.0129 | -.0935 | 0.0307 | 0.0257 | 0.0138 | «.0009 [ -.0206
wl” |MsE | 0.0870 | 0.128% | 0.0820 | 0.0941 | 0.0TE2 § 0.0629 | 0.0557 | O.oh2L
3 -
2IMean] 0,9962 | 21,0324 | 1.0463 | 1.1556 | 1,1358 | 1.1604 | 1.090L | 1.1346
O IMSE | 0.0080 | 0.0164 | 0.0309 | 0.0688 | 0.0787 | 0.0983 | 0.1169 | 0.1183
~ |Mean| 0.1217 | 0.2782 | 0.4098 | 0.560k | 0.67h8 | 0.799% | 0.9132 | 0.9580
P IMSE | 0.0158 | 0.0191 { 0.0171 | 0.0202 | 0.0106 | 0.0054 | 0.,0009 | 0.0002
& Mean 0.166L | 0,1575 0.185i 0.1651 | 0.1644 | 0.1721 | 0.1999 | 0.2153
MSE { 0.022k | 0.0247 | 0.0170 | 0.0225 | 0.021% | 0.0192 } 0,0117 |} 0.009%
g Mean| 0.586L4 | 0,6041 | 0.5700 § 0.,5591 | 0.6016 | 0.5788 | 0.5666 | 0.5540
MSE | 0.0205 | 0.0218 | 0.011% | 0,0116 | 0.0171 | 0.0100 | 0.0061 | 0.00LL
My
Sla |Mean| -.0151 | -.0250 | 0.0269 | 0.0599 | -.0484 | =,0077 | ~.0210 | =.0655
wl? |Mse | 0.1016 | 0.0996 | 0.0800 [ 0.1026 | 0.0651 | 0.075% | 0.0557 | ©.0358
o)
32 Mean| 1.0064 | 1.0677 | 1.0929 | 1.1502 | 1.1858 | 1.2321 | 1.2317 | 1.2059
MSE | 0.0084% | 0.0176 | 0.0k22 | 0.0656 | 0.0823 | 0.1583 | 0.1588 | 0.1619
~ IMean| 0.1245 | 0.2987 | 0.4216 | 0.577k | 0.6908 | 0.8120 | 0.9219 | 0.9593
P luse | 0.0169 | 0.0276 | 0.0231 | 0.022% | 0,013k | 0.0063 | 0.0009 | 0.0003
& |Mean 0.35%7 | 0.3337 { 0.3472 | 0.3487 | 0.3649 | 0.3713 | 0.4090 | O.4h48
MSE | 0.024 | 0.0%16 | 0.0267 | 0.0267 | 0.0210 | 0.0190 | 0.0109 | 0.0048
8 Mean| 0.6351 | 0.621% | 0.6305 | 0.6275 | 0.6260 | 0.6161 | 0.5674 | 0.5L56
MSE | 0.0304 | 0.0292 | 0.0256 | 0.0260 | 0.0214 | 0.0181 | 0.0069 { 0.0035
[fqt
S|~ |Mean| -.0178 | 0.0690 | -.0381 | -.0181 | -,0162 | -.0459 | -.0197 | -.0005
w]” |Mse | o.10%0 | 0.1271 | 0.0986 | 0.0912 | 0.0563 | 0.0903 | 0.0558 | 0.0391
B
2lMean| 1.0024 | 1.1258 | 1.2186 | 1.2720 | 1.308% | 1.u479 | 1.2881 | 1,1813
O Imse | 0.0081 | 0.0375 | 0.0852 | 0.1270 | 0.1768 | 0.4h09 | 0.2119 | 0,1062
~ [Mean! 0.1457 | 0.3279 | 0.48k1 | 0.6058 | 0.7212 | 0.8329 | 0.924B 0.9603
P IMSE { 0.0225 | 0.0%91 | 0.OkOL | 0.0294 § 0.0185 | 0.0098 } 0.0012 j 0,0002
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TABLE B.3 (Continued)

B={ 0. [p = 0.0 {p = 0.15[p = 0.30{p = 0.45|p = 0.60}p = 0.75{p = 0.90}p = 0.95

& |Mean 0.5204 | 0.5284 | 0.5163 | 0.5245 | 0.5849 | 0.5682 | 0.6197 | 0.6561
MSE | 0,0359 | 0.0322 | 0.0360 | 0.0338 | 0.0267 | 0.0192 | 0.0077 | 0.0029
§ Mean] O0.7131 | 0.7257 | 0.7247 | 0.6974 | 0.7201 | 0.6620 | 0.5966 | 0.5965
MSE | 0.0620 | 0.0663 | 0,064 | 0.0547 | 0.0531 [ 0.0312 { 0.0125 | 0.005k
r-.
cls [Mean| 0.0685 | 0.0668 | 0.062% | 0.1137 | 0.06%0 | 0.0227 ! 0.0211 | 0.0182
17 IMSE | 0.1200 0.1549 | 0.1121 | 0.1535 | 0.1018 | 0.0723 | 0.0836 | 0.0506
o]

62 Mean] 1.0562 | 1,2764 | 1.4372 | 1.6207 | 1.6718 | 1.8127 | 1.508% | 1.1784
MSE | 0.0131 | 0.1103 | 0.2773 | 0.5129 | 0.6457 | 0.9500 | 0.5157 | 0.1832

A {Mean| 0.1928 | 0.4182 | 0.5745 | 0.6926 | 0.7828 | 0.8741 | 0.9543 { 0.9580
? IMsE | 0.0k10 | 0.0800 | 0.0855 | 0.0643 | 0.036% | 0.0167 | 0.0020 | 0.0002
& [Mesn 0.726% | O.744L | 0.7672 | 0.7732 | 0.7913 | 0.8%23 | 0.8658 | 0.8793
MSE | 0.0317 | 0.0263 | 0,0198 | 0.0171 | 0.0130 | 0.0053 | 0.0015 -} 0.0007
5 |Mean| 0.8538 | 0.8224 | 0.7689 | 0.7593 | 0.7256 | 0.6392 | 0.5653 | 0.5486
MSE § 0.1446 | 0,1195 | 0.0870 | 0.0781 | 0.0579 | 0.0239 | 0.0065 | 0.0040
o
O~ {Mean| 0.5805 | 0.5259 | 0.3846 | 0.4207 0.3399 { 0.2616 { 0.1167 | 0.0216
w” IMSE 0.4649 | 0.4378 | 0.3183 | 0.2729 | 0.2183 | 0.1265 | 0.054k | 0,0426
e
62 Mean} 1,2326 | 1.7225 | 2,0619 | 2.3776 | 2.4919 | 1.908k4 | 1.5171 | 1.2458

MSE | 0.0703 | 0.6718 | 1.6541 | 2.4836 | 2.7240 | 1.3286 | 0.4324 | 0.1968

Mean| 0.3195 | 0.5611 | 0.6820 | 0.7838 | 0.8472 | 0.8723 { 0.9350 | 0.9603
MSE | 0.1077 | 0.1795 { 0.1553 { 0.1155 | 0.0638 | 0.0172 { 0.0016 { 0.0003

L))
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’

B,

v and

2
o

Using 8 Estimated by LSC. Means and Mean-Square Errors.
Varicus Values of @ and p .

B = 0'5 » Y = 0.0 ) 02 = 1,0 .
Sample size:
T=10 N=25
B=] 0.5]p = 0.0 |p = 0.15|p = 0.30}|p = 0.45]|p = 0.60]|p = 0.75|p = 0.90|p = 0.95
& [Mean} 0,024 0.0478 | 0.0746 | 0.0TH9 | 0.0659 | 0.0719 | 0.0846 | 0.0045
MSE | 0.0090 | 0.0059 | 0.0059 | 0.0055 | 0.0050 | 0.0046 | 0.0043 | 0.0038
8 Mean| 0.5%26 | 0.5363 | 0.541h | 0.5086 | 0.5190 | 0.5099 | 0.5109 | 0.5020
MSE | 0.0106 | 0.0124 | 0.0086 | 0.0083 | 0.0048 { o.00uk4 | 0.0019 | 0,0012
i
olr Mean| 0.0240 | -.0197 | «.0906 | 0.0224 | 0.0197 | 0.0062 | -.0053% | -.0229
w?7 IMse | 0.078% | 0.11%0 | 0.0743 0.0809 | 0.0631 | 0.0548 | 0.0490 | 0.0373
o)
2|Mean] 1.0506 | 1.1087 | 1.1308 | 1.2544 | 1,2358 | 1.2649 | 1.1904 | 1.2407
O lMsE | 0.0115 | 0.0%03 | 0.0516 | 0.1184 | 0.1277 | 0.1569 | 0.1665 | 0.1781
» [Mean _ . —_— . —_ .
& |Mean| 0.2201 | 0.23kk 0.2683 | 0.2532 | 0.2537 | 0.2593 | 0.2753 | 0.2761
MSE { 0.0107 | 0.0089 | o.0044 | 0.0067 | 0.0055 | 0.,0049 | 0.0025 | 0.003%0
8 Mean} 0.5548 | 0.5553 | 0.5171 | 0.5057 | 0.5431 | 0.5255 | 0.5190 | 0.5161
MSE | 0.0138 | 0.0126 | 0.0068 | 0.,0075 | 0,0086 { 0.,0045 { 0.0021 | 0.0018
MY
o|~ {Mean| -.0238 { -.0281 | 0.0195 | 0.0517 | -.0456 | -,0137 § -.0228 | -.0638
|7 |MSE | 0.0862 | 0.0856 | 0.0721 | 0.0866 | 0.0574 | 0.0619 | 0.0463 | 0.0309
[o}
2| Mean 1.0606 | 1.1457 | 1.1789 | 1.2462 | 1,2875 | 1.3400 | 1.3hkeLk | 1.3168
MSE | 0.0132 | 0.0371 | 0.0723 } 0.1122 | 0.1396 | 0.2400 | 0.2423 | 0.243%
~ [Mean
P luse "'"“ - - - — - '" -
& |Mean 0.4153 | 0.4178 | 0.4392 | 0.44%0 | 0.4599 | 0.4619 | 0.4856 | 0.5024
MSE | 0.0100 | 0.0109 | 0.0073 | 0.007T4 | 0.004T7 | 0.0043 | 0.0032 | 0.0020
é\ Mean| 0.5840 | 0.5488 | 0.5520 } 0.5478 | 0.5437 | 0.5394 | 0.5039 | 0.4970
MSE | 0.0173 | 0.0152 | 0.0106 | 0.0110 | 0.0070 | 0.0062 | 0.0024 | 0.0016
o~ IMean| -.0256 | 0.067L | -.0%64 | -.022L | -.0L76 | -.0467 | -.0217 | -.0035
W7 lmse | 0.0861 | 0.1059 | 0.0804 | 0.0740 | 0.0430 | 0.0720 | 0.0u34 | 0.0322
o] Y
32 Mean| 1.0800 | 1.2061 | 1.3135 | 1.3741 | 1.4158 { 1.5698 | 1.3995 | 1.2868
MSE | 0.0151 | 0.0693 | 0.1432 | 0.2030 | 0.2696 | 0.6092 | 0.3128 | 0.16%96
~ |Mean —
P lvse — - - - - — —




TABLE B.k4 {Continued)

& |Mean 0.5888 | 0.6198 | 0.6127 | 0.6215 | 0.6377 | 0.6551L | 0.6865 | 0.7059
MSE | 0.0156 | 0.0090 { 0.0099 | 0.0093 | 0.0067 | 0.0039 | 0.0017 }| 0.0012
5 Meani 0.6317 | 0.6105 | 0.6030 | 0.5789 | 0.5925 | 0.5555 | 0.5132 | 0.4958
MSE | 0.0314 } 0,026% | 0,0234% | 0.0207 | 0.0170 | 0.0080 | 0.0038 0.0026
t-_-
Sla |Mean] 0.0%99 | 0.0376 | 0.0432 | 0.078L | 0.0320 { -.0007 { 0.00T1 | 0.000%
W7 luse | 0.1028 | 0.1241 | 0.0892 | 0.1112 | 0.0736 | 0.0545 | 0.0600 | 0.0385
U -
62 Mean| 1.1201 | 1.367h | 1.5448 | 1.7451 | 1.8022 | 1.9562 | 1.6324 | 1.2788
MSE | 0.0263 | 0.1757 | 0.3983 | 0.7066 | 0.8732 | 1.2549 | 0.7030 | 0.2572
~ Mean .
Plwse ] — - - — - - - -
& Mean]| 0.8001 | 0.8286 | 0.8491°{ 0.851% { 0.8632 { 0.8019 | 0.9053 | 0.90L48
MSE | 0.0113 | 0.007L | 0.0045 | 0.0034 | 0.0026 | 0.0007 | 0,000% | 0.0003
g [Mean| 0.7139 0.6481 | 0.5988 | 0.6003 | 0.5813 | 0.5168 | 0.4852 | 0.h9TL
MSE | 0.0619 | 0.0369 | 0.0238 | 0.0201 | 0.0133 | 0.0045 | 0.0029 | 0.0017
d~ IMean] 0.2085 | 0.2u17 | 0.1386 | 0.1550 { 0.0928 { 0.0u85 | -.0179 | -~.0596
J’ MSE | 0.19%5 | 0.1825 | 0.1457 | 0.0948 | 0.0881 | 0.0468 | 0.0314 { 0.0393
62 Mean| 1.3081 | 1.8337 | 2.1980 | 2.5378 | 2.6616 | 2.0397 | 1.6299 1.3496
MSE | 0.11%2 | 0.8693 | 2.0%99 | 3.0427 | 3.35416 | 1.6646 | 0.5889 | 0.2855
A |Mean
Plwse } T — - - - - - -
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TABLE B.5: IV. Instrumental-Variable Estimates of o ,

B, 7, o2 and p . Means and Mean-Square Errors.
Various Values of o and p .

B=0.5, 7=0.0, @ =1.0.

Semple size:
Tul) N=25

P 0.5{p = 0.0 |p = 0.15|p = 0.30|p = 0.45|p = 0.60|p = 0.75{p = 0.90]p.= 0.95

» |Mean! 0.1143 | 0.0724 | 0.078k | 0.0248 | 0.1261 | 0.0727 | 0.1032 | 0.0970
G IMSE | 0.3351 | 0.1521 | 0.1026 | 0.0675 | 0.069% | 0.0802 | 0.0358 | 0.0279

Mean| 0.4816 | 0.5317 | 0.5273 | 0.5261 | 0.4850 | 0.5065 | 0.5081 | 0.4901
MSE | 0.0835 | 0.0366 { 0,0k00 | 0.0188 | 0.0198 | 0.0217 | 0.0L7h | ©.0152 .

™y

Mean| 0.0415 | -.0303 { ~.0574 | 0.0500 | 0.0%04 | 0.01%6 | -.0187 | 0.0085
MSE | 0.0791 | 0.1372 | 0.0886 | 0.1129 | 0.0936 | 0.1338 | 0.1572 | 0.0943

aaﬁea.n 1.34881 | 1.1453 | 1.0937 | 1.1803 | 1.0431 | 1.0905 | ©.9644 | 1,0316
MSE | 1.6358 | 0.1155 | 0.1k09 | 0.1832 | 0.2625 | 0.3819 | 0.3196 | 0.2432

Mean! 0.09%5 | 0.2380 | 0.3458 | 0.5140 | 0.5605 | 0.7292 | 0.8737 | 0.9387
MSE | 0.0134 | 0.0208 | 0,0249 | 0.0241 | 0.0%07 | 0.0233 | 0.003k | 0.0006

Mean| 0.2960 | 0.4%05 | 0.hk2h5 | 0.2580 | 0.2830 | 0.2517 | 0.3006 | 0.21k6
MSE _0.1621t- 0.3255 | 0,083 | 0.0846 | 0.1067 | 0.0490 | 0.0235 | 0.0348

8 Mean! 0.5049 | O.h2h4 | 0.4248 | 0.h80L | 0.49%0 | 0.5371 | 0.4962 | 0.5437
MSE | 0.0607 { 0.1131 | 0.044% | 0.0353 | 0.0653 | 0.0280 | 0.0168 | 0.0197

a= 0.1
~)

'D)]

>

1~ [Mean| -.0137 | -.0323 | -.0080 | 0.1375 | 0,003 | -.0%17 | 0.0048 | -.0362
«|7 iMs® | 0.1217 | 0,0917 | 0.0823 | 0.2292 | 0.1%61 { 0.1hT7k | 0.08%2 | 0.1112
° g2Mean| 1.1700 | 1.3351 | 0.9803 | 1.120k | 1,1248 | 1.1206 | 0.9846 | 1.2885

MSE | 0.1986 | 3.3637 | 0.048k | 0.1809 | 0.2678 | ©0.5301 | 0.2088 | 0.7712

Mean| 0.100k | 0.1916 | 0.2542 { O.4796 | 0.5848 | 0.740OT | 0.8801 | 0.945k4
MSE | 0.0133 | 0.0172 | 0,029k | 0,0380 | 0.0332 | 0.0105 | 0.002% | 0,0007

Mean! 0.5214 | 0.5251 | 0.4861 | 0.k98T | 0.4927 | 0.4887 | 0.4554 | 0.k955
MSE | 0.0849 | 0,0682 | 0.067k | 0.0537 | 0,0241 | 0.024L | 0.0333 | 0,01k0

vy

>

Mean| 0.4976 | O.kul1 | 0.5272 | 0.5066 | 0.5017 { 0.5284 § 0.51}7 | 0.5171
MSE { 0.0763 | 0.0561 | 0.0640 | 0.0318 | 0.0238 | 0.,0226 | 0.0138 | 0.016k

™)

Mean| -.0402 | 0.0975 | -.0872 | -.0u61 | 0.0163 | -.0751 | 0.0295 | -.okgk
MSE | 0,084k | 0.099% | 0.1479 | 0.091% | 0.1175 | 0.2038 | 0.1379 | 0.0854

qd = 005

4?2 |Mean| 1.1071. 1.073% | 1.1342 | 1.0880 | 1.0250 | 1.1095 | 1.1931 | 1.0047
MSE | 0.0616 | 0.,0401 | 0.1718 | 0.317k | 0.1647 | 0.4257 | 0.7645 | 0.2333

5 Mean| 0.1020 | 0.2097 | 0.3468 | 0.k386 | 0.5815 | 0.7200 | 0.8835 | 0.9384
MSE | 0.01k%k.{ 0.,0195 | 0.0389 | 0.0366 0.0288"1 0.,0198 | 0.0034 | 0.0007
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PABLE B.5 (Continued)

=l 0.5|p = 0.0 |p = 0.15|p = 0.30|p = 0.45{p = 0.60|p = 0.75|p = 0.90[p = 0.95
& |Mean 0.6976 | 0.7010 | 0.6669 | 0.6970 | 0.6697 | 0.6523 | 0.6617 | 0.6118
MSE | 0.0472 | 0.0171 | 0.0387 | 0.0311 | 0.0269 | 0.031k4 | 0.0345 | 0.2675
5 Mean| 0.4962 | 0.5146 | 0.5380 | 0.4865 | 0.5500 | 0.5396 | 0.5042 | 0.5959
MSE | 0.0669 | 0.0399 | 0.0703 | 0.05k9 | 0.0482 | 0.04T1 | C.03%06 | 0.1837
5| IMean| 0.0088 | -.c0u8 | 0.0058 | 0.08k9 | 0.0227 | 0.0640 | 0.1269 | 0.0816
,7 MSE | 0.1089 | 0.1127 | 0.1457 | 0.1172 | 0.094k | 0.1485 | 0.2049 | 0.8540
o A2 Mean| 1.0817 | 1.042% | 1.1570 | 1.1670 | 1.2250 | 1.5029 | 1.5522 | h.34k9
° IMsE | 0.0255 | 0.020% | 0.2371 | 0.5335 | 0.7043 | 5.2750 | 4.h6ho | 486.8k
~ |Mean] 0.1258 | 0.2338 | 0.3772 | 0.4317 | 0.5864 | 0.7530 | 0.8608 | 0.9199
P IMSE | 0.0220 | 0.0246 | 0.0460 | 0.0571 | 0.0482 | 0.0253 | 0.0150 | 0.003%6
% |Mean| 0.8811 | 0.9256 0.8518 | 0.6495 | 0.85% | 0.8808 | 0.8129 | 0.9346
MSE | 0.0250 | 0.0200 | 0.0292 | 2.2613 | 0.0274 | 0.0286 | 0.3176 | 0.2421
5 mn 0.559% | 0.4629 | 0.58%6 | 1.0030 | ©.581% | 0.5534 | 0.6050 | 0.k485
MSE { 0.1380 | 0.1381 | 0.1930 | 9.7093 | 0.1458 | 0.0849 | 1.2340 | 0.6851
gn Mean| =-.0113 | -.1209 | 0.1660 | 0.7608 | 0.1336 | 0.0275 | 0.k98k4 | -.2546
17 |MsE | 0.200k | 0.225h | 0.3129 { 19.253 | 0.k218 | 0.601T7 | k.9415 | 6.5966 -
° A21Mean| 1.168% | 1.2409 | 1.9032 | 125.68 | 2.6347 | 2,5533 | 29.455 | 22.123
9 Mse | o0.0761 | 0.3117 | 8.8161 * 28.739 | 23.620 * *
~ Mean| 0.1879 | 0.2748 | 0.4516 | 0.5236 | 0.6012 | 0.694% | 0.8596 | 0.9105
P Imse | 0.0471 | 0.0488 | 0.088 | 0.0876 | 0.0745. | 0.0621L {:0,0177 | 0.0078

* . .
Format field exceeded.
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TABLE B.6: 2RI. "wo-Round Estimates of o, B, 7 and o
Using p Estimated by IV. Means and Mean-Square Errors.
Various Values of Q a_nd 0.
B=0.5, 7 =00, = 1.0 ,
Sample size:
TP=l0 Ne25
P=| 0.5lp = 0.0 |P= 0.15)P = 0.30}° = o.hsﬂp = 0.60p = 0.751 = 0.90| p = 0.95
5 |Mean| 0.0368 | 0.0739 | 0.1075 | 0.094% | 0.1209 | 0.1200 0.1184 | 0,1215
MSE | 0.0075 | 0.0054 | 0.0104 | 0.006k | 0.0150 { 0.0135 | 6.0056 | 0.0045
8 Mean| 0.5271 | 0.5252 | 0.5236 | 0.4984 | 0.4929 | 0.k869 | 0.h9k1 | 0.4880
> IMSE | 0.0100 | ©.0118 | 0.0103 | 0.0078 | 0.006k4 | 0.0067 | 0.0021 | 60,0015
—
Sla {Mean| 0.0215 | -.0253 | -.0886 | 0.0222 | 0.0136 | -.0015 | -.0067 | -.0232
|7 |MsE | 0.0775 | 0.1130 | 0.0745 | 0.0782 | 0.0583 | 0.0k7L | 0.0462 | 6.0352
o]
2iMean| 1.0362 | 1.0825 | 1.0885 | 1.2010 | 1.0546 | 1.0712 | 0.9361 | 0.9h11
% IMsE | 0.0126 | 0.0276 | 0.0792 | 0.1450 | 0.1619 { 0.171k | 0.2138 | 0.13%0
~ |Mean ' j
P |uge - - - - - - — -
5 [mean] 0.2321 | 0.288u 0.3581 | 0.3099 | 0.3088 | 0.3002 | 0.3168 { 0.2955
MSE | 0.0089 | 0.0202 | 0,0177 } 0.0158 | 0.013% ; 0.006% | 0.003k | 0,0025
5 Mean| 0.5482 | 6.5207 | 0.4622 | 0.4721 | 0.5079 | 0.%999 | 0.4932 | 0.50k0
® IMsE | 0.0125 | 0.0118 | 0.0139 | 0.0129 | 0.0128 | 0,005k | 0.0024% | ©.0017
.Y
C; ~ l‘han *00267 "00307 0.0087 0.0'4831- -.0'46*1- "".0132 -.0229 -.0511-0
2|7 |MsE | 0.084 | o0.0801 | 0.0648 | 0.081k | 0.0555 | 0.0581 | 0.0433 { 0.029%
" 2lmean| 1.0458 | 1.0533 | 1.0035 | 1.1299 | 1.1248 | 1.1129 | o.9717 | 1.105%
&
? MsE | o.0134 | 0.0302 | 0.0k79 | 0.1173 | 0.1969 | 0.2596 | 0.1313 | 0.2M17
»~ IMean . ___
P luse - - - - - - "_
& [Meanj 0.4349 | 0.k752 | 0.507T | 0.5173 0.52%% | 0.5277 | 0.52hk | 0.5319
MSE | 0.0076 | 0.008% | 0.0131 | 0.0144 | 0.0109 | 0.,0082 ] 0.0058 | 0.0039
8 Mean | 0.5692 | 0.4963 | 0.4930 | 0.487h | 0.4887 .j 0.4B43 | O.kTLL | 0.k722
MSE | 0.0160 | 0.0158 | 0.0155 | 0.0155 | 6.0098 | 0.0072 | 0.0040 | 0.0029
['g)
S|a |Mean| -.0325 | 0.0722 | -.0%65 | -.0301 | -.0230 | ~.0h63 | -.0208 | -.0057
|7 usE | 0.0813 | 0.0884 | 0.072k | 0.0622 | 0.036%4 | 0.0609 | 0.0392 | 0.028%
8
¢2[Mean 1.0878 | 1,077 [1.1578 | 1.1268 | 1.0846 | 1.1327 | 1.0743 | 0.9282
MSE | 0.0107 | 0.0260 | 0.1456 | 0.2521 | 0.1717 | 0.3629 | 0.3045 | 0.12L9
B tan — - — — — - - ~
SE - ‘
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TABLE B.6 (Continued)

B=] O. jp.= 0.0 |p = 0.1 |p = 0.30|p = 0.4 |p = 0.60‘ p = 0,7 ‘p = 0,90]|p = 0.9
& |Mean 0.6160 | 0.6929 | 0.6945 | 0.7299 | 0.7198 | 0.717L | ©.732% | 0.7393
MSE | 0.0108 | 0.0053 { 0.0087 { 0.0121 | 0.0108 | 0.0059 | 0.0061 | 0.00kk

8 Mean| 0.5972 | 0.5192 { 0.5010 | O.%469 | 0.14893 | 0.4799 | O 4561 0:5553

|MSE | 0.0232 0.0186. 0.0225 | 0.028h4 | 0.0217 | 0.0125 | 0.0102 | 0.0076 -
Ska-Medn| 6.0335 i 0.0132 | 0,0116 | 0.0365 | =.0006 { -.0152 | 0.0012 | -.0096
217 IMsE | 0.0980 |} 0.1020 | 0.0745 | 0.0813 0.0510 | 0.0460 | 0.0482 | 0.0312
e ; §

82 Mean| 1.0593 | 1.0974 | 1.1918 | 1.2068 | 1.2577 | 1.3726 | 1.2140 | 0.8694
MSE | 0.014%5 | 0.0332 | 0.2048 | 0.4827 | 0.5701 | 0.9743 | 0.7469 | 0.2463
Mean

3 Mse | T - "" - - T - —

5 Mean| 0.8353 | 0.8973 | 0.809% | 0.9073 | 0.9140 | 0.925% | 0.9249 | 0.9209
MSE | 0.0058 | 0.0022 | 0.003% | 0.0044 | 0.0043 | 0,00%3 | 0.0017 | 0.001LL

5 [Mean 0.6549 | 0.5075 | 0.4909 | 0.4822 | 0.4781 | 0.kk62 | 0.4458 | 0.k650

" IMSE | 0.0371 | 0,0201 | 0.0272 | 0.0281 | 0.0186 | 0.0142 | 0.0085 | 0.0058

¥~ [Mean| 0.1690 | 0.0078 | -.0134 | -.0389 | -.091% | -.0835 | ~.0880 | -.1131
W7 |MsE | 0.1291 | 0.0903 | 6.0965 | 0.0636 | 0.0929 | 0.0678 | 0.0397 | 0.0497

52 [Mean 1.1433 | 1.2334 | 1.6503 | 2.3024 | 2.064% | 1.7789 | 1.k735 | 1.1231
MSE | 0.0k7h | 0,2861 | 1.6954 | 9.17%6 | 5.9101 | 3.5619 | 2.3160 | 0.7823

A IMean |

P MsE - "" — — "" o - -




TABLE B.7: ML,

Means and Mean-Square Errors.

- oh -

Maximun-Likelihood Estimates of & , B, 7, o and p .

Various Values of o and p .

ﬁ = 0‘5 » T = 0.0 » 02 = 1.0
Sample size:
Tel0 N=25
B=| 0.5]p = 0.0 }p = 0.15|p = 0.30|p = o.h5|'p = 0.60fp =0.751p = 0.90{p = 0.95
P Mean| 0.0722 | 0.0977 | ©.1193 | 0.1148 { 0.1021 ’0.1050 0.1104 { 0.1131
MSE | 0.00k2 | 0.0041 | 0.0068 | 0.0061 | 0.0047 | O.004T | 0.004B | 0.0043
~ {Mean| 0.5102 | 0.5122 | 0.5182 | 0.4895 | 0.5011 | 0.hok0 | 0.4981 | 0.4929
B IusE 0.0090 } 0.0105 | 0.0071 | 0.0081 { 0.0045 | 0.0045 | 0.0020 | 0.001k%
ol ~ |Mean| 0.0173 | -.0252 | -.0894 | 0.0178 | 0.0165 { 0.0031 | -.0073 | -.023k.
n7 |mse | o,0720 | 0.1054 | 0.0707 | 0.0Tk6 | 0.0586 | 0.0517 { 0.0¥70 | 0.0358
[
~2|Mean] 0.9843 { 0.9805 { 0.9%586 | 0.0171 | ©.9Tk8 ]| 0.9678 | 0.9065 | 0.9672
9 IMsE | 0.0079 | 0.0128 | 0.0226 | 0.0293 | 0.0815 | 0.0508 | 0.0886 | 0.0799
~ {Mean] 0,0125 | 0.1442 | 0.2753 | O.4402 | 0.5748 | 0.7288 | 0.8820 | 0.9445
P luse | 0.0006 | 0.0029 | 0.0069 | 0.0110 | 0.0080 | 0.0060 | 0.0017 | 0.0002
& |Mean 0.2747 | 0.302% | 0.3%65 | 0.312k { 0.3149 { 6.3090 [ 0.3108 | 0.2991 -
MSE | 0.005% | 0.0065 [ 0.0065 | 0.0060 { 0.0094 § 0.0045 | 0.0026 | 0.0027
a’ Mean] 0.5208 | 0.5123 | O. 4747 | 0.4701 | 0.5022 | 0.4946 | 0.4967 | 0.5018
{MSE | 0.0092 | 0.0096 } 0.0077 | 0.0087 | 0.0107 | 0.0043 | 0.0020 | 0.0017
2 « |Mean| -.0270 | -.0%09 | o0.0141 | 0.0452 | -.0408 | -.0167 | -.0234 | -.06%0
! 7 |mse | o.0145 | 0.0767 | 0.0681 | 0.0771 | 0.0550 | 0.0553 { 0.0k21 | 0.0291
Ol 2 [Mean 0.9882 | 0.9862 { 0.9554 | 0.9%78 | 0.9319 | 0.9319 | 0.9388 | 0.9749
7 {MSE | 0.0078 | 0.0088 | 0.0203 | 0.0281 | 0.03%0 | 0.0659 | 0.0663 | 0.0863
~ |Mean] ©.0111 | 0.1%9%5 | 0.2489 | 0.4184 | 0.5485 § 0.7176 | 0.8840 | 0.9h429
P Imse | 0.0006 | 0.0057 | 0.013k | 0.0112 | 6.0172 | 0.0064 | 0,0013 | 0.0005
5 fMean 0.4837 | 0.515% | 0.5647 | 0.5763 | 0.6050 | 0.5953 | 0.5535 | 0.5325
MSE | 0.0029 | 0.0081 | 0.0189 | 0.0266 | 0.034%5 | 0.0378 | 0.0128 | ©0.00%6
~ {Meen{- 0.5263 | 0.46kg | 0.4435 | 0.4382 | 0.4200 | 0.4257 | O.4476 | 0.4716
P MSE | 0.0097 | 0.0156 | 0,0199 | 0.0210 | 0.0262 | 0.028k § 0.009h | 0.0027 |
™y
S|~ |Mean| -.0315 | 0.0648 | -.0277 | -.0%06 | -.02h1 | -.0511 | -.0223 | -.00b6
w{7 IMsE | 0.0711 | 0.0886 | 0.0631 | 0.0591 | 0.0316 | 0.0534 { 0.0360 | 0.0289
&)
32 Mean| 0.992% | 0.9901 | 0.9478 { 0.889k { 0.8032 { 0.8u43 | 0.799% | 0.8554
MSE | 0.0073 | 0.0126 | 0.0260 { 0.042% | 0.0869 | 0.1673 | 0.1332 | 0.0678
~ IMean| 0.0124% | 0.1216 | o.2143 | 0.3193 | 0.4229 | 0.5828 | 0.8575 | 0.9366
| P Imsk | o0.0007 | 0.0006 | 0.0258 | 0.0u69 | 0.0801 | 0.1090 | 0.0223 | 0.0006
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TABLE B.7 (Continued)

B=] 0.5fp = 0.0 |p = 0.15)p = 0.30]|p = 0.45]p = 0.60]p = 0.75|p = 0.90|p = 0.95
& [Mean 0.6691 | 0.8121 | 0.8649 | 0.8893 | 0.9358 | 0.9358 | 0.8762 | 0.7750
MSE | 0.0042 | 0.01T1 | 0.0334 | 0.0465 | 0.0630 | 0.06T0 | 0.0487 | 0.01lk1
5 |Mean 0.5360 | 0.3708 | 0.2882 | 0.2516 | 0.2165 | 0.2101 | 0.2771 | 0.k4135
MSE : 0.01k1 | 0.0336 ) 0.0654 | 0,0854 | 0.0955 | 0.1031 | 0.0805 | 0.0220
[-_
o}~ |Mean| 0.0060 | ~.0289 | ~.0145 | -,0247 | -.0739 | -.0TO4 | -.0318 | -.0166
x|7 [MsE | 0.0825 | 0.0897 { 0.0659 | 0.0611 | 0.0466 | 0.0357 | 0.0290 | 0.0270
B
52 |Mean| 0.9903 | 0.9331 | 0.7997 { 0.7192 0.5246 | 0.8090 { 0.4262 | 0.6251
MSE { 0.0069 { 0.011k | O.O4T4 | 0.1220 | 0.2929 | 0.4379 | 0.4939 | 0.2685
5 Mean| 0.0232 | 0.0309 | 0.0%96 | 0.0807 | 0.0k47 | 0.1149 ]| 0,3812 | 0.8021
MSE | 0.0017 ] ©0.0186 0.0793 0.1726 | 0.3339 | 0.4Th8 | 0.4499 | 0.1057
& |Mesn| 0.8907 | 0.9651 0.9867 | 1.0025 { 1.0024 | 1.0071 | 1.0085 | 0.9611
MS® | 0.0007 | 0.0045 | 0.0082 | 0.0105 | 0.0118 | 0.0123 | 0.0120 | 0.,0060
8 Mean| 0.5362 | 0.35T4 | 0.3015 | 0.2817 { 0.2897 | 0.2698 | 0.272% | 0.3832
MSE | 0.011% | 0.029% | 0.0472 | 0.0515 | 0.0524 | 0.0595 | 0.0538 | 0.0239
o
o}~ |Mean| -.0339 | -.1959 | ~.2292 | ~.3269 | -.3576 | -.3451 | -.3561 | -.2272
|7 |MsE | 0.080% | 0.099k | 0.175% | 0.1400 | 0.1735 | 0.1435 | o.1427 | 0.1019
e}
42 [Mean] 0.9947 | 0.90k1 | 0.7772 | 0.6197 [ 0.5327 | 0.3557 | 0.1732 | ©.k210
M3E | 0.0053 | 0.0158 | 0.063% | 0.14T6 [ 0.h4T9 { 0.5661 | 0.692% | 0.4663
~ |Mean} 0.0124 | 0.0093 | 0.0276 | 0.0152 | 0.026 | 0,0757 | 0.1962 | 0.6094
P IMSE | 0.0006 | 0.0200 | 0.0795 | 0.1895 | 0.327h | 0.k713 | 0.5174 | 0.2187




TABLE B.8: O©LS. Standard Errors of the Generalized Least-Squares Estimates of o, g, and
Y . Means and Variances. Various Values of o and p . B8 = 0.5, v =0.00, g2 =10
Sample size:
T=10, N=25
B = 0.5 {p=0.00{p =0.15{ = 0.30 [p=0.45|p = 0.60 | p= 0.75 [ p= 0.90 {p = 0.95
S.E. of| Mean 0.0619 0.0618 0.0611 0.0610 0.0609 0.0595 0.0554 10,0501
8 Variance]1.90x10°5} 2.57x1076| 2.06x1076]1.23x10-6 3,26%10-6{3.27x1076| 3.56x1076| 4.24x10-6
-l
Sl s Mean  |0.1011 | 0.0965 0.0887 |0.0810 {0.0710 |0.0581 0.0421 0.0334
o | B |variance{2.24x10-5) 1.90x10-5] 1.82x10-5| 7. 48x10-6| 1.20x10-5}8.32x107%| 3,38x10"6 1,92x10"6
A Mean 0.2875 |0.2831 0.2704 |0,2621 0, 2458 0.2286 | 0.2096 0.2062
Y Variance|l.70x10-4] 1.82x10~4| 2.00x10-4]9.21x10-5| 1.40x10-%4}1.24x10-4{ 1,10x10-4] 1.02x10-4
S.E. of|Mean 0.0588 | 0.0588 0.0585 0.0578 0.0577 0.0561 0.0512 0.0457
& |variancej3.91x1076|2.80x10-6| 3,53x1076}3,24x10-6 3,37x10-6| 2.76x10-6| 2,38x10-%} 3.27x10-6
oy T
sl 4 Mean 0.1030 | 0.0993 0.0917 0.0818 |0.0740 ]0.0610 |0.0457 0.0365
. B |variance|2.30x10"5{1.65x10"5| 1.74x10~5} 1.62x10-5| 1.24x10~5| 7. 56x10~6| 2.94x1076} 3.36x10-6
S BN Mean 0.2881 | 0.2842 0.2731 0.2575 0.2453 0,2281 0.2134 | 0.2069
Y variance!1.66x10-4} 1,24x10-4| 1,68x10-4|1.28x10-4] 1,09x10-4] 1.05x10-4/ 9.11x10-5{ 8,52x10-5
S.E. of|Mean  |0.0529 10.0533 0,0522 0.0518 0.0504 | 0.0487 0.0439 0.0372
& {Variance|5.60x10-65.54x10-6| 5.58x1076 4.70x10-6| 4.42x1076] 3. 58x10-6/ 4.10x10-6| 2. 50x10-6
[T
o 3 Mean 0.1068 |0.1021 0.0955 |0.0874 |0,0773 0.0655 | 0.0486 0.0387
i Variance|1.79x10-5|2.01x10-5} 2.02x10-5| 1.82x10-5] 1.28x10-3| 8.44x10"6| 5,18x10-6] 2.07x10-6
b
i A Mean 0.2889 |0.2859 0.2748 0.2615 0.2447 0.2299 0.2129 0.2052
Y Variance[1.62x10-4]1.17x10%4 1.32x10-4| 1.29x10-4| 7.11x10-5| 8.85x10~5} 9.99x10-5} 8.28x10-5




TABLE B.8 (Continued)

B = 0.5 |p =0.00| p=10.15 | p=0.30 |p = 0.45 |p = 0.60 [ o= 0.75 {p = 0.90 |p = 0.95
S.E, of] Mean 0.0434 0.0414 {0.0415 |0.0411 0.0395 0.0370 0.0319 0.0270
a Variance| 7.05x1076} 6.62x10-6{ 6.95x10-6] 6, 36x10-6! 5.28x10-6] 5.62x10-6}2.31x10-6) 1.82x1076
P~ ] -
o 8 Mean 0.1094 0.1064 0.0982 {0.0903 0.0811 0.0675 0.0510 0.0401
Wl Variance| 3.04x10-3] 3, 24x10-5] 2.22x10-5) 2, 55x105} 2. 00x10-5] 1. 74x10-3] 4.68x10-6| 3.32x10-6
N . ,
3 Mean 0.2892 0.2852 0.2714 0.2618 0.2450 0.2272 0.2121 0.2066
: Variance| 1.54x10-% 1,19x10-4[ 1.07x10-4 1.01x10-4{ 1, 27x10~4| 1,15x10-%4] 6.29%10-5] 6.05x10">
S.E. of| Mean 0.0227 0.0225 0.0217 0.0213 0.0202 0.0189 0.0154 0.0124
o Variance| &.44x1076{ 7,98x10-6{ 6.37x10-6{ 5.80x10-6{ 4.28x10-6! 3,07x1076{ 1. 75x10~8} 9. 54x10-7
ol
o 8 Mean 0.1086 0.1033 0.0951 0.0866 0.0758 0.0632 0.0449 0.0338
0o Variance| 1.65%x10~9] 3.71x10-5] 3.38x1075{ 2.55x10"5] 2.43x10"5] 1.71x10~5{ 8.06x10-9| 4.37x10-6
3
- Mean 0.2975 0.2930 0.2793 0.2681 0.2546 0.2357 0.,2208 0.2100
Y Variance| 1.57210-4{ 2,13x10-4] 2.29x10"4 1.85x10"% 1.57x10%} 1.67x10"%4} 9.18x1073{ 1.17x10"4

_LG-



TABLE B.9: OLS. Standard Errors of the Ordinary Ileast-Squares Estimates of o , andy
Means' and variances., Various Values of ¢ and p g=0.5, yv=0.0, g2=1,0
Sample size:
T=10, N=25
Bl=0.5 lp=0.00} p= 0.15 | 0= 0.30 | p= 0.45 jp = 0.60 {p = 0.75 | P= 0.90 |p = 0.95
S.E. of|Mean 0.0619 |0.0603 [0.0567 {0.0520 [0.0472 [0.0384 {0.0264 [0.0193
& |variance1.90x1076]3.54x1076{4.88x10-6{1.29%1073] 1.35x10"3|1.66x10"3|1.32x10"5} 7.35%10"6,
~ ,
S| . |Mean 0.1011 }0.0996 [0.0946 |0.0896 |0.0801 |0.0658 |0.0445 (5| 0.0336
n B |variance|2.24x10-5{2.39x10"5{ 2.40x10-5[1.22x10~5( 1. 56x10"3{ 1. 19x10~5{ 8.41x10"°{ 5. 551076
3 . 1
~ {Mean 0.2875 }0.2832 ]0.2698 |0.2564 |0.2280 |0.1879 |0.1263 |0.0963
y |variance|1.70x10-4]2,13x10-4| 2,57x10-4] 1.17x1074| 1.45x10"%| 8.56x10-5| 5.81x10-5{ 4.09x10"3
S.E. of|Mean 0.0588 10.0550 10.0501  |0.0438 10.0382 10.0299 10.0194 10,0145
& |variance|3.91x1076}5.84x107%| 1,24x1075{9.05%1076| 1.49x107] 1.34x1075| 7.65x107%| 4.35x10"
[+a]
S . |Mean 0.1030 {0.1012 |0.0952 [0.0862 (0.0771 {0.0623 |0.0421 |0.0316
w1 B |variance|2.30x1073}1.71x1073| 1.87x1073}1.89x10"3] 1.13x10"3} 8.85x107®| 3.92x1076! 3, 04x10-6
3
~  |Mean 0.2881 |0.,2827 |0.2677 |0.2453 {0.2183 [0.1772 {0.1199 [0.0904
'y {variance|1.66x10-4] 1.32x104 1.67x10~4]1.28x107%4| 7.66x1075] 6.59x1073 2. 26x10"5| 2. 12x10"5,
S.E. of|Mean 0.0529 |0.0472 }0.0399 |0.0340 }0.0273 10.0207 _|0.0132 |0.0095
& |variance(5.60x1076}1.03x10"5] 1.28x10"5{1,31x10"7| 8.75x10"6{ 1, 06x1073[ 3.32x1076|1.15x10-6
u
S| . |Mean 0.1068 |0.1020 }0.0953 |0.0863 |0.0736 |0.0596 |0.0391 [0.0293
w| B |variance|1.79x10-5|1.76x10-5| 2.06x1051.82x1072| 8.29x10-6| 8.00x10-6} 2,71x1076{1.45x10"6
o]
~  |Mean 0.2889 | 0.2826 }0.2657 10.2413 ]0.2080 |0.1690 ]0.1119 ]0.0836
-y  |variance|1.62x10-4| 1.27x10"%| 1.44x10-%| 1,28x10-4 4.37x10~5| 5.68x107} 2.56x1075|1.10x107>
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TABLE B.9 (Continued)

.91x10°3

B8 1= 0.5 [p=0.00] p=0.15{p=10.30] p= 0.45| p= 0.60|p = 0.75| p= 0.90 Jp=0.95
S.E. of{Mean 0.0434 | 0,0329 0.0269 |0.0216 }o0.0170 |o0.0120 |0.0075 _|0.0057
& |variancel|7.05x10-6| 8.71x10-6| 1.04x10-5|5.06x10"6| 4.80x10~6] 3.16x10"6} 1.35x10"%{6,09x1077
r~ - :
S ~  [Mean 0.1094 [0.1029 [0.0920 _|0.0824 {0.0704 [ 0.0551 0.0364 [0.0276
L 8 |variance|3.04x10-5 2.90x10~5{ 1.67x10"3{1. 63x10-5| 1. 16x10-5} 8, 78x10-6] 2.26x107%]1.89x1076
~ |Mean 0.2892 10,2786 }j0.2561 ]0.2332 |0.1997 0.1588 |0.1054 0.0792
v |variance|l.54x107% 1.27x10-4} 9.51x10-7|8.26x1075}8.99x1072] 6.34%x1073}1.52x10-5]1,39x10">
S.E. of|Mean 0.0227 0.0156 |0.0116 {0.0091 0.0068 10.0052 [0.0032 |0.0026
o |variance|4.44x10°6{ 5,70x10-6} 2.98x10-6]2.16x1076{9,74x10°7} 5.87x10"7]1.98x10"7{1.18x10"7
[+2) r
S ~  [Mean 0.1086 | 0.0985 |0.0887 [0.0790 [0.0677 0.0544 |0.0382 {0.0301
J 8 {yariance|1.65x10-5] 2.85x10-5) 2.16x10-5}1.42x10-51.13x1073] 6. 39x1076) 2. 92x10~6] 2. 01x10-6
~ |Mean 0.2975 }0.2799 |0.2562 J0.2295 ]0.1989 ]0.1595 }0.1127 }0.0887 g
v |variance|1.57x107%4 1.83x107% 1,52x10"%4|1.05x10-4|8.49x10"5] 6.07x10"3|1 1.67x1072
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and B .

TABLE B.10: .1LS8C. Standard Errors of the Estimates of O Obtained by Least-Squares with
Individual Constant Terms. Means and Variances, Various Values of ¢ and p . B = 0.5,
Y=0.0, 02=1.0
Sample size:
T=10, N=25
B= 0.5 p= 0,00 | p= 0.15 |p=0.30| P=0.45] P=0.60 P =0.75] P= 0,90 | P= 0.95
S.E. of] Mean 0.0620  [0.0621 4| 0.0613 0.0613 0.0610 0.0594 0.0550 {0.0494
6 |variance|2.57x1076}3.14x10-%]2.37x1076}1.36%10-6| 4.03x10-6|4.36x1078| 4.60x107%| 4. 88x10-6
— . 5 :
o . |Mean 0.1001 0.0930 0.0852 0.0773 0.0679 0.0557 0. 0407 0.0324
I 8 |variancel2.42x1075]1.62x10-5!1,59x10"5] 8.36x1076] 1.16x10"53|9.72x10-%| 3.42x1076| 2.02x10"
o]
~ Mean
N Variance
S.E. of|Mean 0.0606 0.0607 0.0604 0.0596 0.0593 0.0575 0.0518 0.0456
§& |variancel3.53x1076|2.69x10-6]3.79x10| 3.20x1079 4.13x1076} 3.39x10-6| 3.06x1076| 3.64x107°
N
o ~ | Mean 0.1023 0.0961 _,10.0887 0.0787 0.0717 0.0592 _ | 0.0447 0.0356
" B |Variance{2.39x10-5[2.00x107 >} 2.07x10-5] 1.55x10~3 1.56x10~ 5} 8.23x10"%| 3.46x1070{ 3.46x107®
3
~ Mean
Y Variance
S.E. of| Mean 0.0570 [0.0574 0.0565 0.0560 0.0544 0.0522 0.0458 0.0378
o |variance 6.61x1076!3.87x1076! 4.86x1076] 4, 01x1076! 5.27x10-6| 3.58x1076| 5.66x107°| 2. 82x10"6
N
= ~  |Mean 0.1068 0.1002 0.0933 0.0857 0.0764 0.0652 0.0487 0.0385
1] .p |variance|2.06x10-5}2.64x10~5} 2.42x1075] 1.95x10"7] 1.59x1075] 9.82x107%] 6.47x10°6} 2. 44x10~®
3
~ Mean
Y Variance




TABLE B.10 (Continued)

B=[ 0.5 |p=0.,00| p=0.15 | p=0.30| p= 0.45 Jp = 0.60 | p= 0.75{ p= 0.90 |p = 0.95
S.E. of|Mean 0.0513 [0.0509 10.0507 | 0.0497 0471 10.0439 | 0.0353 |0.0284
& - | variance| 6.30x1076] 7.64x10-6|7.90x107} 6.32x106] 5.12x10"6| 7.49x107} 3.72x1076| 2.22x10"6
r~ . :
S - |Mean 0.1118 |0.1087 _|0.1010 |0.0929 L0844 _0.0713  10.0533 _|0.0408 _
0 2 |variance| 4.29x10"3] 4.45x103|3.87x10"5] 3.74x10~5} 2.58x105] 2.37x1075) 6.96x10"%} 3.92x10
o]
~ |Mean
Y {Variance
S.E. of|Mean 0.0397 |0.0394 |0.0369 |0.0347 .0316 |0.0262 |0.0184 {0.0134
8 | variance| 6.44x1076] 6.27x1076{9.13x1076{ 6.89x10-6{ 6.42x1079| 6.65x1076 3.42x1076] 1. 42x10-6
[=)]
S ~ {Mean 0.1217 | 0.1189 |0.1098 |0.0996 .0874 |0.0717 _| 0.0484 _|0.0347
o ‘B {Variance| 2.70x1077| 5.72x10"5| 8.05x10-5 4., 15x10-5} 4, 42x10-5| 3.66x10" 2| 1.52x10" 7| 5.84x107°
=}
~ |Mean
Y | Variance
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TABLE B.1l: 1IV. Standard Errors of the Instrumental-Variable Estimates of d B8 , and vy
Means and Variances. various vValues of « and p . B= 0.5, vy=0.0 ,04=1.0
Sample size:
T=1G, N=25
8= 0.5 |p=0.00] o= 0.15| p=0.30 {p = 0.45 | p=0.60| p= 0.75 | p = 0.90 | p= 0.95
S.E. of|Mean 1.9403 | 1.6517 1.3786 |1.4465 11.4803 |} 1.5544 {1.3442 | 1.4110
4 |variance|8.50x100 | 6.00x1071 2.67x10-1} 3, 19x10"1} 6.41x10~Y 4.80x10"1} 4, 51x1071] 3.50x10"1
-
o ~ [Mean 2.1918 |1.8682 _|1.5616 1.6392 |1.6750 }1.7592 [1.5214 11.5979
" 8 |variance|1.07x10! | 7.58x107% 3.38x10-1|4.04x10-1|8.08x10-Y 6.10x107}{ 5. 72x107} 4.43x10°1
]
~ |Mean 0.4279 [0.3821 10.3535 {0.3692 l0.3545 ]0.3634% }10.3294 | 0.3445
¥ |variance|1.42x10"1|8.28x10"3| 4.51x1073]6.01x1073{1.12x107% 1.15x1072} 1.14x1072} 8.55x10"3
S.E. of |Mean 0.9440 11.4396 10.9094 [0.8916 10,9752 |1.0265 0.8104 | 1.1147
& |variance 4.37x10° 1] 1.72x10% | 1.39x107111.03x10"1)3.44x10"Y 1.23x100 |1.18x1071} 3.02x1071
o
o ~  |Mean 1.0729 l1.6262 |1.0327 1.0165 {1.1070 |1.1640 [0.9221 1.2639
" 8 |variance|5.53x101{2.17x10% | 1.74x101{1.32x10-114.33x10"1f 1.55x100 [1.49x10"1} 3.86x;0"]
3
~ |Mean 0.3379 |0.3965 |0.3107 10.3281 l0.3292 10.3329 10.3015 _|0.3499
v |variance|7.19x10"3| 2.95x10-1{ 1.91x10"3| 4. 02%103]7.25%10-3] 2.08x1072 5.25%1073) 1.21x1072
S.E. of |Mean 0.3159 | 0.3498 10.3830 _l0.3780 10.3537 |0.4174 {0.5051 |0.3720
§ lvariancell,72x10~2]2.70x10-2]3,12x107213.79x10~2]1.71x10"2| 8,00x10"2|3.17x10~}] 3.28x102
[Ta}
o ~ IMean 0.3434 10.3896 |0.4194 10.4094 }0.3878 [0.4561 {0.5622 | 0.4048
" 8 |yariance|2.34x10-2! 3.69x10°2[3.95x10-2{5.32x10-2|2.43x1072| 1.03x10"1{4.16x1071) 4.18x10"2
~  IMean 0.3055 |0.3057 0.3061 lo.2965 10.2919 }0.2966 _[0.3129 }0.2843
¥ [|variance{l.20x1073]9.05x107%|2.43x10"3|4.76x1073{3.27x10-3} 7.86x1073| 1.60x10"2| 4.20x10"3
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_TABLE B.1l (Continued)

8=! 0.5 |p=0.00] = 0.15] p= 0.30| p= 0.45| p= 0.60|p = 0.75 | p= 0.90| p= 0.95
S.E. of|Mean 0.7525 10.7957 | 0.9081 |0.8605 |0.8637 {0.9691 _|1.0627 | 3.6662
4 |variance|4.11x1072|1.08x10-1] 8.36x10" 1 1.39x10"1| 2,48x1071| 1.41x100 | 1.,25x100 | 3.35x102 |
™~
S ~ |Mean 0.8174 10.8596 | 0.9854 10.9357 |0.9370 _|1.0573 |1.1620 _| 4.0752
3 8" |variancel5.42x1072]1.38x10"1] 1.06x10° | 1.79x1071| 3. 12x107}| 1. 76x100 1.59x10 4,20x102
~ |Mean 0.3225 10.3149 10,3395 10.3304 10.3327 10.3635 _|0.3668 |0.6989
vy |variance|8.97x107%4|1.06x1073] 1.41x1072| 7.47x1073| 1.21x1072| 4.40x1072| 5.60x107% 6.61x10
S.E. of|Mean 2.9853 13.2955 |4.0124  1290.97  |5.2520  15.4060 |61.165 ;| 36.282
& lvariance|6.13x10"1 2.01x100 | 3.85x10! |3.99x10° }7.95x10! |6.84x10" |1.11x10° | 4.49x10
h -
S ~ |Mean 3.3241 13,6709  |4.4701  |325.64 15.8594 | |6.0315 | |68.435 _ |40.593 ,
3| 8 |variance|7.70x107!|2.52x10° | 4.81x101 |5.00x10% |9.94x10" |8.56x10" |1.38x10 | 5.63x10
~ |Mean 0.5259 | 0.5656 |0.6810 |38.460 |0.8497 _|0.8422 o |8:2296 | 4.8848
v |variance|9.45x1073|3.37x10"2} 6.89x10~1| 6.92x10% |1.46x100 |1.16x10° |1.94x10% | 7.70x102
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TABLE B.12: ML. Standard Errors of the Maximum-Likelihood Estimates of @, B 3 and Y . Means
and vVariances. Various Values of ¢ and 0 . =05, Y=10,0, 0<«=1,0
Sample size:
T=10, N=25
B'4 0.5 p= 0.00 {p= 0.15 | p= 0.30 | p= 0.45 | p= 0.60 {p = 0,75 | p= 0.90 {p= 0.95
5.E. of |Mean 0.0686 _ 10.0715 |0.0711 10.0710 10.0705 _|0.0686 _10.0628 _10.0555
8 |variance|8.29x107%}1.08x105|8.26x106|4.58x1076| 1.06x10"%|1.23x1073|1.09x1073 [8.53%10"6
—
S ~ |Mean 0.1014 10,0983 _10.0910 10.0829 __10.0733 _[0.0605 10.0447 _ 10.0354
" 8 |variance|2.51x1073]1.97x107>]2.03x10°5{1.06x107°| 1.52%10"°|1.35x10"5{4.93x1076 [3.00x10~6
3
~ [Mean 0.2874 _ 10.2837  10.2697  10.2620 _|0.2642  10.2267 0.2021  10.2019
v Ivariance|2.82x107%]2.03x107%4|2.64x107%]1.86x107%| 3.22x10"%]3.99x10%| 7.30x107%4|7.00x10"
S.E. of|Mean 0.0710 __{0.0737 __[0.0757 _[0.0740 _{0.0731 ,0.0707 _ (0.0617 _|0.0524 _
& |variance|1.73x103|1.40x1075|3.67x1073]1,03x1075]2.23x10™°|1.68x107 | 1.04x1077 [6.54x10
- .
o ~ |Mean 0.1055 _[0.1035 __[0.0970 |0.0867 _.0.0797 _ 10.0667 10.0506 _|0.0398
" B lvariance]2.96x1075]2.91x107%}3.05x107] 2.10x10 }2.28x107°} 1.74x1073}6.90x107° | 5. 06x10"
3 -
~ |Mean 0.2922  10.2847 _ 10.2714  10.2565 [0.2417  |0.2238 _,10.2064  10.2023
y lvariance| 1.24x107%4]1.36x107%{1,86x107%4] 2, 11x1074] 1.72x107%] 4. 82x10""| 5.35x107% |8, 47x10"
S.E. of|Mean 0.0675 __[0.0782 _|0.0852  0.0838 0.0898 10.0735  10.0629  0.0462
4 |variance| 1.74x1073]9.53x107 %] 4. 50x10*| 1.38x104{7.52x107%/1.01x1074]9.21x107{9. 96x107©
- _
S < |Mean 0.1135 lo0.1125 |0.1132 {0.1043 |0.1025 [0.0805 _|0.0615 _|0.0451
" 8 |variance] 2,76x10"5{6.19x10"5{3.72x10"%] 8.28x10"514.99x10"%4]7.11x107>( 5, 56x10"°7,43x1070
[
~ |Mean 0.2924  10.2866 _ 10.2754 |0.2587  10.2386  10.2251 _ 10,1949 10,1912
v |variance| 1.66x10-%4|1.56x107%|1,81x10"%4] 2.40x107%{2.10x107*{8.70x10™%|8.06x1074|5.15x10"

= K0T -



TABLE B.12 (Continued)

8l =0.5 |p=0.00]| ¢=0.15 | p= 0.30 [p= 0.45 |p = 0.60 | p= 0.75 | P = 0.90 [P = 0.95
S.E. of|Mean 0.0646 _|0.1009 _|0.1074 _[0.0993  10.0600  |0.0812  10.0644 _[0.0429
a lvariance|8.05x10"5]3.64x1073|1.49x1073|7.02x107%4|5.44x1074 4.11x10"%4 2. 46x1073]1.75x10"
[ L ‘
S ~ |Mean 0.1228 _ 10.1685 [0.1620 ,10.1396 _ 10.1064  10.1107 0.0881 100578 _,
i 2 |variance|5.71x10"3|5.02x1073 |2.46x1073|7.74x107%4|6.38x1074|6.63x10""} 3.25x107~ | 2.35x10
[
~ |Mean 0.2021  10.3010 _ 10.2707 _ |0.2824  10.2459 ,10.2292 ,(0.1932 _, 0.1741 .
v |variance|l.56x107%|7.45%x107%{2.02x107% 3.65x10"212.53x1073|1.34x107>| 1.67x1077[1.18x10
S.E. 0f|Mean 0.0345 _|0.0247 _0.0171 _10.0122 10.0095 0.0078 __0.0082 _ 10.0132
& |variancel6.23x1073|4.84x1075 |5.82x1077|6.32x10"6]2.82x107>[1.60x10" 1.81x10"%{6.62x10
o .
S ~ iMean 0.1223  10.1067 _, [0.0942 _ 10.0808 _|0.0693 0.0551 |0.0420 |0.0385
. 8 lvariance|1.61x107%|1.42x107%4|1.70x1074{1.24x107°|2.86x107° 1.69x1079] 5.24x10°%|1.34x1074
fe]
~ |Mean 0.3107 |o0.2883 |0.2626 |0.2314 {0.2086 _|0.1645 _|0.1208 _10.1401
v |variance |1.23x107%|5.75x107%|7.93x107%(8.78x107° 2.03x10°311.10x10"3 1.54x1073]3.07x1073
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TABLE C.1:

GL3,
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Generalized Least-Squares Estimates of a , B, 7
and Modified Generalized least-Squares Estimates of .
Means and Mean-3quare Brrors. Varioug Values of o and p .
B=1.0, y=00, o =1.0.
Sample size:
T=10 N=25
B={ 1.0]p = 0.0 |p = 0.15}p = 0.30|p = 0.45]p = 0.60|p = 0.75|p = 0.90|0 = 0.95
& |Mean| 0.1013 | 0.1025 | 0.0873 | 0.0912 | 0.1052 | 0.1115 | 0.1025 | 0.1013
MSE | 0.0036 | 0.0034 | 0.0038 | 0.00%32 | 6.00%6 | 0.0025 | 0.0019 | 0.0012
g Mean{ 1.0073 | 0.9939 | 1.0306 { 1.0138 | 0.9941 | 0.9986 | 0.9886 | 0.9980
MSE | 0.0184 | 0.0139 | 0.0100 | 0.0088 | 0.0073 | 0.0069 | 0.0028 | 0.0020
—~ -
S |~ |Mean| ~.0122 | -.0162 | -.0793 | -.0214 | -.0039 | -.0009 | c.0k27 | 0.0017
|7 |MsE 0.1075 | 0.0976 | 0.0760 | 0.0786 | 0.0761 | 0.0k56 | 0.0359 | 0.0500
o]
2iMean| 1.0044 | 1.0007 | 0.9716 | 0.9735 | 0.98k4 | 0.9839 | 0.9867 | 0.9663
% iMse | 0.0070 | 0.0091 | 0.0080 | 0.0075 | 0.0064 | 0.0097 | 0.0085 | 0.009k%
~ |Mean — _1_ _ — — _— _ —
P |MSE
5 Mean| 0.2893 | 0.2992 | 0.3206 | 0.3066 | 0.2960 | 0.3018 | 0.2986 | 0.2972
MSE | 0.0040 | 0.0040 | 0.0052 | 0.00%36 | 0.0033% | 0.0023 | ©0.0012 | 0.0009
~ |Mean| 1.0001 | 0.9901 | 0.9701 | 0.9769 1.0036 0.9935 | 1.0085 | 1.0064
L 0.0167 | 0.0109 | 0.0116 | 0.0102 | 0.0092 | 0.0058 | 0.0025 | 0.0021
1,2
S|~ [Mean! 0.0093 | 0.026% | 0.0076 | 0.0477 | 0.0381 | -.034k | -.0108 | 0.021k
#|” |MSE | 0.0799 | 0.0642 | 0.0697 | 0.0627 | 0.0643 | 0.0523 | 0.0390 | 0.0728
o)
22 Mean| 0.9949 | 0.9807 | 0.9917 | 1.0043 | 0.9811 | 0.9881 { 0.9915 | 0.9998
MSE | 0.0091 | 0.0086 | 0.0083 | 0.0073 | 0.0065 | 0.0072 | 0.0062 | 0.0076
~ IMean . _ _ . ___ — _ _
P IMsE
~ |Mean| 0.4908 | 0.5161 | 0.5190 | 0.5060 | ©.5215 | 0.5105 | 0.5063 | 0.4999
@ IMsE | 0.0019 | 0.0027 | 0.0023 | 0.0015 | 0.0019 | 0.0015 | 0.0008 | 0.0005
~ |Mean! 0.9990 | 0.9690 | 0.9872 | 0.9820 | 0.9511 | 0.9864 | 0.9873 1.0014"
B Imsg | 0.0146 | 0.0177 | 0.0120 | 0.0089 | 0,0091 | 0.005k4 | 6.0030 | 0.0019
wy
Sl~ IMean| 0.0605 | 0.0217 | -.0456 | -.0187 | 0.0783 | -.0263 | ~.0253 | «.00L1
vi? IMSE | 0.0955 | 0.0953 | 0.0663 | 0.0526 | 0.0469 | 0.,0596 | 0.0430 | 0.0371
3
2IMean| 0.9738 | 0.9738 | 0.9872 | 0.9778 | 0.9987 | 0.9709 | 0.9707 0.9947
o |MSE | 0.008% | 0.0100 | 0.0090 | 0.0055 | 0.0075 | 0.0091 | 0.0079 | 0.00Thk
~ IMean - . — - —_— —_—
P IMSE - —
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TABLE C.1 (Continued)

B=[ 1.0lp = 0.0 [p = 0.15)p = 0.30|p = 0.45]|p = 0.60[p = 0.75%[p = 0.90fp = 0.95
& {Mean 0.6866 | 0.7175 | 0.7101L | 0.7233 | 0.724 | 0.7256 | 0.7121 o.'rou8f
MSE | 0.0016 | 0.0016 | 0.0015 | 0.0019 | 0.0018 | 0.0012 | 0.000k | 0.0003
é\‘ Mean| 1.0219 | 0,947 | 0.9957 0.§392 0.9426 | 0.94%22 | 0.9713 | 0.991k
MSE | 0.0138 | 0.0151 | 0.0145 | 0.0180 | 0.0123 | 0.0107 | 0.0035 | 0.0026
t-...
S|~ |Mean| 0.0387 | 0.0129 | -.0388 | -,0156 | -.0%18 | -.0257 | o.0807 | -.0077
e]7 |MsE 0.1055 | 0.0662 | 0.091% | 0.0425 | 0.0585 | 0.0483% { 0.0506 | 0.0318
3
42 [Mean 0.9847 | 0.9728 | 0.9903 | 0.9727 | 1.000% | 0.9928 | 0.9960 | 0.9864
MSE | 0.0091 | 0.0085 { 0.0075 } 0.0072 | 0.0069 | 0.0098 | 0.0072 | 0,006k
el = |~ - == -] -] -
45 |Mean| 0.8953 | 0.9203 | 0.92k1 | 0.9228 | 0.9236 } 0.9205 | 0.9106 | 0.9049
MSE | 0.0003 | 0.0007 | 0.0008 | 0.0008 | 0.0009 | 0.0006 { 0.0003 | 0.0001
8 Mean| 0,9997 | 0.9348 | 0.8747 | 0.9017 | 0.9070 | 0.905h | 0.9535 { 0.9764
MSE | 0.0197 | 0.0147 | 0.02k1 | 0.0221 | 0.0190 | 0.013% | 0.00%9 | 0.0017
[9)3
ola |Mean| 0.0903 | -.186% | -.o741 | -.1665 | -.1659 | -.0958 | -.0856 | -.0302
|7 {MSE | 0.1%03 | 0.1127 | 0.0915 | 0.1137 | 0.1271 | 0.0563 | 0.047L | 0.0k98
3
~2|Mean| 0.9681 | 0.9738 | 0.9631 | 0.9762 | 0.9838 | 0.9866 | 0.9738 | 0.9982
O IMSE | 0.0081 | 0.0073 | 0.0097 | 0.0070 | 0.0071 | 0.0058 | 0.0066 | 0.0073
~ |Mean
Pimse { — - — - - - -




TABLE C.2:

Means and Mean-Square Errors.

OLS.
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Ordinery Least-Squares Estimates of «a ,

and Modified Least-Squares Estimate of

B, 7

Various Values of & and p .

?

B=1.0, =00, ¢ =1.0,
Sample size:
T=10 N=25
B=] 1.0]p = 0.0 |p = 0.15|p = 0.30|p = 0.45[p = 0.60lp = 0.75|p = 0.90!e = 0.95
& [Mean{ 0.1013 { 0.2287 | 0.3481 0.4603 | 0.6007 | 0.7340 | 0.8390 | 0.8774
MSE | 0.0036 | 0.021% | 0.0679 | 0.1359 | 0.2571 | 0.4OU6 | 0.5478 | 0.6057
5 Mean| 1.0073 | 0.8703 § 0.7792 | 0.6411 | 0.5079 | 0.3758 | 0.2573 | 0.2368
MSE | 0.0184 | 0.0322 | 0.0622 | 0.1406 | 0.2509 | 0.3935 | 0.554k | 0.5844
—
of {Mean| -,0122 | ~,030k | «.1210 | ~.0%66 | -,0723 | -.0752 | -.0509 | -.1080
u|” |MSE | 0.1075 | 0.0896 | 0.0695 | 0.0666 | 0.0390 | 0.0190 { 0.000k | 0.0161
uh- : !
52 |Mean 1.004k | 0.9665 | 0.8805 | 0.7631 | 0.6291 | 0.4557 | 0.2381 | 0.1646
MSE | 0.0070 | 0.0098 | 0.0218 | 0.0618 { 0.1398 | 0.299% | 0.5808 | 0.6981
~ |Mean _ L _ . _ . __
P IMsE -
& |Mean 0.2893 | 0.4333 | 0.5760 | 0.6669 | 0.739L { 0.8269 | 0.8969 | 0.9164
MSE { 0.0040 § 0.0227 | 0,0810 | 0.1393 | 0.1961 | 0.2792 | 0.3570 | 0.3805
8 Mean| 1.0091 | 0.8214 | 0.6444 | 0.5266 | 0.450k | 0.337h | 0.2562 | 0.2308
MSE | 0.0167 | 0.046k | 0,1394 | 0.2339 | 0.3107 | O.L446 | 0.5554 | 0.5932
Ny
ol~ |Mean| 0,0093 | 0.0132 | -.00%9 | 0,0035 | -.0810 | ~.0646 | -.078L | -.0772
a]” |MsE | 0.0799 | 0.0602 | o0.0u54 | 0.0391 | 0.0289 | 0.0207 | 0.0128 | 0.0110
3
42 |Mean 0.994%9 | 0.94%16 } 0.8673 | 0.7574 | 0.9874 | 0.4143 | 0.2210 | 0.1495
MSE | 0.0091 | 0.0111 | 0.0252 | 0.0640 | 0.1731 | O.3443 | 0.6072 | 0.7234
~ IMean __ . _ . — _ . .
P |msE
& (Mean 0.4908 | 0.6433 | 0.,7362 | 0.7999 | 0.869% | 0.9062 | 0.9391 | 0.9518
MSE | 0.0019 | 0.0237 | 0.0585 | 0.091% | 0.1372 § 0.1656 { 0.1931 | 0.2043
~ |Meani 0.9990 | 0.7511 | 0.6185 | 0.4797 | 0.36L47 | 0.3155 | 0.2553 | 0.2391
P IMsE | 0.0146 | 0.0801 | 0.1560 | 0.2771 | 0.5099 | 0.h72k | 0.5565 | 0.5803
~
Sl ~ |Mean| 0.0604 | 0.0143 | =.0772 | =.0179 | =.0039 | =.059% | -.0529 | -.0663
u|” |MsE | 0.0955 | 0.0746 | 0.0373 | 0.0249 | 0.0255 | 0.0193 | 0.0103 | 0.,0086
o .
2Mean| 0.9738 | 0.9288 | 0.8373 | 0.7005 | 0.5512 0.3756 | 0.1949 { 0.13%63
MSE | 0.0082 | 0.0137 | 0.0%28 | 0.0925 | 0.2033 | 0.3909 | 0.6485 | 0.7462
~ |Mean _ —_ —_ —_—
P IMSE - — — —
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TABLE C.2{Continued)

B=| 1.0lp = 0.0 [p = 0.15|p = 0.30|p = 0.45p = 0.60{p = 0.7 |p =o.9olp = 0.95
& |Mean 0.6866 { 0.81252 | 0.8726 } 0.9134 | 0.9406 | 0.9621 | 0.9742 | 0.9761
MSE | 0.0016 | 0,015 | 0,0305 | 0,0463 | 0,0584% | 0.0689 | 0.0755 | 0.0763
3 Mean| 1.0219 | 0.7099 | 0.5909 | 0.h664 | 0.4140 | 0.3563 | 0.320% | 0.320L
MSE | 0.0138 | 0.096k4 | 0.1766 | 0.2924 | 0.3481 | 0.4185 | 0.4654 | 0.4628
Sla |Mean| 0.0387 | -.0586 | ~.1360 | -.1098 | -.1662 | -.1623 | -.1488 | -.1664
; 7 |MsE | 0.2055 | 0.0638 | 0.0766 | 0.0374 | 0.0529 | 0.0521 | 0.0302 | 0.0331
A21Mean| 0,9847 | 0.9116 | 0.8167 | 0.6526 | 0.5097 | 0.3426 | 0.1763 | 0.1189
Y IMsE | 0.0091 | 0.0147 | 0.0385 | 0.12% | 0.2419 | 0.4333 | 0.6788 | 0.776k
~ |Maan
P IMse - — — — - — - e
& Mean| 0.8953 | 0.9490 0.9697 0.9840 | 0,9922 | 1.0015 | 1.0052 | 1.0060
MSE | 0.003 0.0026 | 0.0049 | 0.0072 | 0.0086 | 0.010k | 0.0111 | 0.0113
~ IMean| 0.9997 | 0.8112 | 0.6841 | 0.6355 | 0.6078 | 0.5517 | 0.5436 | 0.5371
 luse 0.0197 | o.0446 | 0.1065 | 0.1424 | 0.1611 | 0.2038 § 0.2117 | 0.2160
(@)Y
Ot [Mean| 0.0903 § «.3675 | =.3845 | ~.5336 | =.5923 | -.5980 | -.6550 | -.6521
;7 MSE | 0.1303 { 0.2023 | 0.219k | 0.3435 | 0.408k | 0.3792 | 0.4433 | 0.4346
~2|Mean! 0.9683 | 0.9193 j 0.7943 | 0.6733 | 0.5570 | 0.3821 | 0.2309 | 0.181%
% ImMsE | 0,008 | 0.0125 | 0.0478 | 0.1102 | 0.2171 | 0.3828 0.5921 | 0.6707
; Mean _ _ _ - - - . _

MSE




TABLE C.3:

Means and Mean-Sqguare Errors.
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L3C. Ileast Squares with Individual Constant Terms.
Estimates of « ,

B, 7,

and p .

Variougs Values of a and p .,

B = 1'0 ? 7 = 0-0 y 02 = 1.0 .
Sample size:
T=10 N=25
B=| 1.0/p = 0.0 {p = 0.15{p = 0.30|p = 0.45}p = 0.60]p = 0.75}p = 0.90])p = 0.95
& |Mean| 0.0005 | 0,0065 [ -,0113 | 0.002% | 0.0185 | 0.0298 | 0.0486 | 0.067L | .
MSE | 0.0131 | 0.0119 | 0.0158 | 0.0128 | 0.0097 | 0.0079 | 0.0043 | 0.0022
8 Mean] 1.,1078 | 1.0872 | 1.1246 | 1.1026 | 1,0790 | 1.0798 | 1.0419 | 1.031k
MSE | 0.0315 | 0.0212 | 0.0240 | 0.0191 | 0.0143 | 0.0146 | 0.0042 | 0.00%0
[
Ofna Me&n -.0010 ""00033 "00605 "00159 0.0082 000103 000502 0.0073
n {7 {MSE { 0.1312 0.1117 | 0.0873 | 0.0854 | 0.0878 | 0.0529 | 0.0408 | 0.0538
3
P Mean! 1.0175 | 1.0293% | 1.042k | 1.0250 | 1.0603 | 1.1348 | 1.0488 | 1.0369
MSE |} 0,0075 | 0.0128 { 0.02k4 } 0.0388 | 0.0377 | 0.1153 | 0.0976 | 0.0877
~ |Mean| 0,1230 { 0.2539 | 0.4100 | 0.5158 | 0.6556 | 0.79%1 | 0.508% | 0.9548
P |MSE | 0.0165 | 0.0146 | 0.0180 | 0.0110 | 0.0080 | 0.0047 | 0.0008 | 0.0002
& {Mean| 0.1741 } 0,184 } 0.2006 | 0.1937 | 0.196k | 0.2149 | 0.2468 | 0.26l6
MSE | 0.0196 | 0,0173 | 0.0146 | 0.01k1 | 0,01h2 | 0.0096 | 0.0042 | 0.0021
E Mean| 1.1585 | 1.,1349 | 1.1233 | 1.1175 | 1.1269 | 1.1019 | 1.0734 | 1.0470
MSE | 0.0434 | 0.0281 { 0.0248 { 0.0226 { 0,0261 | 0.0160 | 0.0081L : 0.00%0
NN
©|a [Mean| 0.0077 | 0.0381 | ¢.0122 | 0.0635 | 0.0573 | -.0280 | ~.00%8 | 0,0270
g 7 IMse | 0.1068 | 0.0738 | 0.0899 | 0.0767 | 0.0807 | 0.0644 | 0.9123 | 0.0808
AiMean) 1.0135 | 1.0333 | 1.1050 { 1.1557 | 1.1252 1.149% | 1.0881 | 1.0557
|MSE | 0.0099 | 0.0135 | 0.0385 | 0.0657 | 0.0767 | 0.0734% | 0.1140 } 0.1179
~ tMean| 0.,1318 | 0.2761 | 0.4329 | 0.5641 | 0.6732 | 0.7996 | 0.9123 | 0.9535
P tmseE | 0.018% | 0.c201 | 0.0232 | 0.0184 | 0.0112 | 0.0048 | 0.0006 | 0.0002
& |Mean 0.3716 | 0.3816 | 0.3936 | 0.3888 | 0.4071 | 0.4203 | 0.4580 | 0.4711
MSE | 0.0188 | 0.0164 { 0.0131 { 0.0138 { 0.0104 | 0.0079 | 0.002k | 0.0013
5 Mean| 1.1987 | 1.1986 | 1.1995 | 1.1825 | 1.14%2 | 1.1392 | 1.0675 | 1.0499
' MSE | 0.0573 | 0.0570 | 0.0559 |} 0.0444 | 0.0275 | 0.0247 | 0.0070. | 0.0041
[T
Ol~ IMean| 0.0838 | 0.,0318 | -.0244 | -.0187 | 0.1073 | -.0185 | -.0220 | 0.0033
W17 fmMse | 0.13%1 | 0.1318 | 0.1008 | 0.0740 | 0.0703 | 0.0776 | 0.0509 | 0.0k10
o}
62 Mean| 0.9994 | 1.0807 | 1.1400 | 1.1691 | 1.2817 | 1.2688 | 1.0971 = 1.1025
MSE | 0.0084 | 0.0247 | 0.0528 | 0.0697 | 0,179 | 0.1682 | 0.0931 . 0.1046
~ |Mean| 0.13%80 | 0.3193 | 0.4514 | 0.5809 | 0.7139 | 0.8199 | 0.9151 | 0.956L
© IMSE | 0.0206 | 0.03%% | 0.0310 | 0.0223 | 0.0166 | 0.0075 | 0.0008 | 0.0002
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TABLE C.3 (Continued)

B=| 1.0lp = 0.0 {p = 0.15{p = 0.30|p = 0.45]p = 0.60|p = 0.75]p = 0.90|p = 0.95
& {Mean 0.5609 | 0.5778 | 0.5720 | 0.6058 | 0.623% | 0.6459 | 0.6721 | 0.6849
MSE | 0.0211 | 0.0166 | 0.0191 | 0.0101 | 0.0073 | 0.0037 | ©0.0012 }| 0,0005
8 Meani 1.3334 | 1.2850 | 1.3376 | 1.2291 | 1.1887 | 1.1383 | 1.0700 | 1.0403
MSE | 0.1319 | 0.0953 | 0.1337 | 0.0662 | 0.04k79 | 0.0279 | 0.0086 | 0.0039
i~
Si~ {Mean| 0.1075 | 0.1162 | 0.049k | 0.0528 | 0.0366 | 0.0210 | 0.0724 | 0.00UL
al? MSE | 0.14%00 | 0.1001 | 0.1317 | 0.0653 | 0.0905 | 0.0652 | 0.06TL | 0.035k4
s,
52| Mean 1.0%04 | 1.1564 | 1.3131 | 1.2984% | L.3371 § 1.3338 | 1.1759 | 0.98%0
MSE | 0.0116 | 0.0626 | 0.1599 | 0.1775 | ©0.2722 | 0.2753 | 0.1949 | 0.0572
~ |Mean| 0.1684% | 0.3607 | 0.5262 | 0.6172 | 0.7099 | 0.8179 | 0.9150 | 0.9522
P |MsE § 0.0%305 | 0.0524 | 0.0588 | 0.0%65 | 0.0203 { 0.0083 | 0.0011 | 0.,0001
% |Mean| 0.8190 { 0.82k5 | 0.8353 | 0.8422 0.860% | 0.8735 { 0.8874 | 0.8925
MSE | 0.0074 | 0.0071 | 0.0048 | 0.0038 | 0.0020 | 0.,0010 { 0.0003 | 0.0001
5 Mean| 1.3134 | 1.3240 | 1.2334 | 1.2262 | 1.1622 | 1.098% | 1.048k 1.0267
MSE | 0.1192 | 0.1280 | 0.0706 | 0.0674 | 0.0378 | 0.0168 | 0.0061 | 0.0021
N
S~ [Mean| 0.6154 | 0.4857 | 0.5643 | 0.3915 | 0.2742 | 0.2300 | 0.0705 | 0.0540
al? |MsE | 0.5675 | 0.%084 | 0.4320 | 0.2561 | 0.1894 | 0.1135 | 0.0540 0.0556
38 -
42 {Mean 1.0651 | 1.3148 | 1.3971 | 1.4846 | 1.4%21 | 1.3713 | 1.2103 | 1.1088
MSE | 0.0166 } 0.1659 | 0.2467 | 0.3723 | 0.3649 | 0.3093 | 0.1916 | 0.1271
~ IMean| 0.2008 | 0.428% | 0.5539 § 0.6577 | 0.7331 | 0.8222 § 0.9185 | 0.9546
? Iuse | o.0445 | 0.0905 | 0.0726 | 0.0505 | 0.0230 { 0.0084 | 0.00Lk | 0.000k
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n Two~-Round Estimates of a ,
Using p Estimated by LSC. Means and Mean-Square Errors.
Various Values of a and p .

B, 7

and 02

B=10, 7=00, o=1.0
Sample size:
T=10 N=25
B=| L.0]lp = 0.0] p = 0.15]p = 0.30]p = 0.45|p = 0.60}p = 0.75]p = 0.90{p = 0.95
4 |Mean 0.04k6] 0.0677 { 0.0546 | 0.0707 | 0.0859 | 0.0913 | 0.0942 | 0.0957
MSE | 0.0063f 0.004k4 | 0.0058 | 0.0045 | ©.0039 | 0.0035 §{ 0.0019 | 0.0012
B Mean| 1.0644| 1.0273 | 1.0616 | 1.0338 | 1.0133 | 1.0187 | 0.9969 | 1.0035
, MSE | 0.0227| 0.0140 | 0.0124 | 0.0100 | 0.0083 { 0.0090 | 0.0027 | 0.0021
S ~ Mean| -.0074| -.0101 | -.0719 | -.019% | -.0017 | 0.0020 | 0.0439 | 0.0025
; MSE | 0.1180{ 0.1008 | 0.0796 } 0.0796 | 0.0781 | 0.0465 § 0.0367 | 0.0503
~2|Mean| 1.0729| 1.1032 | 1.1275 | 1.1123 { 1.1542 | 1.2386 | 1.1477 | 1.1369
MSE | 0.0134} ©0.0249 { 0.0436 | 0.0585 | 0.0646 | 0.1736 | 0.1361 | -0.1226
+ |Mean
®imse | — - — - — — — =
gy |Mean 0.2241| 0.25%3 | 0.2768 | 0.2692 { 0.2686 | 0.2793 | 0.289% 0.2924
MSE | 0.00967 0.0062 | 0.0056 | 0.0041 { 0.0052 | 0.0029 | 0.0016 | 0.0010
5 Mean| 1.0938| 1.0483 | 1.02162| 1.0230 | 1.0370 | 1.0216 { 1.0200 | 1.0123
MSE { 0.0263} 0.0127 | 0.0103 | 0.0098 | 0.0120 | 0.0061 | 0.0033 | 0.0022
KN
©1. |Mean| 0.0083| 0.0298 | 0.0089 | 0.054k4 | 0.0L51 | -.0325 | -.0089 | 0.0225
;Y MSE | 0.0009{ 0.0674% | 0.0760 | 0.0668 | 0.0672 | 0.0560 | 0.0410 | O.OThk
~2{Mean| 1.070%3| 1.1075 | 1.1932 | 1.2531 { 1.2230 | 1.2522 | 1.1898 | 1.1566
MSE | 0.0160| 0.0264 | 0,070% | 0.1136 | 0.1228 { 0,1248 | 0.1636 | 0.1625
~ | Mean . — L _ _ _ . _
1P s
4 |Mean 0.4236 1 0.45h0 | 0.u702 | 0.4647 | 0.4803 | 0.4801 | 0.h967 | 0.hglk6
MSE | 0.0080 | ©0.0045 | 0.0028 | 0.0028 | 0.0028 | 0.0021 | 0.0008 | 0.0006
3 Mean| 1.111% ! 1.0751 | 1.0699 | 1.0531 | 1.0201 | 1.0380 | 1.0036 | 1.01040
MSE | 0.0289 | 0.0225 | 0.0197 | 0.0135 | ©0.0080 | 0.0072 | 0.0027 | 0.0020 |
~ _
©l. |Mean| 0.0745 | 0.0257 | -.0363 | -.0188 | 0.0892 | -.0235 | -.0245 - .000k4
; Y lmse | 0.1128 1 o.1100 | 0.0774 | 0.0588 | 0.0552 ) 0.0660 | 0.04L5 | 0.0377
52| Mean| 1.0552 | 1.1590 1.2289 | 1.2648 | 1.3898 | 1.3803 | 1.1982 | 1.2073
MSE | 0.0128 | o.0b71 { 0.0922 | 0.1193 | 0.2333 | 0.2590 | 0.139% | 0.1559
~ | Mean . . — _
P |mMsE — — — —
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TABLE C.4 (Continued)

8=11.0 = 0.0 |p = 0.15|p = 0.30jp = 0.45}p = 0.60]p = 0.75)p = 0.90|p = 0.95
5 |Mean 0.6134 | 0.6490 | 0.6438 | 0.6762 | 0.6803 | 0.7000 | 0.7034 | 0.70%2
MSE | 0.0091 { 0.0042 { 0.0059 | 0.0020 | 0.0017 { 0.0009 { 0.0005 | 0.0003
5 Meanj 1.2039 | 1.1128 | 1.1592 | 1.0559 ] 1.0288 | 1.0052 | 0.9927 | 0.9954
MSE | 0,059% | 0.0259 | 0.0459 | 0.0182 | 0.0135 | 0.0099 | 0.0044 | 0.0025
t—. .
OQ Mean| 0.0766 { 0.0631 | 0.0051 | 0.0126 { -.0072 | -.0117 { 0.0483 | -.0069
n MSE | 0.1268 | 0.0772 | 0.1089 | ©.0511 | 0.0690 | 0.0539 | 0.0549 | 0.0319
be]
~2|Mean| 1.0912 | 1.2385 | 1.k139 | 1.3993 [ 1.4L438 § 1.h448 | 1.2812 | 1.0748
MSE | 0.0205 | 0.1025 | 0.2451 | 0.264h | 0.384L | 0.3917 | 0.2750 | 0.0739
~ | Mean
? lwsE — — - — — — - -
4 |Mean 0.8616 | 0.8767 | 0.8876 | 0.8914 | 0.9025 | 0.9064 | 0.9051 | 0.9028
MSE | 0.0020 [ 0.0018 | 0.0007 { 0.0005 | 0.0006 | 0.0C04 | 0.0002 | 0.0001
5 Mean| 1.1k12} 1,1125 | 1.0220 | 1.0280 | 0.9919 | 0.9632 | 0.9765 | 0.9849
o MSE | 0.0393 | 0.0342 | 0.0145 | 0,0168 | 0.0133 | 0.0090 | 0.0047 | ©.00LT
of. Mean| 0.3133 { 0.1194 { 0.1860 { 0.0k8% | -.0189 | -.00L7 { -.0W66 | -.0158
wiY {Mse | 0.2481 | 0.1617 | 0.1386 | 0.0907 | 0.1069 | 0.0k89 | 0.0k93 | 0.0510
a .
~2| Mean| 1.1215 | 1.3991 | 1.4891 [ 1.5868 | 1.53k6 | 1.4758 | 1.3153 | 1.2105
MSE | 0.0294% | 0.2383 | 0.3421 | 0.5038 | o.hkoké § o.h2ys | 0.2773 | 0.1842
~ Mean
P lMsE —" _" - T - '" "” -
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TABLE C.5: IV. Instrumental-Variable Estimates of « ,
B, 7, o© and p . Means and Mean-Square Errors.
Various Values of & and p .
=10, =00, o =1.0.
Sample size:
T=10 N=25
8=| 1L.0{p = 0.0 |p = 0.15|p = 0.30{p = 0.45]p = 0.60|p = 0.75|p = 0.90]p = 0.95
& [Mean| 0.1132 0.1356 | ©0.1227 | 0.1152 | ©.1151 { 0.1035 | ©.0928 | 0.0932
MSE | 0.0348 | 0.0324 | 0.0312 | 0.0187 | 0.0269 | 0.01L1 | 0.0126 | ©.006k
5 Mean| ©0.995% | 0.9629 | 1.0020 | 0.9815 | 0.9809 | 1.0018 | 0.9740 | 1.0200
MSE | 0.0493 | 0.0881 } 0.0321 { 0.0281 { 0.0349 | 0.0205 | 0.0139 | 0.1067
—
© - Mean{ -.0120 | -.0231 | -.1011 | -.0004 | ©.0035 | ©.0133 | 0.1111 | -.0hk27
; MSE | 0.107k | 0.1069 | 0.0999 | 0.12k2 | 0.1102 | 0.0926 | 0.0966 | 0.1067
52| Mean 1.0875 | 1.007% | 0.9748 { 0.9367 | 0.9677 | 1.0208 | 0.9765 | 0.9853
MSE | 0.01%7 | 0.0106 | 0.0256 } 0.0463 | ©.0599 { 0.1390 | 0.1433 0.10k6
5 Mean| 0.0982 | 0.1952 | 0.3293 | 0.4381 | 0.5835 | 0.7503 | 0.8870 } 0.943k4
MSE | 0.0125 | ©.0076 | 0.0124 | 0.0122 | 0.0182 { 0.0054 | 0.0016 | 0.0003
4 |Mean| 0.3115 0.2963 | 0.3308 | 0.3254 | 0.2789 | 0.2940 | 0.2678 | 0.2979
MSE | 0.0335 | ¢.017k | 0.0163 | ©.0159 | 0.0132 | 0.0099 { 0.0111l | 0.00k3
3 Mean| 0.9826 | 0.9928 | 0.9489 | 0.7k | 1.0244 [ 0.9939 | 1.0178 1.0104
MSE | 0.0671 | 0.0%60 | 0.0289 | 0.0363 | ©.0240 § 0.0213 | 0.01k8 0.0164
N™
S|, IMean| 0.00%0 | 0.0327 | 0.0338 | 0.0574 | 0.0413 | -.0102 | 0.0760 G.00Lk
v |Y fmse | o.o720 | 0.0849 { 0.0018 | 0.1081 | C.1141 0.0928 | 0.1657 | 0.1l212
[a}
~2lMean| 1.0298 | 0.9920 | 0.9805 | ©.989% | 0.991k 0.9764 | 1.0671 ] 0.9687
vsE | 0.0116 | 0.0138 | 0.0190 | 0.0450 | 0.0707 § 0.0596 | ©.2399 | 0.1k46
« {Mean| 0.0055 { 0.2135 | 0.3337 | 0.4569 | 0.6053 0.7465 | 0.89%0 | 0.9390
P lmse | 0.0115 | 0.0098 | 0.009L | ©.0134 | 0.0113 | ©.0048 | 0.001h 0.000k
5 |Mean 0.4935 | 0.4857 | 0.5202 | 0.kg11 | 0.5188 | 0.k930 | 0.2837 0.4854
MSE | 0.0120 | 0.0169 | 0.0115 | 0.0088 | 0.0109 | 0.0062 0.0054 | 0.0057
5 Mean| 1.0001 | 1.0092 | 0.9927 1 1.0006 | 0.9684 | 1.0193 1.0068 | 1.0290
MSE | 0.0400 | 0.0549 | 0.052% | 0.0343 | 0.0370 | 0.0219 § 0.0153 0.0185
S|, | Meen| 0.0456 | 0.0608 | -.0646 | 0.0066 | 0.0h12 | -.0369 0,0341 | -.0099
0 1Y |MsE | 0.0013 | 0.1315 | 0.0787 | 0.0647 { 0.0637 | 0.1055 0.1430 | 0.1110
o
52) Mean 0.9928 | 1.0111 | 0.9921 | 0.9829 | 0.9951 | 1.0379 1.03%2 { 1.0477
MSE | 0.0070 | 0.0205 | 0.0370 { 0.0297 0.0663 | 0.1182 | 0.2018 | 0.1498
~ |Mean| 0.0958 | o.zkoy | 0.3312 | 0.b476h | ©.5955 0.7583 | 0.8939 | 0.9431
P lmsk | 0.0111 | 0.0186 | 0.0182 | c.01k1 | ©.0165 | 0.0068 0.001% | ©.000k
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TABLE C.5 (Continued)

0.0255

B={ 1.0lp = 0.0 |p = 0.15]p = 0.30|p = 0.45]p = 0.60}p = 0.75]p. = 6.90 p = 0.95
& |Meani 0.6892 | 0.7067 | 0.6822 | 0.7108 | 0.7040 | 0.7098 0.6943 1 0,6976
MSE | 0.0098 | 0.0079 | 0.0113 | 0.005% | 0.0065 | 0.0026 | 0.0028 | 0.0026
B Mean| 1.0185 } ©.9756 '1.0685 0.9693 { 1.0102 | 0.981g | 0.9980 | 1.0039
MSE | 0.0731L 1 0.0505 | 0.0822 | 0.0%1g9 | 0.0422 | 0.0205 | 0.0247 | 0.0218
—~
o § [Mean 0.0260 | 0.0170 | ~.0238 | 0,0002 | -.0617. | -.0241 | 0,1056 | 0.0087
n MSE | 0.,1065 | 0.0797 | 0.1146 | 0.0718 | ©0.1528 | O.1544 | 0,1578 | 0.1137
b N
~2 Mean| 1.0090 | 0.9977 | 1.06%7 | 0.9711 | 1.0377 | 0.9931 | 1.0677 | 0.9178
MSE | 0.0117 | 0.0295 | 0.0755 | 0.0696 | 0.2408 | 0.1k81 | 0.3048 | 0.1187
5 |Mean 0.1059 | 0.2208 | 0.%698 | 0.4518 ] 0.57%1 | 0.7329 } 0.8861 | 0.9352
MSE | 0.0139 | 0.0171 |. 0.0292 { 0.0227 | 0.0248 } 0.0099 ] 0.0030 | 0.0006
5 |Mean 0.9026 | 0.8975 059151 0.8923 | 0.9037 { 0.9012 | 0.8888 | 0.8887
MSE | 0.0032 | 0.0048 } 0.0032 { 0.002% | 0.0041 { 0.0021 | 0.0024 | 0.,0026
B Mean] 0.9697 | 1.0318 | 0.9278 { 1.0289 | 0.9887 { 0.9729 | 1.0366 | 1.0267
MSE | 0.0834 { 0.1057 | ©0.07T1& | 0.0509 { ©.0765 { 0.03k2 | 0.0419 | 0.0469
(@2
o % Meanj 0.0387 { -.050% | -.062% | 0.0236 | -.0281 | ©.0797 | 0.0763 | 0.1034
" MSE | 0.1999 ] 0.1976 | 0.1917 | 0.196C | 0.3407 | 0.2633 | 0.2891 | 0.1806
[a
5% Mean] 1.0080 | 1.0912 0.,9940 | 1.078% | 1.1201 | 1.1226 | 1.3890 | 1.h591
MSE | 0.0089 | 0.0665 | 0.0626 | 0.1952 | 0.6071 | 0.5985 | L.B741 | bk.1116
~ |Mean| 0.1170 | o.27h2 | ©0.3257 | o.kr7h | 0.558% | o0.7123 | 0.8826 | 0.9367
P imse | 0.0158 | 0.0%49 0.0278 | 0.0%99 } 0.0212 { 0,0064 § 0.,0015
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TABLE C.6t 2RI. Two=-Round Estimates of o, B, 7 , and e
Using f Estimated by IV. Means and Mean-Square Errors.
Various Values of a and p .
B=l, =00, o°=1.0
Sample size
=10 N=29
B=| 1.0}p = 0.0 |p = 0.15]p = 0.30|p = 0.45]|p = 0.60|p = 0.T5|p = 0.90|p = 0.95
% |Mean| 0.0525 0.0882 | 0,0810 | 0.0947 | 0.1105 | 0.1078 | 0.1057 { 0.1035
MSE 0.005% | 0.0041 | 0.0061 | 0.0041 | 0,005k | 0.0042 | 0.0023 | 0.0012
A Mean| 1.05%5 | 1.0070 | 1.0349 | 1.0094 | 0.9896 | 1.0025 | 0.9853 | 0.9959
MSE | 0.0215 | 0.0150 | 0.0111 | 0.0093 | 0.0105 | 0.0095 | 0.0031 | 0.0020
[aa ]
Ofln |Mean| =-.0082 | -.0118 | -.0729 | =.0197 | -.0063 | -.0009 | O.0k2Lk | 0.0009
#|7 |MsE | 0.1167 | 0.0985 | 0.0795 | 0.0773 | 0.074L | 0.04k7 | 0.0358 | 0.0495
3
~2|Mean| 1.0543 | 1.0465 | 1.0282 | 0.9949 | 1.0254 | 1.0771 | 0.9784 | 0.9305
O IMSE | 0.0116 | 0.0156 | 0.0309 | 0.0476 | 0.0655 | 0.1496 | 0.1133 | 0.0768
~ {Mean — _ . s . _ . _
P |MSE
& Mean} 0.2368 | 0.2751 6.5112 0.3050 | 0.2917 § 0.3005 [ 0.2989 | 0.3020
MSE | 0.008% | 0.0051 | 0.0061 | 0.004 | 0.,0051 | 0.0033 { 0.0019 | 0.0010
8 Mean| 1.0763 | 1.0215 | 0.9816 | 0.9787 | 1.0087 | 0.9953 | 1.0082 | 1.0004
MSE | ¢.0251 | 0.,0121 | 0.0119 | ©.012k | 0.012% | 0.0070 | 0.0033 | 0.0021
T
Sl iMean| 0.0111 § 0.0264 | 0.0101 | 0.0k74 | 0.0397 | -.0355 | -.0105 | 0.0199
U 7 IMSE { 0.090k | 0.0667 | 0.073% | 0.0630 | ©.0638 | 0.0535 | 0.0k0Ok | 0.0713
3
2|Mean| 1.0%19 | 1.0424 | 1.0460 | 1.0565 | 1.0581 | 1.0%29 | 1.0421 { 0.89L7
C lMse | 0.0126 | 0.0172 | 0.0238 | 0.0538 | 0.0813 §{ 0.0601 | 0.1439 | 0.0893
~ |Mean _ — _ _ . _ _ _
P IMSE
& Mean| 0.4372 | 0.4812 | 0.5109 | 0.5991 | 0.5241 | 0.5038 0.5063 | 0.5024
MSE | 0.0061 | 0.0047 | 0.0037 | 0.0028 | 0.0049 }{ 0.0022 | 0.0010 | 0.0007
~ |Mean| 1.080% | 1.0286 | 1.0004 | 0.9938 | 0.9472 | 0.9984% | 0.9873 | 0.9973
P IMsE | 0.0256 | 0.0228 | 0.0211 | 0.014 | 0.0188 | 0.0073 | 0.0035 | 0.0023
“ .
S~ |Mean| 0.0698 | 0.0249 | -.0403 | -.0156 | 0.0782 | -.0275 | -.0251 | -.0019
; 7 1MSE | 0.1067 | 0.1081 | 0.0697 | 0.0512 | 0.047h 0.0617 | 0.0436 | 0.0366
2lMean| 1.0208 | 1.0703 | 1.0582 | 1.0554% | 1.0646 | 1.0932 | 1.0153 0.9659
9 lmMse | 0.0098 | 0.0296 | 0.04863 | 0.0%372 | 0.0762 | 0.1245 | 6.1101 0.0942
~ |Mean _ o _ . — _ —_ —
P IMSE \
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TABLE C.6 (Continued)

B=| 1.0|p = 0.0 |p = 0.15|p = 0.30|p = 0.45|p = 0.60|p = 0.75{p = 0.90]|p = 0.9%
& |Mean 0.63%2 | 0.6916 | 0.6885 { 0.721% | 0.7268 { 0.7266 '0.7135 0.7097
MSE | 0.0062 | 0,0029 | 0,0058 | 0.0033 | 0.004L | 0.0021 | 0.0009 | 0.0005
8 Mean| 1.1550 { 1.0103 | 1.0478 | 0.9455 [ 0.9380 | 0.9398 | 0.9678 | ©.9793
MSE | 0.0423 | 0.0206 | 0.041k4 | 0.,027) | 0.0255 | 0.0160 | 0.0067 | 0.0034
r—-
o |~ IMean] 0.0655 | 0.0307 | -.0175 | =.0141 | -.0%03 | -.0298 ]| 0.0k02 | -.011k
w |7 fMsE | 0.1191 | 0.0695 | 0.098% | ¢.0k39 | 0.0637 | 0.0496 | 0.0507 | 0.0311
3
A2 Mean| 1.0352 | 1.0578 | 1.1400 § 1.0413 | 1.1006 } 1.0438 | 1.0451 | 0.8518
9 IMSE | 0.0125 | 0.0395 | o0.1022 | 0.077k 0.2592 | 0.134%0 | 0.2018 | 0.08%6
A |Mean v _ — — _ . . ;_ -
P IMsE
& Mean| 0.8738 | 0.899% | 0.9196 | 0.9167 | 0.9248 | 0.9229 | 0.9110 | 0.9063
MSE | 0.0012 | 0.0011 | 0.0011 | 0.0011 |} 0.0018 | 0.0010 | 0.0005 | 0.0002
5 Mean| 1.0912 | 1,0190 { 0.8939 { 0.9262 § 0.9013 | 0.8964 | 0.952k | 0.9706
MSE | 0.0%303 | 0.0225 | 0.0292 | 0.0266 | 0.0342 | 0.0227 | 0.0093 { 0.0031
[o)¥
o~ |Mean| 0.2278 | -.0396 | -.0465 | -.1293 | -.1705 | -.1154 | -.087k | -.0409
n |7 IMSE | 0.1788 | 0.1138 | 0.108L4 | 0.1226 0.1562 | 0.0703 | 0.0575 | 0.,0498
3
A2|Mean{ 1.0328 | 1.1438 | 1.0490 | 1.1413 | 1.1459 | 1.1336 | 1.19%5 | 1.0365
7 IMSE | 0.0101 | 0.0843 | 0.0725 | 0.200k | 0.4803 | 0.4k76 | 0.5421 | 0.2841
~ |Mean — _ ___ _ _ o | — —
| P imse




< 117 -

' 2
TABLE C.7: ML. Maximum-Iikelihood Estimates of @, B, 7, © and p .

Means and Mean-Square Errors,

Various Values of « and p .

B=10, 7 =00, ¢ =1.0.
Sample size:
T=10 N=25
P=] 1L.0|p = 0.0 |p = 0.15]p = 0.30]p = 0.45 p = 0.60 p =0.75 p = 0.90p = 0.95 7
& |Mean 0.0871 | 0.1145 | ©0.0905 | 0.1036 | 0.1141 | 0.1130 | 0.1066 | 0.1017
MSE | 0.0038 | 0.00Lk | 0.0045 | 0.0043 | 0.006 | O.00LL | 0.0021 | 0.0012
A Mean{ 1.0220 | 0.9816 | 1.0271 | 1.0006 | 0.9858 | 0.9971 | 0.9845 | 0.9977
MSE | 0.0189 | 0.0140 | ©0.0099 | 0.0096 | 0.0089 { 0.0093 | 0.0031 | 0.0021
~
o|~ |Mean| -.0122 | -.0157 | -.0778 | -.0208 | -.0055 | -.0010 | 0.0423 | 0.0015
n|” tMsE | 0.2078 | 0.0945 | 0.0769 | 0.0773 | 0.0745 | 0.0uk3 | 0.0357 | ©.0496
3
2 |Mean| 1.0052 | 0.9860 | 0.9683 | 0.9276 | 0.934%0 | 0.9900 | 0.9355 | 0.96Lk
¢ IMsE | 0.,0072 | 0.0099 | 0.0177 | 0.0321 | 0.0280 | 0.0767 | 0.0799 | 0.0766
~ {Mean} 0.0175 | 0.1243% | 0.2872 | 0.4005 | 0.5617 0.73&2 0.8849 | 0.9456
P IMsE | ¢.0011 | 0.0045 | 0.0075 | 0.0116 } 0.0087 | 0.0051 | 0.001k | 0.0003
& Mean| 0.2780 | 0.31h2 0.5327 0.313%6 | 0.3066 | 0.3074% | 0.3022 | 0.2988
MSE | 0.0047 | 0.0056 | 0,008% | 0,00kl | 0.0052 | 0.0029 | 0.0017 | 0.0010
5 Mean] 1.0239 | 0.9723 | 0.954%5 | 0.9673 | 0.9896 | 0.9867 | 1.0040 | 1.00k2
MSE | 0.0189 | 0.0133 | 0.0147 | ©0.0117 | 0.0125 | 0.006k | 0,0032 | 0.0021
(LY
S|~ IMean| 0.0086 | 0.0231 | 0.0079 | o.0%0k | 0.0%97 | -.0346 | -.0099 | o.021k
ni? |MSE | 0.0797 | 0.0641 | 0.0699 { 0.0620 | 0,0606 | 0.0527 | 0.0399 | 0.0731
o
2|Mean| 0.9955 | 0.9669 | 0.9739 | 0.9847 | 0.9%365 | 0.9472 { 0.9502 | 0.9633
9 IMSE | 0.0092 | 0.0106 | 0.0182 | 0.0253 | 0.0440 | 0.0371 | 0.0888 | 0.0985
~ IMean| 0.0126 | 0.1239 | 0.2710 | 0.4236 | 0.5570 | 0.7259 | 0.8870 | 0.9429
@ IMSE | 0.0006 | 0.0051 | 0.0086 { 0.0084 | 0.0120 | 0.0048 | 0.0010 | 0.0003
& Mean| 0.4802 | 0.5310 | 0.5452 | 0.5274 | 0.5404 | 0.5134 | 0.5099 | 0.5005
MSE | 0.0025 | 0.0050 | 0.0058 | 0.0036 | 0.0070 | 0.0025 { 0.0010 | 0.0006
g [Mean 1.0166 | 0.9435 | 0.9430 | 0.9468 | 0.9188 | 0.9816 | 0.981% | 1.0005
MSE | 0.0168 | 0.0253 | 0.0235 | 0.0169 | 0.0236 | 0.0077 | 0.0033 | 0.0020
[T
S| |Mean| 0.0633 | 0.0205 | -.0471 | -.0201 | 0.0740 | -.0256 | -.0254 [ -.00LL
g 7 |MsE | 0.0968 | 0.092L | 0.0606 | 0.0479 | 0.O46T | 0.0607 | O.0k24k | 0,0371
a2 Mean| 0.974 | 0.9643 | 0.9438 | 0.9158 | 0.9351 | 0.967T § 0.9179 | 0.9890
MSE | o.0082 | 0.0120 | 0.0204 | 0.0285 | 0.0k11 | 0.0607 | 0.0657 | 0.0763
~ |Mean] 0.0118 | 0.1268 | 0.2406 | 0.3875 | 0.5433 | 0.7306 | 0.8857 | 0.9456
© luse | 0.0006 | 0.006% | 0.0148 | 0.0142 | 0.0188 | 0.0067 | 0.0013 [ 0.0003




- 118 -

TABLE C.7 (Continued)

B=| 1.0]p = 0.0 jp = 0.15ip = 0.30|p = 0.45p = 0.60|p = 0.75'p = 0.90 = 0.95
3 Mean| 0.6720 | 0.7731 { 0.7808 | 0.8371 | 0.8493 | 0.7856 | 0.718%4 0.7085
MSE | 0.0024 | 0.0090 | 0.018%L | 0.0285 | 0.0343 | 0.0162 | 0,0010 | 0.O0OL
5 Mean| 1.058% | 0.8112 | 0.8172 | 0.6601 | 0.6386 | 0.7949 | 0.9558 | 0.9824
MSE | 0.0186 | 0.0619 | 0.1116 | 0.1835 | 0.20k6 | 0.10k2 | 0.0075 | 0.0030
:; ~ |Mean| 0.0458 | -.0248 | -.0759 | -.0829 | -.1021 | -.0597 0.0366 | =.0100
A7 [MsE | 0.1086 | 0.0632 | 0.0852 | 0.0k01 | 0,0575 | 0.0497 | 0.0498 | 0.0311
o]
62 Mean| 0.9865 | 0.9327 | 0.91%0 | 0.7551 | 0.666% | 0.7512 | 0.9050 0.8519
MSE | 0.0090 | 0.0163 | 0.034% | 0.0953 | 0.1753 0.1588 | 0.1211 | 0.0683
" Ivean] 0.0192 | 0.0581 | 0.1588 | 0.1595 | 0.2198 | 0.5379 | 0.8722 | 0.9379
P IMSE | 0.0012 | 0.0155 | 0.0515 | 0.1275 0.2158 0.128% | 0.00%3 | 0.0003
8anoﬁ%1 0.9319 09%2 0.9635 | 0.9646 | 0.9621 | 0.9173 | 0.906k
MSE | o.0004 { 0.0015 | 0.0031 | 0.0043 | 0.0049 | 0.004k 0.0006 | 0.0001
~ |Mean! 1.0096 | 0.8823 { 0.7513 | 0.7301 | 0.7373 | C.7321 0.9262 | 0.9695
B |usE | 0.0206 | 0.0265 | 0.071k | 0.083k | 0.3040 | 0.0830 | 0.0121 | 0.0027
2;,\ Mean| 0.1028 | -.2502 | -.2651 | -.4282 | -.4392 | -.383% | -.122k | -.0342
A7 MSE | 0.1352 | 0.15%0 | 0.1609 | 0.2683 | 0.1497 | 0.2019 | 0.0720 [ 0.0530
!
2 |Mean| 0.9683 | 0.9371 { 0.8094 | 0.6936 | 0.5833 | 0.5010 0.8121 | 0.9088
9 sk | 0.0082 | 0.0139 | 0.042%. | 0.0093 | 0.1845 | 0.2777 | 0.1LTL | 0.09%3
~ IMean| 0.0101 | 0.0797 | 0.1003 | 0.1437 | 0.2349 | 0.3954 | 0.8u4Th 0.9365
P lyse | o.0004 | 0.0102 1.0.0473 | 0.0992 | 0.1497 | 0.1558 | 0.011k } 0.0010




TABLE .g GLS Standard Errors of the Generalized Least;Squares'EstimateS
of o , , and ¥y Means and Variances. Various Values
Sample size: 2
110, n=25 of a and p . B=1.0, y=0.0, 5> =1.0
B= 1.0 p=0.0 p=0.15 p=0,30 p=0.45 p=0.60 p=0.75 p=0.90 p=0.95
S.E. of [Mean 0.0597 _. 0.0591 -6 0.0579 -6 0.0571 -6 0.0552 -6 0.0517 -6 0.0438 -6 0.0345 -6
a Variance| 2.64X10 2.56X10 2,66X10 3.31X10 3.66X10 3.72X10 4,75X10 2.40X10
~ ~ Mean 0.1143 -5 0.1087._‘5 0.1012 -5 0.0935 -5 0.0834 -5 0.0719 -5 0.0536 -6 0.0404 -6
o B Variance| 2.89X10 3.0x10 © {1.98X10 1.56X10 ~|1.46X10 ~ {1.27X10 7.34X10 3.42X10
f
o ~ Mean 0.2904 _4 0.2860 -4 0.2705 —4 0.2575 -4 0.2445 -5 0.2283 -4 0.2112 -5 0.2029 -5
Y Variance| 1.40X10 1.73X10 1.49X10 1.20X10 9.,17X10 1.21X10 9.51X10 8.97X10
S.E. of]Mean 0.0561 -6 0.0556 -6 0.0541 -6 0.0533 -6 0.0512 -6 0.0474 -6 0.0378 —6 0.0301 -6
a Variancef 3.56X10 3.60X10 5.89X10 2.47X10 3.04X%10 3.96X10 2.29X10 1,79X10
™ ~ | Mean 0.1190 _ | 0.1149 _5|0.1083 _,10.0999 _10.0902 _10.0777 _.10.0570 40,0439
o B Variance| 2,.70X10 2,19X10 3.48X10 1.82X10 1.40%X10 1.15X10 5.27X107° }4.20%X10
. . : _ : . :
° ~ Mean 0.2891 -4 0.2828 -4 0.2737 -4 0.2617 -4 0.2442 -5 0.2288 -5 0.2118 -5 0.2066 =5
Y Variance| 1.98X10 1.73X10 1.53X10 1.27X10 9.89X10 9.69X10 7.04X10 8.56X10
§S.E. off Mean 0.0492 -6 0.0477 -6 0.0469 -6 0.0458 -6 0.0435 -6 0.0389 -6 0.03Q1 -6 0.0235 -6
& Variance| 3.69X10 4.45%10 3.72X10 2.95%10 4,66X10 3.54X10 2.10X10 1.09X10
A : _ T . . ‘ o NS R s
" ~ Mean 0.1261 -5 0.1213 -5 0.1158 -5 0.1076 -5 0.0977 -5 0.0828 -5 0.0598 -6 0.0456 -6
K 3 Variance} 3.80X10 5.00X10 3.84X10 2.50X10 2.33X10 1,73%X10 7.51X10 4,07%X10
u
3 ~ Mean 0.2862 -4 0.2824 -4 0.2735 —4 0.2584 5 0.2463 4 0.2269 -4 0.2096 ~5 0.2058 5
Y Variance| 1.59X10 1.96X10 1.83X10 8.89X10 1.17X10° " {1.09X10 8.36X10 8.14X10°
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TABLE (.8 GLS
Sample size:
T=10, N=25
1.0 p=0.0 . p=0.15 £=0.30 1p=0.45 p=0.60 1.p=0.75 p=0.90 p=0.95
. of|{Mean 0.0388 _10.0370 -6 0.0358 -6 0.0341 -6 0.0324 -6 0.0285 -6 0.0212 -7 0.015¢9 -7
a Variance|6.91X10 6.43X10 5.04%10 5.21X10 3.07X10 2,59X10 8.70X10 4.98X10
f ~ Mean 0.1359 -5 0.1283 5 0.1226 -5 0.1122 _s ¢.1021 -5 0.0867 -5 0.0614 -6 0.0452 -6
- B Variance| 4.91X10 5,80X10 5.00%X10 3.55X10 1.80%10 2.17X10 7.00X10 - }3.49X10
It ) —
= A Mean 0.2888 -4 0.2830 -4 0.2741 -4 0.2582 -4 0.2477 -4 0.2301 —4 0.2130 -5 0.2052 _s
Y Variance|1l.99X10 1.66X10 1,46X10 1.12X10 1.28X10 1.37%10 8.63X10 6.63%X10
i
. ofjMean 0.0165 -6 0.0175 -6 0.0174 -6 0.0172 -6 0.0157 -6 0.0140 _7 0.0101 -6 0.0077 -7
8 Variance]3.16X10 "11.98X10 "}1.76%10 2.00X10 1.13X10 " }6.,71X10 4,45X10 2,46X10
~ Mean 0.1186 -5 0.1169 -5 0.1101 =5 0.1023 -5 0.0906 -5 0.0765 -5 0.0521 -6 0.0386 -6
° B Variance] 5.82X10 3.43X10 3.97X10 3.99X10 2.68%X10 1.19X10 5.73X10 3.75X10
"
- ; Mean 0.3039 —4 0.3044 ~4 0.2944 -4 0.2834 _4 0.2676 -4 0.2491 _4 0.2203 -5 0.2128 -5
Variancej2.40X10 1.94X10 2.31x10 1.78X10 1.74X10 1.17X10 7.25%10 8.48X10




TABLE .9 OLS sStandard Errors of the ordinary Least-Squares
Estimates of o, B, and v Means and Variances.
Sample sizes: Various Values of o and p B=1.0, v=0.0,
T=10, N=25 2
N ff___ =lb0-
B= 1.0 p=0.0 1p=0.15 p=0.30 p=0.,45 ]p=0.60 0=0.75 p=0.90 p=0.95
S.E. of{Mean 0.0597 -6 0.0580 -6 0.0553 -6 0.0519 -6 0.0460 -5 0.0378 -6 0.0281 -5 0.0230 -6
a Variance (2.64X10 3.15X10 3.90X10 6.59%10 1.25X10 9.05X10 1.07X10 7.76X10
— ~ |Mean 0.1143 _5.0.1109 -5 0.1069 -5 0.0994 5 0.0892 -5 0.0755 _5 0 0547 -6 0.0457 -6
o B {Variance|2.89X10 3.18X10 2,15X10 1,89X10 1,45X10 1.87X10 7.26X10 4.64X10
u . . R ST T . s . : |
3 ~ ]Mean 0:2904 —4 0.2852 -4 0.2719 -4 0.2532 _ 0.2302 -5 0.1956 -4 0.1415 s 0.1176 -5
¥ |Variance|l.40X10 1.80X10 1.85X10 1.53X10 7.55%10 1.33X10 3.58X10 2.61X190
. '
S.E. of|Mean 0.0561 _6 0.0526 -6 0.0471 -5 0.042¢9 -6 0.0374 _s5 0.0298 -5 0.0214 -5 0.0174 -5 o
& Variance)3,56X10 4.96X10 1.17X10 9.57X10 1.23X10 9.18X10 4.65X10 5.36X10 +
. o . . ST . . ) '
™ ~ Mean 0.1190 -5 0.1152 5 0.1080 5 0.0995 -5 0.0880 _s 0.0727 -5 0.0528 -6 0.0436 -6
o 8 Variance{2,70%X10 2.51X10 3.70X10 2.22X10 1,70X10 1.69X10 5.87X10 4.71X10
] -
2 ~ |Mean 0.2891 —4 0.2812 —4 0.,2702 —4 0.2525 -4 0.2223 -4 0.1865 -5 0.1364 _s G.1122 -5
Y {Vairance|1l,98X10 1.73X10 1.89X10 1.45X10 1,08X10 6.66X10 3.89X10 1.51X10
8.E. of[Mean 0.0492 -6 0.0428 _6 0.0377 -6 0.0328 -6 0.0261 -6 0.0206 6 0.0146 -6 0.0118 -6
a Variance|3.69X10 6.52X10 9.16X10 7.46X10 6.11X10 6.18X10 3.35X10 2.49X10
" ~ Mean 0.1261 _5 0.1180 -5 0.1099 -5 0.0984 -5 0.0851 _s 0.0693 -5 0.0494 -6 0.0412 -6
. 8 Variance| 3,80X10 5,16X10 3.01X10 2.45X10 1.82X10 1.59X10 7.21X10 4.27X10
o _ : - T .
It _
3 ~ Mean 0.2862 -4 0.2797 -4 0.2656 —4 0.2427 -5 0.2150 _5 0.1776 -5 0.1280 5 0.1070 4
Y Variance|1.60X10 1.94X10 1.64X10 8.69X10 7.33X10 6.13X10 2.78X107°}1.81X10°
i ; .




TABLE ¢.9 OLs
Sample size:
T=10, N =25
B= 1.0 p=0.0 p=0.15 p=0.30 p=0.45 {p=0.60 . |p=0.75 . p=0.90 p=0.95
S.E., of [Mean 0.0388 -6 0.0309 -6 0.0252 -6 0.0206 -6 0.0167 —6 0.0123 -6 0.0084 -6 0.0070 -7
4 |Variance|6.91X10 8.90%10 5.16X10 7 |8.71X10 6.45X10 2.36X10 1.16X10 6.17X10
~ |Mean 0.1359 -5 0.1198 -5 0.1083 -5 0.0939 -5 0.0813 _5 0.0648 -5 0.0457 -6 0.0377 ;6
- g {Variance|4&91.X10 6.23X10 3.75X10 4.51X10 1.26X10 1.35X10 5.70X10 3.33X10
g
" ~ |Mean 0.2888 -4 0.2775 -4 0.2624 -4 0.2344 -5 0.2074 5 0.1698 -5 0.1220 -5 0.1001 -5
vy |Variance|1.99X10 1.61X10 1.31X10 8.91X10 6.86X10 7.42X10 2.74X10 1.37X10
S.E. of|Mean 0.0165 -6 0.0127 -6 0.0102 -6 0.0086 -6 0.0068 _6 0.0053 -7 0.0038 -7 0.0033 -7
8 {Variance|3.16X10 i.65%10 1.32X10 1.72X10 1.17X10 6.08X10 4.64%X10 3.17X10
o ~ [(Mean 0.1186 -5 0.1086 -5 0.0980 -5 0.0882 -5 0.0773 -5 0.0643 -6 0.0496 -6 0.0437 -6
3 B }Variance|5.83X10 2,57X10 2.69X10 2.96X10 2.23X10 8.88X10 8.,09X10 6.78X10
i
3 ~ JMean 0.3039 -4 0.2883 -4 0.2653 -4 0.2433 -4 0.2163 -4 0.1824 -5 0.1411 _s 0.1252 -5
Variance|2.40X10 "{1.76X10 1.81X10 1.23X10 1.31X10 7.25X10 | 6,.87X10 5.36X10
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TABLE

cC.

19

LSC

Standard Errors of the Estimates of o and f

least~squares with Individual Constant Terms.

Obtained by
Means and

Sample sizes: variamnees. Various values ofa and p B=1.0 v = 0.0
T=10, N=25 02
g0 =1.0"
& -
; B= 1.0 p=0.0 0#0.15 £p=0.30 p=0.,45 p=0.60 p=0.75 p=0.90 p=0.95
5.E. of{Mean 0.0596 -6 0.05911_6 0.0576 -6 0.0568 -6 0.0548 -6 0.0510 —6 0.0428 -6 0.0333 -6
a Variance|3.36X10 3.20X10 3.21X10 4.04%X10 4,71X10 4,52X10 5.52X10 2.57x10
n Mean 0.1132 -5 0,1060 -5 0.0977 -5 0.0907 -5 0.0808 -5 0.0695 -5 0.0519 -6 0.0388 -6
i B Variance|3,19X10 3.59%10 2.18¥10 1.75%X10 1.61X10 7 |1.23X10 8.17X10 3.44X10
K . R . o [ P A A 1 o - ,
n
~ Mean — —_ — e _— —_— —_— ———
® Y Variance] .
hre.—
S.E. of|Mean 0.0573 _6 0.0569 -6 0.0555 -6 0.0542 -6 0.0518 —6 0.0475 _6 0.0371 -6 0.0292 -6
Variance |3.85X10 3.86X10 5.90X10 2.97%X10 3.80X10 4.29%10 2.61X10 2.00X10
" Mean ¢.1189 _j0.1132 -5 0.1064 -5 0.0978 -4 0.0884% _s5 0.0761 _s 0.0554 -6 0.0423 -6
" 8 Varlance [2.82X10771 2.23X10 3.85X10 1.85X10 1.66X10 1.27X10 5.94X10 4.65%X10
o
#
L+ " Mean - - o - - o . I
Y Variance |-
S.E. of|Mean 0.0520 _6 0.0510 6 0.0497 -6 0.0481 -6 0.0455 —6 0.0398 6 0.0298 6 0.0228 -6
a Variance{3.92X10 5.37%10 3.59X10 3.25X10 6.23X10 4.32X10° 7} 2.40%10 1.24%X10
R Mean 0.1284 _s 0.1223 -5 0.1162 5 0.1079 s 0.09380 -5 0.0823 -5 0.0585 _6 0.0441 -6
v B Variance |4.26X10 5.64%X10 4.69X10 2.73%X10 2.83%10 2.09X10 8.55X10 4,53X10
o
I L . :
" . Mean —_— ——— _—
v Variance
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TABLE

€.10

LSC

Simple gizes:
T=10, N-= 25

B= 1.0 p=0.0 p=0.15 p=0.30  |p=0.45 {p=0.60 |p=0.75 p=0.90 p=0.95
S.E. ofjMean 0.0439 -6 0.0428 -6 0.0408 -6 0.0384 -6 0.0358 -6 0.0306 -6 0.0215 -6 0.0157 -7
& Variance| 7.01X10 6.38X10 7.54X10 4.,63X10 3.46X%10 3.87X10 1.08X10 5.64X10
P~ ~ Mean 0.1432 -5 0.1356 -5 0.12877_5 0.1179 -5 0.1065 -5 0.0893 -5 0.0610 -6 0.0442 -6
o R Variancel 6.69%10 6.31X10 7.01X10 3.61X10 2.57X10 2.81%X10 8.34X10 3.90X10
I -
=] ~ Mean . — —_——
Y Variance
S.E. of({Mean 0.0284 -6 0.0272 -6 0.0253 -6 0.0235 -6 0.0202 -6 0.0164 -7 0.0106 -7 0.0077 -7
) Variance| 3.92X10 3.15%10 2.51¥10 1.15X10 1.83X10 9.45X10 6.26X10 3.56X10
< ~ Mean 0.1483 5 0.1409 -5 0.1301 -5 0.1181 -5 0.1019 -5 0.0827 -5 0.0528 -6 0.0380 -6
© B Variance| 5.95X10 8.35X10 6.84X10 4.04X10 3.15X10 1.98X10 8.46X10 4.99X10
1
o]
~ MEan . .
Y Varlance

-f'a-[.-
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TABLE .11 IV  standard Errors of the Instrumental-Variable Estimates of
o, B, and ¥ . Means and Variances. Various Values of
Sample Size: 2
T=10 , N=25 o and p g=1.0, v=0.0, 0°=1.0
B= 1.0 p=0.0 p=0.15 p=0,30 p=0.45 p=0.60 p=0.75' p=0,90 p=0.95
S.E. of|Mean 0.2807 -3 0.2665 -3 0.2576 -3 0.2586 -3 0.2635 -3 0.2784 _3 0.2773 3 0.2730 -3
8 Variance)] 2.57X10 2.86X10. " [2.96X10 3.48%10 3.83X10 6.09%10 6.66X10" °)6.23X10
i
o ~ Mean 0.2757 -3 0.2646 _3 0.2488 -3 0.2546 3 0.2626 -3 0.2763 -3 0.2816 3 0.2697 -3
. B Variancel 3.77X10 4.23X10 “13.99X10 4.91%10 7| 5.00X10 7.36X10 8.80X10 8.33X10
o
~ Mean 0.2974 4 0.2924 -4 0.2850 —4 0.2800 _4 0.2848 -3 0.2903 -3 0.2849 -3 0.2850 -3
Y Variance| 2.15X10 2.81X10 6.05X10 9.,39X10 1.33%X10 2.44X10 2.92X10 2.20X10
§.E. of| Mean 0.5456 —2 0.5455 -3 0.5309 -2 0.5302 _9 0.5561 _9 0.4944 -2 0.5590 _9 0.5296 _7
) Variance| 1,40X10 6.00X10 1.11X10 1.30X10 1.94%X10 1.41X10 4.63%X10 2.77X10
. . Mean 0.5789 -2 0.5782 -3 0.5616 -2 0.5623 -2 0.5910 -2 0.5199 -2 0.5949 -2 0.5602 -2
o 'B Variance| 1.84X10 7.84X10 1.48X10 1.65X10 2.54X10 T {1.86X10 5.95X10 3.53X10
] -
- ~ Mean 0.3025 -4 0.2957 a4 0.2937 _4 0.2950 -4 0.2950 -3 0.2905 -3 0.3033 _3 0.2887 -3
Y Variance| 3.14X10 3.62X10 5.,28X10 9.08X10 1.77X10 1.38X10 4.99¥X10 2.57X10
S.E. of|] Mean 0.9007 -2 0.8979 -2 0.8998 ) 0.8762 _7 0.9355 -2 0.8823___2 0.9072 -1 0.9249 -2
a Variance{ 1,.18X10 1.62X10 2,57X10 3.01X10 5.,29X10 5.16X10 1.29X10 7.23X10
" ~ Mean 0.9799 _7 0.9761 —2 0.9777 _o 0.9508 -2 1.0181 _2 0.9576 -2 0.9861 -1 1.0054 -2
< B Variance; 1.51X10 2,05%X10 3.27X10 3.83X10 6.62X10 6.42X10 1.62X10 9,.01X10
' . ‘ . AR , , - .
= Mean 0.3117 4 0.3132 -3 0.3096 -4 0,3070 -4 0.3113 -3 0.312¢0 -3 0.3131 -2 0.3155 -3
3 Variance\ 1.94%10° 7 5.80X10°° {9.31X10 '} 9.43%X10°7}1.94X107 _lz. 79x10°°]5.60%X10 tsoxm
‘ _ 1 e A . o o PN ‘




TABLE "¢.11 IV
Sample size:
T=10, N=25
B= 1.0 p=0.0  [p=0.15  |p=0.30 |p=0.45 |p=0.60 |p=0.75 | p=0.90 p=0.95
S.E. of| Mean 1.4311 _,11.4260 _,|1.4386 _,11.3741 _,|1.4775 _ |1.3942 _f1.56426 _ [1.3908
o | Variance|3.35X107 7 |4.10X107"}8,27X10° “{7,04X10 °|2.42X10 " |1.23X10 7} 2.98X107"|2,07X10
~ ~ | Mean 1.5762 _,(1.5711 _,{1.5839 _ f1.5126 _,|1.6274 _,41.5351 _,[1.7023 _,}1,5327 _,
o B | variance|4.23X107 7|5.15%107 " |1.03X10 " |8.80X10 “[3.00X10™"[1.54X10 7| 3.70X10™ "} 2,56%10
N '
3 ~ |Mean 0.3481 _ 10,3466 _,[0.3541 _,10.3376 _.10.3486 ,(0.3398 _,10.3598 _,10.3314
v |variance|5.82x107%[9.46X1077|2.373107°{2.16X107 7| 8.16X107°|4.89x107 7| 9,83X107°|5.44X10
S.E. of| Mean 3.3492 _,[3.3006 _,13.2801 _ [3.2734 _,|3.6321 , |3.4602 , |4.1497 . |4.2805 ,
8 |vVariance|l1.96X10 " |2.40X10” "{4.63X10 ~[9.36X10” ~|5.48X10" [3.59X10 " [1.15X10" |1,74X10
o Mean 3.7319 _,3.6763 _,13.6539 _ |3.6461  |4.0478  3.8560 , [4.6262 | [4.7728 ,
I Variance [2.46X10 " [3.00X10 " {5.79X10 " [1.17X10° |6.85X10" -|4.49%X10° {1.44X10" |2.17X10
) 1]
- ~ {Mean 0.5476 _,10.5472 _,10.5362 _,[0.5420 _,10.5840 _ |0.5650 _,10.6578 |0.6745 _, .
Y |Variance|2.99X10 ° {4.68X10 ~[8.49X107~{1.89X10 “{1.04X10 ~{7.18X10 “|2,23X10™ ~{3.28x10""




TFABLE C.12:
Estimates

Values of o and p

Sample Size:
=10, N=25

BRI

ML.

of a ,

Standard

and

B,

. B= 1.0, y= 0.0 ,

¥
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g

1.0

Errors of the Maximum Likelihood

Means andZVariances.

Various

1.0

1 i
p= 0.0

p=0.15

o=0.30

p=0.45

p=0.6

p=0.75

p=0.90

6=0.95

Ay

5.E.
&

Mean

Variance

0.0654

1.08X15°

0.0675

8.53x166

0.0656

7.47x166

0.0648

8.74x10°

0.0624

1.15x165

0,0575

9.20x10°

0.0472
8.70X166

0.0360

3.35x166

Mean

w7

Variance

0.1184

4.88X10°

0.1135
4. 64X10°

0.1055
3.10X16°

0.0988

2.42X10°

00,0883

2.55x165

lo.0761
1.7119°

0.0565
1.16%10°

0.
4,

0417

25x166

Mean

>

Variance

0.2917 -
1.18X16%

0.2857

1.7Ax164

0.27066

1.89x164

G.2544

2.23x10%

0.2408

1.66x10"

10.2280
5.65%10"

0,2051

6.51x164

2012
.16x10%

-~J

\u = Q.1

of

S.E. Mean

Variance

0.0643
7.27x15°

0.0681
1.68X10°

0.0636
2.43%10°

0.0649
1.08%19°

0.0615

1.17X16°

0.0552

8.23X166

0.0413

4.49%10°

.0318

.74x166

Iy

Mean

™ >

Variance

0.1278
4.98X10°

0.1252

4.33X10°

0.,1203

9.06x165

0.1103

l0.0999
3.42%10° 13.69X10

5

0.0854

2.08x165

0.0609

9,43x10°

.0458

.06x1(‘)6

(=]

-
Mean

o = 0.3
b

Variance

0.2908
1.17x18%

0.2821

1.78x16%

0.2740
1.65}(164

0.2606

2.23x10"

0.2409
2.93x164

0.2252

2.81x16A

0.2065
7.04%X10°

.2012

.37x164

co

S.E. of Mean

Variance

0.0608
1.50x165

0.0659

5.06x165

0.0684

8.58X15°

0.0643

4.80x165

0.0604

5.17X10°

0.0486
1.59x165

0.0338
4.14x10°

.0251

.82x166

o

Mean

>

Variance

0.1409

3.60x165

0.1448

1.80x15"

0.1439
2.69X154

0.1324

lo.1209
9.81X10" |

1.56x164

0.0965
5.64x165

0.0653
1.39%X15°

.0480
.32x166

o

Mean

o = 0.5

>

Variance

0.2905

1.61:(164

0.2839

z.3sx164

0.2728

2.20x164

0.2553

1.60}(16"+

0.2429

2.59x16"

0.2262
a.57x164

0.2036

5.48X154

.2038

.08x164

~J

S.E. of Mean

&

Variance

0.0510
1.70x165

0.0666

2.47x164

0.0646

2.21x164

0,0698

8.53x164

0.0727

2.74X10°

0.0511

5.10x164

0.0256

3.93x166

a.
9.

G175

30x167

Mean

w >

Variance

L 0.1594

1.66}(164

0.1868

1.52X10°

0.1800
1.14X16°

0.1907 \
4.90X10

0.1912

1.60X10°

0.1369

2.85x1b3

0.0709
2.40X10°

|

0.

0487

07%18°

6.

Mean

Variance

 0.2897

2.23x16A

0.2859

2.83x164

0.2783

2.45x164

0.2530

3.21x16%

0.2472
2.39%16°

0.2211

5.65x164

0.2027

1.03%10°

1909

60x164

Mean

Variance

0.0199
8.92x166

3.0198
3.38%X10°

0.0165

1.75%10°

10.0163

2.29%10°

0.0156

3.77X10°

0.0178
5.69X10°

0,013
4.15%X16°

0088

47%10"

Mean

Variance

0.1281

1.14x1c‘)4

0.1253

2.68):164

0.1107

1.38x10%

0.1043

1.82x164

0.0953
3.43x10"

0.0932

e.e7x164

0.0637

5.64X165

0423

05%X16°

Mean

Variance

- 0,3151
4, L7X10

4

0.3106

8.36x164

0.2822

4.56x164

0.2603

4.20x1c’>4

0.2399
1.16X10°

0.2237

1.75X10°

0.2120
9.60x164

2046

15X10

0.
4.
0.
8.
0.
1.
0.
8, 4

Estimates of standard errors computed only when none of coefficients
Means and variances are based on available estimates.

boundary.

fell

on



