ERROR COMPONENTS MODELS

1. Model and Notation

Consider a linear regression equation of the form:

Yit = 250+ Th B+ wir = Wb + uy (1.1)
where ¢ = 1,..., N indexes individuals (or states, counties, etc.) and t = 1,...,T
indexes time periods. The error components model specifies that the error u; is the
sum of component errors. Terminology varies slightly, but usually a model in which
there are two components is called “one-way” and a model in which there are three
components is called “two-way.” Although those labels might seem perverse taken
in isolation, they are exactly anaologous to the ANOVA terminology from week 1.
For instance, a “one-way ANOVA” model y;; = p + a; + e;; had both the « terms
representing the “one-way” classification introduced by some factor and an additional
random error, e;;. So one one-way error components model posits:

Uit = i + Vig (1.2)

and another is:
Ui = Nt + Vi (13)

We will focus on (1.2) first. The presence of the individual specific effect u; allows
for intercorrelation among the T error terms, u;1,.. ., u;7, for individual 4.

Various assumptions can be made about the regressors and error components, and
they determine the form of the error covariance structure. The k x 1 vector of time-
varying regressors z;; and the p x 1 vector of time-invariant regressors, z; are assumed
to be fixed. The (k + p) x 1 vectors w;, = (2},x},)" and § = (¢/, 8')’ are partioned
conformably.

The individual effect will be treated as a random variable with mean zero:
Eu;,=0fori=1,...,N (1.4)

We will also (for now) assume homoscedasticity and non-autocorrelation:

gl fori=3j

Epip; = { -

0, otherwise.

(15)
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2 ERROR COMPONENTS MODELS
Similarly, v;; is assumed to have mean zero:
Evy=0 fori=1,....,Nand t=1,...,T, (1.8)

and to be homoscedastic and nonautocorrelated:

o2, fori=jand s=t¢
EBujvis = w 1.7
R { 0, otherwise. (L.7)
Finally, the error components are assumed to be uncorrelated with one another:
Epvjy =0 forj=1,... Nandt=1,...,T. (1.8)

Note that the individual-specific effect for individual i is uncorrelated with both his
(or her, or its) own residual error v;; and that for each other individual.

The T observations for person i can be written in matrix notation as:

Yi = (Ar ® z)a+ X;8 +u; = W6 + vy (1.9)
where: )
Yi1 Z;q Uil
yi = | : X; = u; = :
Tx1 Txk , Tx1
YiT T Ui

and W; = (17 ® 2{, X;). Similarly, the 7 x 1 disturbance vector for person ¢ can be
written as:

ug = p;lr +y; (1.10)
where Vi = (I/ily ey l/iT)l.

Next, we can stack the N vector equations (1.9) to obtain:

y=Zo+XB+u=Wo+u (1.11)
where:
Y1 1r® 2 Xi uy
y = . Z = : X = : u = :
NTx1 : NTxp : NTxk . NTx1
YN 1r ® 2}y XN uN

and W = (Z, X). It will be assumed that W has rank k + p. The analogue of equation
(1.10) combining all NT observations is:

u=pQ®lr+v (1.12)
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where
H1 n
wo=1: and v = :
Nx1 . NTx1
UN VNT

These are fairly strong assumptions. There are no time effects and the unobservable
individual effects are additive. Most important, assuming z;; fixed and Eu; = 0 implies
that the unobservable effects are uncorrelated with the regressors. We will eventually

consider some tests of this assumption .

2. Error Covariance Structure

In this section, we will investigate the covariance structure of the error components
model. Let @ = FEuu' denote the covariance matrix of u (which is of order NT).

Expressions for €, Q~1, and Q=% will be derived.

First, consider the individual-specific effects p;:
Eu? ... Eppun
Eup' = : : =ooln
Eunpa ... Euly

using assumption (1.5). Similarly, assumption (1.6) implies that:

2 e
oIy ifi=j

By = { v .
Orxr otherwise

so that:
O'EIT e 0T><T
Ev/' = : : =o2lnT
OTxT e UEIT
Using (2.1) and (2.2), we obtain from equation (1.12):
Q=FE(polr+v)(p® lr +v)
= E(uy) ® 1715 + Evv/

:Uz,IN(X)JT +0’3[NT

(2.1)

(2.2)

since p and v are uncorrelated by assumption (1.8). Thus €2 has a block diagonal form:

Q=Iy®L

where:
Y=oy + UZJT.

(2.3)
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Y is the covariance matrix of ;. Each diagonal element of ¥ equals 034—05, the variance
of u;. The (s,t)th off-diagonal element of ¥ is equal to O'ﬁ, the covariance between u;,
and u;. Thus the form of ¥ implies that the elements of u; are equicorrelated:

o2
p = cm'r('u,is,uit) = O_g—_:‘o—a (S 7é t)
Note that this correlation must be non-negative.
To compute 27! note that:
QO =(IneE)  =Iyes! (2.4)

s0 it is necessary to compute X1,

2
Proposition 2.1. ¥71 = #(IT - ;I%%EJT).

Proof. Let a = 02 /(02 + To?2). Then:

1 1
F(IT —aJp)T = —(Ir - aJr)(olly + ol.Jr)
14 v

1
=1Ir+ E(G’ﬁJT - aaﬁJT — GJEJTJT)

o2 —a(o2 4 To?
:]T—F—ﬁu (’; “)
o

v

Jr
=Ir. O

In the following section, it will be useful to factor Q7! as the square of another
matrix. For any symmetric positive definite matrix A, there exists a unique matrix Az
such that A = A2 A%. Since 0 is positive definite, Q=1 is positive definite as well, so

there exists a unique matrix =2 such that Q-3Q-% = Q1.

Proposition 2.2. Q=% = Iy ® ¥~% where:

sb=L <1T l_ﬁJT)

oy T

and § = 07 /(02+To2). Caution: this § is not quite the same as Baltagi’s 6 (introduced
on page 15). Call Baltagi’s term 6. Then the 6 above is related by:

b =1-0
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Proof.
2
1-0 2(1— 9 1-2v0+96
(IT— T JT> =Ipr— ( T )JT—’r 7 . Jrdr
1-6
=Ir — T Jr
2
_ o
= o2+ T2 "
SO:

2
1 1-v0 1 o2
— (1 - == |- —=—2—_J;| =5
(0,, (IT T JT)) o2 (T U,%-i—TU/% T)

by Proposition 2.1, thus giving %~ 2. To obtain Q™ 3, note that:

(In®E 5P —Iyes isi=Iyexl 0O

3. Generalized Least Squares Estimation

Since the covariance matrix ©Q of u is non-spherical (i.e. not equal to a scalar
multiplied by an identity matrix), ordinary least squares is inefficient (though still
unbiased). We proceed to develop the Generalized Least Squares (GLS) estimator of 6
by treating €2 as known. The subsequent problem will then be the estimation of .

Prior notes reviewed the within groups estimator BW of

Pw = (X'X) "' X'y

where X and § consist of the values of zit and y;; deviated from their group means,
e.g.
1 Z
iit = Zit — Z;. and Ti = T Z.’E,‘t etc.
t=1
We motivated the terminology “within group” by starting from the perspective of
analyis of variance and the sum of squares decomposition, T'SS = WSS+ BSS. There

is also, of course, between groups estimator, ép = (&', By) which is obtained by
regressing y;. on z; and x;.:

A N N = -1 N
op = (OfB> = ( 2;\1,:1 %] E;\'f:l % > ( 2&21 ZiYi- )
Pr Dimi Tzl Yol TiE 2 im1 Ti-Ti-
(Although we didn’t develop the estimator in the theoretical notes last time, I replicated

the between estimates for the Grunfeld example both with a canned Stata routine and
by estimating the regression mentioned above (pages 46-49).)
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Recall how we defined the symmetric idempotent matrices Jr and Cr:

and CT - IT - J_T

- 1
JT = T].Tl{[v
Then: ~ -
JrX; = 17z;) and CrX; = X;
and similarly for y; and ;. Now we define the within and between sums of squares
(with a new double-subscript notation):
N N
Wee = X{Xi = X[CrX; (3.1)
i=1 i=1
N 1 X
By = ‘ ;.24 "= f ZX;JTXZ (32)
i=1 i=1
1
Boo =) uzi= ) ZirZ; (3.2)
i=1

(Note that the matrix Jr is redundant in the equation for B,, since JrZ; = Z;;
however, we wish to emphasize the parallel structure, and the expression will reappear.)
In this notation, the within-groups estimator is:

Bw = W Wy, (3.4)

where
N N
i=1 =1
The between-groups estimator is:
-1
s B B B
on = zz zT 2y 3.6
o= (5 52) () e
where:
N 1 N B
By =) @izi=5 ) XlrZ (3.7)
i=1 i=1
N 1 N B
By =Y Zifi. = 7 > X{Jry: (3.8)
i=1

(3.9)
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7

Using the results on two-step least squares from the first lecture notes (or see the
partitioned inverse formula, e.g. in Theil Principles of Econometrics, pp. 17-18), it

follows that:
BB = (Brz - Bzsz_lezz)—l(Bzy - Bszz_lezy‘).
ap = BB,y — B;'B..fp

The key results are (3.4), (3.10), and (3.11).

With these results we can develop the GLS estimation technique. Proposition (3.1)
indicates that the GLS estimator of 5 is a weighted average of the within groups and

between groups estimators.

Proposition 3.2. &g = dp and Bg = ABW + (I, — A)BB where:
A = (Wyy + 0(Byy — Boy B, Bow)) ' Was.
Proof. The usual formula for the GLS estimator is:

ba = (W'QTW)"'w'Qly

Note that:
w1 [57h ... (0) W1 N
wQTw = | Do s =Y weTw
Wn 0 ..oyt Wn i=1
and, similarly,
N
Wy =Y WinTly,
i=1

50 (3.12) becomes:

N -1, N -1
de = (Z W{E‘1Wi> (Z Wilzlyi)
i=1

i=1

From Proposition 2.1:

1 1 o?
22—1 M
ag = I{] ad —Jfl + — T TS 5 JT
v ( 1 ) (1 02+ 1 Uﬁ)

g -
:CT‘FfJT

(3.12)

(3.13)

(3.14)
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$0, in turn, (3.13) becomes:
N o N -l o N
ba = ! + — ! Jr W, 'Crys + — 1 oW,
b = (2_; WO Wi + ; W, JTW,) (; WiCryi + 7 ; 4 JTW,>

Further simplification follows from:

Substituting the equations above into (3.15) yields:

66\ _ (0B 6B, \7 0B,y (3.16)
An application of the partitioned inverse formula yields:

6B.. 0B\ _ (4B BIB.LCTBLBI —BIICTT 1)
ngz Wiz + 0By, - —C_lesz_zl ct ( ’

where C' = Wy — 0(Byy — By, B! B,,). Substituting (3.17) into (3.16) and solving
for B¢ (using equation 3.10):

Be = —0C7'B,,B;'B,, + C~ (Way + 0B,,)
=C"'Way + 6C™*(B,y ~ B,.B,'B.,)
= C™'WooPw +0C ™ (Bug — Bu B3, B.o) BB

= Apw + (In — A)Bp
since:

Ii—A=1-C ‘W, = C™HC = Wyg) = 0C~ Y (Byy — By B} B,y)
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For a, substitute (3.17) into (3.16) again:

&g = B}'B,, +0B;}'B,,C™'B,,B,,'B,, — B;,' B,,C~*(W,, + 0B.,)
=B !'B,, — B! B,,C (W, + 6(Byy, — B,,B.' B.,))
= B;'B,, — B;,'B..fs

which we compare to (3.11). O

The main point, conceptually, is that the error components (random effects) model
implies coefficients that lie between the within and between coefficients. This somewhat
surprising result is very useful, since one can construct the necessary matrices to get the
GLS estimates by matrix-weighting the between and within estimates, and the weights
are based on inverses of their corresponding variances. Practically, estimation can
be done by estimating the variance components and then computing a corresponding
weight, and running weighted least squares. There are a variety of ways to estimate
the variance components, e.g. starting with the OLS residuals or the within residuals
(since the OLS and within estimators are not biased, but only inefficient). Accordingly,
Baltagi shows estimates for a variety of different random-effects estimation procedures,
e.g. “WALHUS” for the method of Wallace and Hussain, “SWAR?” for the method due
to Swamy and Arora, “Amemiya” for Amemiya’s method, and so on.

Looking ahead, the next major issue is specification tests, in particular for when to
use fixed and when to use random effects. The workhorse test is due to Hausman. The
main point of the Hausman test is that Sy is consistent under the null and alternative
hypotheses, while 3¢ is consistent under the null, but has different probability limits
when the null is rejected. So a statistic comparing the two is one way to test the
suitability of fixed effects. Hausman and Taylor elaborated on the Hausman test,
showing that the comparison between the within and between estimates is also useful
(which is intuitive since the GLS estimator is a matrix weighted average of the two.)
A large (and difficult) literature has built up further tests, and a very quick-and-dirty
summary is that one should not stop with a Hausman test, even if it does not suggest
rejecting the hypothesis of fixed effects.



Grunfeld Example (continued):

L; = o + B1Fi + BCir + vy

W/ ;= Wi + Vi

Baltagi’s Table 2.1 (1* ed. only)

B, B, 6=1-(c,/0y)2

OLS 0.116 0.231 0
(0.006) (0.025)

Between 0.135 0.032 0
(0.029) (0.191)

Within 0.110 0.310 1
(0.012) (0.017)

WALHUS 0.10973 0.30765 0.845779
(0.01029) (0.01724)

AMEMIYA 0.10979 0.30817 0.863097
(0.01052) (0.01717)

SWAR 0.10978 0.30811 0.861224
(0.01049) (0.01718)

NERLOVE 0.10978 0.30810 0.860717
(0.01049) (0.01718)

IMLE 0.10976 0.30794 0.855359
(0.01042) (0.01720)

_ 2 2
a. 0, -,/Taﬂ +0,

(warning: theta above is not the same as in the TEX notes)

In this example, differences across the FGLS methods are
minimal.



Baltagi’s Table 2.1 (3" ed.)

By B> P Oy Oy
OLS 0.116 0.231°
(0.006) (0.025)
Between 0.135 0.032
(0.029) (0.191)
Within 0.110 0.310
(0.012) (0.017)
WALHUS 0.110 0.308 0.73 87.36 53.75
(0.011) (0.017)
AMEMIYA 0.110 0.308 0.71 83.52 52.77
(0.010) (0.017)
SWAR 0.110 0.308 0.72 84.20 52.77
(0.010) (0.017)
IMLE 0.110 0.308 0.70 80.30 52.49
(0.010) (0.017)
o2

U

2 2 (soitis easy to compute from the other entries
o, +0, ( y p )

O=1-

o

v

2 2
JTo. +o;
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(Part of) Baltagi’s Table 3.1 shows estimates for
two-way models:

Li=0+ BlFiZ + BZCil+ U

w/ u;= LU+ 7\.t+ Vis

Bl BZ e1 e2 el

OLS 0.116 |0231 |0 0 0
(0.006) | (0.025)

Within 0.11772 |0.35792 |1 1 1
(0.01375) | (0.02272)

WALHUS |0.10973 [0.30757 |0.8433 |0 0
(0.01026) | (0.01725)

SWAR 0.10982 |0.30845 |0.87368 |0 0
(0.0165) |(0.01714)

AMEMIYA |0.11159 [0.32462 |0.87475|0.29695 | 0.29595
(0.01103) | (0.01885)

IMLE 0.10990 |0.30923 |0.85595|0.02620 |0.02612
(0.01046) | (0.01735)
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Introduction

i

On April 26, 1941 I sailed from Yokohama on the N.Y K. liner Asama-maru for
Lima, Peru, with my mother and sister, to join my father, who was already in
Lima working for the N.Y K. office there. I had just turned six. (Many of the
details of the subsequent account of the trip to and from Peru are based on the diary
of my late sister Hiroko who was twenty years old at the time.) We had a suite on
the C deck, and everything was luxurious on the ship: food, games, a swimming
pool, and parties. The first Wrigley's chewing-gum [ tasted on the ship had a
strong impression on me.! After stopping over in Honolulu one day, the ship
arrived in San Francisco in the early morning of May 10. I still vividly remember
looking up at the Golden Gate Bridge from a cabin window as the ship sailed under
it. The bridge was only four years old then. No one could have guessed at that time
that I would sail again under the bridge seventeen years later as a student and drive
over it numerous times as an adult. We stayed in Yamato Hotel on California St.
for five nights. The hotel is no longer there. I remember seeing in a street near the
hotel a spot which still showed remnants of the damage caused by the 1906
earthquake. One day we crossed the Bay Bridge (then five years old) to visit the
University of California at Berkeley. Unfortunately, we did not visit Stanford
University. On May 15 we boarded the N.Y K. freighter Ginyo-maru. After
stopping over at Los Angeles, Manzanillo, Acapulco, Balboa and Buenaventura for
freight loading and unloading, the Ginyo-maru arrived in Callao, the port of Lima,
on June 13.

Our life in Lima was comfortable and pleasant until that fateful day, December
7. We lived in a spacious two-storey house in a central residential area of Lima
called Miraflores. I attended the first grade of a Japanese school. In spite of its
name, all the subjects except the Japanese language were taught in Spanish. As a
result, my grades were all B's (generous ones) except A's in music and
mathematics, which did not require so much knowledge of Spanish. (Nor of
Japanese, 1 should say, for I got a B in Japanese as well.) I remember with
nostalgia the trips to and from school every day with several neighbourhood kids
squeezed in a small old car driven by a school chauffeur, the unforgettable smell of
the corer bakery and candy store, the four-day carnival in February during which
one could hit anybody of the opposite sex with balloons filled with water, and
peddlers who came to sell all sorts of food with melodious calls.

On December 7, 1941 the Pacific war broke out. Late in that evening I was
awakend by an unusual noise coming from downstairs, and I found my family
huddled around a huge old-fashioned radio we had in the saloon, listening intensely
to a short-wave broadcast from Japan announcing the outbreak of war in the
Pacific. I can still recall the atmosphere of tension and anxiety that filled the room.

After that day our life remained at least superficially normal for a while, even
though my parents and my sister, who was old enough to understand, must have
been quite concerned about our future. The matter became more urgent on January
24, 1942, when Peru suddenly severed its diplomatic relations with Japan. It was
the first country in South America to do so. Immediately the Peruvian
government started rounding up influential Japanese, diplomats and senior

X
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employees of major Japanese firms as well as immigrants who held important
positions, for interrogation. My father was taken away to a barrack in Callao the
next day and was detained there unti] March 28, Although this was obviously a
period of great anxiety, we did not suffer any harassment or feel any animosity
from the Peruvians we met in our ordinary lives. In the meantime an agreement
was reached between Japan and Peru that all the Japanese nationals were to be sent
home. :

On April 14 we embarked on a long travel home aboard a passenger ship called
the Acadia. It was a relatively small ship (9,000 tons) and on its side the word
DIPLOMATIC was painted in huge white letters. The ship was extremely crowded
with diplomats and businessmen of Japanese, German and Italian nationality. The
diplomats occupied the better quarters; my father slept on a hammock in a crowded
cabin with many olhex'-‘ men, and my mother, my sister and [ were quartered in a
windowless muggy cabin of approximately 12 by 12 feet. The food was
reasonable, and the crew’ was efficient and kind. The Acadia stopped at Guayaquil,
Ecuador and Buenaventura, Columbia to pick up more diplomats, and passing
through Panama Canal and crossing the Gulf of Mexico, arrived in the port of New
Orleans on April 24.

The next morning only the diplomats were allowed to leave the ship, and the rest
of us had to wait aboard until after dinner without knowing where we would be
taken from there. Finally, at about nine in the evening we started disembarking,
and by looking at the luggage tags someone had put on our trunks we found that
Seagoville, Texas was to be our next destination. Seagoville is a small town,
about ten miles southeast of Dallas; we were to stay in a relocation camp
transformed from a prison for women. Our train left the New Orleans station at
about 10 p.m. and arrived in Dallas on the moming of the second day. The train
was comfortable and the meals in the dining car were much better than on the
Acadia. The waiter gave me a second helping of shrimp potage for lunch. At the
Dallas station we got on two Greyhound buses and arrived at the camp in about
forty minutes.

The camp impressed me as a bright, comfortable place, with many two-storey
buildings scattered on spacious grounds. Around each building there were well-
maintained lawns, flower beds and walking paths paved with bricks. The building
we lived in looked like a college dorm. My father and my sister each had their own
room, and my mother and [ occupied another room. Each room was small, with the
minimum necessities, but comfortable. I have mostly good memories of life in
Seagoville: oatmeal at breakfast, many friends to play with all day long, big
delicious oranges as many as we could eat, colourful lollipops we could buy at the
canteen, and the beautiful sunset in the big Texas sky. The only bad experience [
had was when I was confined in a hospital room with a cold and had to keep
shouting "yo quiero agua" until finally a nurse who understood Spanish came by.
Most of the Americans who worked on the premises, all of whom were women
because of the former nature of the place, were nice to us. From what I later found
out, our experience in Seagoville was far better than that of the Japanese
Americans in their internment camps.

A major source of anxiety for the adults during our stay in Seagoville was,
however, that for a long while we were uninformed about when and how we would
get to Japan. Ounly in early June did we start hearing about the plan for "exchange
ships", which would carry the Japanese from the United States and the Americans
from Japan and exchange them at Lourengo Marques (now called Maputo) in
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Mozambique (then a colony of Portugal, which was a neutral country during
W.W.II).

The day of departure finally came on June 9, after forty-three days of waiting. We
went back to Dallas on a bus and in the evening got on a train for New York.
After spending two nights on the train, we arrived at Pennsylvania Station in New
York City at around noon. The only thing I remember of this train ride is the long
tunnel under the Hudson River right before the train arrived in New York City.
From the station we were escorted by many policemen to the Pennsylvania Hotel
(now called New York Penta) across 7th Avenue. After having lunch in a restaurant
on the top floor of the 18-storey hotel, my family was taken to a luxurious suite
on the fourth floor. Even to this day that is the most luxurious hotel room I have
ever stayed in. The only fly in the ointment was that every match box in the room
bore the inscription "Remember Pearl Harbor". During our one week stay in the
hotel, we were not allowed to go outside, except once when we were taken to the
rooftop, from which I remember seeing the Empire State Building very close by.
Although we could not go shopping ourselves, we were able to ask hotel
employees to buy a few things for us. In that way we bought a few boxes of
Hershey's Kisses, which we took back to Japan. They became a family treasure
back home during the war.

Suddenly on the morning of June 18, the officers announced that we were to
board the ship that day. A bus took us to Jersey City across the Hudson River,
where we boarded the Gripsholm, a Swedish ship weighing 17,000 tons. At 11.25
p-m. on June 18, 1942, the Gripsholm departed from Jersey City carrying 1,500
Japanese diplomats and businessmen and their families. On the ship were many
famous pecople, some of whom I got to know well after I became an adult. They
included an internationally acclaimed xylophonist Yoichi Hiraoka, for whom my
sister played piano accompaniments in many concerts on the ship; Shigeto Tsuru,
a classmate of Paul Samuelson's at Harvard who later became my colleague at
Hitotsubashi University in Tokyo; Hachiro Yuasa, Ms. Kiyoko Cho and Ms. Tane
Takahashi, who later became the first president, a professor of history of thought,
and the head librarian, respectively, at the International Christian University, where
I obtained my B.A. degree; Shizuo Kakutani, a leading Japanese mathematician
famous among economists by his fixed-point theorem.

The Gripsholm arrived in Rio de Janeiro on July 3, took in more repatriates,
and departed the next day. On July 20 she reached her final destination, Lourengo
Marques. The next day we went shopping in the city, stepping on the earth for the
first time in a little over a month. The only thing [ remember about Lourengo
Marques is that my parents bought me the best lollipops I have ever tasted. On
July 22 the Asama-maru and the Italian ship Conte Verde arrived from Japan
carrying the repatriates going back to the United States and other Allied countries.
It was most exciting for the Japanese aboard the Gripsholm, especially for us
because we sailed on the Asama-maru a year ago, to discover the Asama-maru
from afar and watch her familiar {igure loom larger and larger as she approached us.
So many passengers gathered on one side of our ship to watch and greet the
Asama-maru that stewards came to warn us that the ship had started to lean toward
one side and urged some of the people to move to the other side.

July 23 was the day of the exchange. A long row of freight cars was placed on
the railroad tracks alongside the pier, and the Americans were to walk on one side
of the cars, and the Japanese on the other side. I have later heard that despite such a
precaution some people crossed the tracks between cars and greeted their old friends,
who were now on the opposing side of the conflict. The Japanese from North
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America boarded the Asama-maru, and those from Middle and South America
boarded the Conte Verde. The day after we boarded the Conte Verde we went
shopping in the city again; in a store we came across a few friendly Americans,
who had come out to the city from the Gripsholm, and we exchanged our U.S.
dollars with their Japanese yeh.

The two East-bound ships départed from Lourengo Marques on July 26 and sailed
alongside of each other toward home. I enjoyed my life on the Conte Verde. Our
cabin was comfortable and the meals were quite good. Except for a two-hour study
period, we had a lot of fun running around on the decks and up and down the stairs
over the several levels of the big ship as if going through a maze. In addition, there
were movies, concerts and even an athletic meet on the deck. After stopping over
two nights in Singapore, we came back to Yokohama on August 20. I cried, not
wanting to leave the ship.

I must hurry through the rest of my life story, as it is of less historical
significance. The foregoing journey, although consciously remembered mostly by
Wrigley's chewing-gums, Hershey's Kisses and lollipops, must have registered a
much deeper impact on the subconscious. A desire to go to the United States
gradually strengthened in my mind during my adolescence. I chose the International
Christian University (ICU) partly for the purpose of satisfying this desire.

A plan to found an international university based on Christian beliefs had been
formulated many years before the war, but it gained momentum after the war
through a joint effort of Japanese and American Protestant Christians. One of the
leaders of this project was Hachiro Yuasa, my fellow Gripsholm voyager, who
became the first president of ICU. ICU, patterned after a small liberal arts college
in the United States, admitted its first class in 1953 and I entered it in the
following year.

There were several international (mostly American) faculty members, and
lectures were given both in Japanese and English. Students were expected to
become bilingual; in the first year the Japanese students studied almost solely
English, and the foreign students, Japanese. By the time I graduated from high
school, T was able to read most difficult English books, but my hearing and
speaking were extremely deficient. By the end of my first year at ICU, I could truly
say I was fluent in English. I majored in economics, not because I wanted to study
the subject seriously but because in Japan that was the subject customarily chosen
by a student who did not have a clear idea of what field he or she wanted to
specialize in. Indeed, I did not study economics seriously and spent more time
reading American literature.

Even though my desire to go to America was intense, | did not start
contemplating any concrete plan to accomplish this goal until the deadline for
applying to graduate schools approached. When I sought advice, Prof. Alan
Gleason, who to this day has remained my revered teacher and friend, looking at
my less-than-B-average grades, rightly advised against my going to graduate school
right after graduating from ICU. Following his advice, I applied and was admitted
to Guilford College, a small Quaker college in North Carolina, as a nonmatriculate
special student. [ was recommended to Guilford by Prof. Iwao Ayusawa, a Quaker
and an internationally known scholar of labour rélations.

On August 3, 1958 I sailed from Yokohama aboard the N.Y K. freighter Shiga-
maruy. 1 was somewhat apprehensive about my uncertain future because [ still did
not have a concrete idea about what to do after one year in Guilford. I entertained a
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vague possibility of coming back after one year and working for an English-
language newspaper in Japan. At any rate I did not want to think too far ahead. I
would take one year at a time.

The life on a freighter was very pleasant. The ship carried only twelve
passengers, and there was a friendly, family-like atmosphere. It was a long voyage,
stopping at San Francisco and: Los Angeles, going through the Panama Canal, all
the way to New York City, arriving there on August 30. It was for me a nostalgic
return to San Francisco and New York City. I enjoyed sight-seeing in New York
for eleven days and in Washington, D.C. for two days, each time staying in the
home of my parents' friends. On September 11 I got on a Southern Railway night
train heading for Greensboro, North Carolina, and became all alone for the first
time. The train arrived in Greensboro early the next morning, where I was met by
someonc who took me to Guilford College only a few minutes away. The first two
days I stayed with Prof. and ijs Algie Newlin, friends of the Ayusawas, and then
moved to a dormitory. i

My year at Guilford was an enjoyable one. I owe much of this to the warm
hospitality of the Newlins on my frequent visits to their home and to my
friendship with my roommate Jeff Hartsell. I was also fortunate to meet my
English teacher Dr. Chauncey Ives and his wife. My and later my family's
friendship with the Ives continued until Dr. Ives' deathin 1992. (Mrs. Lves had died
a few years earlier.) Dr. Ives was a man of exceptional intelligence and courage. He
had a law degree from Yale and a Ph.D. in English literature from Harvard. His
first teaching job was at the University of North Carolina, from which he was fired
because he failed several football players. Then he moved to Guilford College,
from which he was fired again soon after I left Guilford because of his passionate
crusade to end segregation there. Afterwards he taught at a small women's college
in New Jersey until his retirement.

The year I was in Guilford, the equal-rights movement for the blacks under the
leadership of Dr. Martin Luther King, Jr. was just gaining momentum. I was in
the midst of a radical change in the American South. In 1958 most of the schools
in the South including Guilford were segregated; so were buses, restaurants and
public rest rooms. All this quickly changed soon after 1 left Guilford, beginning
with the famous sit-in strike at a Greensboro diner.

It is important to recognize that there is much more to the difference between the
North and the South than in their attributed attitudes toward race. Sometimes I
detect in the mind of the élite of the Eastern establishment irrational contempt and
aversion toward the South. The Japanese students who study in an Eastern
university and go home without experiencing the other cultures within the United
States tend to be influenced by this attitude. I am glad I went to the South first, to
become free of this bias. When I went to Guilford, it was only 13 years after the
end of the W.W.II, and I was a little bit anxious about how Americans felt about
the Japanese. There was no reason to worry because the Southerners remembered
the War between the States more vividly than W.W.II! One student said, half
jokingly and half seriously, "I hope you will be on our side when we rise again."

I was fortunate to have Dr. E. Kidd Lockard as my teacher of economics at
Guilford. I took his courses on Money and Banking and Public Finance, and these
subjects aroused so much interest in me that toward the end of the year at Guilford
I decided to apply for graduate schools. My plan at that time was to obtain an
M.A. in economics and then go home and work for a newspaper company. I was
accepted by the American University in Washington, D.C. with a small
scholarship ($350 a year as | remember), so I went there in the fall of 1959. All

49



xviii Studies in Econometric Theory

the graduate courses in the American Untversity were offered in the evening
starting at 7 p.m. to benefit those who worked in the daytime in U.S. government
or international agencies. I was able to sustain myself for two years by working in
the school library in the daytime, with the help of the scholarship and the savings
from a job as a camp counséllor during the two consecutive summers.

While attending the American university, I lived in the home of Mr. and Mrs.
Raymond Wilson, friends of both the Ayusawas and the Newtins. Living with the
Wilsons was a far better education than attending any university. Mr. Wilson was a
founder and Executive Secretary of the Friends Committee on National Legislation,
a Quaker lobbyist group, and was a man truly dedicated to world peace. The fact
that Mr. Wilson never received a Nobel Peace Prize has made me regard that prize
in very low esteem. Mr. Wilson took me to Congress and to conferences on peace.
In one of these conferences I heard a speech by Dr. Kenneth Boulding, a noted
economist and a pacifist, and was greatly impressed by it. I also learned a great deal
from his graduate textbook Economic Analysis. In 1991 I had the honor of
meeting him in person at the University of Colorado. Mrs. Wilson was an
extremely charming person whom everybody loved. She was like a second mother
to me.

The two years in Washington were fruitful academically, as well. I was exposed
to rigorous economic theory for the first time in the course on Soviet economy
taught by a young professor named Dr. Bowles. His stimulating lectures had a
great deal to do with my eventual decision to go on toward a Ph.D. At the same
time I gave up the idea of going into journalism and started contemplating a
teaching position after obtaining a Ph.D. In my second year at the American
University, I applied to several graduate schools. My main interest in economics in
those days was in the areas of Soviet economy and socialist economics; therefore,
my first choice was Stanford University, where Paul Baran taught. But, ironically,
I was rejected by Stanford and so went to Johns Hopkins University, which offered
me a fellowship. One never knows what is one's fortune and misfortune. Paul
Baran lived only for one more year and I went to Stanford as an assistant professor
in three years; most of the students who were admitted to Stanford in the same year
I was rejected were still there.

After obtaining a Master's degree from the American University, I went back to
Japan for the first time in three years. I took a train from Washington, D.C. to Los
Angeles and sailed from there on a freighter. It was a most exciting moment when
Japanese land gradually came into view. You do not get the same feeling if you go
by air. After a three-months vacation in Japan, I sailed again from Yokohama to
San Francisco and then took a train to Baltimore. This was the third and last time I
crossed the Pacific by ship, for soon afterward the N.Y K. discontinued the service
of carrying passengers on its freighters.

I am glad I went to Johns Hopkins. One gets a truly first-class education there
because of the small size of the department and the very close tie among the faculty
and students. One of its attractive features was that all the faculty members and all
the graduate students attended a weekly seminar. At first, seminars were frightening
because the participants seemed to take special pleasure in using jargon I had never
heard before, such as multicollinearity and heteroscedasticity. As time went by,
however, they turned out to be an excellent educational process. Taking Richard
Musgrave's course on public finance was another excellent educational process. 1
learned more economics from his well-known textbook Public Finance than from
any other book. Another attractive feature of Johns Hopkins was that professors
were casily accessible to graduate students. Most notably, Prof. Edwin Mills
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always kept his office door open and welcomed me whenever I wanted to speak to
him.

After completing the preliminary exams in the first year, I became a research
assistant to Prof. Mills in his project on the water resources development in the
State of Maryland because of my interest in economic planning and policy. But
later I found out that in order to do serious research in this area you have to know
the chemistry of water well, and after attending the geology library continuously
for about one month I became quite bored by hydrology and my morale was
weakened. So at the end of the second year Prof. Mills kindly relieved me of my
duty in his project, and at about the same time, following a suggestion of Prof.
Carl Christ, applied for a Ford Foundation dissertation fellowship in the area of
econometric theory. At around this time [ was beginning to be somewhat
disillusioned by economic theory in general, and I felt that by studying statistics I
could do useful things for a wider range of problems.

Having received the Ford Foundation fellowship, I started my dissertation research
in econometric theory in my third year at Hopkins, with Prof. Christ as the main
advisor. The other members of the thesis committee were Prof. Mills and Prof.
Geoffrey Watson of the Statistics Department. At first it seemed unlikely that I
would be able to complete the thesis in one year. When I learned in the middle of
the year that my father was perhaps terminally ill, I decided to try to complete it in
time for the June graduation so that I could go home with a diploma while my
father was still alive. I did in the end accomplish this objective, but it would never
have been possible without the kind help of Prof. Christ. I imposed on him to read
a draft of my thesis and comment on it in a far shorter time than a professor is
normally required to do. Now that I have advised many thesis students myself, I
have realized how much sacrifice he had to make to meet the deadline I forced upon
him. My father remained conscious and alert for one week after I came home and
died a week later. My thesis was eventually published as Chapters 1 and 6 in this
collection.

A memorable occasion during my last year at Hopkins was the annual
economists' meetings held that year in Boston. I was interviewed by more than
twenty professors representing ten universities. (I believe this was about an average
for a graduate student in the job market.) I have never experienced such hectic three
days in my life. For Stanford I was interviewed by Marc Nerlove, who later phoned
me from Stanford and offered me a position.

In the summer of 1964, I spent three months in Tokyo attending to my father's
funeral and other related businesses and joined the Stanford faculty in September.
During my second year at Stanford I received an offer of a lecturer's position from
Hitotsubashi University in Tokyo thanks to the help of Prof. Tsuru, whom I
mentioned earlier. I accepted the offer because a position in a major university in
Japan becomes available only infrequently. In the fall of 1966, I resigned from
Stanford and went to Hitotsubashi. For various reasons, however, I went back to
Stanford in the fall of 1968 as an associate protessor with tenure. During the two
years in Japan, I met Yoshiko Miyaki, a Japanese literature major at Ferris
Women's College in Yokohama. We got married in May 1969 and she joined me
in Stanford.

In 1968, the year I went back to Stanford, Téd Anderson left Columbia and
joined Stanford as professor of statistics and economics. He kindly suggested we
should apply for a research grant from the National Science Foundation together,
and from that time on we shared NSF research grants for many years. It was a very
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beneficial collaboration for me; on numerous occasions Ted offered me invaluable
advice on statistical theory.

During the first several years of ‘my research career, [ worked mainly on the
statistical problems of time series. Same of the time series papers I wrote in this
period are collected in Part I of this volume. One day in 1972 my colleague
Michael Boskin came to my office and asked me about statistical problems arising
in the model James Tobin ptoposed in his 1958 Econometrica article. T was
fascinated by the problems and the subsequent research led to Chapter 28 in this
volume. This was a turning point of my career; since then my research interests
have shifted away from time series toward limited and qualitative dependent
variables models, represented by Parts II] and IV of this volume.

In the meantime, our daughter Naoko 'was born in 1970 and our son Kenta in
1973. This book is dedicated to my family.

!
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