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A Brief History of Chow’s Program

When the editors of the book told me that this volume of reprinted articles was soon going to be published and asked me to
write a short history of the Chow program, I was delighted and honored. The authors of these articles went through the program
that I initiated to place Chinese graduate students to pursue a PhD degree in economics in US and Canadian universities in
1984-1988. Their amazing accomplishments were testified by these 42 outstanding articles covering the fields of theory, applied
micro, finance, econometrics, macroeconomics and international economics.

Having lived in the United States beginning in 1948 when I had entered Cornell as a sophomore I first returned to mainland
China in 1980 to teach econometrics at the invitation of the Chinese Academy of Social Science. Since 1980 I have returned
to mainland China often, about twice a year on average. A most significant visit was in June-July 1984 to organize and teach
a summer workshop on micro-economics at Peking University sponsored by the Ministry of Education. When I left Beijing
for Shanghai and Hangzhou I thought of the idea of a program to help place graduate students from China to study economics
at American and Canadian universities. | immediately sent a telegram (before the existence of email) to Mr.Wang Zenong,
Head of Bureau in the Minister of Education in charge of economics and legal education, and Mr.Wang Fusun, Head of the
Bureau in charge of foreign affair, to suggest this idea. They were to be responsible for selecting the students based on a test on
mathematics (analysis, modern algebra and probability) and a test on economics (with questions provided by me and based
on my book, The Chinese Economy, Harper & Row, 1985 but available in June 1984) . About three days later when I arrived in
Guangzhou visiting Zhongshan University, a telegram from Wang Fusun was awaiting me with a positive answer.

Early in January 1985, Wang Zenong sent me a list of eighty two students who had obtained 60 percent or better in both
tests. In the Economics Department at Princeton, we had a list of over 60 US and Canadian universities to which we sent folders
on our new PhDs as possible job candidates. [ simply used this list to send a letter concerning our program. This letter was
signed also by two to three other economists whom I had invited to teach in the summer workshops that 1 had organized.

I tried to send the letter to two to three universities for each student. It was not easy to determine which schools to select for
each student. Without better information I used the total score from the two tests to rank the students. Those with higher ranks
were recommended to higher-ranked schools. There was at least one safety school for each student. Only 62 students came in the
fall of 1985. There were a few more who were accepted but did not get financial aid. The Ministry of Education only provided
international travel. In a few cases, the Ford Foundation provided partial support. We are indebted to the American and Canadian

universities for financing the graduate education of so many Chinese students in this program. To the extent that [ failed to place




the best students to the top schools because of the lack of information other than the total score, my failure was compensated by
the resourcefulness of the good students who were able to transfer to better schools later on once they had an opportunity to get
started in a graduate school in North America.

The program went on for three years and was terminated in 1988 by the Ministry of Education. It became clear to people in
the Ministry that many students had no intention to return to China to teach. This prediction was right, at least in the short run.
To me, however, training talented young Chinese was a good thing in itself whether the beneficiary intends to return to China
or not. [ have not returned to China to teach on a full time basis myself and I am in no position to render judgment on others.
When the problem of brain drain from Taiwan was discussed in the late 1960s or early 1970s I recalled my good friend and
thesis adviser Arnold Harberger of the University of Chicago saying, “Whose welfare are we talking about when we discuss the
welfare of Taiwan affected by the brain drain?” Are we talking about the people living in Taiwan, or the people born in Taiwan
including those who choose to live abroad? Such a viewpoint may not be popular among some Chinese who have a high sense of
collective welfare for those living in China. In my case, I also believe in free choice in the sense of the book Free to Choose by
Milton and Rose Friedman. More to the point is that almost all of the authors of this volume have contributed significantly to the
advance of modern economics as a discipline and modern economics education in China in various ways, whether they reside in
the US for most of the time or not. This volume is an outstanding example since it will affect the way economists in China think
and do research,

I am very proud of the authors and other Chow testers and I am grateful that 1 was able to contribute to the development
of their career. What I did was simple and was not much energy consuming as explained earlier in this short history. It is their
tremendous effort and talent that have accounted for their success. All of us concerned with the development of economic
research, economic education and the Chinese economy in general look forward to their future contributions for years to come.

Congratulations to all authors and especially the four editors-in-chief for the publication of this volume of essays.

Gregory Chow (4RFE H:)
Princeton, NJ, USA
April 2008
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A SEMIPARAMETRIC MAXIMUM LIKELIHOOD ESTIMATOR

By CHUNRONG A1l

This paper presents a procedure for analyzing a model in which the parameter vector
has two parts: a finite-dimensional component 6 and a nonparametric component A. The
procedure does not require parametric modeling of A but assumes that the true density of
the data satisfies an index restriction. The idea is to construct a parametric model passing
through the true model and to estimate 8 by setting the score for the parametric model to
zero, The score is estimated nonparametrically and the estimator is shown to be YN
consistent and asymptotically normal. The estimator is then shown to attain the semipara-
metric efficiency bound characterized in Begun et al. (1983) for multivariate nonlinear
regression, simultancous equations, partially specified regression, index regression, cen-
sored regression, switching regression, and disequilibrium models in which the error
densities are unknown.

KeYwoRps: Kernel, semiparametric, nonparametric, asymptotic efficiency.

1. INTRODUCTION

A COMMON METHOD FOR ANALYZING data z=(x,y) is to presume that the
conditional density of y given x is given by a known relationship g(y |x, 8,, A,),
where 6, € ® represents the finite dimensional parameters and A, € A repre-
sents the infinite dimensional parameters. After specifying A, parametrically,
the maximum likelihood (hereafter ML) method is often applied. The ML
estimator (hereafter MLE) for 6, is consistent if A, is specified correctly, but it
is generally inconsistent if A, is misspecified. The main objective of this paper is
to extend the ML method to the case where A, is not modeled parametrically.

To accomplish this objective, we restrict our attention to a class of models for
which the density of the data satisfies an index restriction. The density of the
data satisfies an index restriction when there exists a variable transformation
(v(z, 8), v,(x, 8)) of known form such that

(11) q(y Ix, 00, )t()) =.’(Z, Oo)flvl(z, 00) | Uz(x, 0()), 0()],

where f[.|., 8] is the conditional density of v,(z, 8) given v,(x, 9) for arbitrary
0, and J(z, @) is the known Jacobian of the transformation from vz, 8) to y.
The proposed estimator is a natural extension to a ML setting of the LS-based
semiparametric estimators proposed by Robinson (1988a) and Ichimura and Lee

! thank my advisor Daniel McFadden for stimulating discussions and Jonathan Hamilton,
Hidehiko Ichimura, Lung-Fei Lee, Whitney Newey, David Sappington, Thomas Stoker, and Jeffrey
Wooldridge for helpful comments. I am grateful to a co-editor and three anonymous referees for
sugzgestions that improved the results and the presentation. All remaining errors are mine.

- “Throughout the paper, densities of continuous random variables are with respect to Lebesgue
measure, densities of discrete random variables are with respect to probability measure, and
densities of mixed discrete /continuous random variables are with respect to the product of the
probability and Lebesgue measure.
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(1991). Specifically, the basic idea of the paper is to consider the “parametric
model”

1.2 q(ylx,8,f)=J(z,0)f[v(z,0)v,(x,0),6] for 6€ 6O

where the functional form of the conditional density f[.|.,.] is fixed and
assumed to be known. If this form were indeed known, then ML estimation of
8, is the appropriate method. Since f[.|.,.] is unknown, we estimate f[.1.,.]
nonparametrically using observations on (v,(z, 8), v,(x, 6)).

Equation (1.1) is satisfied by many familiar econometric models. It is satisfied
by a partially specified regression model A,[y]=x)6,,+ A,[x} 60, +x3] +u, for
example, where A;[.] and A,[.] are functions of unknown form and u is
independent of x (the union of x,, x,, and x,) and has an unknown density
Aslul. This follows because, with 8, = (8}, 85,)’ and Ay = (A,, A,, A3), the condi-
tional density of y given x is

(1.3) q(ylix, 8y, Ay) = LA [y] —x16,5 — A [x% 0,5 + 2310+ [ X [y)],

which is also the conditional density of v, =y given v, = (x16,,, x50, +x),
where |.| denotes the absolute value and X,[y] denotes the derivative of A,[y]
with respect to y. Ichimura and Lee (1991) considered A[y]=y. In their case,
(1.3) can be viewed as the conditional density of v, =y —x}6,, given v, =x,8,,
+x,. Robinson (1988a) considered the case: A[y]=y and @,,=0. For his
model, (1.3) can be viewed as the conditional density of v; =y —x)6,, given
v, =x;. Thus, both Ichimura and Lee’s model and Robinson’s model satisfy
1.1).

A second model satisfying (1.1) is the selection model: d = 1{x}6+, > u,} and
y =d(x,8,, +u;) + (1 —dXx}, 0, + u,), where u (the union of u,, u,, and u,) is
independent of x (the union of x,, x,, and x,) with unknown density A [u] and
1{.} denotes the indicator function. To see why (1.1) is satisfied in this case,
define

- -

+o
ql(a,b,A0)=f (fb )\O[a,uz,u3]du3)du2 and

4o 40
q,(a, b, Ay) ‘=f (-/1; )to[ul,a,u3]du3)du1.

With 6, = (8}, 83,)', the conditional density of (y, d) given x is
(I(d’y Ix) 001 AQ)
=dg,(y — X6, X365, Ag) + (1 = d)gq,(y — x5, X305, Ay),

which is also the conditional density of v, = (d,d(y —x}6,,) + (1 —dXy — x,0,))
given v, = x, 6;,. When d is not observed, the conditional density of y given x is

q(ylx, 6, Ap) =q,(y —x18yy, x305, Ap) +q,(y — x50y, X585, Ao)s
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which is also the conditional density of v, =y —x}0,, given v, =(x6,,—
x 0,4, x3605,). Note that, under the restrictions x} 8, =x}6,) —x,6,, and u; =u,
—uy, the model is a disequilibrium model. Thus, the disequilibrium model
* satisfies (1.1). Also, note that, when the dependent variable is generated accord-
ing to y = d(x}6,, + u,), the model is a binary selection model. For this model,
the conditional density of (y,d) given x is also the conditional density of
v, = (d,d(y —x16,y)) given v, = x,0y,.

A third model satisfying (1.1) is a simultaneous equations model H(y, x, 6,) =
u, where u is independent of x and has an unknown density Aj[u] and where
H(.) is a function of known form. The conditional density of y given x is
J(y, x, 00)* AJ H(y, x, 6,)], where J(y, x, 6,) is the Jacobian of the transforma-
tion from H(y, x, 8,) to y. Equation (1.1) is satisfied since Ay[.] can be viewed
as the density of v, = H(y, x, 6,).

Other examples of models satisfying (1.1) include: (i) duration models; (ii)
limited dependent variable models in which the structural component is partially
specified and the distribution of the stochastic component is completely un-
known; and (iii) all these and other models in which the disturbances depend on
the regressors only through a parametric function of the regressors.

Let z;=(x;,y;) for i=1,..., N denote sample observations and let m(z, 0, f)
= d In[g(y Ix, 8, f)]/36. Denote the sample score for model (1.2) by S,(8) =
XL, m(z;, 6, f). Then, if f[.].,.] were indeed known, standard arguments imply
that the MLE, 6y, which solves S v(0y) =0, is VN consistent and asymptotically
normal under regularity conditions (Hansen (1982)). Since f[.|.,.] is unknown,
6y is not feasible. We estimate f[.|.,0] nonparametrically and then estimate
m(z, 6, f) and Sy(9). Let SN(B) denote the estimate of Sy(6). We show that
the estimator, ON, which solves Sy(8,) =0, has the same asymptotic distribution
as 0N Thus, GN is asymptotically as efficient as 0N

Since BN is as efficient as the (infeasible) MLE 8y, the asymptotic efficiency
of @, (in the sense of attaining the semiparametric efficiency bound character-
ized in Begun et al. (1983)) can be ascertained by checking the efficiency of Oy
We show that BN attains the semiparametric efficiency bound for the model

(1.4) {q(ylx,ﬂ,f): for all € @ and f’e?’},

where F= {all flv, | v,, 8] satisfying: () flv, | v,,60]=0 and Gi) [flv, | v,, 8]dv,
=1}.* However, model (1.4) is generally less restrictive than the model of
interest:

(1.5) {g(y1x,8,)):forall 6 @ and A € A}

3Since multivariate nonlinear regression models are special cases of simultancous equations
models, (1.1) is also satisfied by nonlinear regression models.
‘7 is a set of conditional densities.
>Note that the forms of g(y lx, 6, f) and g(y |x, 8, A) are not necessarily the same; q(y |x, 8, f) is
given by (1.2).
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Thus, 67N generally does not attain the semiparametric efficiency bound for (1.5).
Despite a lack of a general result, “parametric models” satisfying (1.1) are
constructed for all of the classes of models described above, and the (infeasible)
MLE 6, based on these “parametric models” is shown to attain the semipara-
metric efficiency bound for (1.5).

It is interesting to note that

(1.6)  J(z,0)flv(z,0) lvyx,8),86,]

is also a “parametric model” satisfying (1.1), where f[.|.,8,] is the conditional
density of v(z, 6,) given v,(x, 6,). Since f[.|., 6,] is unknown, ML estimation
of model (1.6) is infeasible. However, suppose that one has available a VN
consistent estimator 8, of ,. Then one could form a nonparametric estimate f
(say) of f[.1.,6,] using observations (v,(z;, 8y), v,(x;, 6y )). Using trimming and
the sy-approximation described below, ML estimation of model (1.6) can be
performed and the MLE BN can be obtained. But, 0N cannot improve upon the
efficiency of BN regardless of the efficiency property of the initial VN -consistent
estimator 6y. This follows because: (i) f is a consistent estimate of the true
value of the nuisance parameter fC.1.) of (1.4) (thus 6, is just a semiparametric
estimator of (1.4)), and (ii) 6, attains the semlparametrnc efficiency bound for
(1.4).

The econometric literature on semiparametric estimation is large. The papers
most closely related to our approach are those by Gallant and Nychka (1987),
Severini and Wong (1991), Newey (1990), Klein and Spady (1993), and Lee
(1989, 1990). Unlike the approach here, the first three sets of authors replace A,
with a sieve and estimate 6, together with the sieve parameters by either ML
estimation or GMM. None of these studies, however, has given explicit condi-
tions on the sieve so that their estimators are YN consistent. The last two sets of
authors, on the other hand, construct “parametric models” to satisfy (1.1) for
discrete response models. Our approach is an extension of theirs to more
general semiparametric models.

Other related studies include Bickel (1982), Manski (1984), Newey (1989),
Robinson (1988a, 1991) and Ichimura and Lee (1991). While Robinson (1991)
and Newey (1989) proposed best estimators for simultaneous equations models,
Bickel and Manski studied adaptive estimation of these models. For a partially
specified linear regression model, Robinson (1988a) proposed an estimator that
attains Chamberlain’s (1992) bound under homoskedastic errors, whereas
Ichimura and Lee suggested a least squares procedure for an index regression
model. Our estimation procedure can lead to efficient estimators for all these
models under independent errors and, thereby, extends these studies.

The paper is organized as follows. Section 2 describes a nonparametric
estimation scheme. Section 3 derives asymptotic results for the proposed estima-
tor. Section 4 constructs efficient estimators for all of the example models
above, and Section 5 concludes the paper. Technical proofs are relegated to the
Appendix.
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2. NONPARAMETRIC ESTIMATION

We first describe a scheme for estimating Sy(8). Decompose f[ .1 ., 8] accord-
ing to

flv(z,8) 1 vy(x, 8), 8] =filv(z, 8), 01/f,[v,(x,6), 8],

where f)[.,0] denotes the joint density of v(z,8)=(v(z,0),v,(x,8)) and
f,l., 8] denotes the marginal density of v,(x, 8) for arbitrary 6. Substituting the
expression for f[.1., 8] gives m(z,0,f)=m(z,6, f,, f,)mz, 9, f,, f,), where

dn[J(z,8)]
m(z,9, f,,f,) = -——d—-——fl[v(z 8), 01f,[vy(x,6),6]

df\[v(z,0),0]
+_._._.—.__.__

40 fz[Uz(X,o), 9]

df,[v,(x,6),0)

~ filu(z, 0), 01— —,

my(z, 0, f, [,) =1/(f\[v(z, 6), 61f,[v,(x,8),0]), and d/d6 denotes the total
derivative with respect to 6. Next, we estimate f[.|., 8] by estimating fi[., 8]
and f,[., 8]. We estimate f[.,8]and f,[., 8] by the kernel method described in
Silverman (1986).

It is most convenient to assume that the elements of v(z, ) are continuous,
though kernel methods can handle the case of both discrete and continuous
elements.

ASSUMPTION 1: v*(z, 0), the kth element of v(z,8), is a continuous random
variable for each k and 0.5

Let m and m, denote the dimension of v(z, ) and v,(x, ), respectively. Let
K,[v] and K,[v,] be known symmetric functions and let &, and h, be band-
widths. Then, kernel estimators for f,[v, 8] and f,[v,, 8] are

o v—v(z;,6)
filv,8]= Nh;" ]ZI ———hl ] and
R —v,(x;,6)

’ 0 ) - 5
fZ[vz ] th JZl h2 ]

Let f'; and fA2 denote fl[., #] and f;[., 6] respectively. Then, m,(z, O,fl,fz) is
an estimate of m(z, 8, f, f,).

Note that my(z, 0, f,, f,) is unbounded when fi[.,.] is not bounded away
from zero.” When this happens, m,(z, 0, f,, f2) does not converge to

SThis assumption is not essential for the results below. Extensions to the case of both discrete
and continuous elements are straightforward. See the discussion following Theorem 1.

7For instance, in the simultaneous equations example, the density of H(z, 8) is not bounded away
from zero because the support of H(z, 8) is (—, +).




