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For some time, so-called empirical likelihoods have been used heuristi-
cally for purposes of nonparametric estimation. Owen showed that empir-
ical likelihood ratio statistics for various parameters 6(F) of an unknown
distribution F have limiting chi-square distributions and may be used to
obtain tests or confidence intervals in a way that is completely analogous
to that used with parameteric likelihoods. Our objective in this paper is
twofold: first, to link estimating functions or equations and empirical like-
lihood; second, to develop methods of combining information about param-
eters. We do this by assuming that information about F and 6 is available
in the form of unbiased estimating functions. Empirical likelihoods for pa-
rameters are developed and shown to have properties similar to those for
parameteric likelihood. Efficiency results for estimates of both § and F are
obtained. The methods are illustrated on several problems, and areas for
future investigation are noted.

1. Introduction. Likelihood is arguably the most important concept for
inference in parameteric models. Recently it has also been shown to be useful
in nonparametric contexts. For some time it has been used to obtain non-
parametric estimates of distribution functions [e.g., Kaplan and Meier (1958),
Vardi (1985). Recently Owen (1988, 1990, 1991), building on an earlier sug-
gestion of Thomas and Grunkemeier (1975), has introduced an “empirical”
likelihood ratio statistic for nonparametric problems. Owen has shown that
the statistics have limiting chi-square distributions in certain situations, and
has shown how to obtain tests and confidence limits for parameters, expressed
as functionals 6(F) of an unknown distribution function F. Other asymptotic
properties—and the possibility of correcting likelihood ratio statistics or their
signed roots—have been studied by DiCiccio and Romano (1989), Hall (1990),
DiCiccio, Hall and Romano (1989, 1991) and others.

Empirical likelihood, described in Section 2, provides likelihood ratio statis-
tics for parameters by profiling a nonparametric likelihood; the approach is
analoguous to that used for parameteric models, although it is computation-
ally more complex. Owen (1990) showed that for independent and identically
distributed (i.i.d.) data the approach applies to quite general parameters 6(F).
Owen (1991) made extensions to linear regression problems, and Kolaczyk
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