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Abstract In this paper we summarize the results of Czellar and Ronchetti (2010),
where accurate parameter and overidentification tests for indirect inference are de-
rived. Under the null hypothesis the new tests are asymptotically x2-distributed with
a relative error of order n—1. They exhibit a better finite sample accuracy than clas-
sical tests for indirect inference which have the same asymptotic distribution but
with an absolute error of order n~%/2, Robust versions of the tests are also provided.
Their accuracy is illustrated in various models, including nonlinear regression, Pois-
son regression with overdispersion, and diffusion models.
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In complex models where the likelihood function is not available in closed form,
indirect inference provides a broad class of estimators which includes the method
of moments and the generalized method of moments estimators (Hansen,1982)
with additively separable orthogonality functions, and the simulated method of mo-
ments estimators (Lee and Ingram, 1991; Duffie and Singleton, 1993). Indirect in-
ference estimators were introduced by Smith(1993) and Gouriéroux, Monfort, Re-
nault (1993), and have now been applied in a variety of fields, including finance and
biostatistics. Good surveys on indirect inference are provided by Gouriéroux and
Monfort (1996), Heggland and Frigessi (2004) and Jiang and Turnbull(2004).
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In this paper we focus on testing for indirect inference. The Let yi,...,yn be a
random sample from a distribution Fg, where 6 € OP is an unknown parameter.
If the direct estimation of O is unfeasible, choose a simple(r) auxiliary estimator
ft € 0", r > pwhich can be written as an M-estimator defined by

3 w0 ) =0, &)

where W is an appropriate function. Then for a given one-to-one function u : OP —
0" and a given symmetric, positive definite matrix Q € 0" x 0", the indirect infer-
ence estimator 6 is defined by

6 = argmin{fi - p(6)}T Q{1 u(6)}, @)

i.e. 6 is the value of the parameter O such that u(é) is closest to [i as measured
by the metric defined by the matrix Q. The function u(8) is typically chosen as
follows.

1. The function p(8) = Er,(f1), or plimg, i, is deterministic and is often called
binding function, or bridge relationship, or target function.

2. The function u(6) =m~15™, [i(9(8) is obtained by simulation, where for each
s=1,...,m [1¥(8) is the auxiliary estimate calculated using simulated data

{y"®(6)} generated from Fg, and m > 1 is fixed.

3. An alternative choice obtained by simulation is
p(6) =argmin,m-1y™, £y, {y@(@)}], where _Z is the objective function
associated with the auxiliary estimator, i.e. 8.2 /du[fi;{yi}] = 0.

Assume that the parameter 6 is partitioned into (6],6])T, 6, € OPL and 6, €
OP~P1 and consider the null hypothesis Hg : 61 = 61¢. In the indirect inference
setting, likelihood ratio-type tests are based on the optimal value of the objective
function in (2), i.e.

W(8,6°% Q") = {fi — u(6°)} T Q* {1 — p(6°)} — {ii — u(6)} T Q" {fi - u(e)}(s)
where Q* is the inverse of the asymptotic variance-covariance matrix of the auxil-
iary estimator under the true data-generating model, and B¢ is the constrained in-
direct inference estimator under Ho. In contrast with standard likelihood ratio tests,
the factor 2 does not appear in front. Under the null hypothesis nW(8, 68, Q*) is
asymptotically Xgl-distributed.

The classical test for the validity of the overidentifying conditions (r > p) is given
by the J test: . . .
36,0 = {fi—p®))TQ {i—ub),
where nJ(é) is asymptotically xrz_p-distributed. For the simulation-based indirect
inference, the W and J statistics are premultiplied by m/(m+1). In general, the
optimal weighting matrix Q* is unknown and needs to be estimated by a consistent
estimator, for instance Q* = Myl M, with My, =n-t3, 0¥ /auT (y;; i) and
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I =n"ts {W(yi; )% (yi; [1)}. The x2-approximations to the distributions of
the W and J tests have an absolute error of order n=%/2 and their finite sample accu-
racy can be very poor and lead to misleading inference; see e.g. Michaelides and Ng
(2000) and Duffee and Stanton (2008). To improve this, we introduce saddlepoint
tests based on indirect inference estimators.

In the just-identified case (r = p) the saddlepoint test statistic is defined by

S(6) =ipfsup { ~logEry, o, (PN WiV H@LGIH) |, @

where 8 = (6] ,6])T is the indirect inference estimator given by (2). Then, under
Ho, 2nS(64) is asymptotically Xgl—distributed with relative error of order n—1. This
corresponds to the test introduced by Robinson, Ronchetti, Young (2003) for M-
estimators and has the additional advantage that it does not require the knowledge
of Q*.

A nonparametric version of the test is also considered when the expectation in (4)
does not have a closed form. Moreover, an important extension to the overidentified
case (r > p) is provided, which plays a crucial role in econometrics, where it is well-
known that the accuracy of the x2-approximation of overidentification tests can be
Very poor.

We show by simulation in various models, including nonlinear regression and
Poisson regressio with overdispersion that saddlepoint tests are very accurate down
to small sample sizes. They outperform in accuracy the classical tests with both
nonsimulation-based and simulation-based indirect inference estimators.

Finally, we introduce robust versions of the saddlepoint tests. They provide ac-
curate inference in the presence of local deviations from the stochastic assumptions
of the model and we illustrate their performance in diffusion models. In some cases
they outperform nonrobust saddlepoint and classical tests even when there are no
deviations from the assumed model.

Our paper is related to several earlier contributions, in particular work by Robin-
son, Ronchetti, Young (2003), L6 and Ronchetti (2009), Kitamura and Stutzer
(1997), and Sowell (1996, 2009).
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