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A SIMPLE, POSITIVE SEMI-DEFINITE, HETEROSKEDASTICITY AND
AUTOCORRELATION CONSISTENT COVARIANCE MATRIX

By WHITNEY K. NEWEY AND KENNETH D. WEST!

MANY RECENT RATIONAL EXPECTATIONS MODELS have been estimated by the
techniques developed by Hansen (1982), Hansen and Singleton (1982), Cumby, Huizinga,
and Obstfeld (1983), and White and Domowitz (1984). These estimation techniques make
use of an orthogonality condition Eh,(6*)=0, where 6* is a (k x 1) vector of unknown
parameters and h,(0) is a (rx 1) vector of functions of the data and parameters, where
r= k. This orthogonality condition can be employed to form a generalized method of
moments (GMM, Hansen (1982)) estimator of 6* by choosing 6 as the solution to

(1) minhy(6) Wrhr(6),

where h-(0) =Y.T_, h,(6)/ T is the vector of sample moments of h,(6) and WT is a (possibly)
random, symmetric weighting matrix.

As shown in Cumby, Huizinga, and Obstfeld (1983), Hansen (1982), and White and
Domowitz (1984), the asymptotic covariance matrix of 6 is given by

(2) VT:(HT,WTHT)_IHT,WTSTWTHT(H,T WrHr)™!

where Hy =Y 1_, E[h,,(0*)]/ T and h,(0) is the (rx k) matrix of partial derivatives of
h,(9), Wy is a nonrandom matrix such that plim (Wr—Wr)=0, and Sr=
Zs Y7, E[h,(6*)h,(6*)']/ T. Consistent estimation of this asymptotic covariance matrix
is essentlal for the construction of asymptotic confidence intervals and hypothesis tests.
Estimation of Hy and Wi is stralghtforward since WT forms a natural estimator of Wy
and under the regularity conditions in Hansen (1982) or White and Domowitz (1984) it
will be the case that

P
(3) Hy— T=1 he(8)/ T — 0.

Estimation of S; is more difficult, and is also more important. As shown by Hansen
(1982), an optimal GMM estimator (m the sense that V- is as small as p0551ble) is obtained
when WT is a consistent estimator of (S;)~', so that estimation of Sy is also important
for the formation of an optimal GMM estlmator

The simplest estimator of Sy that has been proposed takes the form

m T

(4) Sr=0t T [0+ Q=% hhi /T,
t=y

where h =h, (0) The bound m on the number of sample autocovariances .(2 used to form
ST, is in many studies equal to the number of nonzero autocorrelations of h (6%*), which
is known a priori (e.g., Cumby, Huizinga, and Obstfeld (1983), Hansen and Singleton
(1982), and West (1986a)). In some studies the number of nonzero autocorrelations is not
known a priori and may not even be finite (e.g., West (1985, 1987)). In such cases S; may
still be consistently estimated by S (e, ST S+ -5 0) if m is chosen to be a function
m(T) of sample size and is allowed to grow slowly enough with the sample size (see
White and Domowitz (1984) and Theorem 2 below).

While S, is consistent, it need not be positive semi- -definite in any finite sample when
m is not zero. It follows that an estimator of V; that uses S, as the middle matrix need
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