A=
H-

ASOCIACION ARGENTINA
DE ECONOMIA POLITICA

General tests for nonlinear restrictions under local
misspecification

Bera, Anil
Montes-Rojas, Gabriel
Sosa Escudero, Walter




(General tests for nonlinear restrictions under
local misspecification

Anil K. Bera* Gabriel Montes-Rojas!
University of Tllinois IIEP - BAIRES - CONICET

Walter Sosa-Escudero?
Universidad de San Andrés - CONICET

May 30, 2017

Abstract

This paper proposes a GMM based test for non-linear hypothesis
that is robust to locally misspecified possibly non-linear hypothesis.
That is, the procedure is based on an initial consistent GMM estima-
tor of the nuisance parameters under a given set of possibly nonlinear
restrictions. The new test for one particular non-linear hypothesis is
consistent and has correct asymptotic size independently of whether
the other also non-linear hypothesis are either correct or locally mis-
specified. As an illustration we apply them to the study of the rational
expectations (RE) and neutrality (NE) hypotheses. Contrary to previ-
ous findings, our alternative robust LM-type test estimates the model
under both RE and NE, and rejects the RE hypothesis.
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1 Introduction

Many relevant economic relationships imply non-linear restrictions on econo-
metric models. A relevant examples are the classic papers by Mishkin (1982a,
1982b) where rational expectations and money neutrality impose non-linear
restrictions on an otherwise linear model of GDP (or unemployment) and an
aggregate demand policy variable.

When the null model is easier to handle the Rao’s score or Lagrange Mul-
tiplier (LM) test is particularly convenient. A problematic situation arises
when the hypotheses under study interact, in the sense that a test for any
of them is affected by the validity of the others. Without loss of generality
assume that there are only two competing hypothesis. Bera and Yoon (1993,
BY hereafter) proposed a modified LM test LM for one hypothesis that is
unaffected by the validity of the other one. The BY test requires that: a)
both competing hypothesis are linear, b) the hypothesis not being tested for
is either valid or invalid in a local sense, c) a fully parametric, likelihood
model is specified. The BY principle has been successfully implemented;
some examples include Anselin, Bera, Florax and Yoon (1996), Godfrey and
Veall (2000), Bera, Sosa-Escudero and Yoon (2001), Baltagi and Li (2001),
Baltagi, Song and Jung (2002) and Montes-Rojas (2010,2011).

Bera, Montes-Rojas and Sosa-Escudero (2010) extended the BY principle

to the generalized method of moments (GMM) framework. More recently,



Chernozhukov, Escanciano, Ichimura and Newey (2016) construct locally
robust semiparametric GMM estimators inspired on the BY principle.

This paper proposes a GMM based test for non-linear hypothesis that is
robust to locally misspecified possibly non-linear hypothesis. That is, the
procedure is based on an initial consistent GMM estimator of the nuisance
parameters under a given set of possibly nonlinear restrictions. The new
test for one particular non-linear hypothesis is consistent and has correct
asymptotic size independently of whether the other also non-linear hypothesis
are either correct or locally misspecified.

In spite of the well known asymptotic equivalence of LM, Wald or likeli-
hood ratio tests, LM based tests are particularly convenient for the problem
under study. First, LM tests are usually favored when the restrictions un-
der the null hypothesis imply a practically convenient model. Second, LM
tests are invariant to the form of the nonlinear restrictions whereas Wald
type tests are not. As noted by Gregory and Veall (1985b) alternative alge-
braically equivalent configurations of the same null hypothesis may affect the
performance of Wald test significantly in small samples. Phillips and Park
(1988) study this phenomenon using asymptotic analysis. Finally, there is
not an obvious framework to robustify Wald type tests to the presence of
misspecified alternatives, a subject that, as mentioned previously, has been
already explored in the LM and GMM context.

As an illustration we apply them to the study of the rational expectations



(RE) and neutrality (NE) hypotheses. Mishkin (1982a,1982b), and later Bo-
hara (1991) among others, implemented Wald tests for the joint hypothesis
of RE and NE, and then marginal tests for each hypothesis assuming the
other one does not hold. They find that RE cannot be rejected and strong
evidence against NE. Gregory and Veall (1987) point out that Wald for RE
are extremely sensitive in small samples to the way in which the non-linear
restrictions in such models are parameterized (alternative tests are provided
by Hoffman and Schmidt (1981) and Gregory and Veall (1985a)). Interest-
ingly, and contrary to previous findings, our alternative robust LM-type test
estimates the model under both RE and NE, and rejects the RE hypothesis.

The rest of the paper is organized as follows. Section 2 presents the sta-
tistical framework and the assumptions on the data and parameters. Section
?? develops the robust LM tests for liner and nonlinear restrictions. Section
4 applies the tests to the macro rational expectations hypothesis. Section 5

concludes and discuss further research ideas.

2 Non-linear restrictions and local misspeci-
fication

Consider a set of m population moment conditions that will be used to
construct GMM estimators (see, e.g., Hansen (1982), Hansen and Singleton

(1982) and Newey and West (1987)),



E [g(z,60)] = 0, (1)

where g(z,0) is an m x 1 vector of functions of data and parameters, z is a
k x 1 random vector and 6 is a p x 1 vector of parameters.

When conditions (1) hold the sample moments

T
ZOREOIE)
should be close to zero when evaluated at 6 = 6.

Let 27(0) be an m x m positive semi-definite matrix. Define the loss func-
tion Qr(0) = —1g7(0) Q7' (0)gr (). For asymptotic efficiency and to sim-
plify the analysis we will assume limy_,oo Q7(0) = limp_,o Var[vTgrp(0)] ™' =
Q) and Q = Q(6) (see Hansen (1982) and Newey and McFadden (1994)).!

Let Vog(z,0) = 0g(2,0)/007 be the m x p Jacobian matrix of g(z,6),
G(0) = E[Vag(z,0)] and Gr(0) = %Zthl Vog(z,0). Define the counterpart
of the (pseudo) score as qr(0) = —Gr(0)2;:"(0)gr(0), and g; () the p; x 1
subvector. Also, let B(6) = G(0)TQ~1(0)G(9), Br(0) = Gr(0) TQ:*(0)Gr(0)
and B = B(fy).

Consider two potentially nonlinear sets of r; 4+ r9 = r restrictions,

IThis can be extended to the continuous updating estimator of Hansen, Heaton
and Yaron (1996). For instance, by a two-step GMM procedure where Qp =
%(Zle 9(2¢,07)g(z,070) 7)1 and Op is any first-step v/T-consistent estimator of 6
(Newey and McFadden, 1994, p.2217).



o= [y ] = [ ]

Define A(8) = Vya(f) and A = A(6y), an r x p matrix of rank r and
consider the partition A(0) = [Vgai(0)" Veazx(0)T]T = [A1(0)T A2(0)7]T.

We are interested in the null hypothesis H} : a;(6y) = 0 against the local
alternative HY : a1(6y) = di/v/T. The validity of a test for H} will in general
depend on a second restriction, HZ : ay(6y) = 0. When H? : ay(6y) = do/T
holds the model is locally misspecified in the sense that a hypothesis that is
not under scrutiny is false in a local sense. For completeness, define the joint
null hypothesis H}? : a;(6y) = 0,a2(0p) = 0 and let d = [d] dj]".

In order to construct the tests we will make the following assumptions,

as in Newey and West (1987).

Assumptions: (i) The data {2}, are random vectors that are the first
T elements of a strictly stationary stochastic process {z};2, and has a mea-
surable joint density function f(zi, ..., 27, 0) with respect to a measure I v,
where v is a o-finite measure on R”.

(i1) For each 8 € © C RP, the elements of g(z,0) are measurable in z and
[ 9(z,0)f(z,0)dv =0.

(iii) The vector g(z,0) is continuously differentiable on ©, almost everywhere
v, and a(0) is continuously differentiable on ©. For each positive integer

n > 2 the joint density f(z1,z,,0) is conlinuous in 6 almost everywhere



v xv. Also 0y € int(©) where © is compact.
(iv) There exist measurable functions hi(z) and hy(z), and ¢ > 1, such that

almost everywhere v, and for all @ € © and n > 2,

9(z,0)|* < hi(2), [09(2,0)/001> < hi(z),
f(2,0) < ha(2), f(z1,20,0) < ha(21)ha(22),

/[’Yl(z)]chz(Z)dv < 400, /hg(Z)dl/ < +o00.

(v) There exist constants C, € > 0 such that either, (a) for all 0 € O, {z}7°,
is uniform mizing with ¢(n) < Cn~¢, € > max{2,c¢/(c — 1)}, (b) for all
0 € O, {z}:2, is strong mizing with a(n) < Cn~¢, € > mazx{2,¢/(c —1)}.

(vi) For all 0 € O, E[g(2,0)] = 0 only if 0 = 0y. Also G has rank p, the

asymptotic covariance matric of \/TgT(QO) is nonsingular, and A has rank r.
Let the unconstrained GMM estimator be

07 = argmax Qr(0).
=E)

The assumptions and the results in Newey and West (1987) guarantees that
f7 is consistent and asymptotically normal.
A joint test for H}? can be constructed based the unconstrained estima-

tor, using a Wald test as a simple application of the delta method. Fol-



lowing Newey and McFadden (1994, p.2220) and the application to time-
series data in Newey and West (1987), under HY and H2, VT a(fr) = d +
AB='GQ V2N +0,(1) where N ~ N (0pn, In), s0 VT a(b7) % N(d, AB~TAT)
as T — oo. In a similar way, a marginal test for H} can be constructed with-
out reference to ay from /T al(éT) A N(dy,V,,) as T — oo where V,, is
the asymptotic variance-covariance of /T al(éT).

Define the constrained GMM estimator as

(67, Ar) = argmax Qr(6) — a(6) "),

9cONERT

where A is the vector of Lagrange multipliers.
The first-order condition (FOC) is
{ 0 } _ { qr(0r) — A(0r) "Ar }
0 a(6r) '
Consider the results in Newey and MacFadden (1994, p.2220) under H}
and H3,

| e =7 e b

where M = [ —B~/2AT(AB~Y2AT)"' AB~/? is a p x p matrix of rank p—r,
and N~ N(0,,, I,,,).

Define I' = (AB7'AT)"! = [I'] TJ]", an r x r matrix, and

GTQ V2N 4o0,(1),

1= (AB'AT)'AB~'GTQ V2 =[] 1I]]",

an r X m matrix. Partition of I'; and I'y into the components that correspond

to d; and ds, such that:



\/Tj\lT I'idy +T'ads IT;
~ = 1).
{ VT dor La1dy + T'oady * 1, N +op(1)

This shows that unless '\ = 0, a marginal LM tests for H& will be
contaminated by the validity of HZ. This result can be seen as an extension
of the results in Davidson and MacKinnon (1987) and Saikkonen (1989) to

a GMM framework with general non-linear restrictions.

3 Robust LM test with non-linear hypothesis

Note that ds can be written as
ngT = ([7"2 — FQQ)_I(\/T 5\2T — Fgldl — HgN) + 0p<1).

Then a robust tests for H} that is valid for either HZ or H%, can be con-

structed from
VT Mt — Diador = Tyydy + 11 N+ op(1),
such that
VT (5\1T —T'p(I — F22)715\2T) = (D 4+ Tia(ly, —Ta2) 'Toy)dy
+(ILy + Tia(ZLr, — Do) )N + 0,(1).

In particular, a LM test for Hj that is robust to local misspecification in

HZ can be constructed as

Sar(az)(A) = \/T(Fll + Dyo(Iry — Tag) 7' Tyy) " ()\1 — (1 — F22)_1)\2) )

10



with

SA )(S\T)i'/\/’(dh‘/%

a1(az
where V' = (I'11 4 Tia(L, — Dag) 'Toq) YTy + Tya(L,, — Do) 'Io)(IL; +
T1o(Ir, — Tag) 'MIp) T(Ty + Tig(Lr, — Dao) 'Tar) ™
Also note that the FOC’s of the constrained problem, g7 (07)—A(07) " Ay =
0, imply that Ay = (A(f7)")"qr(07) where ‘=’ denotes the generalized in-

verse of a matrix. Then Sg
1(a2

\(0r) = S

ai(az

)(S\T) is based on the restricted
estimator without using the Lagrange multipliers. This transformation has
the advantage that in many cases the restricted model is computationally
simpler than solving the constrained maximization.

Finally, the LM statistic for Hj that is robust to local misspecification in

HZ will be:

LMal(GQ)(Q) = Sgl(ag)(Q)Tv_lsgl(ag)(0>' (2)

The following theorem summarizes the above results.

Theorem 1. Under Assumption 1 and under HY and H?
5y d
LMa1(a2)(0T) — X12"1 (dIle)

as T — oo where d{ Vd, is the noncentrality parameter and V = (' +
T1o(Lr,—Ta2) 'To1) (I +T 1oLy, —Ta2) ML) (I1 4+ 115 (L, —Ta2) ~HI5) T (T +

io(1y, — I‘22)711121)71'

11



Remark 1. Note that in the case that as(0y) = 0,, can be safely assumed,
LMal (gT) i> X12"1 (df‘/ldl)a
where Vi = T ILITT T

Remark 2. In the case where a(0) is composed of hypothesis tests of single
parameters, i.e. ai(0) = 01 and az(0) = 0y, then LMal(@)(éT) is equivalent
to the LM robust test for specification testing in Bera, Montes-Rojas and
Sosa-Escudero (2010). In order to verify this note that A; and Ay become
vectors with 1s in the corresponding parameter components and 0 otherwise.
Moreover, \ir = qir(0r) and Mor = qor(07). Then, the tests correspond to a
pseudo-LM test. In fact, if the model is based on a likelihood framework and
q are score functions, then the pseudo-scores become scores and the tests are

in fact Bera and Yoon (1993) specification tests.

4 Empirical application: Testing the rational
expectations hypothesis

The Mishkin approach

One of the most widely discussed theories in macroeconomics has been the
macro rational expectations (RE) hypothesis. This hypothesis, which is due
mainly to Lucas (1973), implies that anticipated changes in aggregate de-
mand (e.g., monetary policy) will be incorporated into the economic agents’

behavior and will have no effect on real economic activity. Mishkin (1982a,1982b)

12



interprets that the RE implies that the anticipations of aggregate demand
will be formed optimally, using all available information. This view became
the focus of much empirical investigation.

Since the RE proposition is very controversial, it requires a thorough em-
pirical investigation using a wide range of econometric techniques. Mishkin
(1982a,1982b) proposes a feasible statistical and economic model to test for
RE.

The basic model consists of a forecasting equation (we use the notation

in those papers)

Xe = Zyy + wy, (3)
and an output equation
N1 N2
ve=y+ > B(Xiy = Ziy )+ Y 6% + e (4)
§=0 §=0

where X, is an aggregate demand policy variable (e.g., monetary aggregate),
Z,; a vector of macro variables used to forecast X; that are available at time t—
1, y¢ a real output variable, y; natural level of real output, (uy, ;) error terms
that are assumed to be uncorrelated with any element of the information
set available at time ¢ — 1, and {f; jy:lo, {6; ;\/:207 ~ and v* are unknown
parameters.

Mishkin’s model contains in fact two macro assumptions rather than one,

that is, RE: v = +* and neutrality (NE), J; = 0,Vj, which could be stated

13



as the null effect of anticipated changes in aggregate demand policy because
economic agents have already take this into account. Mishkin and later
Bohara (1991) produce tests for the joint hypothesis of RE and NE, and
then marginal tests for RE assuming NE is not necessarily satisfied, but
tests for NE assuming RE is satisfied (Mishkin, 1982a, p.26; Mishkin, 1982a,
p.791). Mishkin and Bohara both find that the RE hypothesis cannot be
rejected, but there is strong support against the NE hypothesis.

In particular, Bohara (1991), following Mishkin (1982a,1982b), proposes
a model for which X; = m;, the log of the first difference of M2, Z, =
(my_1,74-1,71_2,7—3) where 7, is the log of the first difference of the Treasury
bill rate. Then, the forecasting equation becomes (Bohara, 1991, p.338, eq.
(2))

My = Yo + Y1My—1 + Vole—1 + V3Tt—2 + Yalt—3 + Us. (5)
Consider then the case of Ny = Ny = 1 such that (Bohara, 1991, p.338, eq.

(3))
Y = y; + Bomy + Bimu—1 — BoZey" — P12y + 002 + 017417 + e (6)

Furthermore assume that y; = ¢¢ + ¢11—1 + ¢2y:—2. In turn this produces a

two-equation structural VAR (Bohara, 1991, p.338, eq. (5)),

14



[mt]_ 70}4_{ gh! V2 0}
Yt | %o YBo + (Br = Bovi +0177)  72Bo + (—Bovs + d0v5) b1
0 V3 0 } Tt_Q
(=817 F6vT) B0 + (—Bovs — Bivs +00ys +6175) ¢ yij
F 0 - 0 :| Tt73 N
| 0 7B+ (=Bovi — Bi7vs + dovi +d173) O y:z
[0 0 0} e +{ut]
0 (=B +617;) 0 - er |’
Yt—a
where (uy, e;) are white noise.
The null hypothesis of RE involves HEY : v = 45,70 = v5,73 = V35,7 =
73, and that of NE, HYF : §y = 0,0, = 0. Bohara (1991) considers the nonlin-
ear restrictions that would appear in the restricted VAR under HFP&HYF
given by
- My my_
me ] _ [ +[% e 0} . +[ 0 3 O} r:;
Yt | %o fi 0 ¢ ; B =By P2 a
Yi—1 Yi—2

0 =Sz 0O 0 =By 0

€t

Yi—3 Yt—4

Then he proposes an unrestricted VAR of the form

15
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- My
my . O 91,11 91,12 0 = 0 92,12 0
== + Tt—1 + )
Yt i o2 91,21 91,22 91,23 92,21 92,22 (92,23
Yi—1 Yt—2

[0 6315 O TH’ Lo 0 o0 TH [
0 O35 0 t=3 0 0490 0 t=4 ’
- Y3 Yt—4

and tests for the following nonlinear restrictions® being zero:

RENEL : 0201 + 01110121 =

=By + 017 + {1 Bo + (B1 — Bori + 61v5)} =

(Br+71B0)(m — ’Yfl—l-:yf(l +’Yl)514: 0,
RE NE

RENE2 : 02,20 + 01,1201 21 =

Y380 + (—=Bovs — Brvs + 0oz + 6175) + Y2{11B80 + (Br — Bori +6177)} =

22580 = 1) + B1(h2 —13) + Bo(ys —73) + 7500 + (12 +7271)91 = 0,
RE NVE

RENES : 0392 + 02,1201 21 =

YaBo + (—=Bovi — Brvs + dovi + 6173) + v3{711 B0 + (Br — Bori +6177)} =

Y360(y1 = 1) + Bi(ys = 93) + Bolya — i) + (3 +7173)0 = 0,
RE NVE

ZNote that there are 16 parameters in eq. (7) but only 14 in eq. (9). As such it would
not be possible to estimate the parameters first and then to construct Wald-type tests
unless additional restrictions are made.

16
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RENEA : 0420 + 031201 21 =
(—=B17; +6171) +va{1Bo + (Br — Bori +6177)} =

J4Bo(n — 1) + Bilya — 1) + (i +7174)0 = 0.

RE NE

To these we could add another simple one

RENE5 . 01722 = ,80(’)/2 — ’y;) —}—’)/;50 = 0
RE NE

Robust tests

The main issue here is how to construct tests for RE and NE, separately, and
that are robust to the presence of the other. Note that not all parameters
in each set of hypotheses can be separated from each other. In fact, all of
the above equations involve both RE and NE. Note, for instance, that in all
cases we have both d; and (71 — ), and as such, deviations from one cannot
be separated form the other. The same occurs with dy and (72 —~3). As
described below, the proposed methodology allows for a test for RE that is
robust to the (local) validity of NE.

Our proposed strategy is to estimate the restricted VAR model (8) un-
der the joint null HIFP¥NE  and then to make tests for H*Y under local
misspecification in HY'”. In particular, we can make the following tests for

RE:

17



1. HEFL: 3 = 4%, This could be done by considering RENE2 (involving
=7 = Y73 = 73,00 = 0,6; = 0) and local misspecification
in RENEL1 (involving v; = ~{,9; = 0) and RENE5 (involving v, =

’Y;,do = O)

2. HJ'F? : v, = ~;. This could be done by considering RENE4 (involv-
ing v = v, = 7,01 = 0) and local misspecification in RENE1

(involving v4 = 77,01 = 0).

3. HEE3 : vg3 = 42&~, = v}. This could be done by considering RENE3
(involving v1 = 77,73 = 73,74 = 71,61 = 0) and local misspecification

in RENE1 (involving v = 77,01 = 0).

Note that these does not require to assume NE, but rather they allow for
local misspecification in NE. This is an alternative test for RE that illustrates
the proposed robust testing strategy.

The tests are constructed as follows.

The GMM model can be constructed from the exogeneity assumptions

from VAR model (9). In this case

T
0 = [0n 0111 01,12 02,12 0512 02 0121 01,22 01,23 02,21 02,29 0223 05 29 94,22] .

Define w(0) = my — (6o1 + 01,01mu—1 + 110701 + 021072 + 031974—3) and
er(0) = ye—(0o2 + O120me—1 + 0120711 + O123Y1—1 + O2.20mi—o + B2 20712 + O 23y o+

03 9973 + 04.90r1—4). Then define the g;(#) estimating functions as

18



gor.4(0) = we(0), g1,11,6(0) = M1 (0), g1124(0) = rrawe(0),
92124(0) = ri—2wi(0), g3124(0) = ri—3us(8),
902,4(0) = €:(0), g1,214(0) = me1€:(0), g1,224(0) = re—1e4(0),
91,234(0) = ye—1€4(0), 9221,4(0) = my—2€4(0), g2,224(0) = 11-2€4(0),
92,23,t(9) = yt—26t(9)> g3,22,t(9) = 7’t—3€t(9)7 94,22,t(9) = 7“t—4€t(9)-
For this model m = p = 14. Let Qp(0) = 1/T>,_, ¢:(0)g:(0)" and
construct gr(f) and Gr(0) as above.
Note that under HEFENE model (8) can be easily estimated by first

running an OLS model using eq. (5) to get (Yor, Y11, Yor, Va1, Yar), and then

to run a second OLS model,

Yo = Qo+ P1yi-1+ Payi—o
+Bo(me — Jirmi—1 — YarTi—1 — Y31Tt—2 — YaTTt—-3)

+51(mi—1 — J1rMmi—9 — YarTi—o — Y37Tt—3 — YarTt—4) + €,

to obtain (¢or, 17, dar, Bor, Bir). These are then used to construct fr, the
set of parameter estimates in the unrestricted VAR model (9).

The tests can then be constructed based on defining the nonlinear restric-
tions a1(0) and ay(0):

- For Hé?‘El define a; (0) = 027224_(9171291721 and a2(6) _ 02,21 ‘291,1191,21
1,22

19



- For HéDbEQ deﬁne aq (9) = 04722 + 9371201721 and CLQ(Q) = 02,21 + 9171191721.
- For H§E3 define aq (Q) = 03,22 + 9271201’21 and a2(6’) = 92,21 + 9171191721.

From these LM, (4,)(f7) can be constructed in each case.

Data, constrained parameter estimates and test results

Table 1 presents the regression estimates of the forecasting and output equa-
tions. The data corresponds to that outlined by Bohara (1991), with the
series extended to 2015.

We consider first the individual LM tests for the hypotheses RENE1-
RENES5 in Table 2. The tests are constructed for the 1959-1986 and 1959-
2015 subsamples. In both subsamples the tests show that the RENE1 is
rejected, but we cannot reject any of the remaining RENE2-RENES5 hy-
potheses. This determines that either v, # 7 or §; # 0.

Table 3 reports the LM robust tests for RE1-RE3. In this case, the results
point that v = 73 in RE1 cannot be rejected, but there is some evidence
that v} # 4 in RE2 for the 1959-1986 subsample and marginal evidence for
1959-2015. RE3 offers clear rejections of the null hypothesis in both cases.
Exploring these results might reveal that it is likely that both ~ parameters
do not satisfy the RE restriction. This is due to the statistical significance of
the parameter estimates in the reduced form estimates under the joint null.
In particular, the results indicate that Sy is not statistically different from

zero, while f; is. RE1 is based on RENE2, where (v3—+3) is multiplied by S,

20



which is not significant in any subsample in Table 1. However, RE2 (based
on RENE4) has f; multiplied by (74 — 7;), while RE3 (based on RENE3)
has ) multiplied by (73 —73).

In summary, our developed methodology reveals that we are able to reject
the RE hypothesis, while the previous work by Bohara and Mishkin agreed

on its validity.

5 Conclusion

This paper extends the Bera and Yoon (1993) testing LM robust strategy
to time-series dependent data and general linear and nonlinear functions for
the hypothesis of interest and locally misspecified alternatives. The tests are
asymptotically chi-squared with degrees of freedom given by the dimensions
of the null hypothesis of interest, and with noncentrality parameter that
correspond to the null of interest and not to the misspecified alternative.

The possibility of using linear and nonlinear functions multiplies the num-
ber of potential applications. As an example......

Extensions....
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Table 1: Parameter estimates

Forecasting equation Output equation

1959-1986 1959-2015 1959-1986 1959-2015

For  .0125%FE  0071*F** | gop  .0053%*K  0040%**
(.0018) (.0010) (.0014) (.0008)

Fip AOLDRRE BTATRRE | Gy 2554%0F  9635%H*
(.0084) (.0560) (.0942) (.0655)

For  -.0201%%F  _0029 | gor  .1247 1987H**
(.0046) (.0020) (.0942) (.0655)
V3T -.0050 .0035% | Bor -.0092 .0256
(.0048) (.0020) (.1451) (.0756)

Jar  -0096%F  -.0010 | Bip  .3T93FFE 2052%FF
(.0047) (.0020) (.1451) (-0754)

Notes: OLS estimates. Standard OLS standard errors in parentheses.

Significant at 10%. ** Significant at 5%. * Significant at 10%.
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Table 2: LM standard tests

1959-1986 1959-2015

RENE1
LM stat  281.6962 8.0091
p-value [.0000] [.0047]
RENE2
LM stat .0890 .1496
p-value [.7654] [.6989]
RENE3
LM stat 6276 .0917
p-value [.4282] [.7621]
RENEA4
LM stat 1.5624 .2458
p-value [.2113] [.6200]
RENES
LM stat 2.2464 .0633
p-value [.1339] [.8013]

Notes: All statistics are central chi-squared with 1 degree of freedom under
the null hypothesis.

Table 3: LM robust tests

1959-1986 1959-2015

REL: 73 =73
LM stat 2.0907 1276
p-value [.1482] [.7209]
RE2: vy =7}
LM stat 6.0695 2.6152
p-value [.0138] [.1058]

RE3: 73 = 73&y =7}
LM stat  3.7667 6.3475
p-value [.0523] [.0118]
Notes: All statistics are central chi-squared with 1 deree of freedom under
the null hypothesis.
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