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Abstract
The Dynamics of the Trade Balance and the Terms of Trade: A
Frequency Domain Analysis
Elias Vogelis. Ph.D.

C'oncordia University. 1995

Two well known international macroeconomic phenomena are the countercyclical
movements of net eaports. and the sluggishness with which the trade balance re-
sponds to changes in the terms of trade. Standard textbooks describe the dynamic
relationship between output. the trade balance. and the terms of trade under the
general rabric of the “J-curve”™. due to the fact that the graphical representation of
the path of the nominal trade balance responding to a depreciation of the home cur-
rency resembles the letter J. Recent empirical and theoretical research in this area
has stressed the importance of a general equilibrinm perspective. Extant dynamic
general equilibrium models of the J-curve are nonlinear rational expectations models.
and the preferred empirical framework for evaluating models of this type has been
calibration and simmlation

Within this framework. rescarchers calibrate a model. approximate a solu-
tion. and then simulate the approximation to compare various properties of the simu-
lated data (i.e. moments)to the same properties of the historical data. Typically. the

comparison between actual data and simulated data has been done using time domain
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statistics, and the fuil dynamic properties of the models are 1arely investigated.
This thesis proposes a set of frequency domain test statistics that are conve
nient to apply within the calibration and simulation framework. and which summarize
all of the information in the anto and cross-covariance functions of the variables under
investigation. The diagnostic statistics are applied to evaluate the frequencey domain
properties of a general equilibrium international business evele model of the J-curve.
The theoretical model fails to replicate the multivariate frequeney domain properties
of output. the trade balance. and the terms of trade. As a result, the inclusion of a
stochastic measurement error is considered as tool to reconcile the theory with the

data.
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Chapter 1

Introduction

Business cycle research has always represented an important part of empir
ical macroeconomics.  Theoretically the often quoted argnment that “all husiness
cycles are alike™ has suggested that a grand unifving theoretical framework may exist
to understand and explain cvclical fluctuations in economic variables.” While most
empirical rescarch has been undertaken in a domestic framework. the growth in inter
dependencies between developed economies has sparked an interest in international
aspects of business cveles,

In recent years. theoretical work on international business eveles has primar
ily taken place within the context of real business eycle theory, As initially conceived,
real business cycle theory explained aggregate fluctuations as the consequence of flue
tuations in the pace of technological change (Kydland and Prescott (1982) and Long
and Plosser (1983)). although it was immediately clear that the methodology was

more generally applicable to a wide variety of models. An interesting feature of the

'Lucas (1977) has persuasively argued along these lines




cmpirical evaluation of these models has heen an almost exclusive reliance on cali-
bralion and simulation as the method of choice for comparing the model properties
with the properties of historical time series. Within this framework, researchers cali-
brate (choose parameters). then simulate a theoretical model of interest and compare
various properties of the simulated data (i.e. moments) to the same properties of
the historical data. Within this framework Backns. Kehoe and Kydland (1993), have
modeled international business cvele responces as arising from gencral equilibrium
responces to technology shocks. They found evidence that an international version
of a real business evele model can account simultaneously for the familiar domestic
co-movernents and several international co-movements.

Most of this research has used time domain methods to characterize the data
and evaluate the theories. While time domain methods are perhaps more intuitive to
cconontie theorists, frequency domain methods may provide more useful information
when examining the business cycle  properties of macroeconomic time series. Many
authors define  the business evele within the frequency domain. either as the exis-
tence of common peaks in univariate spectral densities across major macroeconomic
aggregates, or as the presence of high pairwise cohierencies at low frequencies where
most macrocconomic time series with “typical™ spectral shapes have power (Sargent.
(1987)). This thesis argues that inference in the frequency domain is a useful way
to explore the eyclical properties of general equilibrium international business cycle
models, and proposes a set of frequency domain diagnostic tests for evaluating the
dynamic properties of these models.

The diaguostic tests measure the distance between spectral and cross-spectral



distribution functions estimated from historical time series. and spectral and eross
spectral distribution functions estimated from simulated data. With these diagnostic
statistics. it is possible to examine the distance bet ween simulated and historical spee
tral distribution functions over a particular region of frequencies. in order to provide
direct evidence as to the ability of macroeconomic maodels to “explain™ the business
cycle when evaluated over business cycle frequencies. As spectral densities and dis
tribution functions incorporate all of the information in auto- and cross-corariance
functions. these tests provide a convenient sunmary of the ability: of the madel 1o
replicate the complete temporal behaviour of the endogencus variables in the model.
The empirical methodology borrows extensively from the Literature on univariate
spectral shape tests for serial correlation developed by Durlauf {199:3), and extended
to multivariate situations in Willson (1993). In turn. the literature on shape tests was
originally designed for examining hypotheses concerning probability density and dis
tribution functions: the teehniques proposed here ave the freqgueney domain analogs of
the two-sample tests for probabilit v distribution functions disenssed in Durbin (1973).
Within the calibration framework. our statisties are the frequeney domain analogs of
the time domain procedures developed in Gregory and Smith (1991).

Several economists have used frequency domain procedures 1o address dil
ferent issues related to a certain degree to the international business evele. Dellas
(1986). in an attempt to analyze the generation and transmission of economie fluctu
ations across countries. estimates the spectrum for four countries and also estimates
the coherencies (done in a pairwise form) hetween all the possible pairs. Gerlach

(1988). uses spectral methods to measure the correlation between out put fluctuations



for different exchange regimes. Altug (1989) estimates the theoretical spectra of a real
business eyvele model and uses them as a tool for estimating the model parameters.
The two studies that are most closely related to our research are Soderlind (1992) and
Watson (1993). Watson (1993) suggests a number of frequency-domain procedures
for evaluating general equilibrinm models: however., he treats the theoretical model as
necessarily false and subject to random measurement error, and attempts to ascertain
the properties of the measurement error required to reconcile theory with the data.
Soderlind (1992) compares theoretical coherencies from the real business ¢y cle model
of Kydland (1988) with coherencies from the data. using the framework suggested in
Gregory and Smith (1991).

Two applications of these diagnostic tests are considered. First. the test
statisties are employed to evaluate the dynamic properties of the relationship between
the trade balance. output. and the terms of trade. Recent empirical research within
the calibration and simulation framework has suggested a striking empirical regular-
ity, dubbed the "S-curve™ by Backus. Kehoe. and Kydland. for the cross-correlation
function between the trade balance and the terms of trade for the majority of in-
dustrialized countries. Chapter three of this dissertation investigates the frequency
domain properties of their model. The empirical results suggest that the model prop-
erties are very sensitive to the approximation method emploved in the solution of the
model. and the frequency domain properties of the model differ significantly from the
historical data in a wide variety of cases. As a second application. measurement error
in trade statistics is considered as a possible reason for the empirical rejection of the

model in Chapter 3. The frequency domain properties of the model under a variety



of plausible measurement error specifications are considered,

The thesis will proceed as follows: Chapter 2 develops the diagnostic tests
and discusses their application within the calibration and simulation framework, and
within the context of classical frequency domain econometric procedures. Chapter 3
employs these tests to evaluate the Backus, Kehoe and Kydland (1991} model of the
relationship between the terms of trade. output. and the trade balance. Chapter |
provides some motivation for the existence of measurement ervov in trade statisties
a~ a plausible reason for the empirical results in Chapter 3. lu addition, Chapter |
develops a theoretical relationship between the spectral matiis for the endogenons
variables in the model without measurement error. and the spectral matrix for the
same variables when it is assumed that they are observed with etror. Chapter 5

concludes and suggests avenues for future rescarch.



Chapter 2

Spectral Shape Diagnostics For

Evaluating Business Cycle Models

This chapter develops a set of frequency domain diagnostic tests that can
be nsed to evaluate the dynamic behavior of economic models. While these tests are
potentially useful in a wide variety of situations. the methodology is ideally suited
to the evaluation of nonlinear dynamic general equilibrium models that are often
associated with the real business cyele literature. Within this class of models. the
predominant empirical methodology is calibration and simulation. where researchers
choose parameter values for the model under consideration. solve the model numer-
ically using one of several possible approximation techniques, and then simulate the
model to compare the properties of the model with the properties of historical time
series that the model attempts to explain.

An important feature of this research framework is that formal multivariate

estimation and inference procedures for comparing the model with the data are rarely

.



applied. although it is well known that classical econometric procedures such as (MM
and maximum-likelihood can be applied in many cases.! Instead, a fair degree of
latitude is often emploved in the selection of parameter values in the calibration
stage. with information from a wide varicty of aggregate and disaggregate sources
often being combined in an ad hoe manner. As these models are primarily nonlinear,
researchers must also choose a method for obtaining an approrumate solution to the
model, and in many cases the statistical properties of the approximate solutions

2 Once a model has been simulated,

vary substantially across solution techniques,
properties of the sinulated time series (usually moments) are compared with the
same properties of the historical time series to evaluate the validity of the model. In
practise, this comparison is made using “the eveball™. or by using the variability in
the simulated moment to gauge the distance hetween the historical moment and the
mean of the model moment evaluated over a large number of simulations.

It is important to realize that the absence of a formal, completely specitied
framework for estimation and inference in the calibration and simulation framework
is actually viewed as an advantage by some rescarchers. For example. Prescott (1956)

argues

“The models constructed within this theoretical framework are neces
sarily highly abstract. Consequently they are necessarily false, and sta
tistical hypothesis testing will reject them. This does not imply, however
that nothing can be learned from such quantitative theoretical exerdises,
I think much has already been learned and confidently predict that nch
more will be learned as other features of the environment are introduced.”

YGregory and Smm*h (1993) provide an excellent discussion of the relative merts of traditional
estimation techniques such as GMM and ML, and cahbration and simulation

*Taylor and Uhlig (1989) provide a striking illustration of the sensitivity of the properties of
simulated time series to different approxumation techniques




Along these lines. calibration and simulation exercises can provide impor-
tant diagnostic information concerning the dimensions in which a model is consistent
and/or inconsistent with the data, while avoiding the modelling of extra parameters.
From this perspective. calibration and simulation exercises are not necessarily incom-
patible with formal econometric methods. but represent procedures for suggesting
profitable modifications to existing models or new avenues for research.

Oue prominent characteristic of the majority of studies within the calibration
and simulation framework is their reliance on time domain statistics to represent the
dyvnamic characteristies of the economy under consideration. Ty pically. researchers
only consider the first order autocorrelation coefficients. and higher order autocorre-
lations as well as cross-correlations at leads and lags. are rarely investigated.® As a
result. the complete dynamic properties of these models are rarely compared with the
data. This chapter develops a set of convenient diagnostic statistics for the evaluation
of the dvnamic properties of nonlinear dynamic general equilibrium models within the
calibration and simulation framework.

The diagnostic statistics developed here are hased on comparisons between
spectral and cross-spectral distribution functions for simulated and historical data.
For a univariate time series. the spectral density function is the fourier transform
of the autocovariance function: for a bivariate time series. the cross-spectral density
function is the fourier transform of the cross-covariance function. These frequency
domain diagnosties summarize all of the information in the auto and cross-covariance

functions for the time series under consideration, and therefore represent convenient

Mecent exceptions are Backus, Kehoe, and Kydland (1994) and Brandner and Neusser (1992).



summary measures of the distance between the medel and the dynamic properties of
the data.

Perhaps more importantly. focussing on frequency rather than time domain
diagnostics can potentially provide important new insight into the dynamic behavior
of economic models. Some authors define the business cyele in the frequency do
main. either as the existence of a peak in the univariate spectral density at husiness
cycle frequencies. or as the existence of high pairwise coherencies at business evele
frequencies (Sargent. 1987 pp. 282). From this perspective, it seems natural to em
ploy frequency domain statistics to evaluate the cvelical behavior of these models.,
The diagnostic tests developed here allow for the detailed analysis of the frequeney
domain properties of economic time series over any range of frequencies.

Finally. as the statistics are based on spectral distribution function estimates,
rather than density function estimates. there is no need to choose a spectral window
to ensure that the frequency domain estimates are consistent. Within the context of
a diagnostic test. this is particularly useful becanse smoothing spectral estimates is
often viewed as an “art” rather than a science. different spectral windows are often
suggested for different time series (see Brockwell and Davis. (1991, pp. 17) or Priest
lev. (1931, Ch. 9)). and concentrating on the distribution function removes a degree
of arbitrariness from the analysis. In addition. there is some evidence suggesting that
the distribution function estimates have more attractive finite sample properties.?

This chapter will proceed as follows. Section | describes the theoretical

motivation for the statistical analysis of economic time series within the frequency

4Gee Durlauf (1991) and the discussion in Section 2.3 of this chapter
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domain. Section 2 develops the test statistics and discusses their relationship to
the standard procedures for model evaluation within the calibration and simulation
literature. Finally. section 3 discusses some of the additional statistical issues involved
in the analysis of economic time series, how they are usually treated in the calibration
and simulation literature. and potential impacts on the diagnostic tests suggested

here.

2.1 The Frequency Domain Analysis of Economic

Time Series

For a univariate time series X, the spectral density function is defined as

the fourier transform of the autocovariance function. i.c.

=Z (A) cos(wh) (2.1.1)

N |- ‘1[-—-

i ) cos(wh)] . (2.1.2)

where 3(&) = Cor (X XN ).

The spectral density function is useful becanse it summarizes all of the infor-
mation in the autocovariance function for X;. The spectral density also has a useful
physical interpretation. in that f(w)d(w) represents the contribution to the variance
of X, from components with frequencies in the range (w.w + dw). As a result. the
total arca underncath the spectral density function represents the variance of the
series, and the occurence of a peak in the spectral density of a series at a particular

frequency will indicate an important contribution to the variance of the series at that



1

frequency. Nerlove (1964) and Granger (1967) have argued that power spectra from
most economic time series have a “typical spectral shape™, with considerable power
(peaks in the spectral density function } at low frequencies,

To illustrate. consider the normalized spectral density function f*(w) ob-
tained by dividing f(w) by o7 where o2 is the variance of the series X,. One can
easily observe that f*(w) is the fourier transform of the autocorrelation function.
If X, is a weak stationary process, the Cramer Re presentation Theorem ensures that

the time series can be expressed as

X = /u- cos(wl)du(L) + ./(;— sin(w/ ydr(w). (2.1.3)

where u(w) and v(w) are uncorrelated continuous processes with orthogonal inere
ments that are defined for all w in the range (0.7). In other words, the time series
Xi can be represented as the sum of a continuum of orthogonal sinusoidal terms,
Orthogonality means that one can speak of the contribution of a particular frequeney

« € [0.7] to the total variance of the time series

cos*(w)Ldu(w)? + sin*(w)Fde(w) = Edu(w)?. (2.1.1)

Orthogonality also implies that the normalized spectral density function gives a pre
cise measure of how different intervals of cycles contribute to the volatility of the
series. Consequently. spectral analysis is particularly suited to the study of eyclical

characteristics of economic time series. as it determines how the variance of any eco-
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nonic time series is affected by evelical movements and what the period of this cycle
is.

For a weakly stationary multivariate time series {Z,}={X.};}. the cross
spectrum between Y, and X, is the fourier transform of the cross covariance function.

.1,

Jyr (@ Z yr (k) cos(w k). (2.1.5)

ﬂ—— ~

where 4, (F) =Cov(Y. X ).
The cross-spectral density is complex valued because 5, (k) is not an even
function. The real part of f,, is called the co-spectrum and is given by
1 ke !
Cyrlw) = - Z (2 (F) + “,J.y(l.')]('ua(w‘/.') (2.1.6)

H A -

| ~
= :['Jy.: (0) + Z[‘/ur (h) + 72y (M)]cos(wh)].
" A=1

The complex part of f,, is called the quadrature spectrum and is given by

b

Z (k) = 2ye(k)]sin(wk) (2.1.7)

l
(/,,, w -
71'

] & )
= ;[th(k) — yr(k)]sin(wh)].
A=1

Note that [, (w)=c, (w)-ig,-(«)

A multivariate version of the Cramer Representation Theorem for Z, implies



R /: cos(wt)du . (w) + /: sin(wt)dv,(w) (2.1.8)
JO {4

Y, = / cosfrtduy(w) + [ sinwt)dey ). (2.1.9)
0 JO

This provides a useful decomposition of the covariance of two stochastic processes by
specific frequencies.

To provide some intuition for the usefulness of the co- and quadrature spee-
tra. it is useful to consider the relationship between the definitions (2.1.6) and (2.1.7).
the Cramer Representation (2.1.8)-(2.1.9). and more traditional frequeney domain
quantities such as coherency that have heen employed in the definition and analysis

of business cycles. From the Cramer Represe ntation. it is straightforward to show that

Edu,(«w)du, () = Ede,(@)de,(«w) = ¢, da (2.1.10)

and

Edu,(o)dv,(w) = =Fde,(w)du, (&) = q,, de (2.1.11)

As a result. ¢, (w) represents the covariance hetween components that are “in-phase”
i

in the two processes. while ¢, (w) represents the covariance hetween components that

are “oul of phasc™ by an angle of 2. A statistic that is often employed in business

cycle analysis is the coherency function 4, (w) which is defined as

B (w) = |(.yr(u—')|2 + {qw (M—‘)Iz
" fy(“").L (w‘)) )
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and is often interpreted as the squared correlation between the time series at the
specified frequency. Sargent (1987) argues that although the definition of “business
cycle” varies substantially across authors. a definition that is implicit in much applied
research requires high pairwise coherencies at business cycle frequencies. Rather than
focussing on coherencies, the diagnostic tests presented below examine each element
of the spectral matrix separately. As will be seen shortly. these tests are simpler and

provide more detailed diagnostic information.

2.2 Diagnostic Test Statistics

2.2.1 Univariate Test Statistics

A natural estimate of the spectral density would appear to be the peri-
odogram

T-1
Ii(w) == [5(0) +2 3" 4(k) cos(wk)| . (2.2.13)
h=1

|
*

Unfortunately, it is well known that the periodogram is not a consistent es-
tunate of the spectral density function. (‘onsistent estimates can be obtained using
appropriately weighted averages of neighbouring point spectral density estimates.”
Alternatively, we may consider the periodogram based estimate of the spectral dis-

tribution function which is a consistent estimate of the true spectral distribution

function due to the effects of averaging under the integral operator.

SPriestley Ch 8 (1981) provides a comprehensive summary of this literature.



More specifically. consider the normalized integrated periodogram estimate

of the normalized spectral distribution function. o.c.

Fr(\) AV II™ 1 ‘ -1 sin(kzt) N
Fi(3) _/o 3(0) “;[l“gf’(“ renal B (2.2.11)

Normalization by the sample variance implies that diagnostic tests will be insenstive
to differences in the variances of simulated and historical time series. This point
will be discussed further in Section 2.3, Univariate spectral shape tests mcasure the
deviations between the periodogram estimate of the normalized spectral distribution
function. and the normalized spectral distribution function under the unll hypothesis
F. In particular. Dahlhaus (1985). building on cailier work by Durbin (1973) and

Grenander and Rosenblatt (1957). has shown that for w==1. 1€[0.1].

D) = (b (L) k) 9915
Gat) = (52)2 TR (2.2.15)

comverges weakly (in D[0.1]) to a zero-mean Gaussian process U(t) that is a transfor-
mation of tied-down Brownian motion. Morever. the lmiting random function is a
standard Brownian bridge when the null hypothesis is a flat spectrum, .o, when X,
is white noise.

This result provides two possible avenues for developing diagnostic tests for
univariate spectra. Global spectral shape tests map this random function into a seala
random variable with a known asymptotic distribution. and provide useful summary
statistics for spectral deviations across all frequencies. For example, when the null

hypothesis is white noise. U(t) is a Brownian bridge. and the continnons mapping
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theorem implies that:

VAL = / UR(8)dt = CV M. (2.2.16)
0
KNS = suppesa<nlUr(t)] = KS.

KNy = suppcsnl(U1 (1) = U7 ()] =0 K.

where CVMLUKS! and K. are the Cramer von-Mises. Kolmogorov-Smirnov. and Kuiper
statistics respectively. Unfortunately, for the business cyele models under considera-
tion here, it is obviously the case that the white noise null hypothesis is inappropriate.
and asymptotic distributions for test statistics in these situations are unknown.
Perhaps mote problematic is the observation that for the majority of non-
linear rational expectations models and their approximate solutions, it is generally not
possible comeniently to represent spectral and cross-spectral distribution functions
for the model direetly as functions of the calibrated parameters. i.e. there is not
representation for the null hypothesis. A< it is possible to simulate the model. a
test could theoretically be based on the difference between the periodogram estimate
of the spectral distribution function from the model, and the spectral distribution
function estimated from the historical time series. In this instance. the test would
resemible a two-sample shape test for comparing probability distribution functions.
Durbin (1973). However, it is still the case that the asymptotic distribution of the

test statistic would be unknown. As a result, diagnostic statistics based on general



spectral shape tests do not appear to be viable alternatives.
Rather than a global distance measure, a researcher may be more interested
in a specific range of frequencies. In business cycle analvsis for example, rescarchers

often concentrate on 2-4 year cycles. In this instance, for fixed s > t,

Up(s) = Up(t) =0 N(OOV) (2.2.17)

for some constant V" that will typically depending on I'(\). In the white noise example,
V' depends only on the length of the interval and not on F, while in the peneral case
examined here. the variability of the region of speetral deviations nnder examination
depends on F.

As a basis for frequency interval tests. the model can be simulated and the
sampling variability in the simulated spectral distribution can be nsed to evalnate the
distance between sample and theoretical spectral distribution functions. Let (W)
represent the spectral distiibution function of the historical time series, and let 1Y ()
be the spectral distribution function for the model. Consider basing a test of the null
hypothesis that these functions are equal on the sample periodogram estimate of the
normalized spectral distribution function from the historical time series. U (1) and
an estimate constructed from a simulated sample of length T from the model. {","(/ ).
For R separate simulations of length T. a test procedure that evaluates the difference
and that is implicit in many standard business cyele studies would evalnate the aver

age frequency deviation



- I & . : : : .
Disit) = S (s) = Up(t)) — (Ul (s) = U (1)) (2.2.18)
1=
using t he standard asymptotic distribution

D(s.0)]S.E(D{s.1)) ~ N(0.1). (2.2.19)

An alternative procedure that has been suggested by Gregory and Smith
(1992) 1is to locus on p-values rather than a t-test. To illustrate. for any two-sample
{requeney interval test. a diagnostic statistic )y, constructed from a historical sam-
ple of Tength ‘T and R simulated samples of length T, the probability (under the
null hy pothesis that £ = FY) that the model with spectral density FY generates a
spectral distribution that is different from the sample spectral distribution function
IV is the relative frequency of observing an absolute difference in excess of the critical

value @, .

n
% Y WDy, > ) (2.2.20)
1=

whete the indicator 1(.) equals 1 when the argument is positive and zero ot herwise.

2.2.2 Multivariate Test Statistics

The multivariate analogs of these univariate test statistics are more interest-
ing for the analysis of business eveles, as they provide a description of comovements

between various time series within the frequency domain. As in the univariate case. we
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will consider the periodogram estimate of the normalized cross-spectral distribution
function.
For the cospectrum portion we have,

stn(wt)

- (2.2.01)

11
(7(’ ;Z[/’m(l\)‘fﬂ;u“\)}

and where we again normalized to remove the contemporancous covariance term and
focus on dynamics. For the quadrature portion we have

”"(l'l] (2.2.22)

Q1(t) = ~= Z[,),,,(A fri (K]

Frequencey interval tests that detect cross-spectral deviations from the null hy poth
esis can once again he based on differences between the cross-spectral distribution
functions implied by the model. and those estimated from the historical time series,

For the cospectrum we have

. l n
D.(s.t) = T ST () = ) = (s = ). (2.2.2)
=1

For the quadrature spectrum we have

. l R
Dys1) = 1 2(Qu(5) = Qr(1) = (@l (~) = QL1). (2.2.21)
=1

2.3 Some Additional Issues

It is important to discuss the practical implementation of these rests botl

from the perspective of classical frequency domain econometric methods, and within




the context of the calibration and simulation literature.

One important characteristic of the test statistics presented here is derived
directly from our focus on spectral distribution rather than density estimates. As
mentioned previously. periodogram estimates of the spectral and cross-spectral den-
sity functions do not provide consistent estimates of the true density functions. For
frequencey domain estimation that focuses on these estimates. it is the case that neigh-
bouring periodogram estimates must be “averaged” to provide consistent estimates of
the density function. The selection of the number of periodogram ordinates and their
weights in the average, called “windowing™ in general. necessarily introduces a degree
of arbitrariness in the analvsis. While there are a variety of procedures for determining
optimal window widths and weights with reference to the particular parametric spec-
ification of the time series. the true parametric time domain representation is never
known. As a result. the nonparametrie estimation of spectral density functions is an
“art”. and different degrees of smoothing can produce significantly different results.
Spectral and cross-spectral density functions for several international macroeconomic
time series are graphed in Chapter 3. The graphs indicate that spectra and cross-
spectra for many time series can appear extremely erratic with conventionally chosen

windows. while the spectral and cross-spectral distribution functions are much less

’

variable.!
A useful perspective on the relationship between spectral density and distri-
bution function estimation can be gained from a comparison with the estimation of

probability density and distribution functions. The empirical distribution function is

SDurlaufl (1993) makes this point with respect to U.S. real GNP.
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a consistent estimate of the true distribution function under very general conditions,
vet the empirical probability density function (i.e. the density with mass & centered
at each data point) is not. To obtain a consistent density estimate, neighbouring data
points must be averaged by some method; the histogram, nearest-neighbour, kernel
density estimates, and their variants can all be viewed in this fashion, Ullah (1988).
Conditions on window-widths and kernels for consistent probability density estimates
typically imply that the rate of convergence for the estimates is generally fess than .V '
while the distribution function estimates have an N2 rate of convergence. s a result,
one would expect the asymptotic distribution for the density function estimates to he
less reliable approximations to the true finite sample properties of the estimates than
the correspouding distribution function estimates. From the perspective of spectral
distribution function estimation. an analogous argument implies that the asvmptotic
distribution theory for the spectral distiibution fanction estimates shonld be more
reliable than the corresponding theory for density estimates. Note that this does not
imply that the periodogram-based spectral distribution function estimates have more
attractive finite sample properties. when compared with distribution function esti
mates based on windowed density estimates, In fact, while the first order asymptotic
properties of distribution function estimates bhased on windowed density estimates will
be identical to the periodogram-based estimates (as the effects of standard windows
will wash out under the integral operator). higher order asymptotic properties and
finite sample performance will differ.

A second characteristic of our test statistics is the absence of information

concerning contemporancous variances and covariances. Our focus on the dynamie
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aspects of the economie theory under consideration is important. because it is these
aspects that have traditionally been ignored in calibration and simulation studies.
Morcover. the contemporaneous characteristics of economic time series are often em-
ployed as the basis for baseline calibrations. which suggests that including these el-
ements would make the tests less powerful as diagnostics. However. including these
elements within the current framework is conceptualiy straightforward (see Priestley.
(1951). Ch. 8). From the perspective of the empirical work examined in Chapter
3. recent research examining the relationship between the terms of trade and the
trade balance has focused specifically on the dynamic predictions of the theory and
the cross-correlation function: the diagnostics presented herc are the appropriate fre-
quency domain statisties for this situation.

A third characteristic of the test statistics proposed here is derived from their
apphication within current calibiation and simulation practises. It is now well known
that many cconomic time series are nonstationary. although they can be rendered sta-
tionary through differencing or the application of other filters. Following the seminal
works of Hodrick and Prescott (1980) and Kydland and Prescott (1932). the Hodrick
and Prescott (henceforth HP) filter has been the method of choice for most business
evele studies within the calibration and simulation framework. Standard empirical
practise is to apply the filter to the historical time series as well as the output from the
simtlated model. and then to compare the properties of the model. Not surprisingly.
there is a growing theoretical and empirical literature that questions the blind apli-
cation of the HP filter in these problems. arguing that the filter implies a particular

definition of business evele frequency that essentially excludes growth cyvcles. and that
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conclusions are often not robust to the application of alternative tilters with similar a
priori justification. For example. King and Rebelo (1993) provide a striking illustra-
tion of dramatic effects of the filter on persistence. comovements and variability, for
U.S. consumption. investment. and output time series within a particular calibration
study.

For several reasons. we view the filtering issue as somewhat peripheral to a
discussion of the properties of the test statistics. First, under the null hypot hesis
that the model and the historical time series have the same data generating process,
the filter should affect both historical and simmlated data identically. and should
leave the results of the tests unaffecied. Of course. this may not necessarily be tine
under alternative hypotheses. Additionally. it is certainly the case that the HP filter
substantially modifies the dynamic properties of tinie series in certain instances, and
this has certainly shaped the specific empirical regularities that are characterized as
interesting by business exele theorists, As a result, it is important that both the
classification of empirical 1egularities and the calibration aud sinmlation exercise he
im estigated for alternative filters. For the empirical work presented in Chapter 3 and

Chapter 1. we consider the HP aud first-difference filters,




Chapter 3

Fitting the J-curve

3.1 Introduction

Standard international macroceconomics textbooks typically contain a sec-
tion examining the dynamic behavior of the terms of trade. aggregate output, and
the trade balance. Typical renditions of the empirical regularities describe the re-
lationship between the terms of trade and the trade balance as a “J-curve™. where
the trade balance initiallv worsens in response to a real depreciation. although the
long-run response is positive, In general, the initial perverse reaction is attributed to
an increase in spending on imports denominated in domestic currency. relative to the
increase in exports,

The conventional view of the joint relationships between output. terms of
trade, aud trade balance dynamics has recently received a large amount of attention
from hoth theoretical and empirical researchers in the United States. This increased

interest can be attributed to the extremely large fluctuations in the real exchange rate
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that have occurred over the last decade. and the failure of existing theoretical models
to provide adequate empirical explanations of trade dynamics over the same period.
Although the consensus view appears to be that the J-curve exists and that the ini-
tial perverse effect lasts about one year (Dornbusch and Krugman (1976), Krugman
and Baldwin (1987)). recent empirical work by Rose and Yellen (1989) fails to find
statistically reliable evidence supporting the J-curve using U.S. data. I addition.
Meade (1987) argues that the J-cnrve relationship is quantitatively unimportant for
explaining the behavior of the trade balance. However. it should he emphasized that
the conventional J-curve perspective is inherently partial equilibriunm, as it is essen

tially concerned with the short- and long-run elasticity of the real trade balance with
respect to changes in the real exchange rate. From a general equilibrinm perspee

tive. foreign and domestic output. real exchange rates. and trade balances are all
endogenous: the empirical evidence provided by Rose and Yellen (1989) and Meade
(1987) is based on the estimation of short and long-run trade balance elasticitios from
a partial equilibrium perspective, and this does not provide evidenee concerning, the
true dynamic relationships.

Backus. Kehoe. and Kydland (1991) develop a general equilibrinm model
for the evaluation of the dynamic relationships bhetween output. the terms of trade,
and the trade balance that is based on a two-country extension of the Kydland and
Prescott closed-economy real business-cyele model.  Empirically, they find striking
support for two empirical regularities concerning the dynamic hehavior of outpnt. the
terms of trade. and the trade balance that combine to produce a standard ) curve.

First. across most industrialized economies, the trade balance is negatively correlated




26

with future movements in the terms-of-trade. and positively correlated with past
movements.  As a result. when the cross-correlation function for the terms-of-trade
and ontput is plotted. the shape resembles a horizontal *S-('urve™, a term the authors
cemploy to describe the relationship.  Second. the trade balance is countercyclical
in most countries.  Empirically. the authors also point out that the U.S. historical
experience may also be atypical. in that the relationships appear to be supported by
the majority of industrialized countries. although the trade balance is procyclical in
the US. data they examine and the *S-curve™ only appears in the pre-1972 sample.
Overall. their evidence provides strong support for a general equilibrium petspective
on the dynamice relationships that underlie the J-curve.

I'his chapter re-examines the Backus. Kehoeo and Kydland (1994) (hence-
forth BRIX (1991)) model using the frequency domain diagnostic statistics developed
in Chapter 2. The frequency domain approach is advantageous for several reasons.
First. the anthors emphasize the model’s ability to replicate the =S-curve™: as the null
hypothesis specitically concerns the shape of the cross-correlation function between
net exports and the terms-of-trade. the cross-spectral frequeney domain diagnostics
represent convenient sumimary measures of the dynamic properties of the model and
the data. and the distance between them. In addition. the frequency domain per-
spective can potentially provide new insight into the dynamic relationships between
output, the trade balance, and the terms of trade. While we also investigate the
time domain properties of the data. we attempt to document the frequency domain
regularities in the data and provide a frequency domain interpretation of the J-curve

effect. 1t is also important to emphasize that the BKK (1994) model is a dynamic



non-linear rational expectations model that is ideally suited to analysis by calibration
and simulation techniques. As a result, the results reported here are the frequency
domain analogs of the time domain evidence reported by BRI,

The remainder of the chapter is organized as follows: Section 2 presents a
preliminary data analysis describing the time and frequency domaiu properties of the
historical time series. Section 3 develops the theoretical model. Section 1 discusses
the selection of the parameters and calculation of steady state values for the endoge
nous variables in the calibration portion of the empirical analysis. Section 5 outlines
the method for computing the equilibrium time paths for the endogenous variables,
Section 6 replicates the time domain analysis of BKK and presents results from the
diagnostic tests developed in Chapter 2 for a representative set of simulations. Seetion

7 concludes and suggests avenues for future rescarch.

3.2 Preliminary Data Analysis

The data used in this chapter are postwar quarterly trade statistics for eleven
countries taken from the Organization for Feonomic Co-operation and Development’s
Quartcrly Natwonal Accounts. The countries and samples under investigation are
summarized in Table 3.2.1 and were chosen to maimtain comparability with B )
(1991). This chapter will focus on real outpnt (y). the trade baiance (nx). and the
terms of trade {p). Real output is defined as either G.N.P. or G.D.P. (depending on
the country) in base vear prices. The trade balance is represented by the ratio of ne

exports (exports minus imports) to ouiput. with both measured in current prices,




The terms of trade (p). is defined as the ratio of the price of imports to the price of
exports, where both prices have been calculated nsing implicit price deflators from
the national income and product accounts. Note that for real G.D.P. and the terms
of trade the analysis is concerned with the logarithm of each series. All series have
been filtered with the Hodrick and Prescott (1980) filter. While use of the HP filter
is somewhat controversial (see the discussion in Ch 2, Section 3). we will focus on
the results from HP filtered data to maintain comparability with BKK. Most of the
geae ral vesults presented here are robust to the choice between 1P and first-difference

filters, although results in specific cases sometimes change substantially.

3.2.1 Time Domain Properties of the Data

Tables 3.2.2 and 3.2.3 report some time domain summary statistics for the
sample: these are identical to those presented in BRK (1991). and will only be dis-
cussed briefly. Regarding variability. these tables illustrate that the standard devi-
ation of terms-of-trade typically exceeds the standard deviation of output. and that
there is a fair bit of heterogeneity across countries. Regarding covariability, net ex-
ports are countereyelical and the contemporaneous correlation between net exports
and the terms of trade is generally negative. although the latter varies much more
across countries and is significantly positive for the United States. Dynamically. the
autocorrelation coeflicients presented in Table 3.2.2 and the autocorrelation functions
for the trade balance presented in Table 3.2.3 indicate that both the trade balance
and the terms-of-trade are highly persistent.

Regarding the “S-curve”, Figure 3.2.1 presents the cross-correlation function
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estimates for all countries. for leads and lags of at most two years. In most cases,
the graphs depict an asymmetric pattern resembling a horizontal S, with negative
cross-correlations for leads of the terms of trade relative to the trade balance, and
positive cross-correlations at lags. BRK (1991) demonstrate that the asymmetric
shape of the cross-correlation function is independent of the filter being used. and

also independent of the sample period for most countries.

3.2.2 Frequency Domain Properties of the Data

This section presents some deseriptive evidence concerning the univariate
and multivariate frequency domain properties of the data. Estimates of the univari
ate spectral density functions for output. the terms of trade. and the trade balance
are presented in Figures 3.2.2-3.2.1. ‘The univariate spectral density estimates are
constructed using a tent shaped window of the Bartlett type and a window width
which considers M = 11 autocorrelations. For interpretation. the graphs are norimal
ized as sixths of #. w.e. a1 on the horizontal axis cortesponds to 2.2 correspornds
to £, cte... The frequency shows the number of eyeles per unit times e, f =3
whete w is the angular frequency. As a result. the wanelength s clearty }— and an
angular frequency of w=X corresponds to a cycle which ocenrs every twelve observa
tions. or three years with quarterly data. It is interesting that for all three variables,
univariate spectral power is concentrated primarily in the low frequencies (ne. 0 7 o
Z— 2 even after filtering. and the concentration in low frequencies is greatest for the

terms-of-trade. Of course. substantial power at low frequencies indicates persistence

and this is a well-known characteristic of trade variables, real exchange rates, and




30

international aggregate output. Qverall. the graphs are representative of the “typical
spectral shape™ of most economic time series.

Figires 3.2.11-3.2.13 contain analogous graphs of the cumulative normalized
periodogram which will be the basis for the univariate diagnostic tests. Note that
the conclusions regarding concentrations of power at low frequencies are similar. al-
thongh the distribution functions appear much less erratic. As argued in Chapter
2, this is indicative of superior finite sample performance for the distribution func-
tion estimates, relative to the density function estimates. and is one of the primary
motivating factors for the choice of diagnostic procedures.

For the multivariate analysis. attention was concentrated on cross-spectra for
the terms-of-trade and the trade balance. and for real output and the trade balance:
these should provide evidence concerning the S-curve and the counterceyclical behavior
of trade balance. respectively. Figures 3.2.5 . 3.2.7 and 3.2.9 graph the cospectrum
for cach pair for cach conntry. while the quadrature spectrum for each pair is graphed
in Figures 3.2.6. 3.2.8 and 3.2.10.

When interpreting the graphs for the co- and quadrature spectra it is impor-
tant to realize that they may take negative values. and it is the absolute magnitude
of the spectra that determines the piesence or absence of power. Figure 3.2.5 con-
tains the estimated cospectrum for the trade balance and terms of trade for each of
the countries. What is important to notice for all countries is the predominance of
absolute power in the low frequencies. although it is clear that the estimated densities
are quite erratic. In addition. there appears to be some additional spectral power at

higher frequencies. particularly around 25, corresponding to cycles of nine to twelve
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months. Figure 3.2.6 contains similar graphs for the quadrature spectra, Onee again,
the graphs exhibit substantial power at low frequencies. with additional spikes of
spectral power occurring at {requencies in the neighborhood of %3

Across countries. it is clear that the cross-spectral characteristies for the
relationship between nr and p appear much more variable than the simple time
domain S-curve reported by BRKK. As the cross-spectral properties of the model will
be fixed for a given set of parameters, it is obvious that no particular simulation will
be able to replicate this cross-sectional variabilitv: in this sense. the cross spectial
frequency domain measures appear to be much finer diagnostic tools than the cross
correlation function. From the perspective of evaluating the model. the simulations
will provide evidence concerning the cross-spectral properties of the maodel, aud which
countries are similar,

Figure 3.2.7 presents estimated cospectra for g and e and reveals a uniform
pattern of substantial negative cospectral power at low frequencies for all conntries.
This is the frequency domaiv representation of the counterevdical behavior of the
trade balance. and indicates that it is a low frequences phenomenon. I he guadrature
spectra presented in Figure 3.2.8 are somewhat more variable, althougl the power is
also concentrated in low frequencies. Finally Fignres 329 and 32,10 graph estinated

co- and quadrature spectra for y and p.



3.3 A Theoretical World Economy

The model that we use is a two country stochastic growth model. in which
cach country is inhabited by a large number of identical consumers. This model was
initially developed by BRK (1991) as a streamlined version of their international real
business cycle model (Backus, Kehoe and Kydland. (1992)). which in turn is a two-
conntry extension of Kydland and Prescott’s (1982) closed economy model. In this
maodel. cach conntry produces its own good with its own technology. and labor. which
is internationally immobile.  Economic fluctuations arise in response to stochastic
movements in technological change and government spending,.

A representative consumer lor cach country maximizes a utility function of

the form

Eod 30 (). for o=h[ (3.3.1)
t=0
where U has the form

B [(,[l(l—‘[l]"
A .

(e () (3.3.2)

¢ p is consumption. {, is leisure. and it is assumed that 0 < ¢ < 1. and 4 < 1.

Fach country specializes in the production of a single good (« for country 1
and b for country 2). The production functions use constant returns to scale tech-
nologies and are the same for cach country. The inputs of production are capital &

and labor n. The resource constraints. for each country are



Ay +azy =y = 20F k). (3.3.:3)

b“ + 1)2[ = Yo = :211"("3,. N_n). (3-{ ‘)

with F(k.n) = &%'% Where yq, represents outpnut for country I measured in units
of the domestic good. and ay; and by, denote uses of the two goods in country 1. Note
that a,, will be exports from country 1 to country 2 (imports for country 2). The
vector =y = (2qp. 2y) represents a stochastic shock to productivity.

Consnmption (¢). investment (x) and government spending (g) in cach coun-

try are composites of the foreign and domestic goods, w.r.

Cit -+ Iyt Ju = (I'((l”. IJH). (.;;.))

Cat vu+ g = Glay. by). (3.4.6)

=1

where Ga.b) = [wya™” + w0717 is homogencous of degree one and p > =1, The

elasticity of substitution between foreign and domestic goods is o = ﬁ/ This deviee
for aggregating domestic and foreign goods was suggested by Armington (1964). T he
treatment of domestic and foreign goods as different is a standard feature of com
putable static general equilibrinm trade models, and has been emploved by Deardoff
and Stern (1990) and Whalley (1985). among others. The weights w, in the aggrepa-
tor function are equal across countries and denote the relative domestic and foreign
content of aggregate domestic spending.

Capital formation follows the time-to-build structure of Kydland and Prescott

(1982). i.c.



kl.l-H = (l - b)kl.l + Sia-J+1- (337)

where & is the rate of depreciation and s, ,_ 4, is the number of investment projects in
country 7 at date { that are j periods from completion. At period {. total expenditure

on gross capital formation is

J
Ty = Z Q)8 (3.3.8)
=1

where ¢, ) = 1,....J. is the fraction of total value added to an investment project
in the ™ period before completion. In order to emphasize trade dynamics, J will
initially be set to 1, although time-to-build is considered as one of the simulation

scenarios later on in this chapter. With J=1. (3.3.7) and (3.3.8) imply that

koper = (1= &)k g + 010 (3.3.9)

Irom this it 1s obvious that an investment project starting at period { increases the
capital stock at period t + 1. i.e. there are no costs of adjustment in this economy.
The underlying shocks in the economy are assumed to be independent bi-

variate autoregressions. The technology shocks follow

St41 = 1‘1:( + f’:_*.]. (3.3.10)

where {¢;} = {((f‘.({)} is a sequence of i.i.d., mean-zero, multivariate-normal inno-

vations with nondiagonal covariance matrix 1;. The off-diagonal elements of A and
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V2 determine the correlation between the technology shocks. Tn the same way. shocks

to government spending are governed by

Yrar = By + dy. (3.3.11)

where g = (g11.92¢) and {€¥} is a sequence of Lid. mean-zero, multivariate-normal
innovations with deagonal covariance matrin 1,0 Technology shoeks {7}, and govern
ment spending shocks {7} are assumed to be independent.

The trade variables of interest can be constructed for each country using the
production resonrce constraint and the Nimington aggregator relationship. Note that
the Armington aggregator is homogencous of degree one. As a result L in equilibrinm

we have

Crt e g = gyt gy, (:3.4.12)

where ¢y, is the price of the domestic good and ¢y is the price of the imported good.
Note that both prices are measured in units of the composite good.  Solving these
equation for ayy and substituting into the resowce constraint viclls

e+ 2yt G

.'/ll = +U:I - l)'II”. (:;:‘.I:”
2l

where p, = glﬂ is the terms-of-trade. Note that the terms of-trade for country 1 will
t
be equal to the equilibriuim marginal rate of transformation hetween the two goods

in country 1. i.c.
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G ayehre)

= 12_! - b
Pe= S ey (3.3.14)

Aayy

Equation  3.3.13 represents output as the sum of absorption. Qﬁﬁm and net
exports, ay — pebyy. To be consistent with the rest of the analysis. net exports will be

defined as

A = Pt"n

Wit

(3.3.15)

hiy =

3.4 Calibration

In order to calibrate the model properly. the long-run steady state values
for the endogenous variables must be calculated as functions of the deep technology
and preference parameters of the model. In the calibration portion of the empirical
analysis. initial parameter values are chosen based on information from a wide variety
of sources. The approach taken here follows Kydland and Prescott (1982).

To begin. note that the steady state real interest rate is r = l—zj—’ By
equating the marginal rate of return on capital to the rental rate. we have fi =
(Z:,’:,(l + ) o) (r+é). With J=I. ZJJ=](1 + 1)~ lo,=1.and fi = r+46. From the
production function and this equation. it is possible to deiermine the relationship for

the steady state value of capital in terms of labor. 7.¢

H

k=rT-on, (3.4.16)



g o o= —3b
where 7 = ey
Output in terms of labor is found to be y = :77%n. In the steady state, net

investment is zero. implying that y = ¢+ ok, The steady state value of consumption

can then be obtained from the steady state values of capital and output, o.c.

(':71"_'17(:7."l — o)n. (3.1.17)

PN
2 .y . . v [} ! ! M
The utility function is of the form (e, 1) = (—'—lf—’— and the budget con

straint is newy = ¢ or (1 —1)wy = e, where ny is labor market activity, wy is the real

wage, and { is leisure. The individual faces the following problem:

~ W

)
Z:‘;I{' { +/I(II,H‘,——(',) (:{.lln\.)

-

Faud
1

-
-

where g is the Lagrange multiplier.

The first order conditions for this problem can be written as

1 a2
IRy = 3 3¢ 1 = . (3.1.19)
and
2 du=
dR[I, = qd'[, T = . (3.4.20)

In the steady state. ¢, = ¢. [, = [ and w, = w. Making these sabstitutions and elin

inating p from these equations vields the following relationshijp betweon the steady
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state value of the real wage and the steady state values for consumption and leisure

(labor),

2¢

(3.4.21)

2¢
w=—. or uw= .
[ l—-n

In equilibrium. the marginal product of labor is equal to the wage rate. i.c.
w=(1-0)z4"7%" As a result, the steady state value of labor is
(1 - 0)

S TRy S— (3-4.

18
[}V
~

and the steady state values of output. capital and consumption are therefore

Icl"'(’:(l - ())
C = 3.4.2
h 3z — 20w — 20° (3.4.23)

:27.'1_’—)3(1 - 0)
_ 3.1.2
Y= 3. Tobr — 0 (3.1.24)

and

R (1 —-0) o 4 o=
C =7 1- (..; "6)3: __‘267:_ :0. (3.‘1-2'))

It is also obvious from the capital formation constraint, k, .y = (1 =6)k, 45,
for i=1.2 so that at the steady state value for new investment. k4, = ky = k. and

sp = s =6k, As aresult,

6xT52(1 — 0)

T 3 — 267 — 20
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Additional variables of interest in this application are ay,. b,,. ay and by,
In equilibrium. it is the case that a; + ay = y; and b + b, = y2. where variables
with no time subscript denote steady state values. It will juitially be assumed that
the world economy is svmmetric, so that the import shares for both countries are
identical. As a result, "2 = %f We will also normalize the steady state value of
output to | in both cconomies. w.e. gy = yy = 1. As avesult, ay = by and a, = b,.
Using these relationships. it is possible to show that p = :—::T‘(‘,—"-Il)i where wy and e,
the Armington aggregator weights. If the steady state value for the terms of trade is
normalized to I (p=1). some manipulation yields the following for steady state vahies

of for {ay.a by by}, ic.

wy A
(llzbz: — (-‘I.!l)
wi +

a
w,

(, = bl = ’_"——"_".
wy + wh

(3.1.28)

Numerical values for these endogenous variables are obvionsly detertined by
the weights in the Armington aggregator function. Following BRKK (1991). one can
solve for the two weights. given the chosen normalizations for p and v and assuming,

an import share of 0.15.!

Under these assumptions, wy = 0.76 and w, = 0.21.
] 1 2
The steady state variables for the endogenous variables have now been ex
pressed as functions of the technology and preference parameters in the theotetical

model.  Numerical values for these steady states can be caleulated once we assign

nunerical values to these parameters. The initial benchmark simulations presented

It should be noted that this value for the import share is shghtly larger than the average value
for the majority of countries in the sample.
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here will be based on the technology and preference parameter values from the closed-
economy model of Kydland and Prescott (1982). Briefly. the choice of a Cobb-Douglas
production function replicates the property that labor’s share of output is constant
across most economies. In the model. the shares for capital and labor are § and 1 —0:
from postwar U.S. data. Kydland and Prescott estimate labor’s share as 0.64, which
implies that # = 0.36. They also assumed a value for the depreciation rate (é) of
0.025. Finally, the benchmark simulation will set the time-to-build parameter J at 1.
although some additional sinr lations will be based on higher values of .2

For preference patameters. Kvdland and Prescott also employ a Cobb-Douglas
specification between consumption and leisure: this replicates the property that the
fraction of time a household spends on labor market activities appears to be constant
across most conntries in the postwar period. The share parameter g is set equal to
0.31. which corresponds to a share of 30 percent of the endowment of non-sleeping
time to labor marhet activities. Fichenbaum. Hansen and Singleton (1988). suggest
that the curvature parameter can take values between -2 and 0.5. Following Backus
et al. (1992) and (1991). it is assumed that 4 = —1. The elasticity of substitution

hetween foreign and domestic goods. @ will initially be set to 1.5. although additional

simulations will be based on other choices. Note that o = 1—1{7 and consequently,
p = —.33 initially. Also. for the benchmark economy. we will assume that there is

no government expenditure, ©.e. g, = 0. The only parameter we have not reported
is the discount factor 3. which is set equal to 0.99 and corresponds to a real interest

rate, . of | percent per quarter. a value which is close to the average 1ate of return

Bk argue that tune-to-build plays a small role in the international aspects of the model.
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on capital over the past century (Prescott (193G)).
For the interaction between foreign and domestic technology shocks, we em

ploy the same values as BRK (1991). r.¢.

0.906  0.088

0.088  0.906

We also assume that Var ¢ = Var ¢ = 0.00852¢ and Corr (¢;.¢,) = 0.258. These
values are consistent with the properties of Solow residuals for the postwar U8,

€conorny.

3.5 Computation of Equilibrium Time Paths

There is a wide variety of techniques that can be emploved 1o obtain an
approximate solution to this nonlinear rational expectations model, We will enploy
a Taylor-series expansion of the objective function in the neighborhood of the steady
state to obtain a linear guadratic approximation that can be solved using standard re
cursive methods for optimal regulator problems. This method has gained considerable
popularity in recent vears. due primarily to the availability of convenient numerical
solution procedures that have been integrated with the Hansen and Sargent (1990
text on the subject. It is important to point out that both the approximation and the
solution technique chosen here are diffe rent from the ones emploved by BRI (1991,
who based their results on slightly revised versions of the Kvdland and Prescott
(1982) approach. More specifically. the BRK (1991) approach adjusts the location

of the approximation to account for approximation error. and while the adjustinent
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is arbitrary. their approach will be more sensitive to the curvature of the objective
function.

Following BRKK (1991). we will approximate and then solve a social plan-
ner’s problem that weighs equally the utility of consumers in the two countries. The

cortesponding objective funetion can be written as

| - . .
SERS AU el + Ul (e )] (3.5.1)

- =0

subject to constraints 3.3.3 to 3.3.11. The choice of equal weights has been proposed
by Negishi (1960) and Mantel (1971).

To simplify the numerical analysis. we solve equation (3.3.6) for ¢, and
substitute this value into equation 3.5.1. which represents the world economy. Next we
solve the resource constraint equations (3.3.3) and (3.3.1) for a,, and b;, respectively
and substitute these values into the objective function. In the resulting function we
substitute the fixed investment constraint for each country (equation 3.3.8). After all

these substitutions, the objective function can be written as

~

- . RO
Z-”(( (aye b guosyomyg) + 1 f(“m”u-:u-:zr-A'lz-A‘.*r-.(l.'r--*zr-"u-“u)) (3.5.2)

t=0
After the expansion around the steady state, the resulting objective function

can be written as

N (Qu 4wy Ruy + 26N ). (3.5.3)

t=Q



subject to the constraint equations

.I'f+| = .'\.I‘, +‘ 1;“1 ‘+ ('( 41 (:‘-)‘)
where
Sl T
Sk T

l\'_:, == K
|

- -
”li_”l
by, — by
Ny — gy

Hy = .

Hap — N
ST

AP J

and where oy is a vector of state variables and u, is a vector of control variables.
Variables with no time subseripts denote steady state values.® Sufheient conditions
for the existence of a solution to the approximate problem without eross terms in
the objective function are given in Sargent (1987). More general sufficient conditions

that are applicable to the problem at hand are deseribed helow.

FThe variables are defined as deviations from their meann values Fhirs choree his no offoct on the
solution of the problem
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With the chosen parameter values, we have the following matrices:?

-

1.8537 0.5012  0.0507 0.0164 -0.2839

0.5012  0.7399  0.0164 0.0143 —0.2839
Q= 0.0507  0.0164  0.0026 0.0005 —0.0093 |
0.0164  0.0143  0.0005 0.0014 —0.0093

—0.2839 —0.2839 -0.0093 -0.0093  0.9024

22578 0.RT2T —=3.6826 —0.6781  —1.0061 1.0061
0.8727  2.2578 —1.1782 —1.1201 —1.0061 1.0061

=3.6826 —1.1782  R.O8T3 14125 0.1105  —2.1102

"= —0.67S]1 —1.1200 L1125 33362 0 —1.7297
~1.0061 —1.0061  0.1103 0 1.6515 0
100G 1.0061 —2.1402 —1.7297 0 1.6515 |
[ 17205 —0.16TT 3.0731 0.7268 0 —1.0781 |
—0.167T —0.6903  0.991y  0.3963 0 —1.0781

N=1 -0.0566 —0.0153  0.1007  0.0238 0 —0.0333 |:
-0.0153 —0.0226  0.0326  0.0193 0 —0.0353
0.0000  0.0000 —0.1375 —0.1375 0.1348  0.4348 |

1Please note that the elements are truncated to four decimal places for presentation. All actual
calculations were performed in double precision.



088,906 0 0 0
A= 0 0 0 975 0

0 0 0 975 0

0 00 0 1

I3 000 01 0

000 001

000 000

Following Sargent (1987). the solution to the problem with no disconnt factor
and no cross terms hetween states and control variables is of the form o = - where

F=(Q+ B'PB)'B'4 and P is the solution to the algebraic Ricatti equation
{

P=Q+APA=APA= APBQ+ BIPB)y "B PA. (3.5.5)

As this problem has a more general form that involves cross-products and a disconnt
factor. we follow the steps in Hansen and Sargent (1990) to transform it back to the
simpler problem. This is also convenient computationally, as algorithins for iterating
on the Ricatti equations are available for the simpler problem. For the cross product

term. we replace @ and A with the following matrices:
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Q=0Q-NR N, (3.5.6)

A= A-BR'N. (3.5.7)

To convert the discounted problem to an undiscounted one. define

A=4%4 (3.5.9)

After these transformations. the optimal policy function is the time-invariant

lincar rule u, = - FX,. where

F=(R+3BPB)"Y3BPA+ N (3.5.10)

Alternatively. in terms of the transformed variables. we have

F=(R+BPB™BPA+ K\ (3.5.11)

In terms of the transformed problem. the solution to the matrix Ricatti equations is

P=Q+APA-APB- APB(R+B'PR)'B'PA. (3.

b1 ]

12)

Sufficient conditions for the more general problem to have a unique non-
negative solution have been stated by Whittle (1982). We require that R be symmetric
and positive definite. In addition. the matrix 1’ should be non-negative definite.

where



Solutions to the Ricatti equations were obtained using, the following iterative

technique.

1. Choose an initial svmmetrie Ricatti matrix PY < 0. Set n=0.

2. Compute Pt and I where

Py = Q4 AP A= AP B = APTBR+ BPa By A (3.5.13)

and

F' = (R+BP BB A (3.5.11)

3| P =P < g || P and || ookt fo 1< 52 || F || go to step 3: otherwise,
repeat step 2.

1. Set = [ + RN and P = 0

*Note that 5, and 54 are tolerance eritenia and ||| s the matry norme We also experimented
with Vaughan's (1970) eigenvector algorithm and the results were the same



For the initial problem. the solution to the matrix Ricatti equation is

p=

—0.2992
0.0590
0.0390

—7.3312

( =0.7476  —0.2992

—0.71476
0.0390
0.0590

~7.3312

and the corresponding I matriv is

~-

-0.1191
—0.0531
~0.0563
—0.0193
—0.1550

(.0066

0.0123
0.0292
-0.0193
-0.0563
0.0066
-0.1550

0.0590
0.0390
0.0175
0.0026

—0.2055

-0.0130
—0.018]
—0.0137
0.0007
—-0.01141
0.0186

-

0.0390 -7.3312
0.0590 -7.3312
0.0026 -0.2055 |,
0.0175 -0.2055

—0.2055 82.5434

0.0196 0.2132
0.0110 0.0138
0.0007 0.1373
-0.0137 0.1373
0.0186 0.2691

=0.0441 0.2691

The closed system solution is completed by substituting the optimal feedback

rule « = —Fryinto the constraint to get @y, = A0, + Cepyy where A0 = A — BF.

As noted by Hansen and Sargent (1990). this system is stable for all #y € R" if the

eigenvalues of A0 in absolute value are less than -7,
14

3.6 Simulations Results

Simulation results are reported for seven different economies that were in-

cluded in the BKK (1991) study. Results for the benchmark economy are associated
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with parameters values from Section 1 of this chapter. In order to investigate the
effects of changing the elasticity of substitution between foreign and domestic goods.
we considered a small elasticity simulation (6=0.5) and a large clasticity sinmlation
(6=2.5). For the fourth economy (labelled “Two Shocks™). government expenditure
shocks are added to the domestic and foreign economics. The fifth CCeonomy con-
siders time-to build, with J=2. The sixth economy (labelled “Government Shocks™)
considers only government expenditure shocks. For the seventh economy (labelled
“No Capital™). we set =0.001. and consider the effects of an extremely small copital
share.

The empirical results will be discussed in two subsections. First, the time
domain properties of the solution will be examined. “This will provide some intuition
for the behavior of the model and will also provide some evidence of the sensitivity of
the model to alternative solution procedures. as the B 1esults were obtained with
a different procedure. The second section presents the frequeneys domain diagnostic
test results. In both cases. all statistics have been computed as averages over 20

simulations of 100 quarters each.

3.6.1 Time Domain Properties of Simulated Data

Table 3.6.1 reports standard summary statistics for all of the experiments
that are comparable with Table 3.2.2 for the historical data. As in BRK (1991), we
find that output. the terms of trade. and net exports are all highly antocerrelated i
the benchmark economy and the majority of the other experiments. More specifically,

for the benchmark economy. the first-order autocorrelation coofficient for net exports
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is 0.0 (the median is U.50 for the historical data): for the terms of trade. the model
value is 057 versus 0.71 in the data: for output. the model vields 0.67 while the
median value in the histonical data is 0.74. Overall. thi* is not surprising as most of
the endogenons variables inherit the persistence properties of the technology shocks.

The purpose of this thesis is to investigate the complete dynamic behavior of
the variables in the model. With this in mind we report the autocorrelation function
for the variables of interest for all experiments up to twenty lags. These can be seen in
fignres 3.6.1 1o 3.6.3 . In fiewre 3.6.1 we graph the autocorrelation function for output
for ditferent experiment<. One can see that for all experiments the autocorrelation
function does not exhibit any peaks. It i< also evident from the graph that the
autocorrelation function dies exponentially as the number of lags increases. In Figure
3.6.2 we report the autocorrelation function for net exports. Interesting to note is the
fact that in the time to build experiment the autocorielation function appears to have
a high value for the first lag and also that the degree of dissipation for this experiment
is not as high as in the other experiments. For the terms of trade the autocorrelation
function hehaves ina similar wav to the other variables (Figure 3.6.3). Note the very
low values that the antocorrelation function exhibits o the no capital experiment
aud for the government expenditure experiment.

Turning to the contemporancous variances and covariances. note that the
benehmark economy replicates the variability of output in the sample of countries.
but does not do as well as mimicking the variability of ne and p. Although the
standard deviations of the terms of trade and net exports are somewhat smaller

than those reported in BRK (1991, it is also true that their results are nevertheless
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similar. BRK (1991) report values of 0.3 and 0.4 for the standard deviations of net
exports aud terms of trade respectively. For the historical time series, the variability
of net exports is similar to the variability of output. and the variability of the terms
of trade exceeds both. We will discuss the differences in model variability at some
length below: for now. it is clear that both solutions behave similarly relative to the
historical time series.

In the benchmark economy. the contemporaneons cross correlation hetween
net exports and output i~ -0.6. while the median value for the sample is 0230 How
ever. the model value is within the range observed in the historical sample. As a result,
the model definitely captures the counterevelical nature of net exports. BRIk point
out that the counterevelical nature of the trade balance is also associated with strong,
procvchical changes in investment. Consumption smoothing nmplies that output net
of consumption must be procyelical: as output net of consumption equals imestiment
plus net exports. countercyelical net rxports are also associated with more strongly
procyelical investment Hows.

We alvo find a strong negative correlation between net exports and the terms
of trade. For our henchmark economy we obtain -0.953. while BRI obtain 0,13 the
values in the historical sample are generally negative {except for the United States)
We also observe a strong positive correlation between the terims of trade and output
in the model (as do Backus. hehoe. and Kvdland). although there is no pattern in
the data.

A kev characteristic of the time domain properties of this model is the asyimn

metric shape of the cross-correlation function between net expoits and the terms of




trade. In Figure 3.6.4. Panel (a). we graph the cross-correlation function for these two
variables for the benchmark economy. While the smcothly varying “S™ shape that is
exhibited by the BKK solution is not present in our solution, the basic relationship of
these two variables in the data holds in the sense that the cross-correlation function
decreases and then increases as we move from right to left. BKK point out that the
dynamic relationship between net exports and the terms of trade are derived from
the effects of investient and capital formation. In response to a domestic technology
shock. domestic output increases and the relative price of domestic versus foreign
output decreases. which implies that p rises. At the same time. net exports decrease
as investient incereases so that the contemporaneous correlation between p and na is
negative. As the investment response diminishes over time. the trade balance moves
into surplus. and the correlation between p, and nur,yy increases with k in the short
term.,

Paunels (b) and (c) in Figure 3.6.4 graph the cross-correlation function for dif-
ferent values of 0. An interesting feature of the solution presented here. in comparison
with BRK (1991). is the insensitivity of the results concerning the cross-correlation
function to changes in 0. BKK argue that the timing of the cross-correlation relation-
ship between net exports and the terms of trade is sensitive to the value of o, in the
sense that the location of the point at which the cross-correlations shift from negative
to positive decreases as o increases, although the shape of the basic relationship is
not. We find that neither the location nor the shape of the cross-c.rrelation function
is sensitive to changes in o. We attribute the differences in simulation properties to a

difference in model solution techniques. Basically. the Kydland and Prescott (1982)
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approximation procedures allow for greater sensitivity to curvature in the objective
function. and in this model the degree of curvature is determined by o.

We now turn to the time domain properties for some of the other experiments.
The experiment labelled “Two Shocks™ adds independent government expenditure
shocks to the domestic and foreign economies. We will assume that Bz=diag(0.95,0.95)
and that the standard deviation of each of the innovations is 0.001. These estimates
are based on V. V. Chari et al.’s (1991) estimates for the 1S economy and are
identical to those employed by BKK (1991). The mean value of ¢ in cach country is
assumed 1o be 0.20. so that government purchases represent 20 pereent of the steady
state value of output. Table 3.6.1 illustrates that our ecconomy is somewhat more
sensitive to government expenditure shocks than BKK (1991). although the properties
of economy with respect to the time domain properties of net exports, the teris of
trade. and output remain qualitatively unaflected. Most notable are the inerease in
the magnitude of the contemporancous correlations between ontput and net exports
(-0.60 t0-0.73) and the change in sign of the contomporaneous correlations hetween
output and the terms of trade and net exports and the terms of trade, -0.98 and 0.59
the corresponding numbers in the benchimark economy versus 0.80 and -0.79 in the
Two Shocks experiment,

For the next experiment. we introduced time-to-build and increased the value
of J from | to 2. In this scenario. two quarters are required before capital is ready to be
used in the production process. Time-to-build will influence investment dynamics and

could potentially have an important effect on the dynamic relationship between the
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terms of trade and the trade balance.® Following BKK (1994). we choose J=2 which
is half of the J=4 suggested by Kydland and Prescott (1982). Table 3.4 indicates
that the introduction of time-to build significantly increases the variability of the
terms of trade which brings the model closer to the historical data. This effect is
somewhat larger than in BKK (1994). In addition. the net exports become more
strongly counterevelical. with a contemporaneous correlation of -0.93 relative to -0.60
in the benchmark., However. as illustrated in Figure 3.6.5. the introduction of time-
to-build has a negligible effeet on the cross-correlation function for net exports and
the terms of trade.

Finally. we consider two extreme experiments. For the results labeled “Gov-
ernment Shocks™, we exclude productivity shocks from the economy aud set z=1 in
both countries. The parameters of this experiment are the same as those used in the
“Two Shocks™ experiment for the government purchases process. This experiment is
designed to illustrate the importance of the nature of the shocks for trade and price
dynamics. OQur results here mimic those in BRKK (1994). in that the cross-correlation
function between the terms of trade and net exports develops a maximum at zero
and hecomes tent shaped. As a result. the dynamic relationship between the terms-
of-trade and net exports is totally changed. This result illustrates the importance
of identifving the source of fluctuations hefore predicting comovements hetween the
trade balance and the terms of trade.

In the experiment labelled “No C(apital™. we set §=0.001. This experiment

“An alternative approach to modifying the dynamics of capital formation is to posit adjustment
costs Mendoza (1991) and Bavter and Crucini (1993) consider convex costs of changing the capital
stock
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is designed to illustrate the crucial relationship between investment and the trade
balance. In the no-capital experiment. the most st riking change in the trade statisties
appears to be the reduction in the first order autocorrelation for the terms of trade,
from 0.57 in the benchmark economy down to 0.01. In addition. the terms of trade
becomes countercyclical and the magnitude of the correlation hetween net exports
and output is dramatically reduced. Ouce again. the cross-correlation function for
the terms of trade and net exports looks nothing like the cross-correlation function
for the henchmark economy or the historical data. These results are also broadly
consistent with the results in BRI (1991).

While there are some specific differences hetween the 1esnlts presented liere
and those in BKK (1991). the model generates predictions that are qualitatively
similar in the time domain. We now turn to an analvsis of the model's propertios in

the frequency domain.

3.6.2 Frequency Domain Properties of The Simulated Data

This section reports the results from the frequeney domain diagnostic tests
developed in Chapter 2. We report two ty pes of diagnostios: 1) accnnlated varianee
and covariance contributions which represent frequency interval tests defined relative
to frequency zero. and which depict spectral deviations bhetween the model and the
historical data measured from the origin to the frequency of interests 2) ineremental
variance and covariance contributions which represent spectral frequency interval tests
defined over intervals of width Z. and which measure spectral deviations hetween the

mode] and the data over a particular interval. Standard errors for the test statistics



measured over replications of the simulations are reported at the bottom of each table.

For the nnivariate spectra in the benchmark economy. the incremental and
accumulated variance contributions presented in Tables 3.6.2-3.6.7 clearly indicate
that the model does well at fitting the low frequency behavior of output, the terms
of trade, and net exports. As mentioned previously. this no doubt reflects the rather
simple univariate patterns of persistence exhibited by the data for the majority of
countries in the sample.

For the multivariate spectra. the patterns in the data are quite diverse. and
it is probably most useful to characterize first the co-and quadrature spectra for the
benchmark economy. and then to consider which economies are similar. Tables 3.6.8-
3.6.13 present incremental and accumulated cospectral deviations for the benchmark
cconomy for net-exports and the terms of trade. net exports and output. output and
the terms of trade. At least for the cospectrum bhetween net exports and the terms
of trade. it is clear that the model produces results that are similar to a wide variety
of countries. with negative cospectral power at low frequencies and not much activity
at higher frequencies. For the cospectral relationship between na and y presented
in Tables 3.6.10-3.6.11. the model does fairly well at predicting the strong negative
cospectral power at low frequencies that is exhibited by the data. For the cospectral
relationship between y and p. the benchmark model predicts positive cospectral power
at low frequencies (like Italy and Switzerland), although the majority of countries have
negative cospectral power at these frequencies.

Tables 3.6.11-3.6.19 present accumulated and incremental quadrature spec-

tral deviations for the same time series in the benchmark economy. Recall that the



spectral deviations are measured as the historical frequency increments, relative to

those implied by the model. Tables 3.6.11 and 3.6.15 clearly indicate that quadrature
spectra between net exports and the terms of trade for the model is considerably
lower (i.c. more negative) than the historical quadrature spectra at low frequencies
for all countries, and that this deficiency persists for accunmlated covariance contri-
butions across almost all frequencies. It is clear that this is one feature of the mudel
that clearly overestimates the properties of the historical time series. Moreover, as
the cross-spectral distribution function estimates are normalized. it is clear that the
quadrature spectral deviations correspond to important dynamic aspects of the rela
tionship between net exports and the terms of trade that are simply missed by ous
application of the theory.

Tables 3.6.16-3.6.19 present accumulated and incremental quadrature spec
tral deviations for the benchmark economy for ne and y. and y and p respectively.
The model predicts very little activity at low frequencies for these variables, and the
test statistics essentially mimic the properties of the historical spectia,

Overall. it is clear that the benchmark economy replicates some of the fre
quency domain properties of the endogenous variables. althongh there are prominent
areas where the model fails.

For the remainder of the simulations, we will focus on the multivariate fre
quency domain statistics for nr and p. as these are the primary statistics of inter
est for examining the J-curve relationship. Tables 3.6.20-3.6.27 report cross spectial
statistics for the small- and large- elasticity econonues. In general, all of the results

are similar to those reported for the benchmark economy. This is not surprising, as
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the time domain simulations revealed that the solution was primarily insensitive to
changes in o.

Turning to the “Two Shocks Economy”, Tables 3.6.28-3.6.31 reveal that the
introduction of government expenditure into the model causes a serious deterioration
in the multivariate frequency domain fit of the model, relative to the historical data.
This is also supported by the results in Tables 3.6.36-3.6.39 which report results from
the “Government Expenditures™ economy. Basically. government expenditure shocks
induce a large positive contemporancous cross-correlation between ne and p. and
this also oceurs at moderate leads and lags. For cospectral deviations measured as
historical minus model-based frequencies. this translates into large negative additions
to the test statistics at low frequencies. and this swamps any satisfactory frequency
domain fits in the benchmark case. Deviations for the quadrature-based statistics
arc also made worse, when compared to the benchmark case. Overall. it is clear
that government expenditure shocks do not provide a satisfactory basis for J-curve
dynamies within the context of this model.

Turning to the time-to-build results in Tables 3.6.32-3.6.35. it is clear that
introduction of time-to-build magnifies the negative cospectral power of the model
at low frequencies. although the qualitative features of the economy are similar to
the benchmark economy from this perspective. and there are countries where the
cospectral diagnostics are within two standard deviations of zero across a majority
of frequencies. For the quadrature spectrum between nr and p. it is clear that the
introduction of time-to-build makes things worse.

For a final simulation. we consider the “No (apital™ economy where 0 is
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assumed to be 0.001. Tables 3.6.40-3.6.-43 indicate that the frequency domain proper-
ties of the relationship between the termis of trade and net exports is altered substan
tially, relative to the previous scenarios. In almost all of the previous simulations,
the cospectrum for the model has exceeded the cospectrum for the historical time
series (in absolute value), at low frequencies. In this economy, this is reversed and
the cospectral deviations are therefore primarily negative at low frequencies. For the
quadrature spectrum. the signs of the test statistics are also reversed relative to the

benchmark economy. and the degree of fit is much worse.

3.7 Conclusion

This chapter developed a general equilibrium intemational business ey ele
model in order to investigate the dynamic relationship hetween outpnt, the terims
of trade, and the trade balance. The nonlinear rational expectations model was
linearized and then solved and simulated using standard compntational algorithims
available for recursive optimal linear regulator problems. Both time and frequency
domain diagnostic tests were used to evaluate the properties of the model.

In general. the results illustrate that models of this sort are capable of reph
cating simple univariate dynamics in both the time and the frequency domain, but
that the multivariate dynamics exhibited by the data are too varied to be represented
accurately by one specific parameterization. In addition. it is clear that the cross
spectral requency domain diagnostics provide a very different and detailed evaluation

of the model, relative to the cross-correlation function. Finally, it is also clear that
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the numerical properties of these types of models vary substantially across approxi-
mation procedures; this has been illustrated in a much simpler dynamic economy by
Taylor and Uhlig (1989).

As the frequency domain properties of the data vary considerably across
countries, it is difficult to suggest a single theoretical modification to the model that
would satisfactorily replicate the properties of the data for all countries. As trade
statistics are notorious for containing substantial measurement error, the next chapter
considers the addition of stochastic measurement error to the data as a potential for

reconciling the theory with the data.



Figure 3.2.1: Sample Cross-Correlations, Historical Data, HP-Filtered
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Figure 3.2.1: Continued
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Figure 3.2.2: Estimated Spec'tral Density Functions, Trade Balance (NX)
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Figure 3.2.3: Estimated Spectral Density Functions, Terms of Trade (P)
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Figure 3.2.4: Estimated Spectral Density Functions, Real G.D.P. (Y)
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Figure 3.2.5: Estimated Cospectrum (NX,P)
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Figure 3.2.5: Continued
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Figure 3.2.6: Estimated Quadrature Spectrum (NX,P)
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Figure 3.2.6: Continued
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Figure 3.2.7: Estimated Cospectrum (NX,Y)
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Figure 3.2.7: Continued

Japan

taty
mo (-]
o N 00 4 \/\
\ ~>
A :
aa0 4
b /
-« 4
reo 4
1o
roon
1280 1700 4 M
oy 1o 4
1180 170
L] » 3 . . o 1
Bwllaw and
T
\ / 1o
- .l
e 3000 4
a0 4
. l
!
3 | .A! RO N l ] «xx ¥

e —~/\/\_/\/~

PN

Us.A.

_ _‘V\ A _

74



Figure 3.2.8: Estimated Quadrature Spectrum (NX,Y)
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Figure 3.2.8: Continued
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Figure 3.2.9: Estimated Cospectrum (P,Y)
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Figure 3.2.9: Continued
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Figure 3.2.10: Estimated Quadrature Spectrum (P,Y)
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Figure 3.2.11: Estimated Spectral Distribution Functions, Trade Balance (NX)
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Figure 3.2.12: Estimated Spectral Distribution Functions, Terms of Trade (P)
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Figure 3.2.12: Continued
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Figure 3.2.13: Estimated Spectral Distribution Functions, Real G.D.P. (Y)

Australla
_//
/
"
Ceanada
,//’T—ﬂ
/‘
r'
I // | t |
L i ! | i
France

Austris

,//"

=

]

85




S6

Jepan

Figure 3.2.13: Continued
Haty

as
as

usa,

Bwitzeriand




37

Figure 3.6.1: Autocorrelation Functions, Simulated Data, Real G.D.P. (Y)
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Figure 3.6.2: Autocorrelation Functions, Sinulated Data, Terms of Trade (P)
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Figure 3.6.3: Autocorrelation Functions, Simulated Data, Trade Balance (NX)
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Figure 3.6.4: Cross-Correlation Functions, Simulated Data, Simulations 1-3 (NX,P)
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3.6.5: Cross-Correlation Functions, Simulated Data Simulations 4-7 (NX.P)
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Figure 3.6.6: Cross-Correiation Functions, Simulated Data, Simulations 1, 6 and 7 (NX.P)
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Table 3.2.1 Sample Size For Each Country

Country Sample | Number of
Observations
Australia | 1960:1-1990:1 121
Austria 1964:1-1990:1 109
Canada 1955:1-1990:1 151
Europe 1960:1-1990:1 121
France 1970:1-1990:1 81
Germany | 1968:1-1990:1 97
Italy 1970:1-1990:1 81
Japan 1955:2-1990:1 150
Switzerland | 1970:1-1990:1 81
UK 1955-1-1990:1 151
UsS 1950:4-1990-1 161




Table 3.2.2. Summary Statistics, Historical Data, HP-Filtered.
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| Standard deviation Autocorrelation Correlation
Country y P nx y p nx || (nx,y) | (nx,p) (y.p)
Australia 1.53 5.25 1.36 0.65 0.82 0.74 0.191 -0.09 -027
(0.16) | (0.70) | (0.15) || (0.19) | (0.23) | (0.18) || (0.17) | (0.11) | (0.11)
Austria 1.20 163 111 0.60 0.50 029 0441 -0 16 013
(0.13) | (0.20) | (0.09) |f (0.18) | (0.15) | (0.12) }| (0.12) | (0.12) | (C.11)
Carada 1.52 2 44 079 076 085 0.59 -0.42 0.04 -0 10
(0.18) | (0.35) | (0.06) i (0.22) | (0.25) | (0.13) || (0 19) | (v 0B) [ ((010)
Europe 0.94 1.48 0.45 0.70 0.76 0.74 -0.25 -0.43 -0.14
(0.12) | (0.14) | (0.09) }f (0.11) | (0.17) | (0.16) || (0.13) | (0.19) | (0.07)
France 091 3.54 083 0.76 0.75 0.71 015 -0.50 -0.12
@14 [ (050 L (010) | 0.27) | (020 | (0.10) || w21y | oy | (015)
Germany 1.50 2.6 0.80 069 U 86 0.60 -0.17 -0.00 013
(0.19) | (0.26) | (0.08) || (0.23) | (0 18) | (0.19) |} (0.13) | (0.16) | (0 10)
Italy 1.69 3.52 1.34 0.85 0.79 0.80 068 -0.66 0.38
028) | (040) | (0.19) || (0.20) | (0.1 | (0.26) || ©2%) | 020y | (021
Japan 1.67 5.89 1.01 0.74 0.86 0.81 0.18 ] -04% -0.10
(0.16) | (0.86) | (010) || (0.17) | (0.27) | (0.17) || (0.12) | (0.13) | (0.16)
Switzerland 1.93 2.92 1.33 0.90 0.88 0.90 -0.68 | -0.61 0 40
(038) | (0.32) | (023) || (0.36) | (020) | (032) || (029) | (0 19) | (011)
Unired 147 2 86 106 056 07 067 0231 -051 019
Kingdom {| (0.15) | (0.47) | (0.13) || (0.15) | (v.32) | (0.21) || (0.08) | (V.27) } (U W7)
United 1.83 2.92 0.45 0.82 0.80 0.80 -0.22 0.27 0.93
States || (0.17) | (0.42) | (0.04) || (0.16) | (024) | (0.14) || (0.14) | (0 11) | {(0.15)
Median 152 202 1.01 0.74 0.74 0.80 -0.23 -0.43 -0 10
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Table 3.6.1. Summary Statistics, Simulated Data, HP-Filtered
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Standard deviation l Autocorrelation Correlation

Economy y p nx I y p nx || (nx,y) { (nx,p) (y.p)

Benchmark 1.03 0.14 0.20 0.67 0.57 0.59 -0.60 | -0.98 0.59

(0.09) | (001) | (0.03) | (0.05) | (0.08) | (0.07) i (0.12) | (0D O1) | (0.12)

Swmall elasticity 0.80 gdi] 023 0.63 061 063 -0641 -0O7 0.71

(0.01) | (0.03) | (0.02) || (0.10) | (0.06) | (0.05) || (0.09) | (0.01) { (0.08)

Larze elasticity 101 006 0.21 063 062 0.63 059 ] 098 067

(0.17) | (0.01) | (0.02) || (0.10) | (0.05) | (0.06) {| (0 10) | (V.01) [ (1D

Two shocks 0.92 0.16 0.21 0.64 0.80 0.62 -0.74 080 -079

(0.13) | (0.03) | (0.02) }} (009) | (0.07) | (0.06) || (0.08) [ (0.03) | (0.07)

Time to build 0.52 0.46 0.21 0.60 0.50 0.54 -0.93 -0.95 0.85

(0.06) | (003) | (0.02) I (009 [ 1oy} o { ody | wory | @om)

Government shocks .28 019 002 0.69 0.63 071 -0.57 086G ] -0

(0.03) | (0.02) | (0.00) |{ (0.06) | (0.08) | (0.08) || (0.13) | (0.03) ] (0.17)

No capital 0.30 0.33 0.06 0.65 0.01 0.67 0321 0471 -0.25
(003) | (003) | (0.00) I* (012 | 007y | ©00) § 016y ] @oiy | (01 |
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Table 3.6.2. Univariate Spcctral Shape Tests
Accumulated Variance Contributions
D(t,0)
Benchmark Economy (Y)
Irequencies
Country t—-1I I—%I { = 36’3 = 3 b= 2%
Australia -0.0323 | 0.0033 | -0.0009 | -0.0096 | 0.0001
Austria 0.0063 | -0.0205 0.02145 0.0258 | -0.0018
Canada 0.0201 {0225 0.0259 00117 0.0091
Europe 0.0218 0.0062 0.6030 0.0044 | -0.0019
France 0.0260 0.0295 0.0195 0.0137 0.0029
Germany 0.0550 00011 -0.0080 0.0007 0 0020
Italy 0.0221 0.0750 0.0515 00298 0.0112
Japan 0.4:195 40215 00111 0.0027 | -0.007Y
Swilzerland 0.1210 0.0824 0.0558 0.0327 0.0137
United Kingdom | 0.0063 | -0.0374 [ -0.0330 | -0.0254 | -0.0189
Lmted States 01 0037 0.0393 00235 0.0676
Standard error | (0.0460) | (0.0206) { (0.0137) | (0.0092) | (0 0040)
Table 3.6 3 Umvadiate Spectral Shape Tests
[neremental Variance Contributions
Dt —2)
Benchmark Economy (Y)
Fecqquencies
C'ountry =z t:-l.—'_~ 12}.\: t:% /:%? t=%
" Australia | -0.0323 | 0.0356 | -0.0042 [ -0.0086 | 0.0097 [ -0.0001
Austria 0.0063 1§ -0.0268 | -0.0039 | -0.0014 | 0.0241 0.0018
Canada 0.0301 0.0021 -0 0067 00111 -00057 | -0.00901
kurope 0.0213 00136 0.0031 0.0013 (0.106%2 00Uy
France 0.uZbU v.uU3b | -0.0L0L1 | -U.0Vo¢ | -U.UL0Y | -0.002Y
Geecmany NOSR0 1 -00539 | 00000 | 0.0177 | -00117 | 0.00%90
Haly 0221 00534 | -0.0289 | 00217 | -0.0186 | -0.0L12
Japan 00195 020 | -0.0130 | -0.0087 | -00107 | 0.0079
Switzetland U 1210 -0.0389 0.0263 g.02381 | -0.0190 | -0.0137
Ciited Kngdom | 00083 § -0 ustl 0.00-1 1 0 uC76 0.0065 0.018Y
United States 0.0611 | -00037 | -0.0180 | -0.0459 | -0.0159 | -0.0076
Standard error | (0.0460) | (0.0370) | (0.0140) | (0.0107) | (0.0082) | (0.0040) |




Table 2.6.4. Univariate Spectral Shape Tosts
Accumulated Variance Contributions
D(t,0)

Benchmark Economy (P)

Frequencies

Country t=% t=3 | 1=3 t=4 | =23
Australia 0.1732 0.0894 0.0526 0.0330 00133
Austria 0.0065 | -0.0323 § -0.0296 ! -0.0285 0 007
Canada 0.1390 0.0947 0.0611 0.0362 0.0173
Europe 0.0858 0.0598 0.0485 0.0293 0.0092
France 0.0492 0.0429 0.0502 0.0370 0.0168
Germany 0.1519 0.0987 0 0666 0.0401 00172
Haly 0.1156 0.0708 0.0196 00321 00150
Japan 0.1254 0.0995 0.0669 0.0411 0017t
Switzerland 0.1082 0.1111 0.0783 0.u486 0.0209
United Kingdom | 0.0599 0.0643 0.0450 0.0236 0.0031
U nited States 0.060: 0.1822 0.0553 0Nt 0L
Standard error | (0.0509) | (0.0304) | {0.0219) (0.0174) (0.0067)

Table 3 6.5 Univariate Spectral Shape Tests
Incremental Variance Contributions
Dt - %)

Benchmark Economy (P)

Frequeneies

Country t= £ I:Q—ﬁ: (:}f 1= Az i:%—;’- l =7
Australia 0.1732 | -0.0838 | -0.0368 | -0.0196 ] -0.0196 [ -0.0133
Austria 0.0065 | -0.0388 | 0.0027 0.0011 0.0211 0.0074
Canada 0 1390 -0.0-4114 -0.0335 -0.02149 1 -0 0189 00173
urope (1.0858 -0.0260 -0.0112 -0.0192 00202 0092
kFrance VRVESY Y -0.006.3 V.uurs uuLsl 1 U204 00103
Germany 0.1519 -N 0532 | 00321 00262 | -00232 | -0.0172
Italy 0.1156 | 00118 | -0.0213 ] -0.017h 0.0171 0.0150
Japan 0.125} 00259 -0 0326 () o -0 0240 00171
Switzerland 0.1082 0.0030 -0.0823 1 -0.0502 00277 0.0209
United Kingdom | 0.0599 | 0044 | -0.0192 | -0.02id | -v.u2u» | -0.0031
United States 0.060 1 0.0218 | -0.0267 | -0.0204 | -0.0213 | -0.0139
Standard error | (0.0509) | (00375) | (0.0133) | (0.0110) | (0.0144) | (0.00G7)




Table 3.6.6. Univariate Spectral Shape Tests

Accumulated Variance Contributions
D(t,0)
Benchmark Economy (NX)

Irequencies
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Country t=1% t=1 t=3 | t=4 t=3L
Australia -0.0259 | 0.0662 0.0542 | 0.0308 0.0110
Austria -0.0575 | -0.1258 0.0863 | -0.0450 | -0.0323
Canada -0.0367 { 0.0017 0.0077 0.0019 | -0.0033
Europe .0434 0.0532 0.0391 0.0154 0.0093
France -0.0366 | 0.0458 0.0383 0.0252 0.0073
Germany 0.0764 0.0085 | -0.n085 | -0 0112 | -0.0073
[taly 0.0854 0.0851 0.0505 0.0352 0.0127
Japan 0.0927 0.0861 0.0582 0.0340 0.0149
Switzerland 0.1114 0.1101 0.0769 0.0465 0.0203
United Kingdom | 0.0075 0.0410 0.0155 0.0063 0.0017
United States 0.0979 () 0800 0.0508 00315 0.0123
Standard error | (0.0483) | (0.0281) | (0.0204) | (0.0138) | (0.0064)
Table 3.6.7. Univariate Spectral Shape Tests
Incremental Vanance Contributions
Dt —F)
Benchmark Economy (NX)
Prequencics
{‘ountvy l:-ﬁﬁ f:%; :%‘3 I:% f:%-“ =7
Australia -0.0259 | 0.0920 | -0.0119 | -0.0235 { -0.0198 | -0.0110
Austria -0.0575 | -0.0683 0.0395 0.0412 0.0128 0.0323
(anada -0 0367 | 0.0384 0.0059 | -0.0057 | -0.0052 | 0.0033
Europe (.0-434 0.0098 -0.0142 -0.0237 -0.0061 -0.0093
rrance LUsLE | V.0821 -0.0ucd | -0.uid2 00179 | -0.0u78
Germany 0.0764 | -0.0679 | -0.0170 | -0.0027 0.0039 0.0073
ftaly 0.0854 | -0.0002 | -0.0346 | -0.0153 | -0.0224 | -0.0127
Japan 00927 | -0.0066 | -0.0279 | -0.0242 | -0.0191 | -0.0149
Switzerland O.0114 | -0.0009 | -0.0336 | -0.0301 | -0.0263 | -0.0203
United Kiugdom | 0.0075 0.0335 | -0.0255 | -0.00¥2 | -0.0047 | -0.0017
United States 0.0979 | -0.0179 | -0.0292 | -0.0193 | -0.0192 | -0.0123
Standard error | (0.0433) | (0.0362) | (0.0127) } (0.0105) } (0.0131) { (0.0064)
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Table 3.6.8. Multivariate Spectral Shape Tests
Accumulated Covariance Centributions
D.(t,0)

Benchmark Economy (NX,P)

Frequencies

Country t=Z t=22 | t=3r | =4 | 1=32
Australia 0.3012 0.3596 0.2961 0.2076 0.1070
Austria 0.2688 0.3330 0.2678 0.2068 0.1173
Canada 0.3824 0.4420 0.3629 0.2550 0.1303
Europe 0.1621 0.1733 0.1300 0.0984 0.0626
France 02178 0.1527 0.1035 0.0718 0.0450
Germany 0.3357 0.4014 0.3237 0.2271 0.1251
Ivaly -0.0860 | -0.6057 | 0.0122 0.0116 0.0140
Japan 0.0535 0.1085 0.1016 0.0739 0.0448
Switzerland -0.0024 [ 00095 002738 0.0303 0.0218
United Kingdom | 0.0689 0.0493 0.0577 0.0451 0.0238
{ nited States 0.6-109 0.5027 0. 1662 {1.323x 0164
Standard error (0.0982) § (0 03R1) | (001200 1 (0 0330) | (0.0131)

Table 3.6.9. Multivariate Spectral Shape Tests
Incremental Cov wance Contributions
Dt.t-%)

Benchmark Economy (NX,P)

Fregueneies

Conniry f:% Iz'% f:z;f (:% [:5B'Z =1
Australia 03012 | 0.0584 | -0.0635 | -0.0885 | -0.1006 | -0.1070
Austria 0.2688 | 00642 [ -0.0652 | -0.0610 | -0.0895 | -0 1173
Canada 01.3824 00596 | -0.0791 | -0.1078 | -01247 | -0.1303
Lucope 0.1621 0.0112 00888 1 -0 0816 | -0.0858 1 -0 06206
Franee v2ley | -0.0652 vuty2 | 00317 | 00268 | U UIHY
Germany 0.3357 | 0.0637 | -0.0777 | -0.0966 | -0 1020 { 01251
Italy -0.0860 | 0.0773 0.0209 | -0.0006 | 00024 | -0.0140
Japan 0.0535 | 0.0550 | -0.0670 | -00277 | -00%91 | 004X
Swilzerland -0.0021 | 00118 0.0185 | 0.0025 0.0085 | GUZiK
United Kingdom: | 0.0689 | -0.0195 | 0.0084 | -0.0126 | -0.0218 | -U.u24%
United States 0.6409 | -0.0483 | -0.1264 | -0.1424 | -0.1594 | -0.1644
Standard error | (0.0982) | (0.0731) { (0.0258) [ (0.0214) | (0.0272) | (0.0131)
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Tahle 3.6.10. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
D.(t,0)

Benchmark Economy (NX,Y)

Irequencies

Country =% t=2 | t=3z | t=4z | t=32
Australia 0.1955 0.0956 0.0038 0.0737 0.0400
MAustria 00758 0.0883 0.0730 0.0352 0.0092
Canada 0.0119 -0.0348 | -0.0173 | 0.0067 0.0062
Europe 0.0571 0.0604 0.0575 0.0520 0.0284
France 0.2195 0.0945 | 0.0591 0.0474 0.0343
Germany 00023 0.0907 00851 00753 0.0386
Italy -0.1598 | -0.1901 | -0.1327 | -0.0814 | -0.03338
Japan 0.0395 0.1201 0.0978 0.0724 0.0435
Switeerland -0.2232 | -0.1939 | -0.1278 | 00777 | -0.0335
United Kingdom | -0.0277 0.0479 | 0.0341 0.0250 0.0151
toired Stales 00615 niony 0.097H (.06 1 0.0390
Standard error (01072) | (0 0&a0) | (0.0661) [ (00440) | (0 0211)

Table 3.6.11. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
D.tt = %)

Benchmark Economy (NX,Y)

Freguencies

Country t= =2 t=22 | ¢=32 | t=32 | =3¢ t=m
Australia 0.1955 | -0.0999 | -0.0018 | -0.0201 | -0.0337 | -0.0400
Austrin 0.0758 0.0125 | -0.0153 | -0.0378 | -0.0259 | -0 0092
(‘anada 00119 | -00467 1 0.0174 | 00240 | -0.0004 | -0.0062
faurope Dol (.0032 -0.0029 1.0055 0.0236 | -0.02841
Franee 0.2195 01230 | -0.Us>1 | 00117 | -00131 | -0.0313
{iermany 00023 003834 | -0.0036 | -0.0098 | -0.0367 | -0.0336
ftaly -0.15698 | -0.U803 | 0.0574 [ 0.UB12 | 0.0456 0.0358
dapan 00295 0.0800 -0.0224 -0.0253 -0.0284 -0.04:59
Switzerand 0.2232 | 0.0273 | 0.0081 0.0302 | 0.01412 0.0335
tnited Wingdomn | -0.0277 | 0.0756 | -0.0138 | -0.0091 | -0.0100 | -0.0151
United States 0.0645 0.0562 | -0.0232 | -0.0285 | -0.0301 | -0.0390
Standard error | (0.1072) ] (0.0188) | (0.0268) | (0.0291) | (0.0271) | {0.0211)




Table 3.6.12. Multivariate Spectral Shape Tests

Accninulated Covariance Contributions
Dc(t.())

Benchmark Economy (Y,P)

Frequencies
Country t=% t=2% | 1=3z | 1=3K | t=3¢
Australia 04017 | -0.4190 | 031416 | 02124 | -0.1282
Austria -0.2136 | -0.1901 | -0.1305 | -0.1029 | -0.0322
Canada -0.2440 | -0.3158 | -0.2534 | -0.1752 | -0.0954
Europe -0.3608 | -0.3223 | -0.2672 { -0.1917 | -0.1028
France -0.4190 { -0.3538 | -0.2616 | -0.1966 | -0.1064
Germany 03330 | -0.3262 | 02663 | 0 1%62 | -0 1000
Italy -0.0403 | -0.0043 | -0.0149 | -0.0190 | -0.0158
Japan -02738 | -0.3217 | -0.2517 | -0.1754 | -0.0947
Swit zecland 0.0311 0032 | -0.0001 | 00055 | 00103
United Kingdom | -0.1395 | -0.1806 | -0.1637 | -0.11-19 [ -0.0725
United States 024924 | 02663 1 -0.2086 | -0.1136 | -0.0807
Standard error (0.1103) 1 (0.0867) [ (0.0661) | (0.0:435) | (0 0206)

Table 3.6.13. Multivariate Spectral Shape Tests
Increnental Covaviance Contribution-
D.crot D
Benchmark Economy (Y,P)

102

rl'l'lllll'“l [LRS
('r:mmr'u I:".J'EL = =1’-_- | = -%5 = ‘B—' t = :‘l-;' { =%
Australia -04047 | -0.0143 [ 0.0774 | 0.0992 | 0 1142 0.1282
Austria -0.2136 | 0.0234 | 0.0597 | 0.0275 | 0.0707 | 0.0322
Coanada 02000 | -00718 | 0.0624 | 00782 | 00798 0.0951
Europe 0.30U% 1XIENDY 005310 0.0: .30 () OBRY 0. 102
France 01190 | 0.0652 | 0.09223 [ 00650 | 0 0902 0.1064
(fermany 03551 01289 00398 ) 001 () (62 0100
Italy 00403 | 0.0361 | -0.010/7 | -0.0U-41 | V.0U32 0.01H8
Japon 0T 1 -N0ATY | 00700 00763 | 0 0807 0 0947
Switzertend U.03:11 0.0269 | 00136 | 6.0082 | 0.0016 | O.0103
Unitedd Wingdotn | 00393 | 00412 | 006y | 00dsy | 00424 0 072
United States -0.2424 | -0.0238 | 0.0577 | 0.0650 | 0.0628 0.0807
Standard crror (0.1103) [ (0.0508) | (0.0272) | (0.0225) | (0.0274) | (0.0206




Table 3.6.14. Multivariate Spectral Shape Tests
Accumulated Covariauce Contributions
Dy(t,0)

Benchmark Economy (NX,P)
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Frequencies
Country t:% t:% t:% t=% t:s-hg
Australia 0.3552 | 0.1602 | 0.0921 0.0640 0.0283
Austria 0.1343 { 0.0106 [ 0.017! 0.0190 0.0041
Canada 0.1437 | 0.0494 | 0.0272 0.0175 0.0066
Europe 0.2861 0.1085 | 0.0530 0.0269 0.0122
France 0.2970 { 0.0766 | 0.0380 | 0.0214 0.0141
Germany 0 2441 01277 0.0612 0.0329 0.0081
Italy 0.2624 | 0.1364 | 0.073 | ©.0462 0.0218
Japan 0.2080 | 0.1265 | 0.0693 | 0.0374 0.0165
Switzerlandd 0.2213 ] 01039 | 0.0571 0.0320 0.0152
United Kingdom | 0.1415 | 0.0854 | 0.0387 ¢ 0258 0.0153
United States 0.2071 0.0902 | 0.0492 0.0296 0.0098
Standard error | (0.0118) | (0.0030) | (0.0014) | (0.0010) { (0.0006)
Table 3.6.15. Multivariate Spectral Shape Tests
Incremental Covarlance Contributions
D,tt-%)
Benchmark Leonomy (NX,P)
Frogiene e
 onntry =% | t= 2z =3 | +r=4 =52 e
Australia 0.3552 |-0.1950 | -0.0681 | -0.0281 | -0.0357 { -0.0283
Austria 0.1343 }-0 1237 | 0.0064 | 00019 | -0.0149 | -0.0041
Caunada 01437 [ -0 0911 -0.0222 | -0.0007 | -0 0109 -0.0066
Luiupe 0 2361 014071 -0.0035 | -D.0201 (URIRT 00122
France 02970 }-022041] -0.038 | -0 0166 | -0.0073 | -0.0141
Ciermany 02441 | -0 ViG] -0.0685 | -0.0282 -0.0%8 -0 0081
(taly 0.20621 {-0.1260 | -0.0625 | -0 0273 -0.0211 -0.0218
Japan 0.2980 | -0.1715| -0.0572 | -0.0319 | -0.0209 | -0.0165
Switzerland 0.2213 | 0.1174| O.u468 | 0.0215 0.0171 0.0152
United Kingddom | 01415 | -0.0361 | -0.0467 | -0 Ol | -0.0105 | -0.0153
United States 0.2071 |-0.1168 | -0.0410 | -0.019 §} -0.0199 | -0.009%
Standard error | (0.0118) | (0.096) | (0.002%) { (U.0010) | (0.0008) | (0.0U0Y)
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Table 3.6.16. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
Dy(1,0)

Benchmark Economy (NX,Y)

Frequencies
Country t=Z t=22 | t=32 | =4z | 1= 31
Australia 0.2063 0.1204 0.0543 0.0368 | 0.0169
Austria 0.1061 0.0167 0.0123 0.0266 | 0.0169
Canada 0.0084 0.0346 | 0.0158 | 0.0109 | 0.0139
Europe 0.2291 0.0652 0.0263 0.0081 0.0033
France 0.1033 0.0370 | 0.0155 | 0.0067 | -0.0006
Germany 0.1089 | -0.0786 | -00660 | -0.0579 | -0 0364
Italy 0.0852 0.0376 0.0147 0.0068 | 0 0022
Japan 0.1064 0.0050 | 0.0019 | 0.0030 | -0.0004
Switzerland 0.0070 0.0065 0.0037 0.0003 | -0.0007
United hangdom | 0.0926 00192 | 0.0073 | 0.0068 | 0.000h
United States -0.1632 | -0.0682 | -0.0337 | -0.0199 | -0 0084
Standard error | (0.0660) | (0.0408) | (0.0233) [ (0.0144) | (0 00G6)

Table 3.6.17. Multivariate Spectral Shape Tests
Incremental 'ovariance Contributions
D,(t.1--1)

Benchmark Economy (NX,Y)

Frequencies

Country t= & t==2 | =22 | (=42 | 1 =32 {=n
Australia 02063 | -0.0859 | -0.0660 [ -0.0175 | -0.0199 | -0 0169
Austria 0.1064 | -0.0597 | -0.0045 | -0.0157 | -0.0097 | -0.0169
Canala 0.008:4 00262 | -00188 | 06019 | 00030 | -0.0130
F.urope 0.2291 -0.163Y 00389 | -00182 (.0014 U 004
France 0.1033 | -00663 | -0.0215 | -00088 | 00073 | 0 0006
Germang Q080 [ oo3oa | oot2s [ onnst | o214 ] 00861
ltaly 00852 UG 0.0229 | -0.007Y | -0 OO )y oL
Japan 0.1064 -0 1013 | -0.0031 00010 | -00034 | 0 00M4
Switzerland 0.007Y6 0 G006 0.0023 0.0031 0001y 0.0007
United Kingdom | 00926 | -0.0733 | -0.0L18 | -0.00U5 | -0 Gubs | -0 OUYY
United States 01632 | 0.0950 00345 | 00138 | V.01l 0.00%4
Standurd error (0.0660) | (U.0472) ] (0.0217) § (0.0120) { (0.0100) | (U GOLG)
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Table 3.6.18. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
Dy(t,0)
Benchmark Economy (Y,P)
Frequencies
Country 1=% t=2 | t=31 t=4r t= 32
Australia 0.1008 0.0697 0.0370 0.0102 0.0068
Austria 0.1688 0.0369 0.0398 0.0172 0.0223
Canada 0.0066 0.0109 0.0050 | -0.0022 { -0.0006
Europe 0.3443 0.0983 0.0593 0.0359 0.0189
France 0.2904 0.0669 0.0233 0.0181 0.0060
Germany 0.1540 0.0345 00249 00118 0.0031
Italy 0.2303 0 0780 0.0432 0 0191 0.0081
Japan 0.1282 0.0297 0.0241 0.0132 0.0050
Switzerland 0.1173 0 0158 0.0320 0.0187 00073
United Kingdom | 0.1543 | -0.0006 | 0.0170 0.0197 0.0003
United States 0.1327 0.0525 0.0297 0.0152 0.0040
Standard error | (0.0674) | (0.0413) | (0.0239) | (0 0147) | (0.0068)
Table 3 6 19 Multivariate Spectral Shape Tests
Incremental C'ovatiance Ceontributions
D.(t.1-%)
Benchmark Feonomy (Y.P)
Freguencies
Country =z =2 =% (=¥ = 5z =
Australia 0.1008 | -0.0311 | -0.0327 | -0.0269 | -0.0033 | -0.0068
Austria 0.1688 | -0.1319 | 0.0029 1 -0.0226 0.0051 -0.0223
Canada 0 0066 0003 | -0.0039 | -0.0073 00017 ) 0006
Lurope U 34dd | -0.2460 | -0.0390 | -0.0234 | -0.0170 | -0.018Y
Irance U 2901 0223, 0Uls ] -UuuH 0.0121 - 0UBY
Germany 0 1540 01105 -0.0006 -0 0131 -0 0087 -0.0031
Italy 0 2803 S0 28 1 -0.0818 | -0.024) -0.0111 -0.0U8!
Japan 0.1282 | -00986 | -0.0056 | -0.0100 j -0.0082 | -0.0050
Switzerland Q1173 U.071o 0.0123 0.0113 00113 -0.9073
Umted Kingdom | 0 1513 | -0 1540 | 0.0177 0.0U27 | -00L4> | -0.0033
United States 0.1327 0.0801 | -0.0228 | -0 0115 | -0.0113 | -0.0040
Standard error | (00674) | (0.0479) | (0.0221) | (0.0124) | (0.0102) | (0.0068)




Table 3.6.20. Multivariate Spectral Shape Tests

Accumulated Covariance Contributions
D.(t,0)
Small Elasticity Economy (NX,P)
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Frequencies
Country t=2% t=2 | t=3 | t=% t= 32
Australia 0.2811 0.3751 0.3215 0.2215 0.1103
Austra 0.2187 0.3485 0.2932 0.2236 0.1206
Canada 0.3623 0.4574 0.3883 0.2719 0.1336
Europe 0.1420 0.1888 0.1554 0.1153 0.0659
France 0.1977 0.1681 0.1289 0.0887 0.0482
Germanv 0.3156 0.4168 0.3491 0.2410 01281
Italy -0 1061 0 0063 0.0376 0 0281 00173
Japan 0.0334 0.1240 0.1269 0.0907 0.0481
Switzerland -0 0225 00249 0.0532 0.0472 0 0251
United Kingdom | 0.0187 00613 0.0831 0.0620 00271
United States 0.6208 0.6081 0.4916 0.3406 0.1677
Standard error | (0.1061) | (0.0460) | (0.0298) | (0.0177) | (0.0100)
Table 3 6 21. Multivariate Spectral Shape Tests
incremental Covariance Contributions
D.t.t—1)
Small Elasticity Economy (NX,P)
Frequencus
Country t=% (=31 | ¢=32 ] (=1 = 4 t: m
Australia 0.2811 0.0940 | -0.0536 | -0.0970 | -0.i142 | -0.1103
Anstria 02187 0.0998 | -0.0553 | -0.0695 01030 | -0.12006
Canada 0 3623 00952 00692 | -0 1164 O3 -0 1336
Kurope 0.1420 0.0468 | -0.0334 | -0.0401 | -0.0493 | -0.0659
France Ot 0 L2y VOSYZ | -0wlv2 | ool | 00182
Germany 03156 01012 -0.0677 | -0 1051 1155 | -0.1284
Ltaly -0.1061 0.1129 0.0308 -0.0092 00112 -0.0173
Japan 00334 0 0906 0.0030 -0 0362 -0 0427 -0.0481
Switzerland 00225 00171 0.0283 0006y 00220 0.0251
{ nited ixingdom | 00457 1016y 0.0183 | -0.0201 | -0034y | -0 027!
United States 06208 | -00127 | -0.1165 | -0.1510 | -0 1729 | -0 1677
Standard error | (0.1061) | (0.0946) | (0.0284) | (0.0212) | (0.0129) | (0.0100)
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Table 3.6.22. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
Dy(t,0)

Small Elasticity Economy (NX,P)

Frequencies
Country t=% t=2r | 1=32 | t=14 t= 32
Australia 0.3515 0.1600 00918 0.0631 0.0282
Austria 0.1306 0.0104 00167 | 0.0181 0.0039
Canada 0.1400 | 0.0491 0.0268 | 0.0166 0.0065
Europe 0.2824 0.1083 0.0526 | 0.0260 0.0120
France 0.2933 0.0764 0.0377 { 0.0205 0.0140
Germany 0.2404 0.1274 0.0608 0.0321 0.0080
[taly 0 2587 0.1362 0.0732 0.0433 6.0217
Japan 0.2942 0.1262 0.0689 0.0365 0.0164
Switzerland 0.2176 0.1037 0.0567 | 0.0318 0.0151
United Kingdom | 01377 0.0851 0 0383 0.0219 0.6152
United States 0.2033 0.0900 0.0488 | 0.0288 0.0096
Standard error | (0.0158) | (0.0048) | (0.0033) § (0.0021) | (0.0013)

Table 3 6.23 Multivariate Spectral Shape Tests
Incremental Covariance Contributions
Dy(t.t = I)

Small Elasticity Economy (NX,P)

Frequenctes

Country 1= % (=% t=35 | (=12 t= 37 l=w
Australia 0.3515 | -0.1915 | -0.0683 | -0.0286 | -0.0349 | -0.0282
Austria 0.1306 | -01202 | 0.0063 | 0.0014 | -00112 | -0.0039
Canada 0.1100 | 00N’ 1 -0.0223 | -00102 | -00101 § -0.0065
Europe 0.2824 | -0.1712 | -0.0556 | -0.0266 | -0.0140 ] -0.0120
Irance U933 u2iby | -0.038% 0.0171 Vuuts | -0.0810
(iermany 02004 | -0 1129 3 -00666 | -0.0287 | -0 0240 | -0.0050
taly 0.258¢ 01225 | -0.0630 | -0.0278 00880 1 -0.0214
Japan 02942 | -0.1680 | -0.0573 | -0.0824 | -0.0202 | -0.0164
Switzerland 0.2176 18y | -0.0170 § -0.0250 0.0164 0.0151
United Kingdom | 0.1377 | -00226 | -00468 | -0.ul34 | -0.0u97 | -0.0152
United States 0.2033 | -0.1133 | -0.0412 | -0.0201 | -0.0191 | -0.0096
Standard erior | (0.0158) | (0.0131) | (00034) | (0.0020) | (0.0015) | (0.0013)




Table 3.6.24. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
D(t,0)

Large Elasticity Economy (NX,P)

Frequencies
Country l=% t=2 | t=% t=3x | 1=32
Australia 0.2931 0.3835 0.3271 0.2233 012
Austria 0.2607 0.3569 0.2988 0.2274 0.1226
Canada 0.3743 0.4659 0.3939 0.2757 0.1356
Europe 0.1540 0.1972 0.1610 0.1191 0 0679
France 0.2097 0.1766 0.1345 0.0925 0.0502
Germany 0.3276 0.4253 0.3547 02178 0.1301
Italy -0.0941 0.0152 0.0132 00327 00192
Japan 0.0454 0.1324 0.1326 0.0945 0.0500
Switzerland -0.0105 | 0.0334 0.0588 0.0509 0.0270
United Kingdom § 0.0607 00732 0.0838 0.0658 () 0290
United States 0.6328 0.6166 0.4972 0.3444 0.1696
Standard error | (0.1058) | (0.0501) | (0.0289) | (0.0176) | (0.0099)

Table 3.6.25. Multivariate Spectral Shape Tests
Incremental Corariance Contrihutions
DAttt — I
Large Elasticily Economy (NX,P)

Fregooae,

Country t=% t= 22 t=3 t=4 | 1=22 t=m
Australia 0.2931 0.0904 | -0.0564 | -0.0989 | -0.1160 | -0.1122
Austria 0.2607 0.0063 | -0.0581 | 0071t | -0 1049 [ -0.1226
Canada 0.3743 H0016 | -00720 | -0.1182 | -0 1101 | -0 1356
Europe 0.1540 0.0432 -0.0862 | -0.0420 | -0 0512 | -0.06G/Y
France U.2091¢ yussz | -uudazl | -0.ui2y oty RIBIV
Germany 0.3276 00977 -0.0706 1 -0 0069 1 -0 0T} -0 1304
ftaly -0.0911 0.10414 0 0280 -0.0110 00130 0.01492
Japan 0.0454 0.0870 0.000F | -0.0380 | 00445 | -0.0500
Switzerland 0.0105 | 00138 0.0255 00079 69239 00270
United Kingdom | 0.0007 yulzd 00155 | -0023u | -oudex | -00290
United States 0.6328 | -0.0162 | -0.1193 | -0.1528 | -0.1v18 | -0.1696
Standard crror | (0.1038) | (0.0036) | (0.0317) | (0.0204) | (0.0129) | (0.0099)




Table 3.6.26. Multivariate Spectral Shape Tests

Accumulated Covariance Contributions
Dq(t,O)
Large Elasticity Economy (NX,P)
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Frequencies
Country t=1% t=2§’E t:% t:% t:%
Australia 0.3569 0.1622 0.0931 0.0642 0.0286
Austria 0.1360 0.0126 0.0i81 0.0191 0.0044
Canada 0.1454 0.0513 00282 0.0176 0.0069
Europe 0.2878 0.1105 0.0540 0.0270 0.0125
France 0.2987 0.0786 0.0390 0.0216 0.0145
Germany 0.2458 01207 0.0622 0.0331 00085
Italy 0.2641 01334 0.0745 0.0-G4 00221
Japan 0.2996 0.1285 0.0703 0.0375 0.0168
Switzerland 02230 0.1059 0.0581 0.0328 0.0155
United Kingdom | 0.1-131 (0374 0.0397 0.0259 0.0156
United States 0.2087 0.0922 0.0502 0.0208 0.0101
Standard error | (0.0094) | (0.0013) | (0.0011) [ (0.0006) | (0.0004)
Table 3.6.27. Multivariate Spectral Shape Tests
Incremental ('orariance C'ontributions
D,t.t-%)
Large Elasticity Economy (NX,P)
Freqnencies
Country t=2% (=2 | t=22 | 1=42 | t=32 t=m
Australia 0.3569 | -01946 | -0.0691 | -0.0290 | -0.0355 | -0.0286
Austria 0.1360 | -0.1234 0.0054 0.0011 | -0.0148 | -0.0041
Canada 01454 | -00940 | -0.0231 | -0.0106 | -00107 | -0.0069
Europe 0.2878 | -0.1773 | -0.0565 | -0.0270 | -0.0146 | -0.0125
France 0 2u8i 0.2200 | -0.0396 | -0.015 Q0071 § -0.0445
Grermany 0.2138 -0 1inl -0.0675 | -0 0291 0.0246 | -0.0085
Italy 0.2641 -0).1257 -0.0643 -0.0282 | -0.0248 | -0.022!
Japan 0.2996 | -0.1712 | -0.0582 | -0.0327 | -0.0208 [ -0.0168
Switzerland 0.2230 | -0.1171 | -0.0478 | -0.0253 | -0.0172 | -0.0155
U nited Kingdom § 0 {43! -0.uvas | -0.0477 | -0.0037 | -0.0103 | -0.0156
United States 0.2087 | -0.1165 | -0.0420 | -0.0204 | -0.0i97 | -0.0101
Standard crror | (0.0094) | (0.0093) | (0.0010) ] (0.0008) | (0.0007) | (C 0004)




Table 3.6.28. Multivariate Spectral Shape Tests

Accumulated Covariance Contributions
D.(t,0)
Two Shocks Economy (NX,P)
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Frequencies

Country t=12 t:% t:% t =4z t:%g’-

Australia -0.3971 { -0.1396 0.3566 } -0.21n2 | -0.1267

Austria -0.4295 } -0.1662 0.3849 | -0.2460 | -0.1164

Canada -0.3159 | -0.3572 | -0.2898 | -0.1977 | -0.1034

Europe -0.5362 | -0.6259 | -0.5227 | -0.3543 | -0.1711

France -0.4804 | -0.6466 | -0.5492 | -0.3810 | -0.1887

Germany 03626 03078 | -0.3290 0.2256 | -0.1085

Iraly -0.7843 | -0.807 | -06405 | -0.4412 | -0.2197

Japan -0.64d8 | -0.6907 | -0.5312 | -0.3789 | -0.188Y

Switzerland -0.7006 | -0.7897 | -0.6249 | -0.4225 | -0.2119

Unsted laingdom | -0.6291 -0 7199 | -0 3450 0.1076 1 -0.2000

United States -0.0574 | -0.2066 | -0.1865 | -0.1290 | -0.0693

Standard error | (0.1068) | (0.0477) | {0.0264) | (0.0173) | (0.0112)

Table 3.6.29 Multivariate Specteal Shape Tests
Incremantal Covartance (‘ontribunion-
Dut.t - %)
Two Shocks Economy (NX.P)
[ regquencies

Country t=% (=3 | 1=% | 1=4& | 1= t=m
Australia -0.3971 | -0.0425 0.0829 0.1115 0.1184 0.1267
\ustin (042095 -(.0307 0.0812 0.1390 01296 01164
(Canada 03159 )RR K] 0.067 4 0.2 00914 0 1034
turope 05862 | -0.0897 1 01032 0.16584 0.1843 0.1711
France 01801 | -0.1661 0.0973 0.1683 01922 0 18R7
Cicrmany -0.3520 -3 0353 ) (168X (IR T XA 0Lyt 01085
frady -0.1819 -0.0234 LG4 0. 1004 0.221. D219/
Japan 06048 1 -00158% 1 01395 0.1723 G.1900 0 1889
Switzerland -0.7006 | -0.0891 0.1648 0.2025 0.2106 0.2119
United Kingdom | -0.6291 | -0.1201] 01519 0.1373 01977 0 2099
Lnited States -0.0574 | -0.1492 | 0.0:00 0.0575 0.0597 0000y
Standard crror | (0.1068) | (0 0688) | (0 0302) | (00138) | (D 0N9K) | (N.0112)
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Table 3.6.30. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
Dy(t,0)

Two Shocks Economy (NX,P)

Frequencies

Country t=% | t=% =3 | i=£ | 1=32
Australia 0.5171 0.2468 0.1422 | 0.0929 0.0421
Austria 0.2962 0.0971 0.0671 0.0178 0.0178
Canada 0.3056 0.1359 { 0.0772 0.0463 0.0203
Europe 0.4480 0.1950 | 0.1030 0.0557 0.0259
France 0.4589 0.1632 0.0881 0.0503 0.0279
Germany 0.4060 0.2142 0.1112 | 00618 0.0219
Ttaly 0.4243 0.2229 01236 6.0751 0.0355
Jaupan 0.4598 0.2130 0.11938 0.6662 0.0302
Switzerland 0.3832 0.1904 0.1071 0.0615 0.0290
United Kingdom | 0.3033 0.1719 0.0887 0.0516 0 0290
United Siates 0.308Y 0.1768 0.0992 0.0585 0.0235
Standard error | (0.0552) | (0.0208) | (0.0127) | (0.0082) | (0.0040)

Table 3.6.31. Multivariate Spectral Shape Tests
Incremental Covanance Contributions
Dy(t.t-£)

Two Shocks Eeonnmy (NX,P)

Freguencies

Country t=% =22 | t=23 | t=4 L= 32 t=m
Australia 0.5171 -0.2703 | -0.1046 | -0.0493 | -0.0508 | -0.0421
Austria 0.2962 -0.1990 | -0.0300 | -0.0193 | -0.0%00 | -0.0178
C'anada 03656 01697 -0.0086 | 00800 | -0.0260 | -0.0203
Lutope 0118V 0.2330 | -0.0v20 0.0173 -0.0298 -0.023Y
France 0 1589 -0 2957 0.0/51 -0.0378 | -00221 0.0279
(iermany 0.4060 -0 T9ER 01030 | -0.0194 00399 | -00219
Ttaly 0.4243 -0.2011 0.0993 | -0.018% | -0.0895 | -U.UZ0h
Joapan (.4598 Q21638 | -0.0057 | -0 05351 Q0366 | 0.2
Switzerland 0.3832 -0.1927 | -0.0833 | -0.0497 | -0.0325 | -0.0290
United Kingdom | 0.3033 | -0 1311 00832 | -0.0341 | -0.0256 | -0.0290
United States 0.3689 -0.1922 0.0775 | -0.0108 | -0.03350 0.0235
Standard error | (0.0552) | {0.0111) | (0.0108) | (0 9064) | (0 0047) | (0.0040)
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Table 3.6.32. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
D.(t,0)

Time to Build Economy (NX,P)

Frequencies

Country t=2 t:%’-‘: t_____3_£_r t:% t:%’I
Australia 0.1839 0.2880 0.2684 0.1919 0.0922
Austria 0.1515 0.2614 0.2401 0.1910 0.1026
Canada 0.2651 0.3704 0.3352 0.2393 0.1156
Europe 0.0448 0.1017 0.1023 0.0827 0.0479
France 0.1006 0.0811 0.0758 0.0561 0.0302
Germany 0.2184 0.3208 0.2960 0.2114 01104
ilaly -0.2033 | -0.0803 { -0.0155 | -0.0042 } -0 0008
Japan -0.0637 | 0.036Y 0.073y 0.0081 0.0300
Switzerland -0.1196 | -0.0621 0.0001 0.0146 0.0071
United Kingdom | -0.0484 | -0.0223 | 0.0300 0.0294 0.0091
 nited States 0.3236 0.5211 0.43385 0.3080 01197
Standard error | (00968) | (0.0759) | (0.0532) { (0.0339) | (0.0176)

Table 3.6.33 Multivariate Spectral Shape Tests
Incremental Covartance Contributions
Dc(’ul - ?,-’)

Time to Build Economy {NX,P)

Frequencies

Country 1= % t= 3 1= 2 t=42 | t=3 t=1m
Australia 0.1839 0.1041 -0.0196 | -0.0765 | -0.0996 | -0.0922
Anatria 0.1515 01099 | -0.0213 § -0.0150 | -008387 | -0 1626
(‘anada 0.2651 ¢.105% -00352 -0.0059 | -0 1237 -0 1156
Luiupe 0.0118 0.0569 U.U00u -0.0196 | -0.0345 0.0179
France 0.1006 | -00195 | -00053 | -0.0197 | -0.0258 | -0.0302
(iermany 0 2184 0113 00388 | 008G | -0 1010 | -0 1O
ttaly -0.2033 0.1230 0 0648 0.0L13 0.0034 0.0008
Japan -0.0637 0.1007 C.050Y -0.0107 | -0.0281 | -0.0300
Swiizeriand -0.1196 0.0579 g UGz 0.0111 0.0075 0.0U71
United Kingdom { -0.0434 0 0262 ).U523 -6 0007 | -00203 } -00001
United States 0.5236 -0.0026 | -0.082) -0.1305 | -0 1551 01107
Standard error | (0.0968) | (0 0710) | (0.0445) | {0.0277) | {0 N225) ] (0N1786)




Table 3.6.34. Multivariate Spectral Shape Tests

Accumulated Covariance Contributions
DQ(t’O)
Time to Build Economy (NX,P)
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Frequencies
Country t=% =2 | =3 t=34 | t=22
Australia 0.4070 0.1947 | 0.1126 | 0.0758 0.0339
Austria 0.1861 0.0451 0.0376 | 0.0307 0.0096
Canada 0.1955 0.0838 | 0.0477 | 0.0292 0.0122
Europe 0.3379 0.1430 | 0.0735 | 0.0386 0.0177
France 0.3488 0.1111 0.0585 | 0.0332 0.0197
Germany 0.2959 0.1621 0.0817 0.0447 0.0137
ILaly 0.3142 0.1708 | 0.0940 | 0.0580 0.0274
Japan 0.3497 0.1609 | 0.0898 | 0.0491 0.0221
Switzerland 0.2731 0.1384 | 0.0776 | 0.0444 0.0208
United Kingdom | 0.1932 0.1198 | 0.0592 | 0.0375 0.0209
United States 0.25838 0.12:17 0.00697 0.0414 00153
Standard error | (0.0215) | (0.0068) | (0.0034) | (0.0014) | (0.0008)
Table 3.6 35. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
Dy(t,t - 3)
Time to Build Economy (NX,P)
Frequeneies
Country t=2% t=21 | t=3 | t=% | 1=3 t=m
Australia 0.4070 | -0.2123 | -0.0821 | -0.0369 | -0.0419 | -0.0339
Austria 0.1861 | -0.1410 | -0.0075 } -0 0068 | -0.0211 | -0.0090C
("anada 0.1955 -0.1116 | -0 0367 -0.0185 | -0.0171 -0 0122
Burope 03379 1 -01930 | -0.068 | -0.0349 § -0.0209 | -0.0177
France 0.3488 | -0.2377 | -0.0526 | -0.0253 | -0.0134 | -0.0197
(rermany 0 2959 01337 | -0.0805 | -0.0370 ; -00310 -0.0137
ltaly 0.3142 -0.1433 | -0.0768 | -0.036! -0.0806 | -1.0274
Japan 0.3497 | -0.1888 | -0.0712 | -0.0406 | -0.0271 | -0.0221
Switzerland 0.2731 0.1347 | -0.0608 0.0332 | -0.0236 0.0208
United Kingdom | 0.1932 | -00734 | -0.0607 { -0.0216 | -0.0166 | -0 0209
United States 0.2588 | -0.1341 | -0.0550 | -0.0283 | -0.0261 | -0.0153
Standard crror | (0.0215) | (0.0200) | (0.0059) | (0.0024) | (0.0012) | (0.0008)
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Table 3.6.36. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
D(t,0)

Government Expenditures Economy (NX,P)

Frequencies

Country t=Z t=23 | t=32 | =32 | =3z
Australia -0.3616 | -0.4461 | -0.3590 | -0.2563 | -0.1333
Austria -0.3971 | -0.4727 | -0.3873 | -0.2571 | -0.1229
Canada -0.2835 | -0.3638 | -0.2922 | -0.2089 | -0.1099
Europe -0.5038 | -0.6324 | -0.5251 | -0.3655 | -0.1776
France -0.4480 { -0.6531 | -0.5516 | -0.3921 | -0.1953
Germanv -0.3301 | -0.4041 } -0.3314 | -0 2368 | -0 1151
Italy -0.7519 | -0.8144 | -0.6429 | -0.4524 | -0.2263
Japan -0.6123 | -0.6972 | -0.5535 [ -0.3901 | -0.1935
Switzerland -0.6682 | -0.7963 | -0.6273 | -0.4336 | -0.2184
United Kingdom | -0.5970 | -0.7564 | -0.5973 | -0.4188 | -0.2165
United States -0.0249 | -0.2131  -0.18R0 | -0 1102 | -0.07HY
Standard error | (0.0993) | (0.0502) | (0.0337) { (0.0239) | (0.0116)

Table 3.6 37. Multivariate Spectral Shape Tests
Incremental  ‘ovartance Contributions
D1~ £)

Government Expenditures Economy (NX,P)

Frequenceies

Country t=% t= 1 =2 | 1=42 | 1= t=m
Australia -0.3646 | -0.0815 | 0.0872 | 0.1026 | 0.1231 0.1333
Austria -0.3971 | -0.0757 | 0.0855 | 0.1301 01342 | 01229
Canada -0.2835 | -0 0803 0.0716 00833 0 0990 0 1099
Furope -0.5038 1 -0.128 0.1071 0.1s49 0.18¢Y 01776
rrance -0.4480 | -U0.2001 | U.lULO U.lovd u.19uy U.1904
Germany -0 2301 -0 0712 0.0730 0.0016 01217 HRRHY
{taly 7519 | -0.0620 0.171b6 0.1905 0.2201 0.2204
Japan -0.6123 | -0.08419 0.1437 01635 01946 0.1955
Switzerland -0.6682 | -0.1281 | 0.1690 | 0.1986 | 0.2152 | 0.2184
United Kingdom { -0.5970 | -0.1594 j 0.1591 0.1785 | 0.2024 0.2165
United States -0.0249 | -0.1882 | 0.0243 | 0.0487 | 0.0643 | 0.0759
Standard error | (0.0993) | (0.0721) | (0.0239) | (0.0191) | (00163) | (0 0116)




Table 3.6.38 Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
Dy(t,0)

Government Expenditures Economy (NX,P)
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Frequencies
Country t=1% t=2% t=3 t=4z t=23f
Australia 0.1355 0.0167 0.0252 0.0243 0.0101
Austria -0.0853 | -0.1029 | -0.0499 | -0.0207 | -0.0142
Canada -0.0760 | -0.0642 | -0.0398 | -0.0222 | -0.0117
Europe 0.0665 | -0.0051 | -0.0140 | -0.0128 | -0.0061
France 0.0773 | -0.0369 | -0.0290 | -0.0182 | -0.0041
Germany 0.0244 0.0L11 -0.0058 0.0067 | -0.0101
[taly 0.0427 0.0228 0.0066 0 0065 0.0036
Jupan 0.0783 0.0129 0.0023 | -u.0023 | -0.0018
Switzerland 0.0016 | -0.0097 | -0.0099 | -0.0070 | -0.0030
United Kingdom | -00782 | -0.0282 | -0.0283 | -0.0139 | -0.0029
United States 0ot | -00233 1 -0.0178 -0 0100 -0.008>
Standard error | (0.0248) | (0.0110) | (0.0058) | (0.0031) | (0.0018)
Table 3.6 39. Multivariate Spectral Shape Tests
Ineremental Covariance Contributions
Dyt = %)
Government Expenditures Economy (NX,P)
Pregquenees,
Country t=% L= L="% t =4z t= 32 l=r
Australia 0.1355 | -0.0888 | -0.0215 | -0.0008 § -0.0143 | -0.0101
Austria -0.0853 | -0.0176 | 0.0530 0 0292 0.0065 0.0142
Canada -0 0760 | 0.0118 0.0244 00176 N.0105 00117
Lurope .00t -0.00 15 -0.008% H.0012 00067 0.0061
france v.uid | -0 LE ] 00Uy vl v.0l4z 0.u-11
Germany 0.0244 -0.0103 | -00199 | -0.0009 | -0.0034 0.0101
ttaly 00127 -0.0199 -0.0169 -U.LuUt -U.0u3u -0.0036
Japan 0.0783 -0.0654 | -0.0106 | -0.0046 0.0005 0.0018
Switzerland 0.0016 | -0.0113 0.0002 § U BL29 0.0040 0.0030
United kingdom | -0.0782 | 0.050u | -0.0001 | v.0144 0.0109 0.0029
Uniled States -0.0126 | -0.0107 § 0.0055 0.0078 0.0015 0.0085
Standard error | (0.0248) | (0.0213) | (0.0064) } (0.0035) | (0.0021) | (0.0018)
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Table 3.6.40. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
D.(t.0)

No Capital Economy (NX,P)

Frequencies
Country t=2 f=20 | t=32 | t=4z t= 3
Australia -0.0456 | -0.0104 | 0.0138 § 0.0154 0.0034
Austria -0.0780 | -0.0371 0.0145 | 0.0146 0.0137
Canada 0.0356 | 0.0719 | 0.0806 | 0.0629 0.0267
Europe -0.1847 | -0.1968 | -0.1523 | -0.0938 | -0.0410
France -0.1289 | -0.2174 | -0.1788 | -0.1204 | -0.0586
Germany -0.0111 | 00313 | 00114 0.0319 00216
Ttaly 04328 | -0.3788 | 0.2701 0.1806 | -0 0844
Japan -0.2932 | -0.2616 | -0.1808 | -0.1183 | -0.0588
Switzerland -0.3491 | -0.3606 | -0.2545 | -0.1619 | -0.0818
United Kingdom | -0.2779 | -0 3208 | -0.2246 | -0.1471 | -0.0798
United States 0.2941 0.2226 0.1830 01316 ( )60s
Standard error | (0.0263) | (0.0333) | (0.0257) | (0.0171) | (0 0147)

Tahle 3 6 41. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
D.(t.t - %)

No Capital Economy (NX,P)

Freaquencies

Couulry t=i =2 | -3 | =4 [ = L-&
Australia -0.0456 | 0.0351 0.0242 0.0016 | -0.0120 | -0.0034
Austria -00780 1 00409 | 0.0225 0 0291 -0.0000 | -0 0137
Canada 0 0356 0.0363 00087 | 00177 | -0.0361 | -0 0267
Europe -0.1847 0.0121 0.04441 0.8 0.0028 0 oto
krance U.128Y U083 | U.USN0 U UaSy U bl U Uy
Germany -0.0111 | 0.0423 | 0.0101 | -0.0064 | -0.0134 | -0.0216
italy -0.4328 | 0.0540 U.1086 0.0895 0.0910 0.U896
Japan -0.20932 | -0.0316 | 0.0808 0.0625 0.0595 0.0588
Switzerland 0.3191 0.0115 | 01061 0 0926 0.0801 0 0818
United Kingdom | -U0.2779 | -0.0428 | 0.0962 0.0775 0.0673 0.0798
United States 0.2941 | -0.0716 | -0.0387 | -0.0523 | -00708 | -0 0608
Standard error | (0.0263) | (0.0367) { (0.0250) | (0.0257) | (0.0159) | (0.0147)
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Table 3.6.42. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
Dy(t,0)
No Capital Economy (NX,P)
Frequencies
Country t=1% t=2 | 1=32 | t=4 | =2z
Australia 0.5971 0.3872 | 0.2585 | 0.1690 0.0807
Austria 0.3762 | 0.2375 | 0.1834 ! 0.1240 0.0565
Canada 0.3855 | 0.2763 | 0.1936 | 0.1225 0.0590
Europe 0.5280 0.3354 0.2194 0.1319 0.0645
France 0.5389 | 0.3036 | 0.2044 0.1264 0.0665
Germany 04859 | 0.3546 { 0.2275 | 0.1379 0.0605
Italy 05042 | 03633 | 0.2399 | 01512 00742
Japan 0.5398 | 0.3534 | 0.2356 | 0.1424 0.0689
Switzerland 0.4632 | 0.3308 | 0.2234 0.1376 0.0676
United Kingdom | 0.3833 | 0.3123 | 0.2050 0.1308 0.0677
United States 0.1189 0.3172 0.2156 0.1346 0.0621
Standard error | (0.0709) | (0.0333) | (0.0182) | (0.0130) | (0.0068)
Table 3.6.43. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
Dyt - 5)
No Capital Economy (NX,P)
Fregueneies
{‘ountry t=1% ==E 1=%E t=1= t=-5§‘: l=7
Australia 0.5971 | -0.2099 { -0.1287 | -0.0895 | -0.0883 | -0.0807
Austria 0.3762 | -0.1386 | -0.0541 | -0.0595 { -0.0675 | -0.0565
(Canada 0 3RK5H -0.1093 | -0 0827 00711 -0.0635 | -0.0590
Lanope D.o230 | -0.1926 | -0 1161 | -0.08¢H 1 -0.0673 | -0.0645
krance U 0489 U.2808 | -uovz 1 oulisu | -000YY | -0.UBBS
Germany 0.4859 | -0.1314 | -0.1270 | -0.0896 | -0.0774 | -0.0605
Italy 0.5042 | -0.1410 | -0.1231 | -0.0887 | -0.0770 | -0.0712
Japan 05398 | -0t864 | -01178 | -00932 | -0.0735 | -0.0G68Y
Switzerland 04632 | -0.1323 | -0.1074 | -0.0858 | -0.0700 | -0.0676
Umted Kingdom | 0.3333 | -0.0710 | -0.1073 | -0.0/43 | -0.0631 | -0.0677
United States 041489 | -0.1318 | -0.1016 | -0.080% | -0.0725 | -0.0621
Standard crror | (0.0709) | (0.0708) { (0 0300) { (00125) | (0.0080) | {0.0068)




Chapter 4

Modelling Measurement Error in

Trade Statistics

4.1 Introduction.

The empirical results from Chapter 3 illustrated a stiiking characteristic of
the relationship between net exports and the terms of trade that has extremely im
portant implications for econometric modelling. While the majotity of activity in the
cross-spectrum between the terms of trade and the trade balance is concentrated at
low frequencies, the location and magnitude of co- and quadrature spedtral power
differs substantially across countries. The wide cross-sectional variability that is evi
dent in the frequency domain contrasts sharply with the generie § enrve relationship
for the time domain cross-correlation function between net exports and the terms
of trade that was highlighted by Backus. Kehoe, and Kydland (1991) (heneeforth,

BKK). Moreover. the multivariate dynamics appear to be much more complicated
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than the univariate dynamics for the same time series. Univariate time series for the
trade balance and the terms of trade exhibit a large amount of persistence; univariate
spectra for the trade balance and the terms of trade have power concentrated at low
frequencies and are reminiscent of the “typical spectral shape™ of economic time series
depicted by Granger (1967) and Nerlove (1964).

Within a traditional calibration and simulation econometric framework. sta-
tistically significant cross-sectional variability in key statistics of interest presents an
conormously difficult and time-consuming challenge. A key feature of the method-
ology is that the mapping between parameter choices in the calibration stage and
statistical output at the simulation stage is not immediate. In particular, the com-
plicated non-lincar objective function must ke approximated. Ricatti equations for
the approximate model must be iteratively solved. and the model must be simulated
repeatedly. an! each of these steps occurs for each separate set of parameters. For
the two-sector international business cvele model developed by BKK (1994) and re-
examined in Chapter 3. it is clear that the choice of parameters for calibration is not
sufficient to generate the variety in cross-spectral characteristics between the terms
of trade and net exports that is exhibited by the data. While it would be possible to
attempt further calibrations, or evaluate the model for each country by more formal
cconometric procedures such as GMM, it seems that this approach would be unsuc-
cessful. given the tightly restricted and relatively simple dynamics exhibited by the
model.

An alternative approach that has intuitive appeal in this particular situation

and that has potential for replicating a wide range of cross-spectral dynamics is to
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augment the model with stochastic time-varyving measurement errors. Within the
context of the model. it is possible to maintain baseline calibration parameters and
vary the properties of the measurement error process to mimic cross-sectional vari-
ability in statistics of interest. From a theoretical perspective, the model of econgunic
behavior remains unchanged across. while the measurement error processes may vary
substantially, As data collection procedures and the definitions of variables in na-
tional accounts vary significantly across countries. this approach appears intuitively
plausible as well as practical.

Moreover. there is a growing statistical literature arguing that trade statistics
are more error-ridden than any other statistics of an economy. For example, Alter-
man (1991) emploved improved indexes of U.S. import and export prices to reduce
the variability in the historical time series for the terms of trade by approximately
30 percent. A recent study by the National Research Council in the .5, has also
found that there exists a statistical discrepancy in the U.S. balance-of-payments ac
counts which amounted to approximately $63.5 billion in 1990 and accounted for as
much as 70 percent of the U.S. current account deficit. Table .11 presents average
statistical discrepancies and discrepancy percentages (as a percent of output) for the
last 10 vears for some of the countries in our sample. ' It is clear that average and
relative magni‘ude of the errors varies considerably across countries. The empirical
evidence concerning measurement error in trade statistics is particularly important,
as the addition of stochastic measurement error to a theoretical model can potentially

reconcile any theory with the data.

1Gource: National Research Council. *Behind the numibers  U.S trade in the world Economy
(1992).
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This chapter augments the theoretical model from Chapter 3 with a vector
of time-varying measurment errors. The model is a version of the classical “errors-
in-variables” model and has been proposed by Sargent (1989) in a similar context.
While it is theoretically possible to augment all of the endogenous variables with
measurement errors, we will focus on the relationship between net exports and the
terms of trade, and will consider the case where the measurement error occurs in
exports. Fmpirically, we ask the following question: “For a given set of calibration
parameters, what are the properties of measurement error in exports that will recon-
cile the cross-spectral properties of net exports and the terms of trade in the model
with the historical data? Within the calibration and simulation framework. our ap-
proach is similar to Watson (1993). although the rationale for the measurement error
is different.?

This chapter will proceed as follows. Section 2 presents some motivation for
the measurement error model in the frequency domain. In addition. the theoretical
impact of time-varving measurement error on the spectral properties of the model
developed in Chapter 3 is examined. Section 3 presents the empirical results. Section

1 concludes.

*Watson (1993) argues that the model 15 not a null hy pothesis, and that the measurement error is
actually an inevitable approximation error that will be present in any econometric modelling eflort.



4.2 Measurement Error in the BKK Model

4.2.1 Motivation

In developing a potential model for the measurement error, it is useful to re-
examine the empirical results from Chapter 3 regarding the cross-spectral properties
of the terms-of-trade and net exports. For the benchmark economy, and the majority
of other cases examined, it was argued that the keyv difference between the model
and the data was the extreme concentration of negative quadrature power at low
frequencies for the model relative to the data

Consider a situation where the true economic variables of interest are y and .
but where we only observe an error-corrupted version of « called &°, where #* = o +4 .
The measurement error ¢ has a zero mean and is assumed to be independent of & and
y. The cross-spectrum hetween & and y is defined as

A=~

Forlw) = > k) (1.2.1)

h=—-~

where 4 (k)=Cor(Ye. X7 )=Cor(Y. Xgr ). By definition. the non-normalized eross
spectrum will remain unaflected by the addition of the measurement error, although
this is not true for the normalized cross spectrum.  Define o as the variance of ¢
relative to r, i.¢. azt—.’ﬁ%. It follows that Var(x®)=(1+4a)Var(a) and in terms of the

normalized cross-spectrum




123

1
fyr(“’) = _\/T—Ofyr‘(w')- (42.2)

As a result. the addition of the measurement error modifies the cross-spectral proper-
ties of the “true”™ time series at all frequencies. In this sense. accounting for measure-
ment errors in net exports will certainly diminish the concentration of power in the
quadrature spectrum bhetween net exports and the terms of trade at low frequencies.
although this will come at the expense of reducing the cospectral power and thus
the model fit in this regard is much better. Overall. the trade-off between these two
cffects will determine the success of the measurement error exercise.

It is also important to emphasize that we have not vet assumed anything
about the univariate dynamics of e. In terms of the univariate spectrum for «°. note

that

feelw) = [i(w) + fo(w). (1.2.3)

The univariate spectrum for the observed time series reflects both the dynamic prop-

erties of the original time series and the dynamic properties of the measurement error.

4.2.2 The Classical Errors-In-Variables Model

This sub-section reviews the classical formulation of the measurement error
model. We will assume that economic theory provides a stationary stochastic process
for some true variables which are of interest to the public. The data are made available

through a reporting agency that observes only error-corrupted versions of the data.
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More precisely. we will assume that the data being observed by the ageney arve the
sum of the true economic variables and a measurement error that may be serially
correlated but which is uncorrelated with the true variables. Note that we have
assumed that the measurement errors process is independent of the internal workings
of the economy as characterized by the economic theory, i.c. there is no feedback
between the measurement errors and the actual behavior of the economy. As pointed
out by Sargent (1989). this is crucial for allowing the problem to remain tractable.
In an infinite horizon framework. the equlibrium of the economic model can
be represented as a weak stationary stochastic process with a Wold moving average

representation. i.¢.

= Col L)t (1.2.1)

where wu, is an n x | vector of variables,

CAL)y=> 0, L. (1.2.5)
J

=t}

and Efcy) = 0 and e, ¢,, = [ for all { and s, The data collecting ageney observes

an error-ridden version of wu,. w.r.

Ift = u; + 1y (l.‘_).(l]

where v, is orthogonal to the true variables. c.e. Ee,rt, = 0 for all 1 and s. T he

measurement error also has a Wold moving average representation given by




vy = ('l'(L)(lllﬁ (42.7)

with (L) = 72y %, L7 and where the innovations have zero mean and are serially
uncorrelated.  As a resuit, the error-corrupted data have a Wold moving average

representation given by

[y =Cr(L)e . (4.2.8)
Wll(‘l‘(‘
Co(Ly=>" vl (4.2.9)
=0

4.2.3 A Recursive Formulation

In order to make the classical framework more useful for the problem at
hand. we drop the infinite horizon assumption and represent the model as one with
finite dimensional state vectors. The advantage of this formulation is that recursive
methods can be applied through the Kalman filter.

The economic model in state space form can be represented by the following

system of equations:
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.l'(+| = .‘1.1'( + [ ¥] \ ( i..l. l“)
=00y (1.2.11)
and where

Q. fors=t
Q. f()l' .ﬁ#f"

E(([(;) =

In this equation. .ry is an n x | state vector, ¢ is an 1 X | vector white noise, and 2, is
an m x | vector of variables related to @y . The public is interested iu measuring the
variables in 2. The n x n transition matrix A and the mox n matiis C have elements
are known and are functions of the deep parameters of the model. We further assume
that the cigenvalues of A are less than unity in modulus.

The model is augmented with an i x 1 veetor of measurement errors vy that

obeys

Uiy — l)l'( + . (1.2'2)

where

R. fors=1
0, fors#i

Ko =

and where Ev, = 0 for all t. and Fev, = 0 for all t and s. ‘The eigenvalues of 1) are

also required to be less than unity in modulus. The ageney is assumed to observe an




error-corrupted version of Z,. namely =, which can be represented by

St = ('.Tf + vy (42.13)

This system of equations can be represented in a state space system as

Lipp = .‘1.1‘1 + €. (4.2.14)

y=Cua,+ . (4.2.15)

where the dimensions of the matrices i1s as before. Both ¢, and w, are each vector

white noise with

Fed, =X (1.2.16)

Fuod = (L

A
—
o
—_
-1

~

Feouwy =10 (1.2.18)

The matrices ¥ and (7 are cach positive semidefinite. Define S as the unique positive

semidefinite matrix that satisfies the algebraic Ricatti matrix equation

S= 04+ ASA — (ASC + WYH G+ CSCHY™HOSA + 177, (1.2.19)

Define A in terms of S as

K= (ASC' + WH)OSC' 4+ 6! (4.2.20)



Methods of solving for these two equations have been described in Chapter 3, Section

5.
As pointed out by Sargent(1989) the Wold vector moving average represen-

tation for the w process is given by

Yo = (1= CLY MO = ALK L + 1), (1.2

(B
[ %
~—

where (" = (CA — DC). K is as defined in equation (1.2.20) and L is a vector lag

operator.

4.2.4 The BKK Model

This subsection uses the previous results to examine the effects of multivari
ate measurement error on the spectral matrix of the endogenous variables in the BKR
model. From Chapter 3. Section 5. the solution to the BKIN model can be represented

as

g = AN’J'( + Cr4l ( 1222)

u, = —Fur, (1.2.23)

where &, is a 5 x 1 vector of state variables. u, is a 6 x 1 vector of control variables,
A0 = A— BF is a 5 x5 transition matrix with elements heing estimated by solving the
discrete linear quadratic regulator problem, and F = (/7 + B'PB) (BPA+L'N).

If we augment the control variables with a vector of measurement errors, the model




can be represented as

Ty = AO.Tt + CH.]' (42.21)

u,=—-Fx, +w, (4.2.25)

where the dimensions of the matrices are as before, and

Eqe, = T, (1.2.26)
Fuah = G, (4.2.27)
Eeuy, =W (1.2.28)

The matrices ¥ and (7 are each positive semidefinite. P is the unique positive semidel-

inite matrix that satisties the algebraic Ricatti equation

P =G4 AOPAY + (AOPF + WG + FPF)"YFPAY + 7). (1.2.29)

As in the previous case. the matrix A (in terms of F7) can be written as

KN = —(A0SF + WYFSF' 4+ G)! (4.2.30)

Sargent (1987) derives the mutlivariate spectral density for the stationary distribution

of the endogenous variables in a model within the linear regulator class as

Siw) = [I = (A= BF)e™)'S[I — (A — BF)e*]"! (4.2.31)
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with F= (R4 BPB) " (B'PA+ RN and P is the solution to the matrix Ricatti

equation which (in terms of the transformed variables) can be represented by

P=0+A'PA- APB—- A'PB(R+ B'PBY'B'PA. (4.2.32)

For the model with the measurement errors included, the spectral density funetion

for the stationary probability distribution can be written as

Sy == (A =BF = FR))'S[ = (A= BEpRK)Y ]! (1.2.33)
with F as denoted above, N = (AOSF + WY FSF + )7 and with S being, the
solution to the algebraic Ricatti equation

S=G 4 ASAY = (AOSF + WG+ FSEY T (ESAY + 1) (1.2.31)

From this last equation it is apparent that the speectrai depsity function for the aug
mented model with the measurement errors depends also on the properties of (¢ and

W which are the matrices which summarize the behavior of the measurement errror.

4.3 Empirical Results

Although simulation results will be reported here for all of the experiments

from Chapter 3. the discussion will focus primarily on the properties of net exports
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and the terms of trade in the benchmark economy. As in Chapter 3. we will consider
the time and frequency domain properties separately.

For each of the simulations, the measurement error process followes an AR(1)
process with p = 0.7 and Var(¢) = 0.0418%; this implies that the variance of the
measurement error represents roughly 35 percent of the overall variability of exports.
We experimented with a variety of different measurment error processes and we found
that the level of persistence in the process, as well as the magnitude of the variance

of the process. can vield different results for the frequency domain test statistics.

4.3.1 Time Domain Properties Of The Simulated Series

Table 1.3.2 reports the summary statistics for our simulated series for each
of the experiments. In the benchmark economy. although we succesfully increase the
variability of net exports (0.28 versus 0.20). we are still far away from the numbers
observed in historical data. The contemporaneous correlation between net exports
and output also improves in this economy; it is -0.51. relative to -0.60 in the bench-
mark. and it is closer to the mean value in the data. Also. the contemporaneous
cross-correlation between net exports and the terms of trade decreases from -0.98 to
-0.80, and this is closer to -0.46 which is the mean for the historical data.

Figure 4.3.1 graphs the cross-correlation functions between net exports and
the terms of trade for the benchmark and large and small elasticity economies. It is
apparent from this figure that the basic V-shape between the two variables remains
unaffected in each of these economies, and the level of these curves has decreased.

Overall, introducing the measurement error does not appear to affect the
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time domain properties of the cross-correlation much.

4.3.2 Frequency Domain Properties Of The Simulated Se-
ries

This section reports results from the univariate and multivariate froquency
domain diagnostics. Note that since we have assumed only one measurement error in
exports (net exports). there is no need to reproduce the test statisties for the other
variables.

Tables 4.3.3 and 4.3.4 present the univariate spectral shape tests for el
exports [or the benichmark economy: for the measurerment error model. Ty comparison
with the univariate test statistics from Chapter 3. it is clear that the measturement
error does not have asubstantial impact on the result s, and that the model still trachs
the simple univariate dynamics fairly well.

Turning to the accumulated and incremental cospectral desiations in Fables
1.3.5 and -L.3.6. we observe that for the frequency £ there are four significant devia
tions. At the & frequency. there are five deviations. Inthe benchmark econonmy in
Chapter 3. the corresponding numbers were sixand seven. so the measurenient eror
model represents an improvement. For the quadrature speet rum results presented in
Tables 4.3.6 and 4.3.7, significant low frequency deviations are reduced from eleven
in the benchmark economy in Chapter 3. to nine here, As a result, it is elear that
the measurement error model moves the cross-spectral propertios of the model iy the

right direction, alt hough the required variability in the error appears Targe relative 1o
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the effects that are gained.?

4.4 Conclusion

This chapter investigated the effects of time-varying measurement error on
the time and frequeney domain properties of the BRK model. The theoretical effects
of measurement error on the speetral density matrix of the endogenous variables was
derived and relaied to the spectral density matrix for the endogenous variables in the
model =ith no measurement error. In comparison with the results from the frequency
domain diagnostic tests in Chapter 3. introducding measurement error in net exports
makes the model predictions more compatible with the data. although the magnitude
of the variability in the error appears large. relative to the gain in cross-spectral
petformance at the model level.

It is possible to modify a wide variety of spectral properties through the
introduction of additional measurement ertors that are cross-sectionally correlated.
As the dimensionalite of this problem grows rapidly. it is important independently
to investigate the specific nature of the measurement errors in each dataset prior
to fornmlating a measurement error model, Otherwise. the theoretical exercise be-
conmes vacuous as the measurement error model can be tailored to fix any theoretical

inadequacies.

A . . e
Fhie results for the other experiments are similar to those presented for the benchmark economy
and we are not to poing to discuss them separately
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Figure 4.3.1: Cross-Correlation Functions, Simulated Data, Simulations 1-3 (NX.P)
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Figure 4.3.2: Cross-Correlation Functions, Simulated Data, Simulations 4-7 (NX,P)
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Figure 4.3.3: Cross-Correlation Functions, Simulated Data, Simulations 1, 6 and 7 (NX,P)
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Table 4.1.1. Statistical Discrepancies and Percentages to Real G.D.P.

Country $Millions | Percentages
Canada 689 1.13
Germany 30 0.00
Japan 92 0.36
United Kingdom -1,163 -1.13
United States -71,734 -7.96

Table 4.3.1. Summary Statistics Simulated Economy HP Filtered Data

Standard dewviation Autocorrelation Correlation
Economy y p nx y p nx | (nx,y) | (nx.p) (y,p)
Jenchmark 0 96 0.15 028 0.6 062 006Gl -031 p.an 050
(0.16) | (0.01) | (0.04) f (0.10) | (0.06) | (0.07) || (0.12) | (0.07) | 0.11)
Small elasticity 0.80 0.1 029 0.63 0.61 0.61 -0.35 -0.82 07l
(0 14) | (0.04) | (0.04) || (0.10) | (0.06) | (0.07) [[ (0.11) | (C.06) | (U.08)
Large elasticity 1.03 0.06 0.26 0.65 0.56 0.57 -049 | -0.79 0.58
(0.12) { (0.00) | (0.04) i (0.08) | (0.09) | (0.08) | (u.t1) | (0.06} | (0.13)
Two shocks 0.91 0.17 0.25 0.64 0.81 0.62 -0.65 0.68] -0.79
(014) { (002) | (0.03) || (0.10) | (0 04) | (007) || (n09) | (007) | (DCT)
Time to build 0.55 0.46 0.31 0.65 0.57 0.58 -0.71 -0.72 0.81
(0.07) | (0.04) { (0.04) || (0.07) | (0.06) | (0.07) || (0.08) | (0.07) | (0.03)
Government shocks 0.27 0.20 0.05 0.65 0.68 0.57 -0.26 0351 -047
(003) | (0.02) | (001) J (0.12) | (0.06) | (0 05) |j (0.18) | (0.13) | (O 1)
No capital 0.30 0.33 0.09 0.65 0.10 0.60 -0.21 -0.30 | -0.25
(0.05) { (0.03) { (0.01) |} (0.12) | (0.07) | (0.06) || (0.15) (0.09) | (0.10)




Table 4.3.2. Univariate Spectral Shape Tests

Accumulated Variance Contributions
D(t,0)
Benchmark Economy (NX)
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Frequencies
Country t=3% t=2r t=3 t=42 | =31
Australia -0.0089 | 0.0656 0.0436 0.0248 0.0107
Austria -0.0405 { -0.1263 | -0.0969 | -0.0510 0.0325
Canada -0.0196 | 0.0012 | -0.0030 | -0.0040 | -0.0035
Europe 0.0605 0.0527 0.0284 0.0094 0.0090
France -0.0196 | 0.0453 0.0277 0.0192 00070
Germany 0.0935 0.0080 -0.0191 -0.0171 | -00076
[taly 01024 0.084a 00399 00292 00125
Japan 0.10u8 0.0856 0.0476 0.0281 0.0146
Switzerland 0.1284 0.1099 0.0662 0 0406 0 0200
United Kingdom { 002145 0.010> 00049 0 0004 0 0014
United States 0.1149 0.0795 0.0102 0.0255 0.0120
Standard error | (0 0578) | (0 D28R) | (0 0141) | (0 0126) § (0 0NTT)
Tablr 4.3 3 Unoanate Speetral Shape Tests
Incremental Variance Contributions
Dt —3%)
Benchimark Economy (NX)
Frequeneies
Country t=% t— == =3 (=3 {3 {
Australia -0.0089 { 0.0745 | -0.0220 | -0.0188 | -0.0141 | -0 0107
Austria -0.0405 | -0 0858 00294 0 0459 0N184 00325
Canada -0.0196 0.0209 -0.0042 | -0.0011 0 0005 0.0035
Eurupe 1.060) -0.0078 .02 13 -0 0190 1 (004 ) H40
France -0.0196 U.Ub 1Y -UU0lin VIS vulzz | -vondy
(iermany 0.0035 | -00855 f0271 0 0020 () 0096 (0076
Italy 0.1024 | -0.0178 | -0.0448 | -0.0107 { -0.0168 | -0 0125
Japan 0.1098 | -00212 | -60330 | -0.0195 | -0.0135 { -0.0146
switzerland 0.1284 0.0185 U 0437 0.0257 -0.0206 -0 0200
United Kingdom [ 00245 00160 | -00356 | -0.0045 [ B00t0 | -0 w0t
United States 0.1149 | -0.0355 } -0.0393 | -0.0147 | -0.0135 | -0 0120
Standard error | (0.0578) | (0.0419) | (0 0204) [ (0.0094) [ (0.0083) | (0.0077) |
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Table 4.3.4. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
D(t,0)

Benchmark Economy (NX,P)

Frequencies
Country t=1% t=20 | t=3z | t=4r | t=21
Australia 0.2351 0.3046 0.2625 0.1809 0.0880
Austria 0.2027 0 2780 0.2342 0.1800 0.0981
Canada 0.3163 0.3870 0.3293 0.2283 0.1114
Europe 0.0960 0.1183 0.0964 0.0717 0.0437
France 0.1517 0.0976 0.0699 0.0451 0.0260
Germany 0.2696 0.3464 0.2901 0.2004 0.1062
Italy 01521 1 00637 | -00214 | -0 0152 | -0 0050
Japan -0.0126 0 0535 0.0680 0.0471 0 0258
Switzerland -0.0685 | -0.0435 | -0.0058 | 0.0036 0.0028
United Kingdom | 00028 { -C0057 | 0.0212 00181 0 0018
United States 0.5748 0.5376 0.4326 0.2970 0.1454
Standard error | (0.1072) | (0 0611) ] (0.0412) | (0.0306) | (0.0161)

Table 4.3 5 Multivariate Spectral Shape Tests
Incremental Covariance Contributions
Dt -5
Benehmark Economy (NX,P)

Frequeacies

('c)ul\lry l:% (:%T IZ%‘. tz% t:% t=1m
Australia 0.2351 0.0695 | -0.0421 | -0.0817 | -0.0929 | -0.0880
Austria 0.2027 00753 | -00438 | -0.0542 | -C.0817 | -0.0981
Canada 0.3163 0.0707 | -0.0577 | -0.1010 | -0.1169 | -0.1114
Europe 0.0960 0.0223 iy vl 0.0230 -0.0 187
Frane~ U.lols -U Uol VRV U.U218 -0.ui9l -U 0B
(iermany 0 2694 0 0768 DO5RY 1 -0 0807 | -0 0942 | -0 1062
ltaly -0.1521 | v.u8s4 0.0423 0.0062 0.0102 0.0050
Japan -0.0126 | 0.0661 0.0145 | -0.0208 | -0.0213 | -0.0258
Switeerland 0.0685 | L.U229 v.03938 0.0093 | -6.0007 (.00238
United Kingdom | 0.0028 | -0vudd | 00298 | -0.0Uu58 | -00136 | -0 00
United States 0.5748 | -0.0372 | -0.1050 | -0.1356 | -0.1516 | -0.1454
Standard error { (0.1072) | (0.0792) | (0.0316) | (0.0181) | (0.0174) | (0.0161)




Table 4.3.6. Multivariate Spectral Shape Tests

Accumulated Covariance Contributions
Dy(t,0)
Benchmark Economy (NX,P)
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Frequencies

Country t=1% t=2 | 1=32 | t=4 | 1=3

Australia 0.3471 0.1605 0.0911 0.0638 0.0306

Austria 0.1262 0.0109 0.0160 0.0188 0 0063

Canada 0.1356 0.0496 0.0261 0.0173 0.0088

Europe 0.2780 0.1088 0.0519 0.0267 0.0144

France 0.2889 0.0769 0.0370 0.0212 0.0164

Germany 0 2360 0.1279 0 0601 0 0327 00104

Ttaly 0 2543 01367 00725 0.0460 00211

Japan 0.2898 0.1267 0.0682 0.0372 0.0187

Switzerland 0.2132 0.1042 0.0560 0.0324 0.0175

United Kingdom | 0 1333 0.0857 0.0376 0 0256 No176

United States 0.1989 0.0905 0.0481 0.0294 0.0120

Standard error [ (00501) | (0 0352) | (0.0214) | (0.0141) | (0.0064)

Table 4.3.7. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
D,tt—-3%)
Benchmark Economy (NX,P)
Foequencies
Country t==% t=23 | t=3 t=42 | =i t=m

Australia 0.3471 | -0.1866 | -0.0695 | -0.0273 | -0.0332 | -0.0306
Austria 0.1262 0133 1 0.0051 00028 | -00121 | -0 0063
Canada 01356 | -00859 1 -0.0235 1 -00089 | -00081 | -0.0038
f.urope ().2780 -0 1692 -0.006Y 0.02h3 -0 0tz TR
France 0.2880 | -02120 | -0.0100 | -0.0158 | -0 0048 | -0 0164
(iermany 02360 1 -0 1080 | 00678 | -0.0274 ] -0 0223 1 0104
italy 0.2543 -0.41/6 -0.0642 -0.026%H | -0.021Y | -0.0241
Japan 02898 | -01631 | -0.0586 | -0.0310 | -0.0184 | -0.0187
Switzerland (.2132 U 10Y0 00182 0 0236 0.011Y 00175
United Kingdom | 0.1333 | -0 0477 | -0.0481 | -0.0020 ] -0.0080 | -0.0176
United States 0.1989 | -0.1084 | -0.0424 | -0.0187 | -0.0174 | -0 0120
Standard error | (0.0501) | (0.0109) | (0.0220) | (0.0109) | (0.0100) | (0.0064)




Table 4.3.8. Multivariate Spectral Shape Tests

Accumulated Covariance Contributions
D.(t,0)
Small Elasticity Economy (NX,P)
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Frequencies
Country t=% t=2 | t=3z | =47 | t=32
Australia 0.2374 0.3118 0.2691 0.1835 0.0901
Austria 0.2050 0.2851 0.2407 0.1847 0.1005
Canada 0.3186 0.3941 0.3358 0.2330 0.1135
Europe 0.0983 0.1254 0.1030 0.0763 0.0458
France 0.1540 0 1048 0.0764 0.0497 0.0281
Germany 02719 0 3535 0.2967 0.2051 0.1083
Italy 01198 )} -00566 | -0.0148 | -0 G105 | -0 0020
Japan -0.0103 | 0.0606 0.0745 0.001% 0.027y
Switzerland -0.0662 | -0.0384 | 0.0008 0.0082 0.0050
United Kingdom § 00030 00015 0.0307 0.0230 {1 6069
United States 0.5771 0.5448 0.4392 0.3017 0.1475
Standard error | (0.1074) | (0 0588) | (0.0393) | (0 0285) | (0.0152)
Table 4.3.9. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
D.1,l- )
Small Elasticity LEeonomy (NX,P)
Frequencies
Country l=z b= | t=32 | t=4 | =32 l=r
Australia 0.2374 0.0744 | -0.0427 | -0.0835 | -0.0954 | -0.0901
Austria 02000 0.0802 | -0.0111 | -0 0560 | -00312 0.1005
Canada 0 %186 0.0755 | -005382 | -0 1029 | -0 1195 | -0 1135
Furope VEIIRR H42,2 (.0225 1 -0 92445 IRVR{S} IRVD b
France 0 1510 00103 ! -00283 | -0 0267 | -00216 0 0281
Germany (2719 00816 | -0 0568 | 00916 00968 | -0 1083
[taly -0 HYS | 00933 0.0417 RITERME U 0uT6 0.002Y
Japan -0.0103 | 0.0709 0.0139 | -0.0227 | -0.0239 | -0.0279
Switzedland 0 0662 0.02/77 0.03y2 0.0u U 0033 .0050
United hingdom | 0.0050 | -0.0usv | 0.0292 | -0.00¢¢ | -0.0161 | -v.UUGY
United States 05771 | -0.0323 | -0.1050 0.dcio | 01012 | -0.1479
Standard error | (0.1071) | (0.0812) | (0.0320) | (0.0121) | {0.0166) | (0.0152)
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Table 4.3.10. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
Dy(t,0)

Small Elasticity Economy (NX,P)

Frequencies

Country t=1% t=2 | t=31 t=4r t= 3%
Austraha 0.3451 0.1599 0.0902 0.0636 0.0301
Austria 0.1243 | 0.0103 | 0.0152 } 00185 0.0058
Canada 0.1336 0.0490 0.0253 0.0170 0.0084
Europe 0.2761 | 0.1082 | 0.0511 0.0264 0.0139
France 0.2869 | 0.0763 | 0.0361 0.0210 0.0159
Germany 0.2340 | 0.1273 | 0.0593 | 0.0325 0.0099
Italy 0.2523 | 01361 00716 | 0015R 00236
Japan U.287Y 0.1261 0.0674 0.0369 0.0183
Switzerland 0.2112 | 0.1036 | 0.0552 | 0.0322 $.0170
United Kingdom | 0 1311 0 0850 0 0368 0 0253 00171
United States 0.1970 | 0.0899 [ 0.0473 | 0.0292 0.0115
Standard error | (0.0493) [ (0.0329) | (0.0204) | (0.0134) | (0.0061)

Table 4.3.11. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
D,1t-7)

Small Blasticity Economy (NX,P)

Frequencies

Country 1= t= 22 | =32 | 1=t [ 3% L=
Australia 0.3451 | -0.1852 | -0.0697 | -0 0267 | -00335 | -0.0301
Austria 0.1213 | -0.1110 | 00049 0003 00127 | -0 0058
Canada 01336 | -0.0R16 | -00237 | -0.0083 | -0 0O0R7 | -0 0084
Europe U.2701 | -0.167Y | -0.0541 | -0.0247 | -0.UL2h | -0.013Y
France 02869 | -0.2106 | -0.0102 00152 00050 | -00159
Germany 0.2340 -0 1067 | -0 0681 -0 0268 0226 1 -0 0009
Italy 0.2523 -0.1163 | -0.0614 -0.0259 -0.0222 | -0.0236
Japan 0.2879 | -0.1618 | -0.0588 | -0.0304 | -0.0187 | -0.0183
Swilzerland 0.2112 01077 | -0.0184 0 G250 0.0152 00179
United Kingdom | 0.1814 | -0.0463 | -00483 | -0.0044 | -0.0088 | -0 0l7]
United States 01970 | -0.1071 | -00426 | -0 0181 0.0177 1 -0 0115
Standard crror | {0.0193) | (0.0393) | (00205) | (00106) | (0 0095) | (0 0061)




Table 4.3.12. Multivariate Spectral Shape Tests

Accumulated Covariance Contributions
Dc(tvo)
Large Elasticity Economy (NX,P)

143

Frequencies

Country t=% t=22 | t=32 | t=4 t= 32

Australia 0.2031 0.2701 0.2376 0.1683 0.0801

Austria 0.i706 | 0.2435 | 0.2092 | 0.1675 0.0905

Canada 0.2842 | 0.3525 | 0.3043 | 0.2158 0.1035

Europe 0.0639 { 0.0838 | 0.0714 | 0.0591 0.0358

France 0.1197 | 00632 | 0.0449 | 0.0325 0.0181

Germany 0.2376 | 03119 | 0.2651 0.1879 0.0983

Italy 01842 | -00082 | -0.0463 | -0.0277 0.0129

Japan -0.0446 | 0.0190 { 0.0430 | 0.0346 0.0179

Switzerland -0.1005 | -0.0800 | -0.0307 | -0.0090 | -0.0051

United Kingdom | 0.0293 | 0.0-102 | -0.0003 | 0.0059 [ -0.003!

United States 0.5428 | 05032 | 04077 | 0.2845 0.1375

Standard error | (0.1058) | (0.0782) | (0.0520) | (0.0323) | (0.0185)

Table 4.3.13. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
Dert - %)
Large Elasticity Economy (NX,P)
Frequencies

(‘ountry t= = t=22 | 1=32 | =4 t =32 t=7
Australia 0.2031 0.0671 | -0.0326 | -0.0692 | -0.0882 | -0.0801
Austria 01705 | 0.0729 | -0.0343 § -0.0417 | -0.0771 | -0.0905
Canada 0.2812 0.0683 | -00181 -0.0885 -0.1123 | -0.1035
Europe 0.004Y Golvy | -0.0124 | -0.0123 | -0.0234 | -0.0358
France 0.1197 | -0.0065 | -v.0182 | -0.0121 | -L.OLdd | -v.LLs
Giermany 0.2376 | 00743 | -0.0467 | -0.0773 | -0.0896 | -0 0983
Italy 0.1812 0 0869 0.0518 0.0187 0.0148 0.0129
Japan -0.0446 | 0.0637 | 0.0240 | -0.0084 | -0.0167 | -0.0179
Switzerland 0.1005 | 0.6205 | 0.0493 | 0.0218 0.0039 0.0051
United Kingdom | -0.0295 { -0.0108 | 0.0393 0.0067 | -0.0089 | 0.0031
United States 0.5428 | -0.0396 | -0.0955 | -0.1232 | -0.1470 { -0.1375
Standard error | (0 1058) | (00730) | (0.0422) | (0 0251) | (0.0177) | (0.0185)




Table 4.3.14. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
Dq(t1 0)

Large Elasticity Economy (NX,P)
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Frequencies
Country t=2 | t=2 | t=3 | t=4 =3z
Australia 0.3439 0.1560 0.0899 0.0610 0.0282
Austna 0.1230 0.0064 0.0149 0.0159 0.0039
Canada 0.1324 0.0451 0.0250 | 0.0144 0.0065
Europe 0.2748 0.1042 0.0508 0.0238 0.0120
France 0.2857 0.0724 0.0358 0.0184 0.0140
Germany 0.2328 0.1234 0.0590 0.0299 0.0080
lialy 02511 01321 00713 00132 00217
Japan 0.2667 0.1222 0.0671 0.03:14 0.0164
Switzerland 0.2100 0.0997 0.0549 0.0296 0.0151
United Ringdowm | 0 1302 0.0811 3.0363 0.0227 0.0152
United States 0.1958 0.0860 0.0470 0.0266 0.0096
Standard error (0.0446) | (0.0362) | {0.0216) | (0.0117) | (0 0060)
Table 4.3.15. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
Dyttt =)
Large Elasticity Economy {NX,P)
Frequonees
Conntry =z =322 = 3 =4z =22 t=x
Australia 0.3439 | -0.187 -0.0661 | -0.0290 | -0.0328 | -0.0282
Austria 0.1230 01167 | 00085 00t 00120 1 -0 0039
Canada 01324 00OR73 -0.0201 00106 -0 0080 0 0065
Burope 0.2/48 -0.1706 | -0.0834 | -0.02/0 | -0.0L18 | -0.0120
France U 28h¢ -0.2188 (VRVR11)Y Uulfa V.oudt -0 014
Grermany ) 2328 -0 1094 -0 0644 (0291 -00219 | -0 0080
Italy 0.2511 -0.1190 | -0.0608 | -0 0282 | -0.0215 | -0.0217
Japan 0.2867 | -0.1644 | -0.0551 | -0.0327 { -0.0180 | -0.0164
Swilzerland 0.2100 0.1104 | -0.0448 | -0.0253 | -0.0145 | -0 0151
United Ningdom | 0.1302 001490 | -00446 | -00137 -00076 | -0 0152
L nited States 0.1958 | -0.1098 | -00390 | -0.0204 | -00170 | -0 0096
Standard error | (0 0446) | (0 0327) | (00184) | (00124) | (00090 | (0 NOK0)
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Table 4.3.16. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
D(t,0)

Two Shocks Economy (NX,P)

Frequencies
Country t=2 | t=2 | t=3% | t=% | t=2F
Australia -03533 | -0.3898 | -0.3147 0.2155 | -0.1L14
Austria -0.3857 | -0.4164 | -0.3430 | -0.2163 | -0.1010
Canada -0.2721 | -0.3075 | -0.2479 | -0.1680 | -0.0880
Europe -0.4924 | -0.5761 | -0.4808 | -0.3246 | -0.1557
France -0.4367 { -0.5968 } -0.5073 | -0.3513 | -0.1734
Germany -0.3188 | -0.3480 | -0.2871 | -0.1959 | -0.0932
Ialy -0.7405 | -0 7581 | -0598 { -04i15 | -0.2044
Japan -0.6u10 | -0.6409 | -0.5092 | -0.3102 | -0.1736
Switzerland -0.6569 | -0.7400 | -0.5830 | -0.3928 | -0.1965
United Kingdom | -0.5857 | -0.7001 § -0.3531 0.3779 | -0.1916
United States -0.0136 | -0.1568 | -0.1446 | -0.0993 | -0.0540
Standard error | (0.1095) | (0.0617) | (0.0444) | (0.0283) | (0.0125)

Table 4.3.17. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
Dt - 1)

Two Shochks Economy (NX,P)

Frequencies

Country =% =2 | =32 t= 4% { =32 t=7w
Australia -0 3533 | -0.0365 | 0.0751 0.0993 0.1041 0.1114
Austria 03857 | -0.0307 | 0.0734 0 1268 0.1152 0.1010
Canada -0.2721 | -00353 | 0.0595 0 n799 0 0800 0.0880
Europe -0.4924 | -0.0837 | 0.0953 u.louz U.168Y 0.155¢
France V. 130/ u.loul 0 08y | U lobl v Ly 01731
tiermany ) 3188 | 00292 | 006 0.0912 0.1027 0.0932
ltaly -0.7405 | -0.0176 | 0.1595 0.1871 0.2071 0.2044
Japan -0.6010 | -0.0399 | 0.1316 0.1601 0.1756 0.1736
Switzerland -0.6569 | -0.0831 { 0.1570 0.1902 0.1962 0.1965
United Kingdom | -0 5857 | -0.1144 0 1479 0.l7ni 0.13834 0.1946
Uited States -0.0136 | -0.1432 | 0.0122 0.0423 0.0453 0.0540
Standard error | (0.1095) | (0.0725) | (0.0241) | (0.0191) | (0.0170) | (0.0125)




Table 4.3.18. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
Dy(t,0)

Two Shocks Economy (NX.P)

Frequencies

Country t=Z | t=2 | t=3 | ¢t=42 | t=352
Australia 0.4332 0.2257 0.1324 |t 0.0861 0.0385
Austria 0.2623 0.0761 0.0573 | 0.0411 0.0143
Canada 0.2716 0.1148 0.0674 0.0396 0.0168
Europe 0.4141 0.1740 0.0932 | 0.0490 0.0224
France 0.4250 0.1421 0.0782 | 0.0436 0.0244
Germany 0.3720 0.1931 0.1014 0.0551 00184
Italy 0.3503 02019 0.1138 | 00683 0 0320
Japan 0.4259 0.1919 0.1095 | 0.0595 0.0267
Switzerland 0.3493 0.1694 0.0973 | 0.0548 0.0255
United Kingdom | 02691 0.1508 00789 | 00179 0 0255
United States 0.3350 0.1557 0.0894 0.0518 0.0200
Standard error | (0.0599) { (0.0320) | (0.0189) | (0 0119) | (0.0057)

Table 4.3.19. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
Dt - )

Two Shochs Economy (NX,P)
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Frequencies

Country {=£ t=3 =32 e l =7
Australia 0.4832 | -0.2574 | -0.0934 | -0.0462 [ -0.0476 | -0.0385
Austria 0.2623 | -0.1862 | -0.0183 { -0.0162 | -0.0268 | -0.0143
Canada 0.2716 SUR B OOA7TE | -0 0278 0 (22N H 0168
Europe 0.4141 | -02401 | -D.080R | -0.0442 | 00266 ] -(10224
Irance u.12ou V.28 V.U638Y | -U.Ls Ly V.01V v.uz2H
Giermiany 0 3720 0178y 0017 1 -0 0463 00367 1 -0.0184
[taly 0.3903 -0.1885 | -0 U8st U.0451 -0.03635 | -0 10320
Japan 0.4259 | -0.2340 | -0.0825 | -0.0500 | -0.0328 | -0.0267
Switzerland 0.3493 -0.1799 | -0.0721 | -0 0425 | -0.0293 | -0 0255
United Kingdom | 0.2694 | -0.1186 | -00/20 | -0 0410 | -0 0224 | -0 2oy
United States 0.3350 | -01793 | -0.0663 | -0.0376 | 0.0418 | 0.0200
Standard crror | (0.0599) | {0 3275) | (0.0178) | (0.0092) | (0.0973; [ (0 0057)




Table 4.3.20. Multivariate Spectral Shape Tests

Accumulated Covariance Contributions
D(1,0)
Time To Build Economy (NX,P)
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Frequencies
Country t=7 t»—:'l—ﬁ"r t:‘%" t:iﬁﬂ t-:-5-—ﬁ7r
Austraha 0.1646 0.2458 0.2192 0.1519 0.07314
Austria 0.1321 0.2192 | 0.1909 0.1511 0.0837
Canada 0.2457 0.3281 0.2860 0.1994 0.0968
Europe 0.0255 0.0595 | 0.0531 0.0427 | 0.0291
France 0.0812 0.0388 | 0.0266 0.0161 0.0114
Germany 0.1991 0.2876 | 0.2468 0.1715 0.0916
ftaly 2092227 | -0 1225 | 00647 | -0.0441 | -0.0196
Japan -0.0831 | -0.0053 0.0247 0.0182 0.0112
Switzerland -0.1390 | -0.1044 | -0.0491 | -0.0254 | -0.0118
United Kingdom | -00678 | -0 0615 | -0.0191 | -0 0106 | -0 0093
United States 0.5043 0.4788 | 0.3894 0.2681 0.1308
Standard error | {0.0977) | (0.0647) | (0.0450) | (0.0345) | (0.0188)
Table 4.3.21. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
D.(1.1 - %)
Time To Butld Economy (NX,P)
Frequencies
Country == (=22 j =22 | t=12 | =32 t=m
Australia 0.1646 0.0813 | -0.0266 | -0.0673 | -0.0785 | -0.0734
Austria 0.1321 0.0871 { -0.0283 | -0.0398 | -0.0674 | -0.0837
Canada 0 2457 0 0824 -0.0421 -0.0866 { -0.1026 -0.0968
Furope 0.0255 00341 | -0.0064 | -0.0104 | -0.0137 0 0291
krance uusie v.UtZL | -uul22 | -0.0Lus 0.uu 1y -U.uitd
Germany 0 1991 D08 | -00407 | -00754 | -00790 | -0.0916
ltaly -0.2227 | 01002 | 0.0578 0.0206 0.0245 0.0196
Japan -0.0831 | 0.0778 | 0.0300 | -0.0065 | -0.0070 } -0.0112
Switzerland -0.1390 | 0.0346 | 0.0553 0.0237 | 0.0136 0.0118
United Kingdom | -0.0678 | 0.0083 | 0.0454 0.0086 | 0.0008 0.0098
United States 0.0043 | -0.0254 | -0.0895 | -0.1212 | -0.1373 | -0.1308
Standard error | (0.0977) | {€.0721) | (0.0338) | (0.0185) | (0.0198) | (0.0188)




Table 4.3.22. Multivariate Spectral Shape Tests

Accumulated Covariance Contributions
Lq(2,0)
Time To Build Economy (NX,P)
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Frequencies
C'ountry (= Z t :_2(—: l= ‘365 t— 4z {= 32
Australia 0.3923 0.1862 | 0.1064 0.0727 0.0352
Austria 0.1714 0.0365 0.0313 0.0276 0.0109
Canada 0.1808 0.0753 0.0415 0.0261 0.0135
Europe 0.3232 0.1341 0.0673 0.0355 0.0190
France 0.3341 0.1026 0.0523 0.0301 0.0210
Germany 0.2812 0.1536 0.0754 0.0416 0.0150
[Laly 029095 0.1623 0.0878 0 0519 00287
Japan 0.4351 01521 0.0835 0 0460 0.0241
Switzerland 0.2584 0.1298 0.0714 0.0413 0 0221
United Kingdom | 01786 0.1113 0.0529 00311 0 0222
United States 0.2442 01161 0.0635 0.0383 0.0166
Standard error | (0.0588) | (0.0387) | (0.0251) | (0.0167) | (0 0075)
Table 4.3.23. Multivariate Spectral Shape Tests
Incremernital Covariance Contributions
Dyt t —%)
Tune "lo Buitd Economy (NXP)
Froguencies
 ountry t= % = 2= = 22 t=42 | -0 f=x
Australia 0.3923 | -0.2062 | -0.0798 | -0 0337 | -0.0375 | -0 0352
Anstria 01714 | -01349 | -0.0052 | -0.0037 | -00167 | -0 0109
Canada 0.1308 -0 1030 00388 00153 0oL27 | -0.01385
Furope 0.3232 | -0.1889 | -0.0671 | -0.0317 | -0.0165 | -0.0190
t'rance 03511 -V 2310 -0.00,038 -U 0222 ) yuut NVRTVALY
(iermany 02512 0.12765 1 -D0TS1 | 00348 | -0 0266 HoLon
Italy 0.2995 | -0.1872 | -0.0745 [ -0.0329 | -0.0262 | -0.0287
Japan 0.3351 | -0.1827 | -0.0688 00375 | -002°7 1 -0 0234
Switzerland 0.2584 | -0.1286 | -0.0585 | -0.0301 | -00192 | -0.022]
United Kingdom | 0.1786 | -0.0673 | -0.0583 | -0.0185 | -00123 | -0.0222
United States 0.2442 | -0.1286 | -0.0527 | -0.0252 | -0.0217 | -0 0166
Standard error | (0.0588) | (0.0514) | (0.0251) | (0.0132) | (0 0119) | (0 0075)
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‘Fable 4.3.24. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
D.(t,0)
Covernment, Expenditiures Feonomy {NX.P)
Frequencies

Country =& 1= L= 3z P~ 42 l= 3%

Australia -0.1962 | -0.2197 | -0.1810 | -0.1226 | -0.0647

Austria -0.2286 | -0.2463 | -0.2033 | -0.1234 | -0.0543

Canada -0.1150 | -0.1374 | -0.1142 | -0.0752 | -0.0413

Europe -0.3353 | -0.4060 | -0.3471 | -0.2318 | -0.1090

France -0.2796 | -0.4267 | -0.3736 | -0.2584 | -0.1267

Germany -0.1617 | -0.1779 | -0.1534 | -0.1031 | -0.0465

ITtaly -03331 | 03830 | -0 1649 386 | -0 1577

Japan 04439 | -0.4703 | -0.3735 | -02568 | -0 1269

Switzerland -0.4998 | -0.5699 | -0.4493 | -0.2999 | -0.1499

United Kingdom | 04285 | -05300 | -0.4193 0.2851 | -0 1479

United States 0.1435 0.0133 | -0.0109 | -0.0064 | -0.0073

Standard error | (0.1183) | (0.0950) | (0.0662) | (0.0474) { (0.0238)

Table 4.3.25. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
D=5
Goverrapeni Eapenditutes Beonomy {(NX(P)
Freguenas

Country t-- & 1 =% (=%—} 1= =2~ t=m
Australia -0.1962 | -0.0235 | 0.0387 0.0584 0.0579 0.0647
Austria -02286 | -00157 ¢ 0370 0.0859 0.0691 0.0513
Canada -0.1160 { -0.0223 0.0232 0.0390 0.0338 00413
Furope -03353 0.0707 0.0589 01153 01223 0.1090
France u2ius vl Y.Unsl v llbz2 U.tstr U.126¢
Giermany -0 1617 00163 IRIPRIY 00303 0.0566 0 0465
{taly -0.3834 | -0.0016 0.1231 U 1162 0.1510 0.1577
Japan -04439 | -D 0269 0.0953 01192 0.1204 0.1269
Swilzerland 0.4993 0.0701 0 1206 U 1193 0.1501 011499
United Kingdom | -04285 | -0.1011 01107 01342 0.1572 0.11479
United States 0.1130 -0.1302 | -0.0242 0.00414 | -0.0008 | 0.0073
Standard error | (0.1183) | (0.0509) | (0.0393) { (0.0219) { (0.0258) | (0.0238)
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Table 4.3.26. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
D,(t,0)
CGovernment Expenditures Economy (NX,P)
Frequeneies
Country t=3% (=2 | t=32 | t=4 L= 32
Australia 0.2258 0.0926 0.0536 0.0400 0.0144
Austria 0.0049 | -0.0570 | -0.0214 | -0.0050 | -0.0099
Canada 0.0143 -0.0183 | -0.0113 | -0.0065 -0.0074
Europe 0.1567 0.0408 0.0145 0.0029 | -0.0018
France 0.1676 0.0090 | -0.0005 | -0.0026 | 0.0002
Germany 0.1147 0.0600 0 0227 0.0090 -0 0058
ftaly 01330 0 0887 0 0330 0 0222 00078
Japan 0.1685 0.0583 0.0308 00134 0.0025
Switzerland 0.0919 0.0362 0.0186 0.0087 0.0013
United Kingdom | 0.0120 00177 0 0002 0.0018 00013
United States 0.0776 0.0226 0.0107 0.0057 | -0.0042
Standard error | (0.0818) | (0.0492) | (0.0292) | (0.0187) | (0.0095)
Table 4.3.27. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
Dyt = %)
Government Lxpenditures Economy (NX,P)
Fregqueneies
Conntry t=% t=2 t=3 | (=4 = 32 l--r
Australia 0.2258 | -0.1332 | -003%0 | -0.0136 | -0.0257 | -0.0144
Austria 0.0049 -0.0619 0.0356 0.0164 -0.0049 0.0099
Canada 0.0143 | -0.0326 | 0.0070 0.0048 | -0.0009 | V.74
Lutope 0.1567 -0.1159 -0 0263 -0.0116 000107 IRV,
France 0.16¢6 -0 kosp (LEVIYB! RV 0.002¢ 1y vty
(iermany 00147 1 =003 | 00373 1 0037 | 00148 1 0000
Italy 0.1330 -0 0643 -0 U3s7 -0.0128 00144 buary
Japan 0.1685 | -0.1097 | -0.0280 | -0.0173 | -00109 | -0.0025
Switeertand 0.0919 -U.0556 o7y | -0.0099 0 6uT7A 0 GeLs
United Kingdom | 0.0120 00m7 | -00175 | 0.0016 | -00005 | -000L3
United States 0.0776 | -0.0551 | -0.0119 | -0.0050 | -0.0099 | 0.0042
Standard error | (0.0848) | (0.0652) | (0.0326) [ (0.0157) | (0.0126) { (0.0095)




Table 4.3.28. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
D(t,0)

No Capital Economy (NX,P)
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Frequencies

Country t=1% =2 | g3 | =4 | =22

Australia -0.0360 | -0.0164 | 0.0036 0.0020 | -0.0035

Austria -0.0684 § -0.0430 | -0.0247 | 0.0012 0.0068

Canada 0.0452 0.0659 0.0704 0.0494 0.0198

Europe -0.1751 { -0.2027 | -0.1625 | -0.1072 | -0.0479

France -0.1193 | -0.2234 | -0.1890 | -0.1338 | -0.0656

Termany -0.0015 | 0.0253 0.0312 0.0215 0.0146

ftaly -0 4232 | -03847 | -0.2803 } -0.1940 | -0.0965

Japan -0.2836 | -0.2675 | -0 1910 -0.1317 -0.0657

Switzerland -0.3395 | -0.3666 | -0.2647 | -0.1753 | -0.0877

United Kingdom | -0 2683 | -0.3267 | -02348 | -0 1605 | -0.0867

L mited States 0 3u37 0.2166 0.1737 0.1182 0.0339

Standard error | (0.0475) | (0.0524) | (0.0411) | (0.0349) | (0.0218)

Table 4.3.29. Multivariate Spectral Shape Tests
Incremental Covariance Contributions
Dottt =59
No Capital Leonoiny (NX,P)
Frequencis
Country t=% t=< ¢ =3z t= 4 t =32 t=mw

Australia -0 0360 | 0.0195 0.0200 | -0.0016 | -0.0055 | 0.0035
Austria -0.0684 | 0.0254 0.0183 0.0259 0.0056 | -0.0068
Canada 0.0452 0.0207 0.0044 | -0.0209 | -0.0296 | -0.0198
Fuope 01751 | -00277 | 00402 0.0553 0.0593 0.0179
france U418 1 -uauit 00311 VRIEHY u.uox U Ubab
(iermany -0 0015 0 0268 0 0039 00087 {00089 | -0.0116
ftaly -0.4232 0.0385 0.1041 U 0863 0.Uu79 (RVIIIS)
Japan -0.2836 | 0.016] 0.0766 0.0592 0.0660 | 0.0657
Switzerland -0.3395 -0 0271 U 1019 0.0891 04366 {4387
United Kingdom | -0.2683 | -00584 | 00919 0.0743 0.0738 0.0867
United States 0.3037 | -0.0871 § -0.0429 | -0.0555 | -0.0643 | -0.0539
Standard error | (0.0475) { (0.0366) | (0.0345) | (0.0182) { (0.0203) | (0.0218)




Table 4.3.30. Multivariate Spectral Shape Tests
Accumulated Covariance Contributions
Dy(t.0)

No Capital Economy (NX,P)

Frequencies
C'ountry t=2Z t=3 | t=32 | =41 ] (-3
Australia 0.4978 0.3033 0.1970 0.1322 0.0678
Austria 0.2769 0.1537 0.1219 0.0872 0.0435
Canada 0.2863 0.1924 0.1321 0.0857 0.0460
Europe 0.4287 0.2516 0.1579 0.0951 0.0516
France 0.4396 0.2197 0.1429 0.0896 0.0536
Germany 0.3867 0.2708 0.1661 01012 0.0476
Iraly 0 4050 02743 N178} 0 1144 006813
Japan 0 44006 0 209 0.1741 0 1056 0 0560
Switzerland 0.3639 0.2470 0.1620 0 1008 0 0547
United Kingdom | 0.2841 0.2285 01435 0.0940 0 0548
Luited States 0.3197 0.2333 01511 0 0979 02
Standard error | (00711) | (0.0498) | (0.0416) | (0.0288) | (0.0143)

Table 4.3.31. Multivariate Spectral Shape Tests
Incremental Covariance Contribittions
Dati - %)

No Capual Economy (NX,P)

Fregqueneies

{‘onntry t=1= I:% lz%': !:'—'l;—" l:'r’—ﬁ—’" =7
Australia 0.4978 | -01945 | -0.1063 | -0.0648 | -0.0644 | -0.0678
Austria 02769 | -01232 | -0.0318 | -0.0348 | -00437 | -0 0435
Canada 0.2863 -0.0938 | -0.0604 | -0.0464 | -0.0396 | -0 0460
Larvope 0.1287 01702 0.0937 (¢ 0628 00435 00416
France U 1890 024wy 0 Uty U.Und3 UUdBy | -U uadL
{iermany 0 Is67 {+ 1139 01007 | -00649 1 00335 | 00176
Italy 0.4050 | -0.1255 | -0.1011 | -0 0640 | -0.0H382 | -0.U0LS
Japan 0.4406 -0.1710 | -00954 | -0.0685 | -0.0496 | -0 0560
Sedzerland 0.3639 0.1164 0.0350 0.0611 001Gl NI
United Kingdom | 0.2841 | -0.0550 | -U.0849 | -0 0496 | -0.0392 { -0.0.43
United States 0 3497 -0.1163 | -0.0792 | -0 0562 | -00486 | -0 0492
Standard error | (0.0711) | (0.0701) | (0.0368) | (0.0234) j (0.0212) | (0 0113)
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Chapter 5

Conclusion

This thesis has developed a set of frequency domain diagnostic tests for eval-
uating the dynamic properties of nonlinear general equilibrinm rational expectations
models that are commonly emploved i business ¢ ele research. The diagnostic tests
measte the distance between spectral and cross-spectral distribution functions esti-
mated from historical time series. and spectral and cross-spectral distribution func-
tions estimated from simulated data. The tests are advantageous because it s pos-
sible to examine the distance between simulated and historical spectral distribution
functions over a patticular region of frequencies. becanse they provide a convenient
sutnmary of the ahbility of the model to replicate the complete temporal behaviour of
the endogenous variables in the model.

In Chapter 3. the diagnostic test statistics were employved to evaluate the
fiequency domain properties of the relationship between the trade balance. output.
and the terms of trade, using a model originally developed by Backus. Kehoe and

Kydland (1991). While the correlation function between the trade balance and the
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terms of trade for the majority of industrialized countries is shaped like an *S™ we lind
that the cross-sepctral properties of the data are much more varied. Not surprisingly.
the frequency domain properties of the model differ significantly from the historical
data in a wide variety of cases. In addition. while the qualitative results from the
approximate solution to the model are similar to Backus, Kehoe, and Kydland (1991).
there are significant differences in several cases that may result from differences in
approximation and solution procedures.

In order to bring the theory closer to the data. Chapter 1 considered mea
surement error in trade statistics as a possible reason for the empirical tejection of the
model in Chapter 3. The frequeney domain properties of the model under a variety
of plausible measurement error specilications were considered. While the addition of
measurement error improved the properties of the model. the resulis were <8l founed
to be unsatisfatory.

It is clear that the results presented lieve are not realls that sarprising. as
the replication of a wide variety of husiness exvele properties across a wide varietv of
countries is a daunting task for any model. Moreover, it appears that the frequency
domain diagnostics represent a detailed diagnostic tool. and that the tather simple
dyvnamics exhibited by what might be considered to he a faitly complicated model
are correctly depicted as inadeqguate by the tests. While some researchers may view
such a specific approach as somewhat contradictory to the general thrast of empirical
research i the calibration and sinmlation framework. it is also elea that the diag
nostics provide useful information that would remain obscured i the time domiin,

Future research examining the frequeney domain properties of other models within




the calibration and simulation framework should therefore be considered. In addi-
tion. Inrther research concerning, the properties of models across solution procedures

should be investigated.
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