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ABSTRACT: This paper develops an approach to decompose farmland
price  time series into three components: permanent fundamental
component, temporary fundamental component, and nonfundamental
component.  This decomposition is useful for studying the
importance of fundamental versus nonfundamental factors in
explaining farmland price behavior and the dynamic response of
farmland price to shocks to each of these components, among other
issues. The approach is applied to annual lowa farmland prices

over the 1992-1994 sample period.
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1. Introduction

A consensus appears to be forming that farmland price
movements are not well-explained by the present value model with
rational expectations. See, for example, Burt (1986), Feath
and Baker (1987), Falk (1991,1992), and Hanson and Meyers (1995).
Although the specific methods and data sets differ across these
papers, each one formally or informally rejects the present value
model as an explanation of farmland prices.

The re asons for the empirical failure of the present value
model are not clear. Burt (1986) concludes that deviations of
farmland price from its fundam ental path can be explained in terms
of overreaction to rent movements. Featherstone and Baker (1987),
on the other hand, conclude that these deviations are largely
determ ined by purely speculative forces, i.e., by fads. No one,
however, has attempted to quantify the fad component to help
resolve this basic issue.

The purpose of this paper is to suggest and apply an empirical

stra tegy to decompose farmland price movements into a component

driven by fundamental forces and a component driven by fad forces.

This decomposition will provide measures that will help resolve
the issue of the relative importance of these two components in
explaining overall farmland price movements. In addition, we will
estimate and compare the dynamic responses of farmland prices to
nonfundamental shocks and two types of fundamental shocks.

The basic framework is a trivariate vector autoregression

(VAR) formulated in terms of (functions of) farmland price,

erstone



farmland rent, and a time-varying discount rate. In this respect,
the paper is closely related to Featherstone and Baker (1987). They
applied innovation accounting and impulse response analysis to an
unrest ricted VAR representation of price, rent, and the discount
rate, under the assumption that these series are trend stationary.
In contrast, we assume that prices and rents are difference-
stationary. This enables us to apply generic properties of unit
root and cointegrated processes to formulate restrictions on the
VAR that provide us with the means to, among other things, i dentify
the fad component of the price series.
The remainder of the paper is organized as follows. The model
is developed in Section 2, the data are described in Section 3,
and the empirical results are presented in Section 4. A summary of

the paper and its main conclusions are contained in Section 5.

2. Model
Let p denote the log of the real price per acre of farmland
in period t, let d denote the log of the real rent per acre of
farmland in period t, and let r denote the real interest rate in
period t. Assume that p and d are difference-stationary proces ses,
whiler is,a stationary process. Define the spread, s , according ,
top ;d (i.e., the log of the price-rent ratio) and assume that
it is stationary, which implies thatp and d are cointegrated with
cointegrating vector [1 -1].
Campbell and Shiller (1988) used a log-linear approximate

asset pricing framework to show that the VAR represenation of the



bivariate stationary process [ Ad,-r . s ]',is characterized by a
part icular set of cross-equation restrictions if p is determined ¢
by current and expected future values of d and r according to the
present  value model of asset pricing. Falk (1992) used their
framework to test (and reject) the time-varying discount rate
version of the present value model as an explanation of lowa
farmland prices.

We begin under the premise that the present value model does
not provide an adequate explanation of farmland prices and so we
must work with a more general VAR that can account for the

nonfundamental shocks that are not admitted into the Campbell-

Shiller setup. Specifically, we consider the VAR representa tion of
the trivariate stationary process [ Ad, Ad-r s, v
Assume that price, rent, and the interest rate are subject to

three types of orthogonal innovations: permanent fundamental

innovations, temporary fundame ntal innovations, and nonfundamental
innovations. Fundamental shocks are defined to be shocks that

influence the time paths of rent and/or the interest rate.

Permanent fundamental shocks, e.g., technology shocks, alter the s-
step ahead forecast of future rents by a nonnegligible amount for

arbitrarily large s. The effect of a temporary fundamental shock,

e.g., a weather shock, on the s-step ahead forecastofd andr, is ¢
arbitr  arily small for sufficiently large s. The assumption that

fundamental innovations can be decomposed into orthogonal pe rmanent
and temporary innovations is completely general so long as d is,an

I(1) process, as we have assumed. Nonfurfdamental shocks are



defined to be shocks that infl uence the time path of price but not
the time path of rent or the interest rate.

The Wold representation theorem and the assumptions made
regarding the stationarity of Ad,, Ap,,r andp -d, guarantee the
existence of a trivariate moving-average representation (TMAR) of
[ Ad, Ad-r S]]

z, =[ ad, ad,-r s]=C(L) €, Q)
where L is the lag operator (i.e., L x =x ); C(L)=[CG ()], i
G (L=c #c Ltc L t,. forij=1,23;and
€ = [€e, €, €] Isthe vector of (linear) innovations in z , which ¢
implies  that ¢, is a zero-mean and serially uncorrelated process.

For co nvenience, we choose to normalize the variance of each

element of €, to be equal to one, rather than restricting the

coefficients c io tobeequaltoone.
We identify €., as the permanent fundamental innovation, €, as
the temporary fundamental in novation, and €, as the nonfundamental

innovation, by imposing the following additional restrictions on
(2). First, we assume that the elements of €, are contemporaneously
uncorrelated, i.e.,

E(eg,) = | (2.a)
where | is the 3x3 identity matrix. Second, we assume that €, does

not have a permanent effecton d , i.e., ¢
C,(1)=0 (2.b)

where C (1)=c 6§ +6. +....kinally, we assume that €5



does not affect the time paths of d orr and, therefore,,
Cs(L)=C () =0. (2.c)
Since ¢ ;, measures the k-period ahead effect of a standard-
deviation j shock on variable i, knowledge of the free parameters
of the TMAR can be applied in a variety of commonly used ways to
study how prices, rents, and interest rates are determined. For
example, forecast error variance decompositions can be used to
address our main concern, which is to measure the relative
importance of fundamental vs. nonfundamental shocks in
determinining the time path of farmland price. Historical
decompositions can also be used for this purpose and to isolate
particular periods of time for which a particular type of shock
seems to have been especially important in determining unusual
movements in farmland prices (e.g., boom and bust periods).
Of course the TMAR cannot be e stimated directly from the data
since the innovations that appear in (1) are unobservable. H owever,

assume that z has the following VAR(p) representation:

z,=AL)z Hu ‘ (3)
where AL)=[A (L)L A (L)=g +a Lg..+g, L for o1
ij=1,2,3 andu ~=[u u, u,] isgthe innovation vector, which
is a zero-mean, serially uncorrelated process. Let 7. denote the
variance-covariance matrix of u , i.e., ¢ £ =E(uu’).

Proposition: The parameters in the TMAR (1), C(L), are over-
identified by the VAR parameters in (3), A(L) and %, when

restrictions (2.a)-(2.c) are imposed.



The proof of this proposition is given in the Appendix and
it provides the strategy for estimation of the TMAR (1) from
estima tes of the VAR parameters, provided the over-identifying
restrictions are satisfied. This approach to identification follows
along the path developed by Blanchard and Quah (1989) and Lee
(1995a, 1995b, 1996).

3. Data
Nominal farmland price and rent data are updated versions of
the annual lowa price and rent data used by Falk (1991, 1992),
covering the sample period 1922-1994. This data set is appealing
because of its length and the homogeneity of the asset being
priced. The price series measures the average price per acre of
whole farms sold in lowa and the rent series measures the average
cash rent per acre for the rental of whole farms in lowa. The 3
January producer price index is used to deflate the data, January
1967 PPI = 100. Natural logs of the deflated price and rent series
measure the variables p and d,, respectively.
The si x-month commercial paper rate is used to measure the
nominal interest rate. Featherstone and Baker (1987) and Han son and
Myers (1995) also used the commercial paper rate to measure the
discount rate. Falk (1992) used Treasury bill rates but was forced
to throw away several observations of price and rent since T-bill
rate data are only available from 1926. The real interest rate, r , ‘
was measured as the difference between the period t nominal

interest rate and the inflation rate, log PPI -log PPl . ¢ 1



The theoretical model developed in the preceding section began
with  the assumption that p and,d are difference-stationary
processes, whiler andp -d ., are stationary processes. Augmented
Dickey-Fuller and Phillips-Perron unit root tests were applied to
test t hese restrictions. The results are summarized here and in
Table I.
The null hypothesis that p (d),is difference-stationary
cannot be rejected at the 10-percent level against the alte rnative
of trend-stationarity or the alternative of stationarity using
either  test procedure. However, the null hypothesis that Ap, ( Ady)
is difference-stationary can be rejected at the five-percent level
against the alternative of stationarity using either test
proc edure. The null hypothesis that r (p-d) is ,difference-
statio nary is rejected against the stationary alternative at the
five -percent level. Thus, unit root test results are consistent
with the assumptions made about the basic time series proper ties of

p,,d,andr.

4. Empirical Results

The data series p , d , and r, were transformed into the series
Ady, adi-ryands (zp -d) . and then fit to a second-order VAR.
The lag length of two was implied by both the Akaike (1974) and
Schwarz (1978) criteria. Our main interest in this VAR is to use it
to identify the TMARof [ ad, aAd, -r s ] interms of permanent
fundamental innovations, temporary fundamental innovations, and

nonfundamental innovations.



It is shown in the Appendix that the TMAR restrictions imply
the fo Illowing over-identifying restrictions on the VAR: A (L) = 13
A,z (L) =0, i.e., the spread does not Granger-cause the bivariate
[ ad, ad,-r ] process. This set of restrictions can be viewed as
another preliminary test of the compatibility of the data with the
theoretical model developed in Section 2. A quasi-log-likelihood
test was applied to test these restrictions with the result that
they cannot be rejected at the 10-percent significance level. 4
The estimated restricted VAR and restrictions (2.a)-(2.c)
were used to estimate the TMAR parameters according to the

procedure described in the App endix. The remainder of this section

presents the results of several applications of the TMAR.

4.1 Forecast Error Variance Decompaositions

The fi rst application measures the relative importance of
fundamental versus nonfundamental shocks in explaining farmland
price movements over various time horizons. More precisely, we
compute the proportion of the variance of the k-step-ahead f orecast

error in p attfibutable to each of the three types of shocks:

permanent fundamental shocks ( €,), temporary fundamen tal shocks (€2,
and n onfundamental shocks (e3). This is accomplished in two steps.
First, the time paths of Ad,, ad,-r,ands arg simulated according
to the esti mated TMAR in response to representative €, €,and €,

shocks in the standard manner to decompose the k-step-ahead

forecast error variances for t hese three variables. The results of



this exercise are presented in the top panel (Panel A) of Ta ble II,

although they are not of direct interest for our purposes. Second,
for each representative shock the si mulated time paths of Ady, Ad,-
r,ands , are transformed into simulated time paths ofd , r , and ¢ ¢

p,, which are used to obtain the forecast error variance
decompositions presented in the lower panel (Panel B) of Table II.
According to Panel B, nonfundamental shocks account for fifty

percent of the year-to-year volatility in (logged real) farmland
price. That is, half of the year-to-year volatility in farmland
prices cannot be explained by factors that influence rents or
inte rest rates. The relative importance of these nonfundamental
forces declines monontonically over time, accounting for about 25-
percent of the six-year-ahead forecast error variance and 11-
percent of the 24-year-ahead forecast-error variance. Thus,
alth ough half of the year-to-year volatility in farmland prices
cannot be  explained by factors that influence rents or interest
rates, about 90-percent of the long-run volatility in farmland
prices can be explained in terms of fundamental forces.

Temporary fundamental shocks are nearly as important as
nonfundamental shocks in accounting for short-run forecast
uncertainty in price. Their im portance also falls monotonically as
the fo recast horizon increases, although the decline occurs much
more rapidly than it does with respect to nonfundamental shocks:
temporary fundamental shocks a ccount for only about ten percent of
the six-year-ahead forecast er ror variance in price and only about

six percent of the 24-year-ahead forecast error variance. As the
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forecast horizon is extended further, this percentage would decline
further since, by construction, its limit must be zero as forecast
horizon goes to infinity.

Permanent fundamental shocks e xplain nearly 85-percent of the
24-year-ahead forecast error variance in price, playing a more
important role as the forecast horizon increases. Interestingly,
permanent fundamental shocks are far less important than temporary
fundamental shocks in explaining annual variation in price. By the
two- year horizon they are about of equal importance and
subsequently permanent fundamental shocks become increasingly
important.

In summary, year-to-year movements in farmland prices are
determined mostly by temporary fundmental shocks and nonfund amental
shocks, these two types of sho cks being about equally important in
this regard. In the long-run, however, farmland prices are mostly
explained by permanent fundamental shocks. Thus, purely spec ulative
forces do seem to be important in explaining short-run price
volatility in the lowa farmland market, where the short-run can be
interpreted as long as about five years. But the effects of these
speculative forces eventually dissipate, as one would expect.

To conclude the analysis of Table II, notice that permanent
fundam ental shocks appear to be much more important relative to
temporary fundamental shocks in explaining rent uncertainty than in
expl aining price uncertainty at all horizons, but especially at
shorter  horizons. Permanent fundamental shocks appear to be much

less important relative to temporary fundamental shocks in
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explaining real interest rate uncertainty than in explaining price
uncertainty, except for the on e-year ahead horizon. Nonfundamental

shocks do not affect the time paths of d or r by constguction.,

4.2 Impulse Response Functions

Next we turn to Figure 1, which graphically illustrates the
impulse response functions. Panels A and B illustrate the dynamic
respon ses of d and r , respectively, to a positive one-unit
perman ent fundamental shock and to a positive one-unit temporary
fundamental shock. Panel C illustrates the dynamic response of p
to a positive, one-unit permanent fundamental shock, a positive,
one-unit temporary fundamental shock, and a positive, one-unit
nonfundamental shock.

In response to a one-unit positive permanent fundamental shock

(log) rent increases initially by about .05 units, then gradually
increases over about the next ten years toward a new long-run
value, which is about .075 units greater than the initial value.
The real interest rate, which is assumed to be a stationary
process, initially decreases by about .02, then gradually in creases
back toward its initial level, which it reaches in about six to
eight years. Thus, during the first six to eight years following a
positive permanent fundamental shock current and expected future
discount rates and rents are increasing, which increases the
fundamental value of farmland. After this interval, expected future
rents remain higher but the discount rate has returned to its

normal level. So the fundamental value should decline a bit after
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the initial run-up, but remain at a permanently higher level. This
is exactly the pattern of response of (logged) farmland price
(Panel C) to this shock, indic ating that the responses of farmland
price to permanent fundamental shocks are consistent with the
predictions of the present value model.
Positive, temporary fundamental shocks temporarily increase
rent and the interest rate according to Panels A and B of Fi gure 1.
Rent and the interest rate initially increase by about .05 and
decline monotonically toward zero, dissapating in about six to
seven ye ars. Thus, over the six to seven year period current and
expected future rents will be higher but current and expected
discount factors will be lower. At the end of the period, current
and expected rents and discount factors will be at their initial
values. If the farmland market responds to these shocks according
to the present value model, the impact on farmland price over the
first six to seven years will be ambiguous, but there should be no
effect on farmland price after this interval. According to P anel C,
however, farmland price increases above its initial value

immediately after the shock then decreases monotonically over the

next six to seven years, falling below its initial value af ter the
first four years, and then slowly increases back toward the initial
value. The nature of the response and length of the response

period indicate that farmland price overreacts to temporary
fundamental shocks.
Panel C also illustrates the reaction of farmland price to a

positive, one-unit nonfundamental shock. The initial and long-run
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effects are about the same as the effect of a temporary fund amental
shock. However, farmland price remains above its initial value over

the entire adjustment process.

4.3 Historical Decompostion

The estimated VAR and TMAR are used to decompose the actual
(logged) real farmland price series into three components: the

permanent fundamental component, the temporary fundamental

component, and the nonfundamen tal component. The estimated VAR and
TMAR and the relationship between the u's and €,/s enable us to
estimate the €, time series. The estimated €,/S (€S € 5'S)are used to

simulate the time path of p and deriye the permanent fundamental
component (temporary fundamental component, nonfundamental
component) of price. This®decomposition is illustrated in Figure

2.

First consider the permanent fundamental component of farmland
price, illustrated in Panel A. This component of farmland price
appears to be a smoothed version of the actual price series,
capturing the overall long-run behavior of price, but missing many
of the short-run cycles in pri ce. Notice, however, that the upward
trend in actual price from about 1950 until about 1980 and the
subsequent rapid fall in price during the 1980's is largely
explained by the permanent fundamental component. The sample
correlation between price and the permanent fundamental component
is 0.92.

The (stationary) temporary fundamental and nonfundamental



components are of relatively minor significance in explaining the

overall behavior of the (nonst ationary) price series, which can be
seen from the differences in the vertical scales of Panels B and C
relative to Panel A. However, these two components in price

expl ain the short-run volatility that the permanent fundamental
component does not capture. So, for example, the short-run
fluctuations in price prior to the early 1950's and the short-run

decline in farmland prices around 1972 can be explained by
movements in the temporary fundamental component of price. That
part of the major boom and bust of the 1970's and 1980's not
explained by the permanent fundamental component can be explained

by the nonfundamental component. In particular, the very rapid
growth in price during the late 1970's and the steep decline
following the peak several years later, seem to be accounted

the behavior of the nonfundamental component.

4.4 Further Discussion

The empirical results presented in this section indicate that
there is an important nonfundamental (or fad) component to lowa
farmland price movements. This is indicated by the forecast error
variance decomposition and the historical decomposition. The
forecast error variance decomposition of price implies that about
one-half of the year-to-year v ariation in farmland price is driven
by nonfundamental shocks. Even over a six-year forecast horizon
approximately one-quarter of the forecast error variance in price

is attributable to nonfundamental shocks. The historical

15

for by
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decompostion provides an estimate of the nonfundamental component
of the actual farmland price series and although this component
generally is very small relative to the actual price, it has
occasionally played an important role in the short-run dynamics of
price, particularly in the several years before and after 1980.

Fads provide one explanation of the failure of price to move
according to the predictions of the present value model. Another
part of the story might be that prices overreact to fundamental
shocks, i.e., market participants put more weight on news about
rents and interest rates than the news deserves. The impulse
respo nse analysis provided some support to the overreaction
hypoth esis. In particular, the response of price to a temporary
fundamental shock displayed in Figure 1, Panel C appears to be
consistent with overreaction for reasons discussed earlier.

Falk (1991) characterized the failure of lowa farmland price
to satisfy the statistical restrictions implied by the present
value model using the time series relationship among the real
price, real rent, and the ex-ante rational price (i.e., the price
impl ied by the present value model) to help make his point. o
Specifically, he showed that the ex-ante rational price typically
moves less than proportionally with respect to changes in rent,
while actual price moves more than proportionally with respect to
changes in rent. In his setup, however, there was no room for a
nonfundamental component in price and the discount rate was assumed
to be constant.

In Figure 3 we illustrate the time series relationship among
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the real price, real rent, and the fundamental component of price,
where the fundamental component is the sum of the permanent and
temporary fundamental components described in Figure 2. The 7
fundamental component and the actual price series tend to fall on
the same side of weighted rent, indicating that they both tend to
move more than proportionally with respect to rent movements. This
is in contrast to the behavior of Falk's ex-ante  rational price,
which moves less than proportionally with respect to rent
movements. On this basis it ap pears that the fundamental component
of price is not equivalent to the fundamental value of land implied
by the present value theory: price appears to overreact to
fundamental shocks. However, in Figure 3, the fundamental co mponent
tends to fall between actual price and weighted rent, indicating

in yet another way that there is a fad component in farmland price.

5. Summary and Conclusions

The main purpose of this study was to propose and apply a
proced ure to decompose farmland price movements into movements
attributable to fundamental factors (i.e., factors that influence
the time paths of rents and interest rates) and movements
attr ibutable to nonfundamental factors. We assume that the real
interest rate is a stationary process and that the bivariate log
real price and log real rent process is a cointegrated process.
Then we can formulate a trivariate moving average representation
(TMAR) of the growth rate of real rent, the growth rate of real

rent minus the real interest rate, and the log of the real price-
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rent ratio. The innovations in this TMAR can be interpreted as
permanent fundamental shocks, temporary fundamental shocks, and
nonfundamental shocks. Knowledge of the parameters of the TMAR can
be used in a variety of ways (e.g., impulse response analysis,
forecast error variance decompositions, and historical
decompositions) to study the influence of fundamental shocks and
nonfundamental shocks on the time path of farmland prices. We prove
that the parameters of the TMAR are overidentified by the
parameters of a finite-order trivariate vector autoregression and
so can easily be estimated from price, rent, and interest rate
data.
The procedure is applied to st udy lowa annual farmland prices
and re nts over the 1922-1994 sample period, using the six-month
commercial paper rate (adjusted for inflation) to measure the real
interest rate. Unit root tests indicate that the behavior of the
data is consistent with the time series restrictions that the model
imposes on price, rent, and the interest rate. Further, the
overidentifying restrictions the model imposes on the VAR are not
rejected. Therefore, we estimate a restricted VAR and apply it to
identify the TMAR of interest to us. Based upon the estimated TMAR,
our two main conclusions about the behavior of lowa farmland prices
are as follows.
First, nonfundamental shocks a ppear to play an important role
in explaining the short-run behavior of farmland prices. In
particular, short-run movements in farmland prices are mostly

determined by temporary fundamental shocks and nonfundamental
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shocks, with these two types of shocks being of roughly equal
importance in this regard. In the long-run, however, farmland
prices are mostly explained by permanent fundamental shocks.
Second, the dynamic responses of rent, the interest rate, and price
to permanent fundamental shocks seem to be consistent with the
predictions of the present value model of asset pricing. However,
their dynamic responses to temporary fundamental shocks suggest
that farmland prices overreact to temporary fundamental shocks.

Thus, we conclude that deviations of farmland price from the
predictions of the present value model are important in the short-
run but not in the long-run. The short-run deviations appear to be
a combination of overreactions to temporary fundamental shocks and

reactions to nonfundamental factors.
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NOTES

1. The VAR representation of the trivariate process[ Ad, ad,-r,s],
can be formally derived from the asset pricing model applied by

Campbell (1991) and Campbell and Ammer (1993), although it exists

more g enerally. The Campbell-Ammer model extends the log-linear

approximate asset pricing framework developed by Campbell and

Shiller (1988) by allowing for excess returns (due to overreaction

to fundamentals or reactions to nonfundamentals). Note that we

cannot work directly with the [ ap, ad, r ] process because the
assumpt ion that p and d are cointegrated means that this

trivariate process does not have a finite-order VAR represen tation.

2. See, for example, Quah (1992).

3. The price and rent data are actually available since 1921.

However, we followed Falk (1991,1992) in pushing each price data

point up a year since the published prices (at least since 1950)

are end-of-the-year prices. Thus, land purchased at the beginning

of year t at a price per acre of P is assumed tq generate per acre
rent D during year t. Further discussion of these data and their

sources can be found in Falk's papers. The data we use here are

available upon request.

4. Under the null hypothesis, the statistic T(In IV.|-In |\, ]) is
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asymptotically distributed as a x?(4), where T is the effective
sample size for estimation of the VAR, In |V, | is the natural log of

the determinant of the sample second moment matrix of the residual

vector from the restricted VAR, and In |V,| is the natural log of the

determinant of the sample second moment matrix of the residual
vector from the unrestricted VAR. The realized value of the

statistic was 6.19 implying a p-value of .19.

5.Sinceu , and Cg, are both the innovation vector in z , . CeEg=u
Thus, given the VAR estimates of u . and the estimated C , estignates

of €, can be obtained according to e, = C ,b ., Construct a new u .
sequence a ccordingtou = ¢ ol€1 0 0] Use the estimated VAR to
simulate the behavior of Ad,, Ad,-r,ands from,the initial

conditions and this innovation sequence. This yields the permanent
fundamental components ofd , r, and, p , .. The temporary fundamental

component and the nonfundamental component are constructed

analogously.

6. See Figure 3 in Falk (1991).

7. Rent is weighted by the con stant 14.92, which is the reciprocal

of the sample mean real rate of return in this market.
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APPENDIX

In this Appendix, we prove that the moving average
repre sentation of z satisfying restrictions (2.a)-(2.c) is over-
identi  fied by its vector autoregressive representation. We also
characterize the over-identifying restrictions.

Let C , denote the coefficient matrix associated with the
contemporaneous innovation term € in (1), the MA representation of
z,. Comparing (1) and (3), the VAR representation of z , note that ¢
Co€; and u are both defined to be the innovation in z and so ‘

CE&=U . (A.1)
Further, (1) and (3) imply

ClL) g =[1-ALL] u, 1, (A.2)
which, in light of (A.1), requires that

ClL)=[I-AlL)L] C. 1, (A.3)

From (A.3) itis clear that given A(L), C(L) can be determined
once C (s determined. To determine C 's nine,elements, first note
from (2.c) that

Cizo=0andc HP. (A.4)
Second, from (A.1) and the normalization restrictions (2.a), we
obtain the condition

GG'= 3, (A.5)
where 3, is the contemporaneous covariance matrix of u , imposing

six addit  ional restrictions on C . Third, setting L = 1 in (A.3)
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and using the long-run restriction (2.b),

{I-AQ)] C} "=0.12
Thus, (A.3), (A.4), and (A.5) impose nine restrictions on C that 0
identify that matrix given the VAR parameters A(L) and Dy

Restrictions (2.c) impose additional conditions on C(L) beyond
those in (A.4). These are over identifying restrictions which imply
that in the VAR representation of z ¢

A;(L)=0and A (L),F 0, (A.6)

that is z dogs not Granger-cause the [z z | process,
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