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Introduction 

In world tenns New Zealand is a gnaU and agriculturally trade­

dependent nation. However, tecause the New Zealand econany also contains a 

well develofeJ manufacturing base ( contriruting sane 25 percent of GDP in 

1986), the dymmic relationships l:etween the fanning and manufacturing. 

sectors, and an::ing rronetary i;:olicy and these sectors, are imp:>rtant. With a 

large fanning sector (around 20 percent of GDP including agricultural 

processing, and 55 percent of a.irrent account receipts in 1986) one might 

expect to observe sarewhat different interdependences at the aggregate level 

than, say, in the United States. 

In this regard, we investigate frur related questions concerning rroney 

and prices in New Zealand: l) Do shocks to the rroney supply generate 

responses in the tirre path of relative prices?; 2) Do agricultural prices 

and the rroney supply respond to autonaraJS manufacturing price shocks?; 3) 

Is there feedback fran agricultural price shocks to the rroney supply or 

manufacturing prices?; and 4) Are there long-run equilibrium relationships 

1 · Graduate student and assistant professor, respectively. The 
research reported in this paper was supported in part by a Reserve Bank of 
New Zealand Fellcmship and in part by the Agricultural and Rural Ecananics 
Division, Ecananic Research Service, USDA. The authors wish to thank Terry 
Roe, Anya McGrirk and Paul Fackler for reviews of an earlier draft, and Roo 
st Hill and Bert ward (Lincoln College, New Zealand) and Gary Griffith (NSW 
Department of Agriculture, Australia) for carnents an a related Lincoln 
College staff paper. 



rnanufacb.lring prices?; and 4) Are there long-run equilibrium relationships 

cm::mg a.rq:ut prices (real activity) and the money supply (monetary policy)? 

To address these four questions we utilize a three-variable dynamic 

m:::del of the money supply, agricultural prices, and manufacturing prices. 

Thrugh a three-variable roodel is an abstract representation of the ec:onany, 

interactions an:mg these variables encanpass many of the concerns expressed 

alx:ut linkages cm::mg sectors and macroecananic policy. In New Zealand, 

danestic monetary policy and exchange-rate policy are closely coordinated 

and the latter has to sane extent accarrrcdated the former through naninal 

exchange-rate,adjusbnents that have maintained a relatively stable real 

~tjlange rate (Rayner and Lattim:,re). The agricultural sector is primarily 

a price taker in intematianal markets generally receiving low levels of 

direct producer assistance (Lattim:,re). The manufacturing sector has 

received relatively high levels of imfx:>rt protection and there is evidence 

that it has been able to administer cost-plus-markup pricing policies 

(Chapple). These characteristics of the ec:onany may have implications for 

short-run interactions an:mg money and prices. In the long run, however, as 

Batten and Belangia, Chanbers and others have anphasized, the hypothesis of 

the monetary neutrality suggests that levels of prices and the money supply 

will l::e proportional. Consistent with this long-run hypothesis, 

preliminary observation shows that the money supply, agricultural prices and 

manufacturing prices in New Zealand have not rroved apart for long periods of 

tirre ( see figure 1) • Thus, the answers to rur first three questions, which 

essentially concern short-run dynanics, may l::e linked to the answer to the 

fc:urth question abrut the long run. 

Recently, the use of vector autoregressive (VAR) rrodels to exanine the _ 
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dynanic interactions aoong m::mey and prices has received anphasis (e.g.; 

Bessler, Chanbers, Orden, Taylor, and :cevadoss and Meyers) • A VAR rrooel 

describes the probabilistic nature of time series data within a forecasting 

system of autoregressive equations in which all contanporanea.is variables 

are affected by all own and cross-variable lags (Sims, 1980). This approach 

recognizes the dynanic interdependence that exists aoong ecananic phenanena, 

and, hence, the inappropriateness of specifying particular variables as 

strictly exogenous when their evolution is dependent on previous values of 

endogenous variables. Using Sims' innovation ac:coonting franework, a 

primary advantage of these rrodels has 1:een to allow exaninatian of the 

responses of all the variables in the rrodel to deviations fran their 

expected time paths, without the requirement of maintaining strict ceterus 

parirus assumptions an the evolution of the other variables. However, a VAR 

rrodel does not impose any testable, theoretically consistent, long-run 

equilibrium conditions. When such equilibrium conditions exist this can 

result in misspecification and, as we will show, can have important 

consequences an rrodel performance. 

It is generally recognized that the statistical validity of VAR rrodels 

in estimation, inference, and forecasting procedures may be altered 

dranatically depending an the time series properties of the observed data 

( Granger and Newl:lold) • A VAR rrodel using nonstationary data in levels (unit 

roots in the generating process) can produce biased forecast errors if the 

data are not appropriately differenced to obtain the required 

stationarity. 2 SUbsequent decanpositian of the errors fran a rrodel 

2 A series is said to be stationary (in a weak sense) if it has a 
finite rrean and variance that do not vary with time and covariances that -
depend only an the time interval between observations, not an time itself. 
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estimated with nonstationary data can be misleading because the covariances 

1:etween series will not be independent of t:irre. Also, the paraneter 

estimates thanselves will not be asymptotically nonnally distriruted 

(Phillips and Iurlauf), rut will have distrirutions dependent on the rrumber 

of variables in the rrcdel. Nevertheless, rrost previous VAR rrcdels of 

rronetary-agricultural interdependencies have been estimated in levels of 

potentially nonstationary series, withalt formal tests of the levels 

specification. 

Recent advances in understanding t:irre series data which are 

nonstationary because they contain unit roots have anphasized a sanewhat 

different approach to the stationarity issue. The basic concept is that 

econanic variables linked by long-run equilibrium relationships should not 

drift too far apart over t:irre, as individually nonstationary series do. As 

a consequence, equilibrium relationships arong variables may be manifest in 

stationarity of linear canbinations of variables that are thanselves 

nonstationary ( cointegration) • In these cases, explicit rrcdeling of 

deviations fran the :implied equilibria is important (Engle and Granger, 

Phillips) • A specification which incorporates cointegration is a vector 

error-correction (VEC) rrcdel: a VAR in differences with additional terms 

-- rreasuring lagged· deviations fran the long-run levels relationships of the 

variables. A recent application by Engle and Yoo found substantially 

improved forecast perfom,ance for a VEC rrcdel canpared to a VAR. King, 

Plosser, Sta,:k and Watson find the VEC specification useful in a study of 

pem,anent versus transitory growth in incare and consumption under 

technological innovations. These studies have illustrated the need for 
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careful preliminary analysis of the data's tirre series properties l:efore a 

partia.ll.ar rrodel is chosen for forecasting or policy analysis. 

o.rr paper emphasizes this concern in evaluating dynanic relationships 

arong rroney and ,Prices in New Zealand. After describing the implications of 

cointegratian in tems of appropriate treatment of nonstatianarity and rrodel 

specification, a strategy to detel'Jlli.ne a dynanic rrodel congruent with 

quarterly rroney and price data is :implerrented. First, we exanine the tirre 

series properties of the chosen data in a set of univariate autoregressive 

forecasting equations. We test the rrull hypothesis of nonstatianari ty ( in 

this case, a unit root) against the alternative that each series is 

stationary around a linear tirre trend. Based an a.ir results, we then 

exanine whether the series are cointegrated. In conjunction, we test for 

misspecification of the univariate rrodels in tems of the appropriate order 

of the lag structure, predictive stability (parcrreter tirre dependence), 

nonnality of the estimated residuals, and heteroscedasticity (of both a 

unconditional and autoregressive conditional type). 

We find evidence of nanstatianarity of the individual rroney and_price 

series, of statianari ty of each series in first differences, and of 

predictive stability of differenced univariate rrodels over the 1964:2-1987:1 

sanple period. We also find strong evidence of cointegratian arong rroney, 

agria.ll.tural prices, and manufacturing prices consistent with the 

hypothesis of long-run rronetary naitrality. We estimate the :implied VEC 

rrodel (again checking for the statistical validity of this specification), 

~ then use the estimated rrodel to canp.1te innovation statistics and evaluate 

rroney and price dynanics, assuming a recursive contenporaneaJS orthogonal 

ordering of rroney, manufacturing prices, then agria.ll:b.lral prices. Using 
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Bayesian integration procedures (Doan and Litterman, Devadoss and Meyers) we 

find statistically significant evidence that agricultural prices respond 

rrore quickly than marrufacturing prices to a roonetary shock rut do not 

overshoot their new long-run equilibrium values. We also find significant 

evidence of a short-run price disadvantage in agriculture following a 

marrufacturing price shock, rut not of short-run or long-run feedback fran 

agricultural prices to marrufacturing prices or the rooney supply. These 

inferences are quite unlike those drawn fran a VAR rrodel in differences 

which wcw.d have l:een the specification chosen on the basis of 

nonstationarity of the individual series without considering cointegration. 

Cointegration of Nonstationazy T.irre Series 

Following Granger, consider three series, Xt, Yt and wt, each of which 

is nonstationary ( integrated of order one, I ( 1) ) • Assuma each series has no 

dete:rrninistic trend or, without loss of generality, a drift canponent ( that 

is, a p.ire randan walk). A ccmron technique in this situation has teen to 

difference each series to obtain stationarity. 

Engle and Granger suggest, as an alternative, that although the series 

may be individually nonstationary, there may exist constants (cointegrating 

paraneters) , T and 6, such that the error-correction tenrs: 

Zlt = Wt - Txt (la) 

Z2t = Wt - 6Yt (lb) 

are· stationary, I(O). In this case, Xt and Wt, and Yt and wt (and, 

therefore, by transitivity, Xt and Yt), share a ccmron stochastic trend and 

are said to be co integrated. The right hand sides of equations (la, b) can 
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be considered the long-run equilibrium relationships between the series. 

The zit's represent the deviations fran these equilibria at a particular 

rranent in time. However, if z1t and z2t are I(O), then stationarity anong 

the three series can be expressed by any number of repara-reterizations of 

equations (la,b). The "equilibrium relationships" exhibited in the tri­

variate rrodel are, therefore, not unique, unlike in a bi-variate rrodel. 

Nonetheless, the two specific equations (la,b) are useful. They span the 

space of cointegrating relationships when nonstationarity arong the three 
' 

variables oca.rrs because they share a single canron stochastic trend. When 

Xt is the m::m.ey supply, and Yt and Wt are manufacturing prices and 

agricultural prices, equations (la,b) also have an intuitive interpretation: 

T = 6 = 1, implies long-run proportionality between the levels of the rroney 

supply and prices (i.e. ; between the levels of agricultural prices and of 

the m::m.ey supply, between the levels of agricultural prices and of 

manufacturing prices, thus, by transitivity, between the levels of 

manufacturing prices and of the m::m.ey supply). These relationships are 

consistent with the long-run neutrality of m::m.ey when technical change or 

other factors have not shifted relative prices over time. 

Engle and Granger prove that when there is cointegration as in (la,b) 

there exists a vector autoregressive representation: 

1xtr 
p ~a11(S) a12{S) B13(S)] 

tt-s] ~elt] Yt = ~ a21(s) a22(s) a23{S) Yt-s + e2t (2) 
Wt= S=l a31{S) a32{S} a33{S} Wt-s e3t , 

that is restricted such that ~ - [ ft aij ( s l J] ] is of rank one. There 

also exists a vector error-correction representation: 
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tyt -~l -~2 l.?2t-l + ~ C21(S) C22(S) C23(S) tyt=: + E~t (3) ~
/ix~ = ~bll -b12] rz1t-l] p* ~C11(S) C12(S) C13(S)] ~lixt ] [ t] 

tw = -b31 -b32 S=l C31(S) C32(s) C33(S) ~Wt-s E3t_ 

where lbiil + lbi2 1 'P 0, for at least one i. 3 

aiuations (3) show that deviations fran the long-run equilibria 

expressed by the cointegrating relationships affect the dynanic interactions 

within a systan of differenced autoregressive equations thrrugh the error­

correction te:rms. The vector error-correction m:rlel imposes long-run 

constraints arong the cointegrated variables, without explicitly restricting 

short-run dynanics. 4 As proved by Engle and Yoo, forecasts of cointegrated 

nanstatianary ecananic variables fran a VAR in levels are asymptotically 

consistent, rut will be inefficient because the long-run constraints are 

anitted. Forecasts of cointegrated nonstatianary variables fran a VAR m:rlel 

in differences (a nested special case of the vector error-correction 

representation when there are no carnon stochastic trends) will, in 

principle, be inferior because the m:rlel is misspecified. In the absence of 

cointegration, however, nonstatianary data containing a unit root should be 

3 Since Xt, Yt, and Wt are I(l), their. differences will be I(O), and - -
every variable in ( 3) will be I ( O) if the zit' s are I ( O) . If, for excIT1ple, 
z1 t is not I ( O) , th.en the series Xt and wt are not cointegrated. This does 
not rule rut the possibility that z2t may l:e still l:e I(O), in which case 
there exists one· cointegrating relationship for Yt and wt, or there may l:e 
one cointegrating relationship arong Xt,· Yt, and wt. In general, there may 
exist m unit roots in a systen of m equations each of which is I ( 1) . There 
may be k stationary error-correction te:rms, · where k is the number of unique 
cointegrating relationships. This implies m-k stochastic trends shared by 
the series (in the case presented above, m=3 and k can equal o, 1, or 2). 

4 Another fo:rrn of error-correction m:rlel, suggested by Hen.dry, focuses 
an restrictions an short-run dynanics while making than theoretically 
consistent with a long-run solution (see Wickens and Bre.isch for a 
discussion of the distinction) . These m:rlels are viable al temati ves until 
tested against the Engle and Granger specification, rut are not considered 
here. 
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rrodeled in differences. Altematively, if levels data are nonstatianacy rut 

are statianacy aroond a detemrl.nistic trend instead of a·stochastic trend (a 

unit root) the series shculd be rrodeled in levels with a t:in'e trend 

included. stationary data series can be rrodeled in levels, while 

differencing shculd not affect the results if the rrodel is correct. 

An Empirical M:xiel of New Zealand Maney and Prices 

Descriptive statistics 

Tl_le data are quarterly, initially seasonally unadjusted series on the 

rroney supply, Ml, agricultural prices, EP, and manufacturing prices, IP, 

fran 1963:1 thra.igh 1987:1. The data are fran the New Zealand Reserve Bank 
v 

and Department of statistics data bases and are transformed by taking 

logaritlms. The measure of rroney is the level of Ml ( currency plus denand 

deposits) , and the prices are producer rutp.it price indices excluding taxes 

and subsidy payments. 

The existence of seasonality in the series was investigated first by 

exanination of the autocorrelation functions and the joint significance of 

seasonal durrrt¥ v_ariables in uni variate forecasting equations for each 

variable. The results suggested that only the rroney supply variable 

exhibited strong seasonality, which was adjusted for via the Holt-Winter 

STOOthing technique as described in Doan and Littennan. The price series are 

unadjusted. 

A number of characteristics of the data (plotted in figure l) are 

described in table 1, which presents tests of whether the individual series 

are nonstationacy, of whether they are cointegrated, and of misspecification 

of the univariate roodels. Tests of the hypothesis that each series contains _ 
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a unit root against the alternative that it is stationary, possibly around a . 

linear tirre trend, are reported in the first colurm of panel A. These 

tests are based on an ors estimated uni variate forecasting equation which 

provides an autoregressive approx.imation to short-nm correlations in the 

series. The general fonn of this equation is: 

3 
f1Xt = ~O + ~lt + ~2Xt-l + ~ ~2+if1Xt-i + Et 

i=l 
(4) 

where a third-order lag structure for each equation was selected for all 

series on the basis of a set of F-test canparisons. The Dick.ey-E\ll.ler(l979) 

test is used and the results suggest that the unit root hypothesis (~z=0) 

can not te rejected at the 0 .10 significance level for Ml and IP and at the 

0. 05 level for FP. The second and third columns of panel A, respectively, 

present t-tests on the estimated coefficients on the tirre trend ( ~1 ) under 

the maintained hypothesis of a unit root (~z=0), and on the drift canponent 

(~o) under the maintained hypothesis of a unit root and no detenninistic 

tirre trend (~1=~z=0). cnly the Ml series exhibits significant trend 

behavior at the o .10 level, rut a zero drift canponent is rejected for all 

three series. 

The last two columns of panel A present the results of joint parareter 

restriction tests as descril:ed in Dickey and E\ll.ler(l981). The alternative 

in each case is equation ( 4) , while the null hypotheses are, respectively, _ 

that the series are randan walks with no drift and no detenninistic tirre 

trend (~o=~1=~z=0), or are randan walks with a drift rut no tirre trend 
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Table 1. Unit root and cointegratian characteristics of the data 

Panel A: Unit Root Statistics 

Series D-F 

.6Ml -2.666 

.ti.IP -2.786 

LlFP -3.280* 

Panel B: Error Cbrrectian TeDT\S 

FP 

FP 

= 

= 

1.04Ml 

o.o 

trend drift 

1.890* 2.102** 

0.765 2.040** 

0.560 1.125* 

+ o.o - 3.62 

+ 0.86IP + 0.55 

R-Walk 

5.265** 

5.003** 

4.798* 

R-W/Drift 

5.465 

4.192 

5.355 

( a) 

(b) 

Panel C: Cbintegratian statistics 

Residual ADEC 

-4.574*** 

-3.405** 

ADEC(restricted rocdel) 

-3.646** 

-2.906* 

Panel D: SUmnary and Misspecification Statistics 

-
Series R2 o% HS 03CM AROI 

.6Ml 0.69 1.06 2.02* 2.00* 3.13 

.6.IP 0.56 1.09 1.21 0.52 5.08 

LlFP 0.25 4.19 4.20*** 1.10 0.19* 

T=92 (1964:2-1987:1) 

KS 

1.67 

0.67 

3.00 

* represents rej ectian of the rrull hypothesis at the o .10 level; ** at the 
0.05 level; and*** at the 0.01 level of significance, based on the 
partiatl.ar distrib..ltians appropriate for each test (the Dickey­
E\lller(l979), t distrib..ltian, Dickey-E\lller(l981), augnented Dick~­
Eul.ler(Engle and Yoo), and F distrib..ltion ( (T2,Tl), (k,T-k)), Chi2(4), and 
Chi 2 ( 2 ) , respectively) • 



('31='32=0). This evidence generally supports the existence of three unit 

roots in the series (one :per series) with a drift rut no deterministic tirre 

trend. 

Next, Stock has shewn that ors theoretically provides a consistent 

estimate of the cointegrating parareters in a static regression of current­

dated variables in levels (with a constant to adjust for differences in 

scale) and can form the basis for tests of cointegratian. Panel B presents 

the estimates of these cointegrating regressions. The estimated parareters 

indicate that if the series are cointegrated the long-run relationships 

l:etween levels of Ml and FP, and l:etween levels of FP and IP, are 

approximately proportional. 

COlurm one of panel C displays the results of a test of the hypothesis 

that the m:mey supply, agrio.tl.tural prices, and manufacturing prices are 

cointegrated. The test is obtained by observing the extent of 

autocorrelation (or equivalently, a unit root) in the residuals fran the 

cointegrating regressions in panel B. statistics that have teen suggested 

.to test the cointegratian hypothesis include the D..lrbin-Watsan statistic, 

Dickey-E\.lller cointegratian tests (DFC) (the Dickey-E\lller test for unit 

roots adjusted for the dependence of the Zit's an the estimated 

cointegrating parareters) , and the Stock and Watson test. Here, the results 

of the augrented DFC test ( adjusting to allow for the possibility of higher 

order dyrumics in the error process) are presented (Engle and Yoo). For 

botll equations, the results reject the presence of unit roots in the 

residuals (at the 0.05 level of significance for the agrio.tl.tural price­

rroney equation and at the 0.01 level for the agrio.tl.tural-manufacb.lring 

price equation) suggesting that there are two cointegrating relationships-

11 



arong the three series. 11 

Because the initial parareter estimates are close to unitary, this 

restriction was imposed an the cointegrating regressions and new residuals 

( error-correction temis) were estimated and tested. These error-correction 

te:cms impose strict long-run proportionality arong m:mey and prices and 

makes interpretation of imp.J].se responses fran a VEX:: rrodel consistent with 

long-run m:metary neutrality. The augnented DEC test results · reported in 

colurm two of panel C suggest the series are cointegrated when this 

restriction is enforced. ' 

Finally, , a number of sumnary and misspecification statistics for the 

univariate rrodels are reported in panel D of table 1. The explanatory power 

of the rrodels is not high. In particular, the FP autoregressian has a low 

adjusted R2 and the estimate regression standard error is higher than for 

any of the other regressions. The ES test (Spanos(pg. 484)), distril:uted 

F(47 ,25)), is a simple test of whether the estimated residual variances are 

haroscedastic when two sub sanples (1964:2-1971:4 and 1974:1-1987:1) are 

11 The space of possible bi-variate cointegrating relationships spanned -
by the two reported estimates also contains that between Ml and IP. A 
regression of IP an Ml yields an estimated cointegrating parareter of 1.19, 
and cointegratian is not rejected at the 10 percent level of significance of 
the ADF test. This parareter value is also obtained by transitivity fran 
the two reported· estimates (1.04/0.861). Reversing the order of the 
dependent and independent variables produced approximate inverses of the 
parareter estimates in all three regressions (up to l-R2, Engle and Granger 
p.261). Also, Banerjee, Dolado, Hendry, and Snith find that, in practice, 
ors estimates fran static regressions may be biased in small sanples because 
the dynanic relationships are not specified, and that tests for 
cointegratian based an a static regression often lead to an erraneoos over 
rejection. They suggest that a rule of tlrumb as to the usefulness of the 
static regression estimates is the size of the R2. In our case, for all 
three equations ( and their inverses) , the R2 is greater than O. 90. 

5 Formal tests of the equivalence of these parareters wcw.d involve 
nonstandard distrirutian theory ( see Sims, Stock and Watson) • 
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canpared. The results suggest that the 1rP regression residuals exhibit 

heteroscedasticity at a 0.01 level of significance. r:espite this result, 

am tests ( distrib..ited F ( 5, 81) ) for predictive stability over the period 

1986:1-1987:1 indicate that the parareter estimates for each equation may 

not be seric:usly time dependent. Any changes over the sanple period do not 

have a statistically significant :impact an the predictive performance of the 

equations. The ARrn statistic ( distriruted Chi 2 ( 4) ) provides an indication 

of whether the estimated variances behave autoregressively. Squared values 

of the estimated residuals were regressed against 4 lags of the squared 

residuals and a constant. The ARO! effect does not appear pronounced, 

relative to the null that the variances are constant, though there is weak 

evidence of ARO! effects in the FP equation. Last, the results fran a 

series of skewness-kurtosis tests (Bera and Jarque) are consistent with the 

estimated residuals being normally distriruted. These tests are distriruted 

Chi2(2), and are denoted KS. 

The overall implications of our preliminary statistical tests are that 

Ml, IP, and FP contain unit roots ( randan walks with drift) and that 

univariate autoregressive rrodels using differenced data do not seriously 

violate the classical assumptions concerning the statistical properties of 

the estimated rrodels. Moreover, while the individual series are 

nanstatianary, they are cointegrated and the ratios FP /Ml and FP /IP (and,. 

hence IP /Ml) are stationary. As observed in figure 1, the series may roove 

apart for periods of time rut there is a long-run tendency for than to care 

together with proportionality between levels of the rooney supply and 

prices. 
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The vector Error-COrrection Model 

A VEC m:rlel ( .in the fo:an of ( 3) ) was estimated us.mg first differences 

of each series, a constant te:an, and the error-correction terms fran the 

restricted co.integrat.ing regressions. The m:rlel was estimated with ors. 

The lag structure for the systan was dete:anined by a series of F tests and 

Akaike's Information Criterion. In both cases, a third-order m:rlel was 

suggested. 

The basic estimation results, and residual checking statistics, are 

presented in table 2. The adjusted R21 s fran the estimated forecasting 

equations fo:aning the VEC m:rlel are higher than fran the univariate m:rlels 

( except for the IP equation) or fran an unreported VAR in differences 

withrut the error-correction terms, partia.tl.arly for the FP equation. The 

ES statistic (distrib.lted F(47,25)) suggests heteroscedasticity in the FP 

equation, rut the am test ( distrib.lted F ( 5, 76) ) for predictive stability 

is again consistent with stable lang-te:an parcmeter estimates. There is no 

evidence of ARCH effects, while the Q statistic suggests no higher order 

autocorrelation in the residuals fran the estimated equations. The KS 

statistic indicates noi:rnally distrib.lted residuals. These results imply 

that the VEC m:rlel is not severely misspecified, and provides a rob.1st 

statistical m:rlel. Also, consistent with the cointegration tests, although 

a VAR in differences is also a statistically valid m:rlel, an F test of the 

restriction that the error-correction terms in the VEC m:rlel are jointly 

zero (F(6,81) = 5.37) is rejected at the 0.05 level of significance in favor 

of the naintained VEC representation. 
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Table 2. VEC rrodel SLmna?:y statistics 

statistic 6Ml f1IP LlFP 
-
R2 0.71 0.53 0.40 

o% 1.03 1.13 3.73 

HS 2.19* 1.19 s.20*** 

rn:w 1.99* 0.99 1.64 

ARaI 0.s2* 3.07 4.34 

KS 1.03 0.44 1.78 

Q(27) 36.09 34.35 32.92 

T=92 (1964:2-1987:1) 

Notes as for Table 1 and as disa.issed in the text. 



Inference Results 

Ebr the VEr:: rrodel orthogonalized in the order Ml, IP, FP, the impilse 

responses to a unit innovation in each variable's expected tirre path and 

their estimated 90-percent confidence bounds are plotted in Figure 2. 1 To 

trace the dynanic effects of these innovations thra.igh the systan it ·is 

necessary first to expand the estimated VEr:: into a levels form in which the 

paraneters of the error-correction terms are incorporated into the 

paraneters of the variables being impilsed. othe:i::wise, impilsing procedures 

will treat the error-correction terms simply as unrelated deterministic 

constants. 

The point estimates fran the impilse response functions show that each 

innovation will eventually lead to long-run percentage responses that are 

approximately the sane for all three of the variables, as expected fran the 

imposition of the theoretical error-correction rrodel. The estimated 

standard errors of the impilse responses diverge rapidly, so interpretation 

of the point estimates rrust be qualified. • Nonetheless, when asking aJ:::out 

the significance of varia.is responses, we are interested in knowing whether · 

the posterior probability is concentrated an zero, negative, or positive 

values (Sirrs, 1987). The estimated 90-percent confidence bounds suggest 

that a rrumber of ·the responses are positive, while sore are concentrated 

7 Each point estimate in the impilse response function was calculated 
as the rrean fran a Monte carlo integration algori thn using 200 draws fran 
the posterior distrirutian of each response estimate (D::,an and Litterrnan, 
chpt .17) • The confidence bounds for each estimate were also calculated fran 
this procedure. 

• Runkle has shown that the asymptotic t-statistic for the nth term in 
the impilse response function goes to zero at the rate a/n, where a is the 
point estimate of the nth response. The effect of a current shock 9t gets 
rrultiplied b-j a!l, so its importance can diminish rapidly. 
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Fig11rc 2. Impulse response functions from a VEC moild i°f money (Ml), manufacturing prkc.,; (IP), and agricultural prices (FP) in New Zc:1land 



ara.md zero. Thus, we can make several general observations aro.it the 

likely tirre paths for the variables under specific shocks. In particular: 

1) A positive roonetary shock raises the levels of the m:mey supply 

and agricultural and manufactur:ing prices :in the long run. 

Agricultural prices are imnediately responsive to the m:metary 

shock and display sore indication of a _srclical response pattern, 

while manufactur:ing prices start to respond only after a lag of 4 

quarters. Thus, positive rronetary shocks induce a shift :in 

relative prices :in favor of agriculb.lre :in the short run. 

Agricultural prices do not overshoot their new long-run 

equilibrium level :in response to a rronetary shock, rut they rrove 

tcmard the new equilibrium faster. than manufactur:ing prices. 

2) A positive shock to manufactur:ing prices also raises the long­

run levels of all three series. A relatively slow response of 

agricultural prices initially places agriculture at a price 

disadvantage. Moreover, agriculb.lral prices start to rise only 

when the m:mey supply beg:ins to respond to the shock to 

manufactur:ing prices. 

3) The cwn response to a shock to agricultural prices displays a 

danpening oscillatory pattern. Neither the rroney supply nor 

manufacturing prices shcms a significant short-run response. 

E\lrther, :in contrast to the permanent shift in the level of each 

series :induced by shocks to the rroney supply or manufacturing 

prices, new equilibrium of the series are established at aroond 

the sare levels as before the agricultural price shock occurred. 

Thus, there is neither a short-run nor long-run response of the 
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rroney supply or manufacturing prices to an agrio.11.tural price 

shock. 

Inferences fran the :i.mp.il.se responses of the VEx::: rrodel are supported by 

the associated forecast error-variance decanpositions. These (unreported) 

decanpositions suggest that both the rroney supply and manufacturing prices 

behave exogenrusly, and, in tum, account for a large proportion of the 

forecast-error variance of agrio.11.tural prices. There is no evidence of 

feedback fran agrio.11.tural prices to rroney. 

For canparative p.1rposes, it is also interesting to exanine the imp.tl.se 

responses fran alternative (unreported) VAR specifications. The point 

estimate :i.mp.il.se responses fran a VAR in levels are generally similar to 

those fran the VEx::: rrodel except that long-run convergence is less evident 

and the estimated confidence bounds are rrore irrprecise. In contrast, 

inferences quite unlike those fran the VEx::: rrodel are derived fran a VAR 

rrodel in differences. The differences rrodel suggests rrore-than­

proportianate short-run responses of both marrufacturing and agrio.11.tural 

prices to rroney supply shocks, and that agrio.11.tural price shocks induce 

responses in the level of the rroney supply, -implying a feedback 

relationship. In the long run, agrio.11.tural price shocks persist in a VAR 

in differences, 'While manufacturing pri~ shocks do not. The long-run 

positions of the point estimates diverge in response to specific shocks, 

contrary to the data evidence which suggests that they shruld converge. 

These anpirical results conform to Engle and Yoo's observation that a VAR in 
.. 

levels is asymptotically equivalent to the VEx::: rrodel (rut inefficient) and a 

VAR in differences is misspecified when the data are cointegrated. 
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conclusions 

cne objective of applied research is to prcrluce explanations ( or at 

least predictions and descriptions) for actual ecananic phenanena. The 

m::::del utilized shruld be an adequate approximation of the data generating 

process giving rise to the phe.nanena of interest in te:cms of statistical 

validity, explanatory performance, and theoretical consistency. In this 

paper, testing for the presence of nonstatianari ty was an important aspect 

of obtaining a statistically valid m::::del (in conjunction with diagnostic 

checks) • Testing for cointegration had important :implications for m::::del 

specification and performance. Cointegration of individually nonstationary 

rroney and price tirre series was foond to be consistent with long-run 

rronetary neutrality. 

When the long-run equilibrium relationships in the data are acco.mted 

for in a VEC m::::del which does not explicitly restrict short-run dynanics,. 

with a contanp:::,raneous causal ordering of rroney, manufacturing, then 

agria.tl.tural prices, an interesting data-congruent explanation of rroney and 

price behavior in New Zealand anerges. In te:cms of the questions to be 

addressed aba.lt short-run rroney and price dynanics, first, it seers that 

rroney does matter to prices and that in the short run relative prices shift 

to favor agria.tl.ture in response to rronetary shocks, withrut agria.tl.tural 

prices overshooting their new long-run equilibrium values. Second, 

autanarous marrufacturing price shocks induce long-run responses in the rroney 

supply and agria.tl.tural prices with lags resulting in a short-run price 

disadvantage in agria.tl. ture. Third, agria.tl. tural prices appear sensitive to 
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cwn shcx::ks, tut this resp::mse quickly dissipates and the rroney supply and 

marrufacturing prices are largely unaffected. 

An important interpretation of rur results is that rronetary policy 

(thrcugh adjusbnents in the growth of Ml) may be affecting the two ccrnrodity 

sectors disproportionately over the short to rrediun te:rm, althoogh, in the 

long run market and other forces drive prices together. Moreover, if the 

marrufacturing sector is able to administer cutp.it prices for periods of t:irre 

( for exanple, thrrugh import protection or as a markup over nonnal costs) , 

then airrent policies to expose the agricultural sector further to world 

trade canpetition in isolation fran manufacturing will require agriculture 

to bare a greater share of the b.lrdens of econanic adjustment. Finally, the 

. lack of feedback fran agricultural prices to the rroney supply stands in 

contrast to the long-run resp::msiveness of the rroney supply to shcx::ks to 

marrufacturing prices. Since historically the agricultural sector has 

l:ehaved as a price taker on world markets under a reg:irre of historically 

gradually adjusting naninal exchange rates, the lack of feedback fran 

agricultural prices to the rroney supply suggests unwillingness of the 

rronetary authorities to acccrnrodate world agricultural price shcx::ks. This 

l:ehavior may isolate the New Zealand econany fran external inflationary and 

deflationary pressure arising fran agriculture, while failing to respond to 

effects that price shcx::ks may have on New Zealand's airrent accrunt. 

A canparison of air results for New Zealand to other studies of rroney 

and price dynanics highlights the importance of the rrodel specification 

issue. Previous studies have been based on VJ:,.B. rrodels estimated in levels 

( an exception is Taylor who differences sare series rut not others) • Little 

attention has been given to diagnostic checking of the statistical validity _ 
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of the levels specification, such as unit root tests, or to m:rleling long­

run dynanic constraints. Long-run .imp.llse responses have generally not l:een 

shcmn. (for exanple, Chanbers presents responses over only 12 rronths, while 

Bessler, and Devadoss and Meyers provide estimates of .imp.llse responses over 

twenty-frur m::mthly periods, and Orden over eight quarters). 

cne is uncertain whether short-run inferences fran these levels VAR 

m::rlels are statistically valid or are consistent with long-run equilibrium 

relationships arong the included variables. For Brazil, Bessler fails to 

reject rronetary neutrality (under usual distrib.itional assumptions) based on 

a statistical canparison between the sumned coefficients on rroney in the 

autoregressive equations for agria.ll tural and industrial prices. Even so, 

his point estimate of the response of industrial prices to an initial 

rronetary shock is approximately twice the estimated effect of the shock on 

agriail.tural prices or the rroney supply itself after 24 rronths. For the 

United states, Devadoss and Meyers note an opposite result. They show a 

statistically significant (again under usual distrib.itional assumptions) 

short-run shift in relative prices in favor of agriatl.ture in response to a 

rronetary shock. After 24 rronths, their point estimate of the percentage 

increase of agriail.tural prices is 1.3 times greater than the percentage 

increase of industrial prices and nearly_ five times greater than the impact 

on the rooney supply. Conflicting results such as these may be due to 

behavioral differences between econanies, as has been conjectured, rut could 

be due to m::rlel misspecification. Likewise, Orden reports little effect of 

a shock to the rroney supply on real U.S. crop prices in a m::rlel that 

includes an interest rate, an exchange rate, the GU' deflater, and 

agriail.b.lral exports; with a greater response of real crop prices to 
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interest-rate and exchange-rate shocks. Again, rrodel misspecification is an 

issue in inte:rpreting these results. Althrugh VAR rrodels in levels are 

asymptotically valid in the presence of cointegration, in the absence of 

cointegration tests each of these rrodels may or may not have been 

misspecified. 

Finally, tha.igh the specification of the three-variable VEC rrodel 

reported in this paper has been relatively carefully tested, the rrodel is 

easily tractible, and the characteristics of the New Zealand econ.any 

described by the rrodel can be given plausible econanic inte:rpretations, sane 

caveats should be noted. As Hend:cy and others have emphasized, the 

acceptability of a rrodel based on anpirical evidence shculd be considered 

only tentative until it has been successfully tested against new data, 

different qriteria, and rival rrodels. Also, the rrodel is a closed systan 

that anits the potential influence of other variables, and may be limited by 

the contanporaneous structure imposed (Bemanke, Fackler) • A recursive 

causal ordering of rroney, marrufacturing prices, then agricultural prices is 

useful in econanic enviranrrents where orthogonal shocks can be identified 

with distinct srurces, rut may not be a realistic approx:irnation to the 

actual contanporaneous relationships arcng rroney and prices (for instance, 

consider the apparent short-run exogenoo,s nature of marrufacturing price 

behavior). AsSLUlling that the data itself is rich ena.igh to reveal the . 

underlying phe.narena of interest, the developrent of larger rrodels with rrore 

appeali.,ng contanporaneous structures is a priority for future research. 

Together with the improvements in techniques for econanetric rrodeling of 

t.irre series data, the future for these types of dynanic rrodels is 

encouraging. 
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