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Figure 14: Actual (—) and fitted (- - -) values of the underlying
inflation rate.
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6.3  Statistical Properties of the Model

The statistical properties of the model can be assessed by what is not
modelled, namely, the residuals. Residuals from full-sample and subsam-
ple estimates are both informative. Using a battery of residual diagnostic
test statistics, this subsection shows that (17) appears well-specified, with
empirically constant coefficients.

As noted in Section 5.2, the preferred equation performs well in terms
of standard (full-sample) diagnostic tests. Empirically, the residuals are
normally distributed, homoscedastic, and serially uncorrelated; and the null
hypothesis of no omitted variables is easily accepted for a wide variety of
variables. Figure 14 plots the actual and fitted values for Ap; and shows
how well (17) explains the data.

Estimation over subsamples by a recursive algorithm provides an incisive
tool for investigating constancy; cf. Brown, Durbin and Evans (1975) and
Dufour (1982). Graphs efficiently summarize the large volume of output.
Figures 15 and 16 portray two related functions of the residuals from recur-
sive estimation: the first summarizes the numerical constancy of (17) and
the second its statistical constancy. Figure 15 records the one-step residu-
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Figure 15: One-step residuals (—), with corresponding calculated
equation standard errors as 0 + 256; (- - ).
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Figure 16: The sequence of break-point Chow statistics (—) over
1982-1993, with the statistics scaled by their one-off 5% critical
values (- - -).
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als and the corresponding calculated equation standard errors for (17), i.e.,
{y:— Biz:} and {0£26;} in a common notation. The equation standard er-
ror & varies little, declining slightly over time. Figure 16 plots the “break-
point” Chow (1960) statistics for the sequence {1982(1)-1993(3), 1982(2)-
1993(3), 1982(3)-1993(3), ..., 1993(2)-1993(3), 1993(3)}. Nons of
these Chow statistics is significant at even their one-off 5% levels. That is,
there is no break of the sample into estimation and forecast periods such
that the corresponding Chow statistic for predictive failure is significant.

Recursive estimates of individual coefficients in (17) vary little, both nu-
merically and statistically. The estimates’ stability provides additional ev-
idence that the right-hand side variables in (17) are weakly exogenous for
the parameters in this equation, in which case single equation estimation
is valid and without loss of information relative to the VAR. Appendix 2
considers these recursive estimates in detail.

The empirical stability of (17) suggests that the inflationary process in
Australia has remained largely unchanged during the 1980s and 1990s,
even while inflation itself has declined. This stability exists in spite of
known changes to institutions and economic structure over the period. The
explanation for the decline in inflation, therefore, lies in what happened
to actual nominal wages and labour productivity, the exchange rate, prices
for Australia’s trading partners, tarifts, petrol prices, and the output gap.

64 Caveats

Some caveats apply to this analysis of inflation, although their empirical
import may be minimal. First, the model makes no allowance for recent
increases in indirect taxes. Because the parameter estimates in (17) are
very stable over time, one would then expect these tax increases to affect
the residual of (17). Yet, the residuals over 1992-1993 have been typical
in magnitude. As a potential explanation, difficult trading conditions may
have forced domestic producers and retailers to absorb some of the tax
effects. Second, the mark-up on imports between the dock and the final
point of sale may have fallen recently with increased market openness
and competition, as discussed in Dwyer and Lam (1994) and Dwyer and
Romalis (1995). While the model in (17) includes a measure of the tariff
rate, it has no variables that would account for additional such changes in
the mark-up. From the statistical properties of (17), the consequences to
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(17) of such changes appear small empirically.
7. ENCOMPASSING AND FORECASTING

Two properties of (17) merit special attention, its ability to account for
the results of other models of inflation (encompassing) and its potential
usefulness in forecasting. Section 7.1 shows that (17) encompasses an
alternate empirical model of inflation due to McTaggart and Hall (1993).
Also, at a conceptual level, (17) encompasses several economic models
of inflation, while each of those economic models provides only a partial
explanation of CPI behaviour in Australia. Section 7.2 examines how (17)
might be used for forecasting.

7.1  Encompassing Alternative Models of Inflation

Given the apparent empirical success of (17), it is natural to ask how its
performance compares with other models of the Australian CPI. Numerous
alternative models have been developed: see for example Fahrer and Myatt
(1991), Coelli and Fahrer (1992), the papers in Blundell-Wignall (1992),
Johansen (1992b), Knight (1992), and McTaggart and Hail (1993). Several
characteristics distinguish (17) from such existing models. First, existing
models are typically in differences only, thereby ignoring long-run levels
relaticnships. Johansen (1992b) and Knight (1992) are exceptions in this
respect. Second, many of the existing models have apparently significant
direct effects of money growth and foreign CPI inflation on Australian
CPI inflation. Third, the precise measure of the CPI tends to vary across
models. To focus discussion, consider McTaggart and Hall’s (1993) model.

McTaggart and Hall (1993) begin with a fourth-order ADL of an adjusted
CPI inflation rate (Ap®), an OECD inflation rate (Ap®FCD), the spread
betwezn short- and long-term interest rates, and the growth rate of Aus-
tralian M3 (Am)."? From that ADL, they obtained a more parsimonious
model:

> McTaggart and Hall’s adjusted CPI (P®) is the headline CPL, net of some (but not all)
of the components that were removed from the headline CPI to obtain the underlying
CPL
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Ap? = + 0.321 Ap? ; + 0.320 Ap¢,

(0.091) (0.088)
+ 0.350 ApPECD 1 0.112 Amy—; — 0.0014 (22)
(0.087) (0.044) (0.0021)

T = 99 [1967(3)-1992(1)] R?2=10.583 dw=203.

This model suggests the importance of foreign inflation and domestic mon-
etary expansion as the proximate determinants of Australian inflation, con-
trasting with the structure in (17). In order to compare these two equations
statistically, it is helpful to introduce the concept of encompassing.

Loosely speaking, encompassing is the ability of one model to account for
the results of another model. Encompassing is a necessary property for
any adequate empirical model: a model’s inability to explain the properties
of other models indicates the value of information contained in the other
models, over and above that in the model being tested. Conversely, the
ability of one model to encompass a second model implies that the second
is redundant, given the first. Encompassing establishes an ordering across
models such that an encompassing model serves as a sufficient statistic
for all existing models; cf. Mizon and Richard (1986). Encompassirg is
particularly important when the alternative models have different economic
and policy implications, as they do for (17) and (22).

Numerous test statistics for encompassing have been developed. The ones
considered here are due to Cox (1961, 1962) (variance encompassing), Er-
icsson (1983) (a variant on the Cox statistic), and Sargan (1958) (reduced
form encompassing). In addition, the classical F' statistic for testing a
given model against the smallest comprehensive (nesting) model is in-
cluded, since that statistic tests parameter encompassing.

Actual implementation of these tests is complicated by different defini-
tions of the CPI, different sample periods for the models, and the lack
of seasonal dummies in McTaggart and Hall’s equation. To provide as
balanced a comparison as possible, each model is tested twice, once us-
ing McTaggart and Hall’s adjusted CPI and once using underlying CPL
The maximum sample periods available are used in both cases, which are
1977(3)-1992(1) and 1977(3)-1993(3) respectively. While the presence or
absence of seasonal dummies is not a formal difficulty for the encompass-
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Table 3:
Encompassing Statistics for Equation (17)
and McTaggart and Hall’s Equation for the CPI

Null Hypothesis

Equation (17) McTaggart and Hall
Statistic Dist. P pe Dist. p pa
Cox N(O,1) -1.82 -0.98 N(0,1) -10.40** -13.49**
Ericsson N(O,1) 1.54 0.86 N(0,1) 6.00** 7.38**
Sargan x2(4) 491 085 x2(6) 31.75%*  30.33*
F F(4,") 125 020 F(6,") 10.69**  11.01**
o 0.251% 0.357% 0.354% 0.544%

Notes
1. The asymptotic distribution of each statistic under the null hypothesis appears
under the column “Dist.”.

2. The CPI measure is the underlying CPI for those statistics under the columns la-
beled P, and McTaggart and Hall’s adjusted CPI for those statistics under columns
labeled P°.

3. See Doornik and Hendry (1994) for details on the statistics.

ing tests, seasonal dummies are highly significant if added to McTaggart
and Hall’s equation. In order to avoid rejecting (22) simply because (17)
includes seasonal dummies and (22) does not, the tested version of McTag-

gart and Hall’s equation includes seasonal dummies. The results appear in
Table 3.

From: the first two columns of numbers in Table 3, equation (17) appears to
encompass McTaggart and Hall’s equation. Only the Cox statistic (using
P) is at all close to being statistically significant at the nominal 5% level,
and the Cox statistic is known to over-reject in finite samples in even static
models; see Pesaran (1974) and Ericsson (1986). By contrast, the final
two columns in Table 3 show that McTaggart and Hall’s equation does not
encompass (17), regardless of the statistic used and regardless of the def-
inition of CPI adopted. Put somewhat differently, lagged foreign inflation
rates and domestic money growth rates are not important for explaining
Australian inflation, conditional on including the growth of petrol prices,
the tax dummy, and the lagged output gap and mark-up. Including the tax
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dummy in McTaggart and Hall’s equation does not appreciably alter the
results.

From additional similar tests, neither broad money nor short-term interest
rates such as the 90-day rate for Bank accepted bills appear to be proxi-
mate influences on inflation. That said, monetary policy may and likely
does affect inflation. Monetary transmission pathways may include the
output gap, the exchange rate, and nominal wage formation inter alia, and
through those variables affect inflation. To understand better the monetary
transmission mechanism for inflation, a more complete, system analysis
would be desirable; but such an analysis is beyond the scope of this pa-
per. For discussion and illustrations of how such an approach would be
undertaken, see Hendry and Mizon (1993), Juselius (1993), Doornik and
Hendry (1994), and Hendry and Doornik (1994).

The encompassing of (22) by (17) raises an important methodological
issue: (22) is a reduced form whereas (17) is “structural”’. While compar-
ison of two such models might appear problematic, it is not. The precise
meaning of “structural” bears on the explanation itself. First, “structural”
sometimes means “conditional”; cf. Boswijk (1995) and Ericsson (1995).
Unit labour costs, import prices, and petrol prices are empirically weakly
exogenous in (17), so conditioning on their contemporaneous values is
valid. In this context, the structural and reduced form aspects of the two
models are not at issue. Encompassing simply provides a way of com-
paring two competing models. Second, and relatedly, the encompassing
tests may be viewed as diagnostic checks on the two models. The tests
evaluate whether lagged OECD inflation and Austraiian money growth are
important omitted variables in (17), and whether the lagged mark-up and
output gap are important omitted variables in (22). None of these variables
are precluded a priori from either model, so the nature of an individual
model (whether structural or reduced form) does not affect the validity
of the encompassing tests. Third, even with empirically valid weak exo-
geneity, (17) is in effect a reduced form, with current inflation depending
almost exclusively upon lagged information. When contemporaneotis unit
labour costs and import prices are included in (17), they are numerically
and statistically unimportant. Contemporaneous petrol prices, which do
appear in (17), are statistically significant but have a very small effect
economically. Finally, Hendry and Mizon (1993) show how to calculate
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encompassing tests between a structural model (their sense of “structural”)
and a reduced form, where both are systems. The single-equation encom-
passing tests above are in the spirit of Hendry and Mizon’s tests, noting
that super exogeneity appears valid for (17).

At a more conceptual level, (17) encompasses a range of economic mod-
els for prices and inflation. Equation (17) embeds a variant of the price-
inflation Phillips curve by relating price inflation to the output gap and so
to the unemployment rate; cf. Ericsson, Irons and Tryon (1993). When
rewritten as (21), (17) also includes both wage-price models (through
p—ulc) and long-run purchasing power parity (through p — ip). However,
as the empirical model (21) shows, each of these economic theories pro-
vides only a partial explanation of price behaviour in Australia. Several
economic determinants are necessary to understand the behaviour of the
Australian CPI.

Finally, because (17) is empirically constant, broad classes of models may
not encompass (17), even in principle. In particular, models of inflation in-
volving rational expectations may not encompass (17); see Hendry (1988),
Ericsson and Hendry (1989), Favero and Hendry (1992), and Engle and
-Hendry (1993). Full testing of such a proposition turns on demonstrating
that the equations for ulc, ip, and pet in the VAR are nonconstant. Empir-
ically, the equation for ¢p appears nonconstant, and possibly those for ulc
and pet as well. Again, a more complete, system analysis is the natural
framework for testing such propositions but is beyond the scope of this

paper.
7.2  Forecasting

Equation (17) is a highly parsimonious model of inflation, making it attrac-
tive as a tool for ex ante forecasts and counterfactual simulations. Apart
from the current change in petrol prices, CPI inflation in the current quar-
ter is based simply on the levels of the relevant indices and the output
gap in the previous quarter. Thus forecasting one step ahead is straight-
forward. Multi-step ahead forecasts would require forecasts of unit labour
costs, import prices, petrol prices, and the output gap, and so would most
easily be carried out in a system (rather than a single equation) framework.
EXx post forecasts can help assess the constancy of a model, so this subsec-
tion considers such forecasts, one step ahead, for the preferred equation.
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Given recent changes in the Australian economic environment, it is of
interest to re-estimate (17) over an initial subsample and use that equation
to forecast over the last few years. Figures 17 and 18 plot actual, fitted,
and forecast values of inflation, where estimation is through 1989, and
realized values of the right-hand side variables are used to construct the
forecasts. The forecasts track the recent decline in inflation relatively well.
As seen from these forecasts and from the recursive estimates of (17), there
is no evidence of a structural break in the inflation process in 1990.

Ex ante forecasts and counterfactual simulations from (17) may be instruc-
tive from a policy perspective, but they have several important caveats.
First, if only (17) is used, paths for unit labour costs, petrol prices, import
prices, and the output gap must be given, precluding feedback from the
CPI on to those variables. That is, the CPI is assumed to not Granger-cause
the other variables. Second, counterfactual simulations assume robustness
of the inflation equation to changes in the processes for unit labour costs,
petrol prices, import prices, and the output gap (that is, super exogeneity).
Implicitly, that assumes super exogeneity of the exchange rate as well.
Third, the forecasts’ standard errors are sizable, noting that the equation
standard error in (17) is approximately 1% at an annual rate. Typically,
multi-step ahead forecast standard errors are larger than their one-step
counterparts, with the latter being £2% (at best) for a 95% confidence
region. Finally, actual ex ante multi-step ahead forecasts would require
modelling and forecasting the right-hand side variables, and their forecasts
are themselves uncertain. Accounting for that uncertainty would almost
invariably increase the standard errors of the CPI inflation forecasts. That
said, forecasts of the average inflation rate over the next year or two could
have a smaller confidence interval than any individual quarter’s forecast;
see Chong and Hendry (1986) and Campos (1992).

8. CONCLUSIONS

The error correction model in (17) has sensible economic and statistical
properties, and it contains “value added” relative to existing models of
Australian inflation. While it remains to be seen how the ECM will per-
form in the face of additional changes to the economy, continued low
inflation through the 1990s appears to turn on sustained low growth rates
in unit labour costs and import prices.
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Justification for such inferences is founded on two counts. First, the esti-
mated ECM is remarkably stable across a wide range of economic changes
in the 1980s and 1990s. The coefficients are well-defined and do not al-
ter significantly over this period. Second, many of the major eccnomic
changes that have occurred or are occurring should have their effect on the
right-hand side variables themselves, and so need not imply any chenge in
the coefficients of the CPI equation. For example, increased productivity
and greater pressures on wage setters to remain internationally compet-
itive may imply a lower outcome for unit labour costs rather than any
change in the relationship between unit labour costs and consumer price
inflation. Similarly, changes in tariffs may affect inflation through only
the tariff-adjusted import price series.

Equation (17) does not capture some changes, which may bias inflation
forecasts upwards. For example, increased competition due to interna-
tionalization may reduce the ability of domestic producers and retailers to
widen their margins as the economy picks up, so the model may overstate
the inflationary impact of the narrowing of the output gap. That said, such
changes have been ongoing in the past decade, but appear to have had
little effect on the coefficients in (17).
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APPENDIX 1: DATA DEFINITIONS

This appendix describes the data. Sections 1-7 list the definitions of
the data and give their sources. Section 8 gives a detailed derivation
of the underlying consumer price index. All data are quarterly, and the
sample period is 1976(3)-1993(3). Seasonally adjusted series are denoted
by $A, those not seasonally adjusted by NSA; and the Australian Bureau
of Statistics is abbreviated as ABS.

L Headline Consumer Price Index (P")

Definition. The consumer price index.
Units. 1989/90=100. (NSA)
Source. Consumer Price Index, ABS Catalogue No. 6401.0, Table 1.

2. Underlying Consumer Price Index (P)

Definition. The consumer price index, excluding fresh fruit and vegetables,
mortgage interest and consumer credit charges, automotive fuel, and health
services. The adjustment is explained and illustrated in Section 8 of this
appendix.

Units. 1989/90=100. (NSA)
Source. Consumer Price Index, ABS Catalogue No. 6401.0, Table 7.

3. Unit Labour Costs (ULC)

Definition. Nominal cost of non-farm labour per unit of non-farm output.

Nominal unit labour costs are defined as:

wss + payroll taxes + fringe benefits taxes — employment subsidies
real non-farm gross domestic product

hours worked by all non-farm employees
hours worked by non-farm wage and salary earners ’
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where wss refers to the wages, salaries and supplements of non-farm wage
and salary earners. The class “wage and salary earners” is only a subset
of all employed people in the non-farm economy, since it does not include
the self-employed, employers, and unpaid family helpers who have a (non-
farm) job or business. Unit labour costs of wage and salary earners are
scaled up to that for all employed by multiplying it by the ratio of hours
worked by all employed people in the non-farm sector to the hours worked
by non-farm wage and salary earners.

Units. Unit labour costs are indexed at 1966(3)-1973(2)=100 though, in
this paper, the index is rebased at 1989/90=100. (SA)

Source. Department of the Treasury, unpublished data. Recent data are
listed in Australian Economic Indicators, ABS Catalogue No. 1350.0,
Table 9.5, as “non-farm sector (nominal) Treasury index of average unit
labour costs”.

4. Import Prices (I P)

Definition. Tariff-adjusted import price index of merchandise imports, ex-
cluding exogenous imports, computers, and other lumpy import items.

Import prices are measured as the implicit price deflator on seasonally ad-
justed merchandise imports, excluding exogenous imports, computers and
other lumpy import items. Exogenous imports are goods which are lumpy
in nature, subject to government arrangements or significantly affected
by factors other than the general level of economic activity in Australia.
Specifically, this covers fuel, defence equipment, and ships, aircraft and
other large items of equipment acquired by selected public and private
enterprises. “Other lumpy import items” are those lumpy items which are
similar in nature to exogenous imports but are not included in that cate-
gory. For example, the purchase of an aeroplane by QANTAS is classified
as an exogenous import, while the purchase of a tanker for the export of
liquid natural gas (LNG) is classified as an other lumpy item.

The tariff rate is the ratio of taxes on international trade to the value of
endogenous imports. The import implicit price deflator is multiplied by
unity plus the tariff rate in order to derive tariff-adjusted import prices.

Units. The base period for the constant price series of merchandise imports
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is 1989/90=100. (SA) Taxes and the value of endogenous imports are
measured in $A millions. (NSA)

Source. The constant and current price series of merchandise imports less
exogenous items are taken from Balance of Payments, Australia, ABS Cat-
alogue No. 5302.0, Tables 13 and 14. The constant and current price series
of computers are unpublished data provided by the ABS. The constant and
current price series of other lumpy items are unpublished data provided
by the Department of the Treasury. Taxes on international trade are drawn
from Australian National Accounts, ABS Catalogue No. 5206.0, Table 40,
“Taxes, Fees and Fines”.

5. Petrol Prices (PET)

Definition. Automotive fuel price index.
Units. 1989/90=100. (NSA)
Source. Consumer Price Index, ABS Catalogue No. 6401.0, Table 7.

6. Private Final Demand (Y)

Definition. Private final consumption expenditure and private gross fixed
capital expenditure, excluding net second-hand purchases of equipment
and non-dwelling construction from the public sector.

The variable 3™ is the residual of the log of private final demand regressed
on a constant and trend for the full data period.

Units. Private final demand is measured in $A millions, 1989/90 prices.
(SA)

Source. Australian National Accounts, ABS Catalogue No. 5206.0, Table 59.
7. Unit Capital Costs (UCC)

Definition. Nominal cost of capital per unit of output.

The nominal unit capital costs are estimated as:
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non-farm GOS
real non-farm gross domestic product

)

where “non-farm GOS” means the “non-farm gross operating surplus of
private corporate and unincorporated trading enterprises and public trad-
ing enterprises”. Non-farm gross operating surplus of trading enterprises
is calculated as total GOS of trading enterprises (excluding dwellings) less
farm GOS. Real non-farm GDP(A), which is the average of the expendi-
ture, income and production measures of GDP, is used in the denominator.

Units. 1989/90=100. All variables used for constructing unit capital costs
are seasonally adjusted.

Source. Australian National Accounts, ABS Catalogue No. 5206.0, Tables
55, 65, and 73.

8. Derivation of the Underlying Consumer Price Index

The underlying consumer price index is defined as the total (headline:) CPI,
less fresh fruit and vegetables, mortgage interest charges, consumer credit
charges, automotive fuel, and health services. This adjustment eliminates
the sources of many of the breaks and of much of the volatility in the total
CPI series. The derivation of the underlying CPI series is as follows.

8.1. Estimated Contributions

The underlying CPI series is calculated by subtracting the contributions
for each of the excluded items from the total CPL. The data source for
the contributions is the ABS publication Consumer Price Index, Catalogue
No. 6401.0, Table 7. For example, the adjustments for 1993(3) appear in
the following table.

Total CPI 109.8
less:
Fresh fruit and vegetables 1.51
Mortgage interest charges 6.57

Consumer credit charges 2.34
Automotive fuel 5.11
Health services 4.53

Adjusted contribution 89.74
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Quarterly percentage changes are calculated using the adjusted series.
8.2. Chahges in Welghts | | n

Breaks in the adjusted series occur, however, wherever the CPI has been
reweighted. Since the contribution of each series to the CPI is provided
at both the old and new weight when the weight is changed, estimation
of the growth in the index is straightforward. Consider, for example, the
reweighting at 1992(2). The published series contains data to 1992(1) at
the 11th series weights and data at the 12th series weights thereafter. Data
for 1992(2) are supplied at both the 11th and 12th series weights, as shown
in the following table.

Month March 92 June 92 June 92
Series for weight 11th 11th 12th
Total CPI 107.6 107.3 107.3
less:
Fresh fruit and vegetables 1.73 1.62 1.52
Mortgage interest charges 6.29 5.95 7.09
Consumer credit charges 2.83 2.77 2.68
Automotive fuel 4.66 4.68 5.04
Health services 4.60 428 425
Adjusted contribution 87.49 88.0 86.72

These weights imply that the underlying CPI grew by 0.58 per cent in
1992(2).

A similar calculation is made for the 1986(4) 11th series reweighting, with
the exception that mortgage interest charges and consumer credit charges
were not considered since they were not included in the 10th series CPI. No
adjustment has been made for the 1982 10th series reweighting since there
is no break in the automotive fuel series (see below), and the weighting
changes in fruit and vegetables and health services broadly offset each
other.

8.3. Adjustments before 1982 for Automotive Fuel

Autornotive fuel poses a special problem in that it was not separately
identified in the CPI in the (pre-1982) 9th series, and so no contributions
series exists. An index exists for the price of automotive fuel, beginning
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in the early 1970s, but no weight for the 9th series is currently available.
Instead, the 10th series automotive fuel weight was used to determine the
contribution of the automotive fuel price index to the CPI for the 9th series.
While this adjustment does not reflect the true weight of petrol in the CPI
before 1982, it is a reasonable approximation to make with existing data.

84. The Underlying Consumer Price Index

The underlying CPI is constructed using the percentage changes calculated
above, and is rebased at 1989/90=100.



49
APPENDIX 2: DESIGN OF THE EMPIRICAL ECM

This appendix discusses several of the steps taken to obtain the ECM in
(17) and examines in greater detail the recursive estimates of the coef-
ficients in (17). This simplification to (17) has numerous motivations.
Because of its parsimony and more orthogonal regressors, (17) is more
easily interpreted than the unrestricted ADL or VAR. Also, the coeffi-
cients in (17) are more precisely estimated than those in the ADL and the
VAR, providing tighter inferences generally and higher potential power for
tests of mis-specification.

Initially, the vector autoregression for the system cointegration analysis
is simplified from a fourth-order VAR to a first-order VAR, where the
variables in the VARSs are p, ulc, ip, pet, a constant, and centered seasonal
dummies. Table A1 reports the F' statistics and related calculations for that
simplification, where the longest lag on all variables is deleted repeatedly
from the VAR. None of the F' statistics comparing the initial, intermediate,
and final VARSs is significant; and the Schwarz criterion becomes steadily
more negative as the lag length is shortened. The Schwarz criterion in
effect adjusts a measure of the model’s goodness of fit (the log of the
determinant of the estimated error variance matrix) for the model’s degree
of parsimony. A smaller Schwarz criterion indicates a better-fitting model
for a given number of parameters, or a more parsimonious model for a
given goodness of fit.

Having tested for and found weak exogeneity for unit labour costs, im-
port prices, and petrol prices (Table 2), a fourth-order autoregressive dis-
tributed lag for the CPI is simplified to the ECM in (17). Table A2 lists
the estimates of the coefficients for the fourth-order ADL, where the ADL
has been transformed into its unrestricted ECM representation (11). The-
following variables do not appear either numerically or statistically signif-
icant.

(1) The third lag on Ap, Aulc, Aip, Apet, and Ay;
(i)) The second lag on Ap, Aulc, Aip, Apet, and Ay; and
(iii)) The first lag on Ap, Aulc, Aip, Apet, and Ay.

Three additional sets of reductions are considered:
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Table Al:
F' and Related Statistics for the Sequential Reduction
from the Fourth-order VAR to the First-order VAR

Null Hypothesis

Maintained Hypothesis

System k C SC VAR(4) VAR(3) VAR(2)
VAR(4) 80 1111.5 -29.06 -
l —
VAR(3) 64 1101.8  -29.79 0.82
[0.66]
l (16,128)
VAR(2) 48 1091.0  -30.49 0.91 1.02
[0.61] [0.44]
1 (32,156) (16,141)
VAR(1) 32 1079.2  -31.15 1.00 1.11 1.21
[0.48] [0.32] [0.26]
(48,163) (32,171) (16,153)
Noieé

1. The first four columns report the vector autoregression with its order, and for that
system: the number of unrestricted parameters k, the log-likelihood £, and the
Schwarz criterion SC.

2. The three entries within a given block of numbers in the last three columns are:
the approximate F statistic for testing the null hypothesis (indicated by the model
to the left of the entry) against the maintained hypothesis (indicated by the model
above the entry), the tail probability associated with that value of the F statistic: (in
square brackets), and the degrees of freedom for the F' statistic (in parentheses).
See Doornik and Hendry (1994) for details underlying these calculations.
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Table A2:
The Unrestricted Error Correction Representation
for the Underlying CPI

Lag 1
Variable
0 1 2 3
Aps_; -1.0 —0.063 0.136 —0.043

(-) (0.141) (0.138) (0.146)
Aule_; 0.042 -0.020 -0.021 —0.007

(0.031) (0.028) (0.029) (0.028)
Aip_; 0.021 —0.011 —0.003  0.000
(0.016) (0.019) (0.021) (0.019)
Apet;_; 0011  0.006 0.003  0.007
(0.007) (0.009) (0.009) (0.008)
Ay,;  —0020 —0.039 —0009 -—0.022
(0.048) (0.054) (0.045) (0.042)
_; —0.098
P (0.034)
ulcy—; 0.051
(0.028)
P 0.046
(0.016)
pett_; 0.005
(0.005)
res 0.080
Y (0.027)
e
St ~0.0087 —0.0021 —0.0011 —0.0022

(0.0288) (0.0013) (0.0011) (0.0012)

T =65 [1977(3)-1993(3)] R2=0.9016 & = 0.268%
dw =204 LM,: F(1,36) =0.33

AR:F(5,31) =050 ARCH : F(4,28) = 0.25
Normality : x%(2) =0.3¢ RESET : F(1,35) = 0.17

Notes
1. The dependent variable is Ap;. Even so, the equation
is in levels, not in differences, noting the presence of

Dt-1-

2. The variable Sp; is the constant term; and Sy, So,
and S3; are centered seasonal dummies for the first,
second, and third quarters, respectively.
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(iv) The sum of the coefficients on ulc;_1, ip:_1, and pet;_; equals the
negative of the coefficient on p;_;, i.e., long-run homogeneity in
prices is satisfied,

(v) Aulc; and Aip; have zero coefficients; and

(vi) Ay has a zero coefficient.

Treated sequentially, these six restrictions obtain the following seven mod-
els.

Model 1: The unrestricted ECM in Table A2.

Model 2: Model 1, excluding the third lag on Ap, Aulc, Aip, Apet,
and Ay.

Model 3: Model 2, excluding the second lag on Ap, Aulc, Aip, Apet,
and Ay.

Model 4: Model 3, excluding the first lag on Ap, Aule, Aip, Apet,
and Ay.

Model 5: Model 4, imposing long-run price homogeneity.

Model 6: Model 5, excluding Aulc; and Aipy.

Model 7: Model 6, excluding Ay;.

So, for example, Model 2 is Model 1 plus reduction (i); Model 3 is Model 1
plus reductions (i)-(ii); and Model 3 is also Model 2 plus reduction (ii).

Table A3 lists the estimates for Model 4 and shows how little the estimates
change from imposing the first three reductions. Table A3 also clarifies
how the remaining three restrictions appear reasonable.

To facilitate formally assessing whether or not the sequence of reduc-
tions (i)—(vi) is valid, and if not, where not, statistics associated with the
implied reductions are calculated for all model pairs, and not only for ad-
jacent models. Table A4 reports this information, including the estimated
equation standard error 6 and the Schwarz criterion for each model, the
F statistics for all model pairs, and the associated tail probability values.
The equation standard error is relatively constant across the entire simpli-
fication path; and the Schwarz criterion declines steadily through Model 6,
remaining virtually unchanged between Model 6 and Model 7. Only that
last reduction (excluding Ay;) is statistically significant at the 5% level;
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Table A3:
A Partially Restricted Error Correction Representation
for the Underlying CPI

Lag 2
Variable
0 1 2 3
Aps_; -1.0
o3
Auley_; 0.033
Y (0022
Aipt—i 0.012
(0.013)
Apet;_; 0.010
(0.006)
Ay—;  —0.049
Y (0.030)
Pt—i —0.0884
(0.0136)
ulc_; 0.0404
(0.0143)
iDy; 0.0417
(0.0055)
pet_; 0.0072
(0.0030)
yres 0.0641
b (0.0124)
Dy (0.0103)
0.0028
Sit 0.0032 —-0.0022 -0.0007 —0.0024

(0.0140) (0.0010) (0.0009) (0.0009)

T =65 [1977(3)-1993(3)] R%=0.8838 & = 0.244%
dw=213 LM,: F(1,51) = 0.09

AR:F(5,46) =0.27 ARCH : F(4,43) = 0.95
Normality : x%(2) =1.19 RESET : F(1,50) = 1.00
Hetero : F(22,28) = 0.92

Notes
See the notes for Table A2.



54

Table A4:
F and Related Statistics for the Sequential Reduction
from the Fourth-order ADL Model in Table A2

Null Hypothesis Maintained Hypothesis (Model Number)
Model Kk &  SC 1 2 3 4 5 6
1 29 0.268% -1058 -

1 ® -
2 24 0255% -10.86  0.24
[0.94]
L (D) (5,36)
3 19 0250% -11.11 040  0.62
[0.94] [0.69]
| (i) (1036)  (5.41)
4 14 0244% -1137 043 059  0.58
[096] [0.82] [0.71]
1 @v) (1536) (10,41) (5,46)
5 13 0242% -1143 041 054 050 0.09
[097] [0.86] [0.81] [0.77]
1 v (16,36) (11,41) (6,46) (1,51)
6 11 0244% -1151 049 065 070 093 137
[095] [0.80] [0.69] [0.43] [0.26]
L i) (1836) (1341) (846) (3.51) (2.52)
7 10 0251% -11.50 066 089 108 178 238 434

[0.84] [0.58] [0.39] [0.15] [0.080] [0.042]
(19,36) (14.41) (9.46) 4,51) (3,52) (1,54)

Notes

1. The first four columns report the model number (with reduction number), and
for that model: the number of unrestricted parameters k, the estimated equation
standard error &, and the Schwarz criterion SC. The text of Appendix 2 defines
the models and reductions.

2. The three entries within a given block of numbers in the last six columns are:
the F statistic for testing the null hypothesis (indicated by the model number to
the left of the entry) against the maintained hypothesis (indicated by the model
number above the entry), the tail probability associated with that value of the
F statistic (in square brackets), and the degrees of freedom for the F' statistic (in
parentheses).
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Figure Al: Recursive estimates (—) of the coefficients on Apet; and
Yic1, with 12 estimated standard errors (- - -).
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and it is only barely so, and only when considered by itself and not in
conjunction with previous reductions. Appendix 3 develops an alternative
model that includes changes in the output gap. Other orderings of (i)—(vi)
generate somewhat different statistics, but those resulting statistics are un-
likely to be highly statistically significant because the reduction of (1)—(vi)
as a whole appears valid, with F'(19,36) = 0.66 and a p-value of 0.84.

Figures A1-A3 show the recursively estimated coefficients of the eco-
nomic variables in (17) and plus-or-minus twice their recursively estimated
standard errors, conventionally denoted 3; and 3; + 2ese(,8t) respectively.
To provide more interpretable graphs, (17) has been parameterized as (21),
in which all coefficients are unrestricted. Coefficients vary only slightly
relative to their ex ante standard errors, and the two dominant feedback
terms are highly significant by 1986.



56

Figure A2: Recursive estimates (—) of the coefficients on (p — ulc);—;
and (p — ip);—1, with +2 estimated standard errors (- - ).
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Figure A3: Recursive estimates (—) of the coefficients on (p — pet);—;
and the constant, with +2 estimated standard errors (- - -).

.03
.02

01 ReemeeTe .
0 \ -------- —e

01} \//\W,_,\__/\ ----------------------

-02F T T e
03l o
0gl%82 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
B 8

06 -
~ constant
04} -

.02’N __________________________________

0 T e PP S
Nl xd

LB A |

| BTN i P B PUEFS Y | S | 1 ]

SR mu

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

1992 1993 1994



57
APPENDIX 3: AN ALTERNATIVE MODEL OF THE CPI

This appendix discusses the measure of the output gap y™*, and then
develops an alternative model to (17) that captures dynamic effects of the
output gap on inflation.

In (17) and in (A1) below, the output gap is incorporated explicitly as
y"*°. The empirical results are little affected if y and a trend enter freely.
For instance, if (17) is estimated unrestrictedly, the coefficient on the
trend (—0.000515) is approximately equal to minus the coefficient on Y1
(0.0769) multiplied by the regression coefficient of y on a trend (e.g.,
0.00694 from equation (5)). The role of the unrestricted trend is solely
to detrend y;_1, and the regression coefficient on y,_; is interpretable as
the effect on inflation of a deviation of vy;_; from its trend. Also, while
potertial output is estimated in (5) by a linear time trend, the results are
not sensitive to its specification as such or as (e.g.) the trend generated
by a Hodrick-Prescott filter of y.

Conceptually, y™* is more a measure of a demand gap than of an output
gap tecause Y is private final demand rather than (e.g.) GDP. Constructed
measures of a gap from the two variables are very similar, and the choice
of GDP rather than private final demand makes little difference to the
estimated equations. Because private final demand is commonly used in
Australia for assessing the state of the domestic business cycle, the former
was selected to calculate y™*, rather than GDP. The phrase “output gap”
is then a convenient but slightly misleading label for y™s.

In the ECM (17), the output gap 3™ is included to capture the effect on
inflation of deviations of output from potential. The effect of the business
cycle on inflation, however, may also depend upon how strong recent
growth in the economy has been. To illustrate, consider the two points W
and 7/ in Figure A4, which plots quarterly inflation at annual rates and the
output gap y"**. The values of actual y relative to trend are equal at W
and Z/, even while the points W and Z are at different stages of the cycle.
At W', y™ has come off its peak and is falling but inflationary pressures
may still remain. At Z, y™° has recovered from its trough but inflationary
pressures may be slow to resurface. In short, inflationary pressures may
tend to lag the cycle, in which case the change in the output gap Ay"™* as
well as its level y"*° may contain information about inflation.
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Figure A4: The output gap y"*° (—), and the underlying inflation
rate Ap; at annual rates (- - -).
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This additional effect of the cycle may be incorporated into the ECM (17)

by adding the growth rate of private final demand, noting that Ay and

Ay differ by only a constant. The results are presented below in (Al),

where the growth rate in private final demand is annual (A4y;). This vari-

able is statistically significant, with a negative coefficient as expected.

Ap; = + 0.0136 Apet; + 0.0861 47 — 0.029 Agy,

10.0059] 10.0091] 0.011]

— 0.0357 (p — ulc)—y — 0.0428 (p — ip);
[0.0064] [0.0035] Jis

— 0.0080 (p — pet)—y + 0.0106 D; + 0.00787
[0.0020] (0.0027) 10.00066]

— 0.0016 S;; — 0.0007 Sy — 0.0020 Sy (A1)
(0.0009] 10.0010] [0.0009)]

T =65[1977(3) — 1993(3)] R?=0.88 & =0.239%

The specification in (A1) explains the data somewhat better than the ECM
(17), but at the expense of slightly greater complexity.
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Some explanation is required to account for the performance of (17) in
spite of its omission of Ayy;. Four quarterly growth rates comprise A4y;:
Ay:, Ayi-1, Ays 2, and Ay;_3. Only one quarterly growth rate (Ay;)
is statistically significant if added to (17), and jointly these growth rates
are statistically insignificant. However, the growth rates are statistically
significant when their coefficients are imposed to be equal. The sequential
reduction in Appendix 2 failed to detect the presence of A4y, because each
of the first three reductions dropped the longest lag on all variables, rather
than (e.g.) focusing on the lags of a given variable, one variable at a time.
Equelly, A4y; could only marginally improve the fit of (17), given the ease
with which the sequential reduction in Appendix 2 excluded it.

The model in (17) is the focus of the paper because it is slightly more
parsimonious than (A1) and with little loss of fit. Both models have very
similar statistical properties and economic interpretations. While the point
estimates of the long-run elasticities from (A1) are different from those
obtained earlier, they are not statistically significantly so. For forecasting
in the contemporary economic environment, the effect of the higher import
price coefficient in (A1) would be offset by the lower inflationary pressure
associated with recovery (through the term Agy;).
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