Econometrics Journg003), volumes, pp. 429-460.

Econometric inflation targeting

GUNNAR BARDSEN', EILEV S. ANSENf AND RAGNAR NYMOENS

TDepartment of EconomigBlorwegian University of Science and Technoldgsagvoll,
7491 TrondheimNorway, and Norges Bank
E-mail: gunnar . bardsen@svt .ntnu.no

*Research Departmeritlorges BankFA C-51, P O Box 1179 Sentrum, 0107 Qélmrway,
and Norwegian University of Science and Technology
E-mail:eilev. jansen@norges-bank.no

8Department of Economictniversity of OsloP O Box 1095 Blindern, 0317 Oslblorway,
and Norges Bank
E-mail: ragnar .nymoen@econ.uio.no

Received: November 2001

Summary Models in the literature on inflation targeting are mostly theoretical or cali-
brated, even though inflation targeting requires inflation forecasts. The motivation for this
paper is therefore threefold: foremost we want to build an econometric model for forecasting
inflation in Norway—one economy recently opting for formal inflation targeting rather than

a managed nominal exchange rate. Next, we want to quantify the relative importance of the
different transmission mechanisms—with basis in empirical estimates rather than calibrated
values. Finally, we want to focus on and exploit econometric issues required in the design and
estimation of econometric models used for inflation forecasting and policy analysis.
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1. INTRODUCTION

Research on monetary policy has recently focussed on the conditional inflation forecast as the
operational target for monetary policy, yet the literature is dominated by either theoretical or
calibrated models—recent examples are Ball (1999), Batini and Haldane (1999), Holden (2003),
Rgisland and Torvik (1999), Svensson (2000), Walsh (1999), and Woodford (2000). We will
argue that econometric evaluation of models is necessary, not only as an aid in the preparation
of inflation forecasts, but also as a way of testing, quantifying, and elucidating the importance of
transmission mechanisms in the inflationary process. In this way, inflation targeting moves the
quality of econometric methodology and practice into the limelight of economic policy debate.
The motivation for this paper is therefore threefold: foremost we want to build an econometric
model for forecasting inflation in Norway—one economy recently opting for formal inflation
targeting rather than a managed nominal exchange fdxt, we want to quantify the relative
importance of the different transmission mechanisms—uwith basis in empirical estimates rather

1N0rway introduced a formal inflation target of 2.5% annual inflation on 29 March 2001.
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than calibrated values. Finally, we want to focus on and exploit econometric issues required in the
design and estimation of econometric models used for inflation forecasting and policy analysis.

Other comparable econometric studies addressing inflation targeting do exist. Sgherri and
Wallis (1999) estimate a small structural model for wages and prices in the UK which is related
to our core model. Their main focus is on the role of expectations and on evaluating monetary
policy rules, including inflation forecast targeting rules. Two other contributions comparable to
our paper are the works by Jacobsetral. (2001) and Haldane and Salmon (1995). Jacobson
et al. (2001) investigate the empirical basis for inflation targeting in Sweden within a vector
autoregressive framework. Our paper departs from Jacadisein(2001) in three main respects:
we try to make empirical judgements about the exogeneity status of the variables; we test an
explicit structural model of the inflation process; finally, we model the transmission mechanisms
of ‘shocks’ as well as instruments. There is some common ground between our approach and
the paper by Haldane and Salmon (1995), in that both investigations start from a core model of
the supply side. Nevertheless, the differences are easy to see in terms of methodology and the
eventual model properties. First, we attempt to test theoretical predictions—Ilike the existence
or not of a vertical long-run supply schedule—that Haldane and Salmon (1995) impose without
testing. Second, the estimated inflation uncertainty is much smaller in our dynamic forecasts than
in Haldane and Salmon’s study.

Inflation is a many-faceted phenomenon in open economies, and models that include only a
few dimensions, e.g. the output gap and expectations of the future rate of inflation, are doomed to
not being able to characterize the data, as demonstrategrds@ret al. (2002b). Econometric
work that views inflation as resulting from disequilibria in many markets fare much better; see
Hendry (2001) and Juselius (1992). Our starting point is therefore that, at a minimum, foreign
and domestic aspects of inflation have to be modelled jointly, and that the inflationary impetus
from the labour market—the battle of mark-ups between unions and monopolistic firms—needs
to be represented in the model.

Our approach to constructing a small model of inflation is illustrated in Figure 1.

The simultaneous wage—price modeDOg(y; | z, Yi—1, Zt—1), Wherey; = [wy  p], the
vectorz; contains all conditioning variables, an¥;_1, Z;_1) collects all lagged values of
andz. The variables irg; are partitioned intdz; ¢ zpt 2z3t]’, wherez;; denote feedback
variables,zo 1 are non-modelled variables, azg; are monetary policy instruments. Lagged
values are partitioned correspondindly, 1 = (Z1t-1,Z2t-1, Z3t—1), and in the figure; =
(Zit, Zit-1)-

The feedback variables; ; include unemployment, output gap, productivity, and import
prices. Figure 1 indicates that their mod®lg (z1t | zat, z3t, Yi—1, Zt—1) are not only functions
of lagged wages and prices, but may also depend on both the non-modelled explanatory variables
zp¢ and on the policy variablezs ;. The feedback variables are treated as weakly exogenous
variables in the wage—price model. This is a testable property that we address in Section 4 after
modelling the feedback relationships.

The conditional non-modelled variables; consist of domestic tax rates and world prices.
The crucial question for the policy instrumerts; is whether there exists a single reaction
function for the interest rate. Norway has been pegging its exchange rate to different currency
baskets throughout the sample period and the country has for a substantial part of this time
seen frequent devaluations, particularly in the 1980s. Finding an empirically constant reaction
function from inflation forecasts to interest rates is therefore a non-starter. Hence, we treat the
short-run interest rate as a strongly exogenous policy variable, meaning that there is no reaction
function in the model linking the inflation forecast to the interest rate. The important monetary

(© Royal Economic Society 2003
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Figure 1. Model based inflation forecasts.

feedback variable is the exchange rate, determining import prices for given foreign prices. The
exchange rate depends on inflation, the short run interest rate and foreign variables.

We model the mainland economy only, although the oil sector accounts for close to 20%
of total GDP. The reason for this is mainly statistical. Since huge investments show up in the
national accounts when they are registered, rather than when they take place, the influence of the
oil industry on the national accounts is highly erratic and illusory.

Regime shifts may induce non-constancies in the parameters of the model. If that is the case,
the usefulness of the model for policy analysis is reduced, as it then falls prey to the Lucas
critigue. However, invariance can be tested within the sample. We test if the parameters of the
wage—price model have remained constant despite the parameter changes in the marginal models
in Section 3. Invariance with respect to structural charmésidethe sample period cannot be
tested directly. However, it is possible to gain some insight through more indirect methods, since
there now exists a body of evidence from other countries. Sweden, which shares many of the
wage setting institutions of Norway, changed its monetary regime in 1993: Nymoen and Rgdseth
(2003) do not find any impact on the parameters of their estimated equation for Swedish man-
ufacturing wages. Also, UK wage—price formation has recently been investigatearises
and Fisher (1999) and &Bdsenet al. (1998) with data spanning several changes in regime,
including moving from exchange rate targeting to inflation targetifitne parameters of the
model remained constant across these changes in regime.

2The data covered the period 1976(2)-1993(1). The UK joined the ERM on 8 October 1990. Membership was sus-
pended on 6 September 1992. The new framework was announced in October 1992 first by a short letter from the
Chancellor of the Exchequer and then in his ‘Mansion House speech’ later that month. The first Inflation Report was
published in February 1993. Prior to 1990 sterling had been ‘freely’ floating since the early 1970s.

(© Royal Economic Society 2003
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Will this model remain valid after the introduction of a formal inflation targeting regime?
First, the change in regime need not imply a constant and econometrically recoverable reaction
function. Allsopp (2002) argues that even in the case of an explicit inflation targeting regime,
as in the UK, the reaction function of the central bank may involve a complex set of procedures
and judgements. Hence, it is unlikely to be expressible as a single simple rule. Second, unless
inflation targeting is in every respect a truly new regime, there may be periods in the sample
where monetary instruments were used in a way that resembles what one might expect if a formal
inflation target regime was in place. In particular, one can argue that this has been the case after
December 1992, when the Norwegian Krone (NOK) became floating. Moreover, the exchange
rate that we use as a predictor of inflation, i.e. the trade-weighted exchange rate variable, shows
variation even in periods where the official target exchange rate is relatively constant. Thus,
even a successful exchange rate targeting regime may entail considerable variation in the trade-
weighted exchange rate. Hence, while not claiming to prove invariance of the Wage—price model
with respect to a shift to formal inflation targeting, we believe that invariance (or lack thereof)
to changes in the way the managed float regime have been implemented over the sample is a
relevant property of the model.

Expectations are important in modelling inflation. Although most theoretical models impose
forward-looking expectations, Rudebusch and Svensson (1999) in their empirical model argue
in favour of backward-looking models. Also Woodford (2000) has recently argued that optimal
monetary policy, in general, must be history dependent. In addition, Rudd and Whelan (2001)
and Bardseret al. (2002a,b) present evidence against the empirical validity of the New Keyne-
sian Phillips curve—at present the most influential forward-looking specification. We therefore
choose to model expectations as backward-looking, following Ball (1999) and Rudebusch and
Svensson (1999). If expectations are improperly modelled in the dynamic simultaneous equations
model developed in what follows, the model’s parameters might change when policies change,
generating misleading policy simulations, as emphasized by Lucas (1976). However, empirical
evidence for the Lucas critique is scarce, as documented by Ericsson and Irons (1995). We test
for non-constancy with respect to changes in exchange rate regimes that occurred within sample
in Section 4, and we test for constancy of model parameters over the sample. We cannot find any
evidence against backward-looking expectations.

Section 2 sets out the core model of inflation as a wage—price system, conditional on out-
put, productivity, unemployment, and the exchange rate. After evaluating steady-state properties,
we derive a dynamic model for wage and price growth. We enlarge this core model to include
relationships for output, productivity, unemployment, and exchange rates in Section 3, and the
exogeneity assumptions underlying such a modelling strategy are examined in Setiite 4.
ensuing system is closed with three reaction functions and completing identities, and we evaluate
the properties of the resulting simultaneous equations model for inflation forecasting and policy
analysis in Sections 5 and 6. Section 7 concludes.

2. WAGE-PRICE MODELD,(y; | . Y_1. Zi_1)

In the rest of the paper natural logarithms of variables are denoted by lower-case symbols. The
wage—price modeDy (y; | zt, Yt—1, Zt—1) is an extension of Kolsrud and Nymoen (1998) where

3as Norway did on 29 March 2001, cf. footnote 1 above.

4The approach taken in this paper is further developed in a forthcoming b@sks@net al. (2003), see also the
discussion in Jansen (2002).
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the inflation process is modelled as emerging from the labour market. Assuming that firms set
their pricesg; in the long run as a stationary mark-umg, ¢ over unit labour costs gives the
cointegrating relationship

G — (w+tl—pri=mgt~ 1(0), 1)

where integration of order zero is denote@). The wage rate isy, pr; is productivity andr 1;

is the payroll tax rate. At first sight, (1) seems to exclude an important channel for the effect of
import prices on inflation. However, in the following we are focusing on nominal wages and the
consumer price indegt, defined as

pr=1—-2)0 +cpby + 013, 0<¢<10<p<1l, 2

where the import price indegl; naturally enters. The parametemeasures the openness of the
economy. Also, the size of the paramegewill depend on how much of the retail price basket
is covered by the indirect tax-rate inde®;. Conveniently, but also realistically, all variables
defined so far are assumed tol@).>

Conflicting real-wage claims are inherent in economies where market forces are impeded by
bargaining between organizations and intervention by the government, as in Norway as well as
most other European economies. Derived from the bargainers’ respective utility functions and
budget constraints, as in Hoel and Nymoen (1988), a typical long-run wage equation can be
written as

wt — O — (L —812) (P — Q)¢ — 813Pre — 815Ut — 81671t = My, ¢ ~ 1(0). 3

The real wage faced by firms is affected by producer prigeproductivity pry, and a payroll
tax rater1;.® The real wage faced by employees can be affected by the wexlgeq);. The
unemployment ratey, represents the degree of tightness in the labour market which influences
the outcome of the wage bargain. In a situation with a monopolistic unign, is the union
mark-up counterpart tog ;. More generallyn,, ; depends on factors on both the union and firm
sides as well as on institutional factors (the degree of centralization, incomes policies, generosity
of the unemployment insurance system, and extent and coverage of labour market programmes).
Bardsen and Nymoen (2003) discuss the relationship between (1) and (3) and the famous
Layard—Nickell model of the NAIRU, see e.g. Layaet al. (1994), where a similar pair of
wage and price setting equations are a formative part. The main difference is between viewing
these two relationships aise defining equations for equilibriuna; (albeit subject to additional
assumptions about the exogeneitypof and the real exchange rate), or as two statistical relation-
ships that by themselves are insufficient to determine the steady state of the system. In particular,
as shown by Brdsen and Nymoen (2003), the static model has no implications for the dynamics
of prices and wages (or indeed unemployment). Hence, to be able to derive formal implications
for the changes inw; and p; (i.e. for inflation) we must decide on a dynamic version of the

SThis particularly fits the temporal propertieswf, pt, prt andqgt. 1t andz3; might also be considered as deter-
ministic spline trends.

6The income tax rate2 is omitted since it plays no role in the empirical model. This finding is in accordance with
previous studies of aggregate wage formation, see e.g. Calmfors and Nymoen (1990) and Nymoen and Rgdseth (2003),
where no convincing evidence of important effects from the average income ta2ratewage growth could be found.

Titis possible to introduce these factors into the analysis but such attempts have been most successful in disaggregate
and sectoral studies, see e.g. Barkbal. (2003) and Brdsen and Nymoen (2003).
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model. In brief, we allow wage growthw; to interact with current and past price inflation,
changes in unemployment, changes in tax rates, and previous deviations from the desired wage
level consistent with (3):

Awy — a120A0G = €1 + @11(L) Awy + a12(L) Ak + Bra(L)Apry
— Bra(L)Au; — B1s(L)ATL
— Y11My t—r + B1a(L)Ap + ext, 4)

whereA is the difference operator, and thg (L) andg1j (L) are polynomials in the lag operator
L:

oaj(L) =aajal + - +ogje-pL =12
Brj(L) = Brjo+ PrjaL +---+ Bl j=24,5086.

The B-polynomials are defined so that they can contain contemporaneous effects. Thearder
the lag polynomials may, of course, vary between variables and is to be determined empirically.
This specification is a generalization of the typical European wage curve, where the American
version is derived by setting;; = 0—see Blanchard and Katz (1999).

Any increase in output above the optimal trend exerts a (lagged) positive pressure on prices,
measured by the output gggap), as in Phillips-curve inflation models—see Clariefaal.
(1999). In addition, product price inflation interacts with wage growth and productivity gains
and with changes in the payroll tax rate, as well as with corrections from an earlier period’s
deviation from the equilibrium price (as a consequence of, e.g., information lags, see Andersen
(1994, Ch. 6.3)):

AQt — az10Awt = C2 + a22(L)AG + az1(L) Aw + B21(L)gap
— B22(L)Apry + Bas(L) Aty — yoomgr + €2, %)

where

azj(L) =azjal +--- +012j,(r—1)|-r_17 =12,
B2j (L) = Baj.o+ B2jal + -+ Baj.c—nL %, =125

Solving (2) forg; and substituting in equations (1), (3), (4), and (5), the theoretical model con-
denses (3)—(5) to a wage—price model suitable for estimation and similar to the early equilibrium-
correction formulation of Sargan (1980):

gap

[ 1 —algo] |:Aw] _ |:(X11(L) —alz(L):| |:Aw:|
—a10 1 ApJ;  [—aal)  ax(l) | [Ap],
Apr

0 ) —¢F —puL) —pisL) | Apbl o
bo1(L) —boa(L)  ¢aoa(L) 0 bos(L)  naza(L) AAul
T

At3 ¢
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w
p
_ |:J/ll 0 :| [ 1 —(1+¢dip) 413 ¢diz d15 516 ndlz] grb
0 yf|-(1-20) 1 1l-¢ -¢ 0 —-1A-¢) -1 u
7l
[ 73],
€1
+[a]
where
o — 2120 LB
120 =77 +fiso,
a210=(1—¢)az10,
L
ana(l) = S22 + L),
az1(L) = (1 - o)aar(L), (7)
boj (L) = (1 —¢)B2j (L), j=125,
)
dip= ¢
€ =€,
e=0-0e

map from the theoretical parameters in (4) and (5) to the coefficients of the model (6). The
validity of these parameter restrictions are tested in Section 2.2.

The model (6) contains the different channels and sources of inflation discussed so far:
imported inflationAphy, and a range of domestic channels: the output gap, changes in the rate of
unemployment, in productivity, and in tax rates. Finally, the model includes deviations from the
two steady-state equations

w = constant#- p + 813pr + 815U + S1671 + d12¢ (p — pb— g‘(3> (8)
p = constantt (1 — ¢)(w — pr +tl) + ¢{pb+nt3 9)

as Equilibrium Correction Mechanisms (EqCMs) derived from (3) and (1), which have weights
y11 and y22 respectively. Consistency with cointegration implies that the joint hypothesis of
y11 = y22 = 0 can be rejected. Tests of cointegration and possible simplifying restrictions
on the EQCMs are conducted in Section 2.1 below.

The model in (6) can be rewritten in terms of real wages— p): and real exchange rates
(pb — p):.8 Kolsrud and Nymoen (1998) investigate the special case with first-order dynamics,
and show that the dynamic systen(ef— p); and(pb— p); is stable under quite general assump-
tions about the parameters. For example, the model has a steady-state solutiad pyith 0,
even when one imposes dynamic homogeneity. The steady state is conditional on any given rate
of unemployment, which amounts to saying that the core model does not tie down the equilib-
rium rate of unemployment. Instead, there is a stalemate in the dynamic ‘tug-of-war’ between

8This interpretation will hold under purchasing power parity.
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workers and firms that occurs for a given rate of unemployment; see Kolsrud and Nymoen (1998)
and Bardsen and Nymoen (2003) for discussion. Section 2.2 shows that there is a similar stability
property for our extended version of the model.

Given stability of the dynamic wage—price sub-model, the implied steady-state inflation rate
follows immediately: sinceA(pb — p); = 0 in the steady state, domestic inflation is equal to
imported inflation, which is determined outside the core model. If there is a constant long-run
imported inflation rate then

Ap; = Aphy = constant. (10)

Since
pb = vt + pfi,

wherew; is the nominal exchange rate, and the index of import prices in foreign currency is
denotedpf;, the stability of imported inflation in (10) requires some degree of stability in the
nominal exchange rate;.? To anticipate events slightly, our empirical model meets the require-
ment in the sense that?v; — 0 in the long-run. But our results also indicate that the ‘constant’
in (10) is affected by the nominal exchange rate, and that the rate of inflation is therefore influ-
enced by monetary policy also in the long run.

2.1. Modelling the steady state

From equation (6), the variables that contain the long-run real wage claims equations are col-
lectedinthevectojw p pr pb u 11 <t3].The wage variable is the average hourly
wages in themainland economyexcluding the North Sea oil producing sector and international
shipping. The productivity variabl@r is defined accordingly—as mainland economy value
added per man hour at factor costs. The price indas measured by the official consumer
price index. Import pricepb are measured by the official index. The unemployment variable
is defined as a ‘total’ unemployment rate, including labour market programmes. The taxlrates
andt3 are rates of payroll tax and indirect tax, respectively.

In addition to the variables in the wage-claims part of the system, we indage 1—
the lagged output gap measured as deviations from the trend obtained by the Hodrick—Prescott
filter.10 Institutional variables are also included. Wage compensation for reductions in the length
of the working day is captured by changes in the length of the workingAday—see Nymoen
(1989). The intervention variablé&dumand Pdum and one impulse dummi80g2 are used
to capture the impact of incomes policies and direct price conttdnally, i 70q1 is a VAT
dummy. This system, where all main variables enter with three lags, is estimated over 1966(4)—
1996(4). The residual standard errors (in percent and de@gted each equation are shown
in the upper panel of Table 2, together with the following three residual diagnostic tests: the
F-form of the Lagrange multiplier test of autocorrelation of order 1-5 (dendRt-5), a non-
normality test Normality), and a test against heteroscedasticity due to squares of the regressors
(Heteroscedasticily The square brackets contaifrvalues. There is no evidence of misspeci-
fication in the two equations that make up the unrestricted system. The three last rows shows

9Assuming thatApft is exogenous.

10we also tried measuring the output gap by deviations from a linear trend. Encompassing tests rejected this measure
for the gap measure using the deviations from the Hodrick—Prescott filter. The results are available upon request.

1lwdumandPdumare defined in Appendix C.
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Table 1. Testing steady-state hypotheses.

Panel 1: The theoretically identified claims equations
with non-linear cross equation restrictions
w = p-+3813pr — 815U — 81671+ d12¢ (P — pb— grB)
p=1—-¢)(w+tl—pr)+¢pb+nt3.
Panel 2: Non-linear cross equation restrictions

w=p+ 0.85pr — 0.08u+ 1.6071— 0.03(p— pb+ 2.66r3)
(0.16) (0.04) (0.83) (0.11)
p=0.64w+11— pr)+ 0.36 pb+ 0.9573
(0.06) (0.29)

x2(4) = 7.490.11]
Panel 3: No effect from producer prices and full effect of indirect taxation

w=p+ 0.84pr — 0.08u+ 1511
(0.16) (0.04) (0.85)

=0.63 1—pr 0.37pb+ 3
p (w + T p)+(OA02)p +7

x2(6) = 7.59/0.27], x2(2) = 0.1[0.95].
Panel 4: Full effect of productivity and no effect of payroll tax

w=p+ pr— 0.09u
PP (0.02)
=062(w+t1l— pr)+ 0.38pb+ 13
p (w+ 7 pr) (0.02)p T
%2(8) = 10.48[0.23], x2(2) = 2.89[0.24]
Note: The sample is 1966(4)-1996(4), 121 observations.

the system counterparts (indicated by the subse)ipf the three misspecification tests. All the
empirical results are obtained witcFiml 9.3—see Doornik and Hendry (1997) and the refer-
ences at the bottom of Table 2 for further details on the tests used.

The steady-state properties are evaluated using the Johansen (1988) cointegration procedure,
after first establishing the presence of two cointegrating veéfobstferent forms of restricted
claims equations suggested in the literature can be retrieved from (6) by suitable parameter
restrictions on the equilibrium-correction part of the model.

Panel 2 in Table 1 reports the statistical long-run relationship in the form of the theoret-
ical equations in Panel 1. The remaining panels report a sequence of valid simplifications of
Panel 2. Panel 3 shows a simplification wh&re= 0 (and hencé; > = 0), corresponding to full
wage indexation to consumer pricesPanel 4 allows productivity to be fully reflected in wages
(613 = 1). Finally, if there are no effects from producer prices but the full payroll tax-incidence

12The test is based on a system that includes a restricted deterministic trend, following the procedure suggested by
Harboet al.(1998). Using their Table 2 for the case with five exogenous variable3race statistics of 82.73 and 30.20
(degrees of freedom corrected) give formal support to two cointegrating vectors: the 5% critical values are 49.3 (for the
null of no cointegration) and 25.3 (for the null o= 1 against the alternative of= 2). The economic identification of

the two relationships can proceed without the deterministic trend, since a test of its significance (brase#é)ashows

that it can be dropped from the systexr?:(Z) = 2.09[0.35].

13Interestingly, an alternative that was rejected is definediby= 0 ands1g = 512 = 1, which amounts to an equation
where wage costs depend on the real exchange pate- p)t:

¢ n
wf 7t = pr=813Pr —S1slt + 7 (Pb— Pt — 77

3. (11)

(© Royal Economic Society 2003
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Elasticity of unemployment in wage equation
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Figure 2. Identified cointegration vectors. Recursively estimated parameters apd@etest of parameter
constancy of Table 1, Panel 4.

is borne by the firms, s& s = 0, the two steady state equations can be formulated as follows:

w = constant- p + pr — disU, (12)
p = constantt (1 — ¢)(w — pr +tl) + ¢pb+ nt3, (13)

with estimation results in Panel 4.

The last results are very close to the results for NorwayérdBeret al. (1998) for a sample
ending in 1993(1), which is evidence of invariance to a sample extension of 15 new observations.
Figure 2 records the stability over the period 1978(3)-1996(4) of the coefficient estimates of
Panel 4 in Table 14 in the graphs) witht-2 standard errorsf2se in the graphs), together with
the tests of constant cointegrating vectors over the sample.

On the basis of Table 1 and Figure 2 we conclude that the steady-state solution of our system
can be represented as

w = constant- p+ pr — 0.1u
p = constant 0.6(w 4+ 1 — pr) + 0.4pb+ 3.

The first equation says that in the steady state, labour’s share of output is a function of unem-
ployment. This is a common finding in empirical studies of wage—price dynamics—see for exam-
ple Bardsen and Fisher (1999), Mizon (1995), and Marcellino and Mizon (2001). Note that the
equation also obeys the standard wage curve ‘law’ of Blanchflower and Oswald (1994), in that
the unemployment elasticity of pay+s0.1. This is also close to the finding of Johansen (1995)
on manufacturing wages in Norway. This estimated elasticity is numerically large enough to rep-
resent a channel for economic policy on inflation. The second equation says that in steady state,
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Table 2. Diagnostics for the unrestricted wage—price system, the restricted system, and the model.
Unrestricted system

70 parameters Awt Apt System
6 0.95% 042%
AR 1-5 F(5, 81) 1.49[0.20] 1.19[0.32]
Normality x2(2) 0.49[0.78] 0.27[0.87]

Heteroscedasticity F(22, 63) 0.66[0.86] 0.20[1.00]

AR, 1-5 F(20,150) 1.25[0.22]
Normality, x2(4) 1.05[0.90]
HeteroscedasticityF(66,183) 0.49[0.99]

Restricted 1(0)-system

30 parameters Awt Apt System

14 1.01% 0.41%
AR 1-5 F(5, 81) 1.76[0.13]  0.32[0.90]
Normality x2(2) 2.88[0.24] 0.73[0.70]

Heteroscedasticity F(22, 63) 0.95[0.53] 1.03[0.44]

AR, 1-5 F(20, 190) 1.43[0.11]
Normality, x2(4) 5.10[0.28]
HeteroscedasticityF(66, 242) 0.76[0.90]
Model in (14)
17 parameters Awt Apt System
o 1.01% 0.41%
AR 1-5 F(5,101) 2.46[0.04] 1.92[0.10]
Normality x2(2) 1.53[0.46] 0.31[0.86]
Heteroscedasticity F(22, 83) 1.01[0.46] 1.28[0.21]
Overidentificationy 2(13) 14.47[0.34]
AR, 1-5 F(20, 204) 1.31[0.17]
Normality, x2(4) 3.14[0.53]
HeteroscedasticityF(66, 263) 0.88[0.72]

Note: The sample is 1966(4)-1996(4), 121 observations. The numHbeis in
are P-values. References: Overidentification test (Anderson and Rubin (1949,
1950), Koopmanset al. (1950), Sargan (1988)), AR-test (Godfrey (1978)
and Doornik (1996)), Normality test (Doornik and Hansen (1994)), and Het-
eroscedasticity test (White (1980) and Doornik (1996)).

consumer prices are a weighted mark-up of unit labour costs and import prices, in addition to a
full pass-through of indirect taxes.

2.2. The dynamic wage—price model

We now want to estimate (6) in order to test the predictions of the model. We impose the
estimated steady state from Panel 4, Table 1, on a subsystefidqr, Ap;} conditional on
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{Apri, Aphy, Aut_1, Atl;, At3;} with all variables entering with two additional lags. In addi-
tiontogap_1, we also augment the system wjthh;, 18092, i 70q1, Wdum Pduni to capture
short-run effects, as described above.

We start out by simplifying the system by deleting insignificant terms, establishing a parsi-
monious statistical representation of the dath(i@)-space, following Hendry and Mizon (1993).
The diagnostics of this system are reported in the middle part of Table 2. Despite the large reduc-
tion in the number of freely estimated coefficients (from 70 to 30) there are no noticeable changes
neither in fit nor in residual properties. Recursive tests of parameter constancy of the parsimo-
nious system are reported in Figure 3. First, the two 1-step residuals withdtBedstimated
residual standard errorg;20 in the graphs. The third panel shows the sequence of recursive
forecast Chow tests together with their one-off 5% critical level.

Next, we test whether the dynamic restrictions implied by (6) are data-acceptable—see
Appendix A—arriving at

gap
. _ 12 _ 27 | Apr
L 1rae] 0 0 —04x034 0 -L 034177 | 1
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The lower part of Table 2 contains diagnostics for the model (14). We note that the insignif-
icance ofOveridentificationy2(13) shows that the theory restrictions in (6) are not refuted by
the data.

The first equation in (14) shows that a 1% increase in the rate of inflation raises wage growth
by 1%. However, closer inspection of the equation shows that this is not the case in general:
The wage equation includes an indirect tax rate, lagged, with a negative coefficient. The effects
of the discretionary policy variables are not shown, but they include a negative coefficient of
the VAT dummy (70qgl) and Ceteris paribu} positive effects of price control®fum). Hence
discretionary policies have clearly succeeded in affecting consumer real wage growth over the
sample period. However, in periods where such policies are off, aggregate wages react quickly
to ‘normal’ or expected consumer price increases as captured by the unit coefficiapt.of
Import price growth is likely to be the most important ‘unexpected’ part of price inflation, so
given the unit coefficient or\py, it is not surprising that\phy is attributed a negative estimated
coefficient. The equilibrium-correction term is highly significant, as expected. Finally, the change
in normal working timeAh; enters the wage equation with a negative coefficient, as expected. In
addition to equilibrium correction and the dummies representing incomes policy, price inflation
is significantly influenced by wage growth and the output gap, together with effects from import
prices and indirect taxes—as predicted by the theoretical model.
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Figure 3. Recursive residuals for the conditiorld) sub-system, together with recursive Chow tests.

As discussed by Kolsrud and Nymoen (1998), the question whether systems like ours have
a NAIRU property hinges on the detailed restrictions on the short-run dynamics. We note that
the wage growth equation comes close to being homogeneous in consumer price and import
price growth. UsingAps = (1 — ¢)Aqt + ¢Aply this is seen to imply that wage growth is
almost homogeneous in domestic producer prieeg) and imported inflation. However, this
does not imply that we are close to having a NAIRU property: Kolsrud and Nymoen (1998)
show that a necessary condition for the NAIRU property is that wage growth is homogeneous
with respect toA g; alone. That homogeneity restriction does not hold in equation (14): using the
estimated value of = 0.38 from (1) the implied wage elasticities with respeciigy and Aphy
are 062 and 0241* The wage equation therefore implies that we do not have a NAIRU model.
Instead we expect that inflation stabilizes to the rate of imported inflation for any given rate of
unemployment, as discussed above.

The model has a very good fit, as Figure 4 documents, as well as having constant param-
eters, as shown in Figure 5, which contains the one-step residuals and recursive Chow tests
for the model. Finally, the lower left panel of Figure 5 shows that the model parsimoniously
encompasses the system at every sample size. As noted in the introduction, improperly modelled
expectations in the dynamic simultaneous equations model could cause the model's parameters
to change when policies change, generating misleading policy simulations, as emphasized by
Lucas (1976). However, as documented in Figure 5, there is no evidence of any misspecified
expectations mechanisms.

14f we introduceApp in the model we find a significant effect of the fourth lagpp;_4 with coefficient 014. The
coefficient of Apt falls to 0.71 but retains d-value of 42. If we use; = 0.38 the implied elasticity with respect to
producer price growth is.B8, practically the same as implied by the maintained model.
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Figure 4. Actual and fitted values of quarterly wage and price inflation.
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Figure 5. Recursive stability tests for the model. The upper panels show recursive residuals for the model.
The lower panels show recursive encompassing tests (left) and recursive Chow tests (right).
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3. COMPLETING THE MODEL: FEED-BACK VARIABLES
Dy, (z1t | Zt, Z3t, Yi-1, Zt—1)

We have established a wage—price model conditional upon exchangevygtghich works
through ph), GDP mainland outpuy; (which works throughgap), the rate of unemploy-
mentu;, and average labour productiviyr;. In this section we enlarge the model to include
relationships for these four variables. This serves three purposes. First, all of these variables are
potentially affected by interest rates and are therefore potential channels for monetary instru-
ments to influence inflation. Second, none of these variables is likely to be strongly exogenous.
For example, import prices depend by definition on the nominal exchange rate. In what follows
we report a model that links the exchange rate to the lagged real exchange rate, which in turn
depends on the domestic price level. Third, we make use of the marginal models to test the
exogeneity assumptions that underly the estimation strategy of the wage—price model as well as
conditions for valid use of the full model for policy simulatiohs.

3.1. The nominal exchange rate

The nominal exchange rate affects wages and prices via import gigeklence, as a first step
in the completion of the model, we make use of the identity

pby = vt + pfi,

and attempt to model the (log) of the trade weighted exchange rate indebowever, Akram
(2000) models the exchange rate as equilibrium correcting to the real exchange rate

vt + pck — pt,

wherepck is the log of a trade weighted index of foreign consumer prices (in foreign currency).
We build upon his work, but we also include an interest rate arbitrage effect from

(R§ —4Api—1) — (RSECY — 4Apck),
giving the combined equilibrium-correction term
EqCMu(t) = (v + pck— p)i—1+ (RS — 4Api—1 — RSECY + 4Apck),

whereRSECU is the foreign interest rate. Figure 6 shows the time series propertieg©Mu,
together with the corresponding terfigC My from the aggregate demand equation developed
below. TheEqCMsclearly exhibit stationary behaviour, corresponding to short-run deviations
from steady state.

The resulting model is given as

Avi = 0.27A(v + pck— p)i—1 — 0.06EqC Mu(t) — 0.13A0il; x OILST
(0.07) (0.02 (0.02
— 0.03 Aoili_2 x OILST, — 0.02 Aoil;_1 x DOILST
(0.007 (0.007)
— 0.24ARS + 0.02Vdum (15)
(0.08) (0.004)
15The marginal models reported below were developed before the advent of automated modelling software like PcGets—

see Hendry and Krolzig (2001). We therefore evaluated the specifications chosen against extended versions by means of
PcGets, using the so-called ‘conservative strategy’. All of the specifications remained valid.
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Figure 6. The equilibrium correction terms of the exchange rate and the aggregate demand equations.

T =19721) — 19964) = 100
o =0.96%
AR1—5F(5, 88 = 1.24(0.30]
Normalityy ?(2) = 1.35[0.50]
Heteroscedasticify(31, 61) = 0.88[0.64].

Akram (2000) documents significant non-linear effects of the USD price of North-Sea oil
on the Norwegian exchange rate. Our model is built along the same lines and therefore features
non-linear effects from oil pricesO | L) in the form of two smooth transition functions, see
Terasvirta (1998):

OILST| =1/{1+exp4(OlL; —1447)]}

and
DOILST =1/[14+expOlL; — OlLi-1)].

The implication of the first function is that an oil price below 14 USD triggers depreciation of
the krone, while the second captures depreciation caused by falling oil prices. In addition, there
is a negative (appreciation) effect of the change in the money market intereatR&eFinally,

there is a composite dummy

Vdum =i7892+ 2 x 18293 + 18604 + 18794
to take account of devaluation events. Figure 7 shows the sequence of 1-step residuals for the
estimatedA v; equation, together with similar graphs for the three other marginal models reported

below.
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Figure 7. Marginal equations: 1-step residuals ah® recursively estimated residual standard erre)s (

3.2. Mainland GDP outputiy

The model forAy; is adapted from the ‘AD’ equation in@dsen and Klovland (2000):
Ayt = —0.71Ay;—1 — 0.51Ay;_» — 0.32EqC Myt
¥ (0.08) ¥e-1 (0.09) ¥e-2 (0.05) a o

+ 0.70(Acr + AZ%cr);_1 + 0.06Y dum (16)
(0.12) (0.01)

T =19721) — 19964) = 100
0 =161%
AR1—5F (5, 86) = 1.44[0.22]
Normalityy 2(2) = 3.04[0.22]
Heteroscedasticify(31, 59) = 1.09[0.38].

Apart from the autoregressive part, the model is mainly driven by the equilibrium-correction
mechanism for the product market, denokeqiC My (t):

EqCMyt) = yi_3 — 0.5c0_3 — 0.4y fi_3 — 0.1(pb — p)i_2 + 0.9(RB — 4Ap);_1,

wherecois real public consumption expenditusef, is real foreign demandpb— p) is account-
ing for the real exchange rate, an@ B — 4Ap) denotes the real bond rate, wheRe is the
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nominal bond rate (5 years maturity). The equilibrium-correction tEmC Myt), measuring

the difference between (log) mainland GDP and aggregate demand, has an estimated adjustment
coefficient of—0.32, suggesting a fairly quick reaction to shocks to demand—the median lags

to shocks ircoandR R Bare 5 and 3 quarters, respectively. The varidbler + A2cr);_1 cap-

tures the impact of financial deregulation (real credit expansion) on outpat.+ AZcr);_1 is
important for explaining output growth in the mid 1980s, but in addition the dummy

Ydum = [i85q1 + i8692];

is required to capture the two highest growth rates in this period. The estimated equation also
includes a constant and three seasonal dummies.

3.3. Unemployment;u

The change in the rate of unemployment is explained by output growth. Another important factor
is labour market policy, represented by the variabteun (the log of the ratio of labour market
programmes to total unemployment) and the varigblel 1 that captures non-linearities in
labour demand (see Moepeal.(1997)).ST U acts as a shift in the intercept of the equation, the
shift occurring at a 4% rate of unemployment (our measuremaut dhe interaction withAco
andAyf indicates that demand growth factors have relatively bigger effects in periods of high
unemployment. There are two sets of seasonals in this equation that are designed to capture the
gradual change in seasonal pattern over the period. The coefficients are omitted, together with
the constant.

This equation has direct implications for the properties of the full model; see Section 6 below.
In particular, the level of unemployment cannot be permanently influenced by fiscal policy (a
change in the level afo) or monetary policy (a chang® R B). This follows sincey; is a function
of GDP growth, not the level of GDP. Hence, although the wage—price part of the system does not
imply a NAIRU, the equilibrium rate of unemployment implied by the full model is independent
of the level of aggregate demand. Instead, it is determined by the growth rate of the economy
and of the government’s willingness to accommodate open unemployment by labour market
programmes. There is one important caveat which stems from the non-linear va&iakle
if for example a cut in the interest rate causes the rate of unemployment to fall below 4% (the
threshold value 0§ T U), equilibrium unemployment reduces. The estimated coefficienis af
and STU_1 indicate that equilibrium unemployment is shifted down by 1.5% points. More
generally, in a situation where the economy runs a rate of unemployment in the neighbourhood
of the threshold value, transitory shocks may be transformed into permanent effects on the rate
of unemployment:

Au; = 0.30Aut—1 — 0.24u;_1 — L.79Ay; — L.13Ay;—1 — 0.14amun + 0.46STU_1
(0.07) (0.04) (0.22) (0.04) (0.08)

(0.37)
—0.62Acox STU_3— 7.45Ayf x STU_3— 0.76A(pb— p)t_1 a7
(0.32 (3.08) (0.33)

T =19671) —19964) =120
o =0.081
AR1—5F (5,99 = 1.42[0.23]
Normalityy ?(2) = 4.83[0.09]
Heteroscedasticity(27, 76) = 1.61[0.06].
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Table 3. Testing weak exogeneity.
EgC Muw(t) andEqC Mp(t)
Avt  F(2,91) = 0.16[0.85]

Ay F(2 89 = 0.02[0.98]
Aur  F(2 102 = 0.63[0.53]

Aprt  F(2,111) = 1.59[0.21]

3.4. Productivity py

The productivity equation is basically an autoregressive process augmented with a negative effect
of Au¢_1 and the dummy

PRdum = [i7992 — 2 x i86¢2 — 19193}

that helps whiten the residuals (again the estimated constant and three centred seasonals are
omitted):

Apry = —0.37A3pri_1 — 0.03Aut_1 + 0.04P Rdum (18)
(0.06) (0.01) (0.01)

T =19671) — 19964) = 120
o =135%
AR1 - 5F (5,108 = 2.890.02]
Normalityy ?(2) = 5.28[0.07]
Heteroscedasticify(17, 95) = 1.39[0.16].

4. TESTING EXOGENEITY AND INVARIANCE

Following Engleet al. (1983), the concepts of weak exogeneity and parameter invariance refer

to different aspects of ‘exogeneity’, namely the question of ‘valid conditioning’ in the context of

estimation, and valid policy analysis, respectively. In terms of the ‘road-map’ of Figure 1, weak

exogeneity of the conditional variables for the parameters of the wage—price Dgdel |

zi, Yi_1, Zt—1) implies that these parameters are free to vary with respect to the parameters

of the marginal models for output, productivity, unemployment, and exchangeDajés; |

Z2t, Z3t, Yi—1, Zt—1). Below we follow Johansen (1992) and concentrate the testing on the param-

eters of the cointegration vectors of the wage—price model. Valid policy analysis involves as a

necessary condition that the coefficients of the wage—price modéehamgant to the interven-

tions occurring in the marginal models of exchange rates, output, unemployment, and productiv-

ity. Such invariance, together with weak exogeneity (if that holds), implies super exogeneity.
Following Johansen (1992), weak exogeneitgaf with respect to the cointegration parame-

ters requires that the equilibrium-correction terms for wages and prices do not enter the marginal

models. Table 3 shows the results of testing weak exogeneity of exchange rates, output growth,

unemployment and productivity within the marginal system.
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Table 4. Testing invariance.
Awt =---+ 0.0054STY_1 — 0.011Acox STU_3+ 0.055Ayf x STY_
" (0.0035 -1 (0.025 U-s (0.35) Y U-s
— 0.047A0ilt x OILST| — 0.0079A0il{_» x OILST + 0.018 Aoil;_1 x AOILS
(0.023 (0.0076 (0.0079
—0.00075/dum + 0.0011P Rdum
(0.0039 (0.0054

Apt =---+ 0.02 Aoilt x OILST — 0.0031A0il;_» x OILST
(0.009) (0.003

— 0.0075A0il;_1 x AOILST +0.00075/dum
(0,003 (0.0015

— 0.0016Y dum — 0.0025P Rdum
(0.0033 (0.0022
Note: Testing the invariance with respect to all interventiorps?(14)
28.8[0.01].Testing the invariance, not including exchange rate interventigﬁsG)
5.3[0.51].

The weak exogeneity assumptions of exchange rates, output growth, unemployment and pro-
ductivity for the long-run parameters appear to be tenable. Looking at the detailed results, only
the coefficient ofEqC Mw(t) in the productivity equation obtainedtavalue that came even
close to significancé—1.7), all the other coefficients havingvalues equal to or smaller than
one in absolute value.

To test for parameter invariance, we need the interventions occurring in the parametrizations
of Dz, (z1t | Z2t, Z3t, Yi—1, Zt—1). Consider therefore the following stacked form of the estimated
single-equation marginal models (15)—(18) in Section 3:

AZ
Azt = A(L) (AY) +B-EqQCM(Zi-1) + C - X + D INT¢ + &z,. (29)
t—1

The matrixB contains the coefficients of the equilibrium correction terms (if any) in the
marginal models (with the loadings along the diagonal). The mé&trdontains the coefficients
of the maintained exogenous variab}sin the marginal models fazy ;. Intervention variables
affecting the mean of the variables under investigation—significant dummies and non-linear
terms — are collected in theNT ; matrix, with coefficientdD. By definition, the elements in
INT; are included because they pick up linear as well as non-linear featurgs tfat are left
unexplained by the information set underlying the wage—price mddel.

To test for parameter invariance in the wage—price model, we test for the significance of
the intervention variables dNT; relevant in each equatidd.The results for adding the set of
intervention variables to the wage—price model (14) are reported below in Table 4.

We cannot reject the significance of two of the oil-price terms in either equation. Therefore
the parameters of the growth rate in import pricggsy cannot be treated as invariant to changes
in oil prices. This finding suggests that the impact of changing oil prices on domestic inflation
is not fully captured by our simple assumption of full and immediate pass-through of oil price
induced exchange rate movements, throagiiy = Av; + Apf; in the model. Referring back to

16The idea to first let the marginal models include non-linear terms in order to obtain stability and second to use them
as a convenient alternative against which to test invariance in the conditional model was first proposed by Jansen and
Terasvirta (1996).

17There is no marginal model for the impact of import priggsh . Instead, we have assumed full and immediate pass-
through of the exchange rate, imposingh: = Avt + Apwt on the model. We therefore use the intervention variables

of At to test for invariance of the parameters/gbby.
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Figure 1, this means that valid policy simulations of the impact of changing oil prices on inflation
cannot be conducted with this model. This will be a topic of further research.

Considering the other intervention variables, they are individually and jointly insignificant,
with a joint test statistic of2(6) = 5.3[0.5], providing ample evidence of parameter invariance.

5. FORECASTING INFLATION

In the next two sections we use the model to forecast inflation and simulate effects of monetary
policy. To close the model we include three ‘reaction functions’. The first is a policy reaction
function for labour market programmeaniun, the second captures that the bond r&tB

reacts to changes in the short interest R®with a lag and the third equation shows how real
credit expansiofAcr + AZcr) depends on interest rate effects. These functions are documented
in Appendix B. Finally, in order to take account of all implied feed-back links, the model is
completed with the necessary set of identities for the equilibrium-correction terms, real wages,
the real exchange rate, the real bond rate and so forth. With these new equations in place the
system is fundamentally driven by the following exogenous variables:

e real world trade Y f;) and real public expenditure.

e Nominal trade prices in foreign currency ), and nominal consumer price growth abroad
(Apck).

e The USD oil-price(oilt).

e The monetary policy instrument, i.e. the short-term interest IR®)(

Figure 8 illustrates how the model forecast some important variables over the period from
1995(1)-1996(4). The model parameters are estimated on a sample that ends in 1994(4). These
dynamic forecast are conditional on the actual values of the non-modelled variables (ex post fore-
casts). The quarterly inflation ratep; only has one significant bias, in 1996(1). In that quarter
there was a reduction in the excises on cars that explains around 40% of this particular overpre-
diction. In the graphs of the annual rate of inflatianp; this effect is naturally somewhat miti-
gated. The quarterly change in the wage rate, is very accurately forecasted, so the only fore-
cast error of any importance for real wageéw — p); also occurs in 1996(1). The forecasts for
the rate of unemployment are very accurate for the first five quarters, but the reduction in unem-
ployment in the last three quarters does not appear to be predictable with the aid of this model.

Figure 8 also contains the 95% prediction intervals in the form-dfstandard errors, as a
direct measure of the uncertainty of the forecasts. The prediction intervals for the annual rate of
inflation are far from negligible and are growing with the length of the forecast horizon. However,
forecast uncertainty appears to be much smaller than similar results for the UK: Haldane and
Salmon (1995) estimate one standard error in the range of 3-4% points, while Figure 8 implies
a standard error of 0.9% points 4-periods ahead, and 1.2% points 8-periods ahead. One possible
explanation of this marked differences is that Figure 8 understates the uncertainty, since the
forecast is based on the actual short-term interest rate, while Haldane and Salmon (1995) include
a policy rule for the interest rate.

To make our estimate of inflation uncertainty comparable to Haldane and Salmon (1995), we
calculated new forecasts for a model that includes an equation for the short-term interest rate
as a function of the lagged rates of domestic and foreign annual inflation, of nominal exchange
rate depreciation, and of the lagged output gap. The results showed a systematic bias in the
inflation forecast, due to a marked bias in the forecasted interest rate, but the effect on forecast
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Figure 8. Eight step dynamic forecasts for the period 1995(1)-1996(4), with 95% prediction bands.

uncertainty was very small. Hence it appears that the difference in forecast uncertainty stems
from the other equations in the models, not the interest rate policy rule. For example, Haldane and
Salmon (1995) use a Phillips-curve equation for wage-growth, and the other equations in their
model are also in differences, implying non-cointegration in both labour and product markets.
In contrast, Birdseret al. (1998) find that a core wage—price model with equilibrium-correction
terms gives very similar results for Norway and the UK. Hence it is clearly possible that a large
fraction of the inflation forecast uncertainty in Haldane and Salmon’s study is a result of model
misspecification. However, future research should look more closely into the sources of inflation
forecast uncertainty.

6. PROPAGATION MECHANISMS

In this section we discuss the dynamic properties of the model. In the simulations below we have
not incorporated the non-linear effect in the unemployment equation. Hence the results should be
interpreted as showing the impact of monetary policy when the initial level of unemployment is
so far away from the threshold value that the non-linear effect will not be triggered by the change
in policy.

6.1. Effects of monetary policy

Figure 9 shows the simulated accumulated responses to a permanent rise in the interest rate
RS by 1 point, i.e. by 1. This experiment is stylized in the sense that it is illuminating the
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Figure 9. Accumulated responses of some important variables t0lermanent increase in the interest
rateRS.

dynamic properties of the model rather than representing a realistic monetary policy scenario.
Notwithstanding this, we find that a permanent change in the signal rate by 1% point causes a
final reduction in annual inflation (D4p in the graph) of around 0.4% point.

Next, recall that a main property of the competing claims model is that the system determin-
ing (w — p); and(pb— p); is dynamically stable; see Section 2 above. However, that prediction
applied to the conditional sub-systefpriori we have no way of telling whether the same prop-
erty holds for the full model, where we have taken take account of the endogeneity of unemploy-
ment, productivity, the nominal exchange rate and the output gap (via the model of GDP output).
However, the upper left and lower right graphs show that the effect of the shock on real wage
growth, A(w — p)t, and change in the real exchange ratépb — p);, disappears completely in
the course of the 48 quarters covered by the graph, which constitute direct evidence that stability
holds also for the full system. Therefore, in direct correspondence to the analysis of Section 2,
the end of period effect on the annual rate of inflatiorp; (the D4p graph) is essentially 4 times
the rate of nominal appreciationy;, shown in the lower leftmost graph in the figure.

The permanent rate of appreciation is closely linked to the development of the real-exchange
rate(v — p + pcK)i: the increase iR § initially appreciates the krone, both in nominal and real
terms. After a couple of periods, however, the reductiofnjip pushes the real exchange rate back
up, and it settles above its initial level. Because of the PPP mechanism in the nominal exchange
rate equation, the new equilibrium features nominal appreciation of the krone; agjuilibrium
corrects. This highlights the important role of nominal exchange rate determination—a different
model, e.g. one wherauv; is not reacting to deviations from interest rate parity, would pro-
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Figure 10. The lines show the effects of a0l permanent autonomous shockytmn annual inflation and
the log of unemployment. The dotted curves display the effects when the shaclstmet by a 0017 rise
in the interest ratdR § .

duce different responses. Finally, the remaining panel depicts the response of the unemployment
rateus.

6.2. Inflation targeting: counteracting shocks

With inflation targeting in place an important policy decision is how much interest rates need to
be adjusted up or down in order to cancel the effect of shocks on the rate of inflation. Figure 10
illustrates the effect on inflation and unemployment of a 1% permanent increase in GDP—from
a change in foreign demand, say—without any monetary policy (the full lines) and when that
shock is countered by arise in the interest rate (the dotted lines). Without any change in monetary
policy, annual inflation is raised one on one by 1% point. Under a regime of inflation targeting,
the signal rate has to be raised by 1.7 points & is increased by 0.017) to bring inflation
back down. This policy response nearly kills the initial inflationary effect of the impulge to

The exchange rate channel appears to be the important channel for monetary policy during
the first quarters after the shock. Within a 2 year horizon the effect on inflation is kept to a
moderate 0.15%. Thereafter, the channels that go via the real economy (unemployment in the
graphs) take over, and the inflation response dies away quite rapidly.

7. CONCLUSIONS
Inflation targeting means that the policy instrument (‘the interest rate’) is set with the aim of
controlling the conditional forecast of inflation 2—3 years ahead. In practice, this means that

central bank economists will need to form a clear opinion about (and be able to explain) how
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the inflation forecasts are affected by different future interest rate paths, which in turn amounts
to quantitative knowledge of the transmission mechanism in the new regime. In this paper we
show how econometrics can play a role in this process, as well as in an established regime of
operational inflation targeting. In the formative period the econometric approach will at least
provide a safeguard against ‘wishful thinking’ among central bank economists, for example that
formally introducing an inflation target has ‘changed everything’ including the strength of the
relationship between changes in interest rates and the overall price level. True, opting for inflation
targeting is an important event in the economy, but one should take care not to overestimate
its impact on the behavioural equations of a macroeconomic model that has given a realistic
picture of the strength of the transmission mechanism over a sample that includes other, maybe
equally substantive changes in economic policy. Arguably, it is much better to regard at least the
main part of the transmission mechanism as unaffected initially, and to take a practical view on
the forecasting issue, i.e. using the model estimated on pre inflation targeting data, and taking
a practical approach to the forecasting issue, i.e. using judgements and intercept corrections.
Moreover, as experience with inflation targeting grows and new data accumulate, the constancy
of the model parameters becomes an obvious hypothesis to test, leading to even more information
about how the macroeconomy operates under the new monetary policy regime.

Specifically we have presented a macroeconomic model for Norway that we view both as a
tool for monetary policy, and as providing a testing bed for the impact of the policy change on
the economy. Conceptually, we partition the (big) simultaneous distribution function of prices,
wages, output, interest rates, the exchange rate, foreign prices, and unemployment, etc. into a
(much smaller) simultaneous model of wage and price setting, and several implied marginal
models of the rest of the macroeconomy. The partitioning, and the implied emphasis on the mod-
elling of a wage-and-price block is anything but ‘theory-free’, but reflect our view that inflation
in Norway is rooted in this part of the economy. Moreover, previous studies have established a
certain level of consensus about how wage and price setting can be modelled econometrically,
and about how e.g. wages react to shocks to the rate of unemployment and how prices are influ-
enced by the output gap. Thus, there is preexisting knowledge that seems valuable to embed in
the more complete model of the transmission mechanism required for inflation targeting.

Valid conditioning of the wage—price model is established through the estimation and testing
of the marginal models for the feedback variables, and—with one exception—we find support
for super exogeneity of these variables with respect to the parameters in the core model. Our
approach generalizes existing invariance tests in the literature. We first identify the intervention
variables in the marginal models that pick up linear and non-linear features of the conditioning
variables that are left unexplained by the information set underlying the wage-price core model.
Second, we test the significance of the intervention variables in the (just- or over-identified)
simultaneous core model, both individually for the intervention variables relevant in each equa-
tion and jointly as a set of additional overidentifying restrictions.

In the final exercise based on the full model, where we bring together the core model with the
marginal models, we show that the model can be used to forecast inflation. As regards the effects
of monetary policy on inflation targeting, simulations indicate that inflation can be affected by
changing the short-run interest rate. A 1% point permanent increase in the interest rate leads to
a 0.4% point reduction in the annual rate of inflation. Bearing in mind that the main channel is
through output growth and the level of unemployment, interest rates can be used to counteract
shocks to GDP output. Inflation impulses elsewhere in the system, for example in wage setting
(e.g. permanently increased wage claims), can prove to be difficult to curb by anything but huge
increases in the interest rate.
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APPENDIX A: OVERIDENTIFYING RESTRICTIONS

The model as set out in (6) provides us with several overidentifying restrictions to test. First, in the wage
equation the model predicts the following non-linear dynamic restriction between import prices and indirect
prices:

@120 @120
— =22 Aph = — =22 A
‘1 ph "¢ T3,
while in the price equation the model predicts:
CAph = nATEt.

Both hypotheses originate from the definition of the consumer price index in (2). However, if we allow for
a two period lag in the effects of indirect taxes, the substituted out dynamic effects of producer prices on
wages become:
@120 @120

A = ——At3i_>,
1-¢ by = —n = c 32

-
SO0
Au)t = —n@ (EAph + A‘L’3t_2> 4.
1-¢\n
= —0.36(0.4Apht + At3_2) +---.

Here we impose the steady-state estimgtes 0.4 andn = 1 from Table 1; we impose an immediate

effect of producer prices on wages; and we fﬁi_@? = 0.36 from Q36L2A3;. This hypothesis cannot be
rejected with the available data.
Following the same kind of argument, the dynamic effects of producer prices on consumer prices are:

Apt =1 (%Apbt + Ar3t—2> o

Apt = 0.4Apby + At3_o+--- .
This hypothesis, however, is rejected by the data. However, allowing for a weighted down dynamic effect,
say byaps o < 1, of producer prices on consumer prices suggests the following restriction in the inflation

equation:

Apt = @206 Aph + a2 onAT3 2+ - -
Apy = 0.07(0.4Aphby + AT3t_p) + - - -,

which is accepted by the data.

APPENDIX B: CLOSING THE MODEL: REACTION FUNCTIONS

To close the model, we need to take account of the feedback from unemployment to labour market programs,
from the short-run interest rate to the bond rate, and from interest rates to credit expansion. Their single
equation estimates are reported below. Deterministic terms are suppressed. When deriving the functions, the
focus has been on including the essential feedback channels, rather than on obtaining congruent models.
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B.1. Labour market programmes

In addition to the autoregressive part, there is a positive effect from the level of lagged unemployment.

amun = 0.66 amun_q — 0.18 + 0.088u;_1
(0.074) (0.11)  (0.029

T = 19741) — 19964) = 92
6 = 17.00%
AR1-5F(5,81) =3.12[0.01]
Normality x2(2) = 36.62[0.00]
Heteroscedasticity (14, 71) = 1.22[0.28].

B.2. Bond rate

The change in the bond rate reacts to changes in domestic and foreign money market rates, and to changes
in the oil price.

ARB = 0.11 A2R§ — 0.046(RB— R9{_2 + 0.27 ARSECUY + 0.0046A0il{_1
(0.024) (0.024) (0.096) (0.0024

T =19741) — 19964) = 92
¢ = 0.004
AR1—5F(5,81) = 1.2200.31]
Normality x2(2) = 23.75[0.00]
HeteroscedasticityF (20, 65) = 1.21[0.27].

B.3. Credit expansion

The credit expansion term in the output equation reacts to changes in the real interest rate, and to the
interest rate spread. In addition the equation contains a dummy variable (not reported) to account for the
deregulation of credit markets during 1983-86.

(Acr + Azcr)t = 0.23 (Acr + Azcr)t_z + 0.2 (Acr+ Azcr)t_4
(0.078 (0.077)

—0.19(0.035(RB—4Ap);_1 + 0.25 (RB— R9;_1
(0.077

T =19741) — 19964) = 92
o =118%
AR1—5F(5,77) = 1.830.12]
Normality x2(2) = 1.17[0.56]
HeteroscedasticityF (44, 37) = 0.94[0.58].
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APPENDIX C: DATA DEFINITIONS
C.1. Notes

1. Unless another source is given, all data are taken from RIMINI, the quarterly macroeconometric
model used in Norges Bank (The Central Bank of Norway). The data are seasonally unadjusted.

2. For each RIMINI-variable, the corresponding name in the RIMINI-database is given by an entry
[RIMINI: variable name] at the end of the description. (The RIMINI identifier is from Rikmodnotat
140, Norges Bank, Research department, 19th April 1999.)

3. Several of the variables refer to theinland economydefined as total economy minus oil and gas
production and international shipping.

4. In the main text, impulse dummies are denotgdgx, whereyy gives the year with two digits and
X contains the quarter (1, 2, 3). Heni@®q2is 1 in the second quarter of 1980, and is O in all other
quarters.

C.2. Definitions

AMUN Labour market programmes participation rate. Number of persons in active labour market pro-
grammes relative to total unemployment (registered plus labour market programmes participation).
[RIMINI: AMUN].

C O Public consumption expenditure, fixed 1991 prices. Mill. NORIMINI: CO].
CR Real credit volume fixed 1991 prices. Mill. NOK. SourcéarBsen and Klovland (2000).

gap Output gap defined as log mainla@DP (log of the variableY as defined below) deviations from
trend, where the trend is estimated by Hiie-filter usings = 1600. Fixed base year (1991) prices.
Mill. NOK.

H Normal working hours per week (for blue and white colour workers). [RIMINI: NH].
OIL USD oil price, per barrel Brent-Blend. Source: Norges Bank’s database of economic time series.
OILST Smooth transition function (see Bawvirta (1998)) of North-Sea oil price:

OILST=1/1+expédx* (OlL — 14.47))).

P Consumer price index. 1991=1. [RIMINI: CPI].
PCK Consumer prices abroad in foreign currency. 1991=1. [RIMINI: PCKONK].
P B Deflator of total imports. 1991=1. [RIMINI: PB].

Y Total value added at market prices in the mainland economy. Fixed baseyear (1991) prices. Mill. NOK.
[RIMINI: YF].

PR Mainland economy value added per man hour at factor costs, fixed baseyear (1991) prices. Mill. NOK.
[RIMINI: ZYF].

RB Yield on 6 years government bonds, quarterly average. [Rimini: R.BS].
RS 3 month Euro-krone interest rate. [RIMINI: RS].

RSECU ECU interest rate. For the period 1967(1)-1986(3): Effective interest rate on foreign bonds,
NOK-basket weighted. [RIMINI: R.BKUR] For the period 1986(4)-1996(4): ECU weighted effec-
tive rate on foreign bonds. [RIMINI: R.BECU].
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STU Smooth transition function (see Bawvirta (1998)) of the rate of unemploymedtas defined below,
STU=1/{1+exg—125U — 0.04)]};

1l Employers tax ratetl = WC/W — 1.
73 Indirect tax rate. [RIMINI: T3].

U Rate of unemployment. Registered unemployed plus persons on active labour market programmes as a
percentage of the labour force, calculated as employed wage earners plus unemployment. [RIMINI:
UTOT].

V Effective import weighted value of the NOK. 1991=1. [RIMINI: PBVAL].

W Nominal mainland hourly wages. This variable is constructed from RIMINI-database series as a
weighted average of hourly wages in manufactures and construction and hourly wages in private
and public service production, with total number of man-hours (corrected for vacations, sick hours,
etc) as weights:

W=[WIBA- TWIBA+WOTVJ. (TWTV4+TWO+TWJ)]/TWF

W C Nominal mainland hourly wage costs. [RIMINI: WCF].

Y F Weighted average of GDP of trading countries, using share of Norwegian exports in 1985 as weights.
1991=1. [RIMINI: UEI].

Wdum Composite dummy for wage freeze: 1in 1979.1, 1979.2, 1988.2 and 1988.3.

Pdum Composite dummy for introduction and lift of direct price regulations. 1 in 1971.1, 1971.2, 1976.4,
1979.1.-11in 1975.1, 1980.1, 1981.1, 1982.1. Zero otherwise.

Vdum Composite dummy for devaluation events. It is used in the marginal model for the exchange rate
and it is defined by:
Vdum =i7802 + 2 x 18293 + i86q4 + i 87q4.

(© Royal Economic Society 2003



