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Abstract

The Non-Accelerating Inflation Rate of Unemployment (NAIRU) is a variable of interest to policy
makers as it provides an estimate of the degree of labour market slackin the economy. However, the
NAIRU is unobservable, and must be estimated using statistical models. This is most commonly
undertaken within the Phillips curve framework, which estimates the relationship between price or
wage growth and unemployment. This is a key equation for understanding economic conditions, and
is usedto forecast wages growth at the Australian Treasury. Australia’s NAIRU was previously thought
to be around 5 per cent. We have considered a range of alternative specifications for estimating the
wage Phillips curve, and this working paper details Treasury’s updated model. We consider
specification choices that include: updating the measures of inflation and inflation expectations; the
introduction of a productivity gapterm; the inclusion of a structural breakto allow for the flattening
of the Phillips curve; and other changes to bring the model more in-line with the recent literature.
The updated model produces estimates of the NAIRU between 4.5 and 5 per cent over the last few
years immediately prior to the COVID-19 recession.
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1. Introduction

An important indicator of macroeconomic performance is an economy’s unemployment rate, which
is the proportion of the labour force unemployed and actively seeking work. As animportant
contributor to wellbeing, keeping unemployment low is a key focus of fiscal, labour market and
monetary policy. As one measure of labour market slack, the unemployment rate also has
implications for the outlook for wage growth, inflation and gross domestic product (GDP).

In Australia, the unemployment rate has fluctuated between below 2 per cent in the 1960s and
11 per cent in the early 1990s (Chart 1). Prior to the COVID-19 recession the unemployment rate
had fallen to around 5 per cent, but in 2020t rose to reacha peak of 7.5 per centin July 2020,
before declining to 5.6 per cent in March 2021.

Chart 1: Unemployment rate
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Source: ABS Cat. No.6202.0, 1364.0.15.003.

One way to assess spare capacityinthe labour market is tocompare the unemployment rateto the
non-accelerating inflation rate of unemployment (NAIRU). The NAIRU is the point at which the
unemployment rateis associated with stable wage growthand in turn inflation, all other things
equal. Ifthe unemployment rateis below the NAIRU, wage growth and inflation will tend to rise
over time, and similarly, if the unemployment rate sits above the NAIRU, wage growth and inflation
will tend to decline over time.

The NAIRU is not directly observable and instead must be estimated using historical economic data
and econometric models. Such estimates are inherently uncertain. While a point estimate of the
NAIRU canbe useful for economic forecasting and assessing policy settings, it should not be taken
as fixed or estimated with precision, and should be considered alongside its (typically) large
standard errors. The modelling approach (state-space modelling) discussedin this paper is not
well-suited to estimating unobservedvariables in the middle of a shock, such as the COVID-19
recession. For this reason, we have not presented results using data more recent than 2019.
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In the medium to long run the NAIRU converges conceptually to the natural rate of unemployment.
The naturalrateis a medium to long-run concept of unemployment that captures structuraland
frictional unemployment. The natural rate reflects structural features of the labour market, such as
the demographic composition and the education levels of the workforce and institutional settings
including workplace regulation. It also reflects the efficiency of labour market matching.

The NAIRU is also affected by structuraltrends in the economy, but represents the level of
unemployment consistent with stable inflation in the short to medium term. Conceptually, the
NAIRU alsotakes into account the influence of transitory, but potentially persistent, shocks on the
economy, and their interaction with frictions in labour, product and financial markets. Inthe long
run, the NAIRU converges tothe natural rate of unemployment once the effects of transitory shocks
to the economy have faded.

Empirical estimates of the NAIRU will then evolve over time in line with structuraltrends in the
labour market and transitory shocks impacting on the economy and in turn the labour market.
Typically estimates of the NAIRU evolve relatively smoothly through time which is consistent with
the idea that movements in the NAIRU have been driven by slow-moving structural features of the
labour market (Cusbert 2017). In Australia, the NAIRU is estimated to have varied through history,
reaching higher levels in the mid-1990s in the aftermath of the 1990s recession, but declining in
more recent years.

This paper presents a summary of specification choices used to estimate Treasury’s Phillips curve.
We focus on the wage Phillips curve, since the primary purpose of our NAIRU is as an input into
wage forecasts. We are therefore most interestedin an estimate of the NAIRU that reflects an
unemployment rate consistent with stable wage inflation.
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2. Literature Review

The NAIRU is commonly estimated using a state-space framework, where a ‘signal’ equation

(a Phillips curve) and a ‘state’ equation (generally modelling the NAIRU as a random walk) are jointly
estimated. The NAIRU canalso be estimated in other ways, including within a simpler Phillips curve
framework (Balland Mankiw 2002), via joint estimation with a Beveridge curve or other labour
market indicators (Dickens 2009, Crump et al. 2019), or by using a multivariate filtering approach
(Blagrave et al. 2015). We focus on the state-space literature.

2.1. The Phillips curve

Phillips curve theory proposes that there is an inverse relationship between the unemployment rate
and wage growth. Holding other factors equal, a lower unemployment rate is associated with higher
wage growth and price inflation as the economy is operating closer to or potentially beyond
capacity. Conversely, a higher unemployment rate suggests thereis greater spare capacityinthe
economy and hence wage and price inflation will be lower.

A standard expectations-augmented wage Phillips curve is presented below (equation 1), which
implies that wage inflation is driven by inflation expectations, labour productivity, the
unemployment gap, and supply shocks. (8 is positive, so as unemployment falls, inflation increases.

Aw—Az=n®—-BWU-UD+v (1)

where: Aw is wage growth, Az is labour productivity growth, 7€ is inflation expectations, U is the
unemployment rate, U™ is the NAIRU, and v is other supply shocks.

The NAIRU is the point at which the unemployment rate is associated with stable wage inflation
(defined in our models as wage inflation in line with productivity growth and inflation expectations).
Inflation expectations in the Phillips curve are typically measured as the weighted average of
backward-looking inflation expectations (captured by recent inflation outcomes) and forward-
looking expectations (captured by surveys of expectations or expectations derived from bond
markets). Inthe long run, inflation is equal to inflation expectations, sowages grow at productivity
growth plus inflation.

2.2. Gruen, Pagan and Thompson (1999)

One of the most influential studies of Phillips curves in Australia is by Gruen, Paganand Thompson
(1999), who discuss the development of the Phillips curve in Australia and estimate various price
and wage Phillips curves. In particular, they build on work by Debelle and Vickery (1997) to estimate
a time-varying NAIRU (treated as a unit root process) combined with expectations-augmented
Phillips curves for both price and wage inflation.
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Gruen, Paganand Thompson’s preferred model is based on a through-the-year wage Phillips curve
(using unit labour costs (ULCs) as the wage measure) including inflation expectations, the
unemployment gap, a lagged dependent variable and a ‘speed limit’ term. Inmost wage

Phillips curves used in the context of the Australian NAIRU, ULCs are used as the wage measure
(Chart 2). ULCs have the advantage of a longer history relative to other measures like the Wage
Price Index (WPI) and Average Weekly Ordinary Time Earnings, and also strip out the effect of
productivity. ULCs are a measure of output per unit of input, calculated as average earnings in the
National Accounts (this is the total wage bill in the economy divided by the number of people or
hours employed) divided by labour productivity.

Chart 2: Wage growth and unemployment
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Note: Average eamings are from the National Accounts. Unit labour costs are average earnings divided by productivity.
Source: ABS Cat. no. 5206.0, 6202.0.

They include an unemployment gaptermthat captures the distance betweenthe unemployment
rate and the NAIRU. They use a non-linear unemployment gap, which means that an absolute
change in the unemployment rate will have a larger effect on wage growthwhen it is below the
estimated NAIRU. The lagged dependent variable reflects ‘stickiness’ and a degree of serial
correlation in annual wage growth. The speed limit term accounts for the empirical finding that the
speed of adjustment in the unemployment rate is important for wage growth. Other factors equal,
a faster decrease (increase) in the unemployment rate will result a larger increase (decrease)in
wage growth. The equation is specified accordingly:

Signal Equation:

Ex e Ex Ut — Ut* AUt_l
Agule, — Aypc2y = .31(7Tt - A4-pt—1) + B U + B3 U (2)
t ¢
+ B, (A ulc,_; — ApEY) + BsQule,_, — Aulc,_,) +&,

State Equation:

Uf = Uiy +§, (3)
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where A, ulc, is through-the-year growthin ULCs, A, pE*; is through-the-year consumer price
inflation excluding interest and other volatile items, { is measured inflation expectations based on
the 10-year bond yield3, U, is the unemployment rate, U} is the NAIRU, with the error terms
g~(0,02) and ft~(0,a§).

The choice to use a through-the-year model was driven by volatility in the data at the time. In
particular, the sample was dominated by a period when movements in labour costs were volatile
and heavily dependent on regular Arbitration Court rulings. Therefore, the authors determined that
annual movements were of greater economicinterest, andso annual ULC movements were the
preferred dependent variable for the signal equation.

The NAIRU estimated by Gruen, Paganand Thompson (1999) increases fromaround 2 per centin
the late 1960s to around 6 per cent in the early 1970s. The estimated NAIRU thenremains around

6 per cent for the next two decades before increasing slightlyto be around 7 per cent in 1997 at the
end of the sample.

Kennedy, Luu and Goldbloom (2008) updated this model in 2008, and estimated a NAIRU of
4.7 per cent in mid-2007.

2.3. RBA research

The RBA has published a number of articles on their NAIRU estimation methods. Most recently,
Cusbert (2017) describes a Phillips curve framework usedto estimate the NAIRU. This builds on
work including Ballantyne, De Voss and Jacobs (2014) and Jacobs and Rush (2015). The

Cusbert model jointly estimates a ULC Phillips curve with a price Phillips curve signal equation, with
the state equation specified as in Gruen, Paganand Thompson (1999).

Signal equation 1:

3 *
™ e ™ AU, U — U (4)
Ap; ™ = Bymi + YiApeZk + B Aulc,_; + B U + B, U
k=1 t t
+ps (A4Ptﬂﬁs - A4pt1\1c;5‘) + D177 BGAptO_”i + &
Signal equation 2:
2 AU U, — U;
t—1 t— Yt
Aule, = B,mi + z 6kAptT—IV;c + Bs ( U ) + B, ( U ) + D<1977[)’10Apt0_’§ + € ()
t t

k=1

where Ap/™ is quarterly trimmed meaninflation, 7{ is long-term inflation expectations, A, pM¢S is

through-the-year growth in consumer import prices, Ap2!L is the quarterly growth of the Brent oil

price, with £,~(0,62)and €,~(0,052).

3 Note thatin each of the models discussed, inflation expectations takes the same form as the inflation variable. So
where quarterly inflation is used, inflation expectations are transformed into a quarterly measure.
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The inclusion of import prices is a key point of difference to other models in the literature, andis
used to account for the greater impact of foreign prices on inflation. Oil prices are alsoincluded,
covering a period where they were ‘correlated with large changes in prices and wages’

(Cusbert 2017), but their inclusion is largely for empirical purposes. It also deviates from Gruen,
Paganand Thompson by using quarterly growth variables and dropping the lagged dependant
variable from the ULC Phillips curve.

The NAIRU estimated by Cusbert ranges between 6 and 7 per cent in the 1980s and early 1990s.
After reaching a historical peak in the in the mid-1990s, the estimated NAIRU steadily declines to
5 per cent at the end of the sample (March quarter 2017). This is in line with most models
developed for Australia at the time.

In 2019, the RBArevised down its estimate of the NAIRU to around 4% per cent (Ellis 2019). More
recently, RBA governor Philip Lowe noted that “it is certainly possible that Australia canachieve and
sustainan unemployment ratein the low 4s” (Lowe 2021).

2.4. Chua and Robinson (2018)

A number of additional papers have modified the Gruen, Paganand Thompson (1999) model in an
attempt to improve estimates of Australia’s NAIRU. Lim, Dixon and Tsiaplias (2009) attempt to
account for changes in the labour market to estimate the NAIRU, rather thanassumingitactsasa
random walk. They allow the slope to be time-varying, to account for a changing relationship
between wage growth and the NAIRU. Using this method they estimate the NAIRU to be around

5 per cent as of late 2008.

Building on Cusbert (2017), Chua and Robinson (2018) focus on the wage Phillips curve, estimating a
NAIRU model with two wage signal equations. They argue that the WPI gives a clearer signal about
the state of the labour market because it abstracts from changes inthe composition of
employment, and that this is why it is the main wage measure followed by policy makers and
market economists. With WPI growth relatively low in recent years, they hypothesised that this
additional signal would reveal a fall in the NAIRU. The WPI Phillips curve is estimated jointly with a
ULC Phillips curve, which has a much longer sample of data available (the WPI alone does not have
enough historical data available to effectively model the NAIRU in a state-space framework).

Although the WPI is constructedto be unaffected by compositional changes in employment, there
is uncertainty about how much it is adjusted for changes in productivity. Chua and Robinson (2018)
account for this by including labour productivity terms in equation 7.

Signal equation 1:

*

™ e ™ AU, U — Us
Aule, —Ap =5 = 31(7'% - A4-pt—1) + B U + B3 U (6)
t ¢

+B,(Aulc,_, — Apf™) + &,
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Signal equation 2:

. AU, U, = Uf
Awpi, — Apf_Ml = ﬁs(ﬂte _A4ptT—IV§) + B¢ ( U )+ﬁ7 ( U )"‘ BslAz, (7)
t t
AU, ; T™ e T™
+Bs U B1o (Awplt—l - Apt—z) + B (T[t—l - A4pt—2) + B8z,
-1
AU, s
+p13 ( U ) + B1alz,_3 t+ €
t—2

where 1{ is bond-market inflation expectations, Awpi, is growthin the wage price index, Az; is
growthin non-farm labour productivity on an hourly basis, with ,~(0,62) and €,~(0,52).

Chua and Robinson slightly modify the state equation to incorporate non-linearity. The paper
reports that incorporating the WPI signal equation actually leads toa higher estimate of the NAIRU
in recent years, with a value of 5.5 per cent at the end of the sample (September quarter 2016).

2.5. Treasury’s previous approaches to estimating the
NAIRU

An earlier Treasury NAIRU estimation model was documented in the ‘Medium-Term Economic
Projection Methodology’ working paper (Bullen et al. 2014). Itis based on the ULC Phillips curve
presented by Gruen, Paganand Thompson (1999) but with some amendments.

Bullen et al. assume that wages grow in line with labour productivity, expected expenditure price
inflation and the lagged unemployment gap. Their wages equation takes the form of:

Upq _Ut*> (8)

Aywy — Dyzp — AcxprG—N1E = 31(”5 - A4ptG—N1E) +V( U
t—1
+p, (A4Wt—1 — D4z g — A4ptG—NzE

+ .33(AWt—1 - Az — (AWt—4 - Azt—4)) + &

where A,w; is through-the-year growthin hourly average earnings, ¢ is bond-market inflation
expectations, A, z,is through-the-year growthin productivity, A, pENE is through-the-year growth
in the gross national expenditure deflator,y < 0 and &,~(0,02). A,w, — Az, = Ayulc,. Their

state equationis asin Gruen, Paganand Thompson.

Bullen et al. most notably differs from Gruen, Paganand Thompson with the removal of the change
in the unemployment rate term (the ‘speed limit’ term) and the inclusion of alaggedinstead of
contemporaneous unemployment gap. They note that ‘thereis no loss of explanatory power when
these features of the data are modelled jointly via a lagged unemployment gap’ (Bullen et al. 2014).
Additionally, they use the gross national expenditure deflator to model prices instead of consumer
price inflation. The model uses 10-year bond market break-even measure of inflation expectations.*

4 This choice isstandard in the literature (see for example Gruen, Pagan and Thompson (1999) and Chua and Robinson
(2018)).
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The use of a purely financial market measure of inflation expectations presents challenges due to its
incorporation of liquidity and risk premia.

Treasury’s subsequent NAIRU estimation model adapts Bullen et al. (2014), but uses the household
consumption deflator as the price measure instead of the gross national expenditure deflator
(because the consumption deflator is less affected by terms of trade shocks). The choice of the
consumption deflator is unusual when compared to the literature, and given its volatile nature was
likely affecting the estimated coefficients on inflation expectations.

The subsequent model’s state equation takes the form of:

Uiy — Ut*) (9)

Aywy — Az, _A4pt6911v = 31(775 - A4ptcﬂv) + B, ( U
t—1

+p3 (A4Wt—1 —Dyziy — A4ptc—0év
+B4(AWt—1 - Az, — (AWt—4 - AZt—4)) + &

where A,pEOV is through-the-year growthin the household consumption deflator, with £,~(0,52).

The error term of the state equationis restrictedtothe variance of the errorterm in the
unemployment rate calculatedas a unit root process.

Using this model, the NAIRU is estimatedto be around 5% per cent at the end of the 2019 (Chart 3,
Table 1). The estimate increased during 2019, due to low productivity growthrelative to real wages
growth, and a slight increase in the unemployment rate. This model’s NAIRU estimate has generally
remained ataround 5 per cent over the past few years, down from around 7 per centin the
mid-1990s.

Chart 3: Treasury’s previous NAIRU model
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Note: The 68 percent confidence intervals are +1 standard errorbands andthe 95 percent confidence intervals are +2
standard errorbands.

Source: ABS Cat. no.6202.0, Treasury.
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Table 1: NAIRU model coefficients (equation 9)

Wage variable Aqulc, = Agwy — Ayz,
Price variable Ay pEoy
ne 0.21%* (0.05)
Apy 4 0.79"
(u) 2.87%* (0.64)
Upy
(Agwe_q — Dyzeq — Ayp(%)) 0.60™* (0.04)
(Aw,_y — Dz, g — (Bw,_, — Az,_,) 0.14" (0.01)
0. 0.01** (0.00)
O¢ 0.31~
U; final state 5.56
Sample 1968:1-2019:4

Notes: *, ** and *** indicate significance atthe 10, 5 and 1 percentlevel respectively, * indicates a restricted coefficient,
standard errors reported in parentheses.

The parameter estimates for the NAIRU model in equation 9 are presentedin Table 1. Within this
model, ULC growth seemto be largely determined by backward looking rather than forward looking
inflation expectations (modelled with bond market expectations). The coefficient on the
unemployment gapterm is negative, meaning that if the unemployment rateis below the NAIRU,
wages will grow above the rate of productivity growth and inflation. However, the magnitude of the
coefficient is much largerthan is generally estimatedin the Australian literature. Estimates typically
fall between -1 and-2.>

In Table 1, the coefficient on Ap,_; is marked as a restricted coefficient. This is because we can
rearrange the first half of equation 9 to leave nominal wage growth as the dependent variable:
DAywy — Dyzp = Do) + By (e — A pEY

Doing so means that the coefficient on z{ is equal to f;, while the coefficient on A,p<%V is equal to
(1= B;). Thatis, they arerestricted tosum to one.

5 Gruen, Pagan and Thompson (1999) estimate a coefficient on the unemployment gap term of-1.87 for the sample
period 1966 to 1997. Cusbert (2017), estimates a coefficient of-1.9 (on the unemployment gap termin their ULC
equation)for the sample period 1968 to 2017. Chua and Robinson (2018) estimate a coefficient of -1.64 for the
sample period 1967 to 2016.
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3. Treasury’s approach to estimating the NAIRU

In considering alternatives to Treasury’s previous NAIRU model, a range of approaches described in
the literature were explored. The criteria usedto assess whether changes were appropriate were
based on both model performance and whether the relationships and measures used were
conceptually robust. Data choices such as the prices and productivity measures and inflation
expectations, as well as theoretical modifications to the NAIRU estimation model, were considered.

Our final signal equation takes the form:

™ e ™ U — U U — U
Aw, — Az, — Ap™ = B, (mf — Ap™) + D_1093P; U + D: 19935 U (10)
¢ ¢
AU;_4 .
+B, ( ) + Bs(Dz; — Az,) + &

with the state equation:
U =U0;_,+¢& (11)

where Aw; is hourly average earnings growth, Ap/™is trimmed mean quarterly inflation, 7f is
3-year inflation expectations (described in section 3.1), Az, is productivity growth, Az is growth in
trend productivity (described in section3.2), D is a structural break (prior to or since the March
quarter 1993), with £,~(0,02) and €t~(0,0§2). See Appendix A for a full description of the
variables and some summary statistics.

3.1. Inflation expectations

The level of forward-looking inflation expectations directly affects the level of the NAIRU. A higher
inflation expectations series willresultin a lower estimate of the NAIRU and vice versa, all other
things equal. Therefore, pinning down the level of inflation expectations was consideredto be a
critical factor in improving the accuracy of the NAIRU estimate. However, like the NAIRU, inflation
expectations cannot be observed, only estimated (Ellis 2019).

Treasury previously used the 10-year break-even bond market expectations as the measure of
inflation expectations. This series may not be appropriate, however, as it includes liquidity and
inflation risk premia components, which bias the expectations series (Moore 2016). Some external
modellers have dealt with this by trying to estimate and abstract from the inflation risk premia
(see for example Hambur and Finlay 2018), or by using financial market expectations measures
alongside survey expectations series.

Given that Treasury’s NAIRU estimate is mainly used as aninput to wage forecasting, a series that
captures expectations over shorter-term horizons (3- to 5-year inflation expectations)is preferred

as it will better reflect the inflation expectations relevant to wage bargaining.

A wide variety of inflation expectations series are available for Australia, including:

10
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e Consumer expectations: these are representative of the employee; they have an upwards bias
thatis adjustedfor.

*  Business and union expectations: these are representative of other stakeholders in wage
bargaining; business inflation expectations have a downwards bias that is adjusted for.

*  Professional forecaster expectations: these include Consensus expectations and surveys of
market economists.

e Market-implied inflation expectations: these include break-even bond market expectations, as
well as inflation swaps.

Chart 4: Example measures of inflation expectations
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Eachindividual series has inherent issues, and none are considered to fully capture overall inflation
expectations in the economy, and certainly not for wage negotiations. There is the additional
problem of the horizon: most measure very short-run expectations of two years or under, or more
long-run expectations of inflation at the six-to ten-year horizon, rather thanthe desired 3 to 5-year
range that we consider to be most influential on wage pressures in the economy. Although
individual agreements and Fair Work Commission award wage increases occur more regularly, we
expect that workers would still consider a medium-term horizon of inflation expectations for wage
bargaining.

There is a substantial literature around estimating inflation expectations, partly due to their critical
role in forecasting prices and wages. Estimating inflation expectations is crucial when modelling the
NAIRU, as the Phillips curve will attribute low wages growth (thatis, ULCs)to either low inflation
expectations or slackin the labour market. We considered and tested multiple measures of inflation
expectations for inclusion in the Phillips curve.
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One simple approach is to use a single survey measure or proxy such as market-implied
expectations as the measure of inflation expectations. This is the approach of the previous Treasury
model and other Australian models (for example, Gruen, Paganand Thompson 1999), which use the
10-year bond market break even measure of inflation expectations. However, as discussed above,
each series, including the bond market measure, has drawbacks and none fully captures the
relevantinflation expectations nor are measuredon the right time horizon for wage negotiations.

Other approaches rely on econometric estimates of trend inflation and inflation expectations. Chan,
Clarkand Koop (2015) outline a model of inflation and survey-based long-run forecasts of inflation
that allows for the estimation of the link between trend inflation and the long-run forecasts. They
calibrate the trend estimate of inflation to correspond to long-run inflation expectations, sothat the
link between each survey and underlying expectations can be quantified. In the US, this approach
has become popular due to its good forecasting properties and close approximation of US inflation
dynamics (Braxa etal. 2017).

The RBA use a similar model to Chan, Clarkand Koop to extract acommon signal of

long-term expectations from the various measures after controlling for each measure's
co-movement with recent inflation (Cusbert 2017). This produces a fairly flat long-run trend series,
which takes the majority of its signal from the 6 to 10-year consensus inflation forecast. Since we
areinterestedin shorter-run inflation expectations, this model is not ideal for our wage

Phillips curve.

We produce a measure of inflation expectations using a version of the Nelson-Siegel model to
combine arange of inflation expectations measures following Aroubra (2018). This method maps
out the term structure of inflation expectations at all time periods based on the series included and
their tenors (Nelson and Siegel 1987). This allows for information tobe gatheredfrom all measures,
and an inflation expectations series for a 3-year horizon to be constructed. This captures all relevant
information from the available series, at the horizon relevant to wage negotiations.

The model allows for different types of expectations measures (specifically, those that average
across the horizon as well as those that are expectations for a specific year).® Our understanding is
that this is the first time this kind of inflation expectations model has been used as an input into a
wage Phillips curve in Australia.

-t —-At -t -t
e M1— g7 "2 T.eM— 1,672 (12)
=L+ -S)|——— |+ C
e e+ (G t)< A, —74) ) t< T~ T >

Using the Nelson-Siegel model in equation 12, we define 7/ as the various measures of inflation
expectations, 7, as the month that the expectations series is measured from, 7, as the tenor of the
series, and A as a decay parameter. The parameter L; canbe viewed as a long-term factor, or the
‘level’ of inflation expectations in the long run. S; is the ‘slope’ parameter (often called the
short-term factor as its loading decays to zeroas the tenor increases), and C; is the ‘curvature’
parameter (which increases inthe short- and medium-term before decaying to zero). A is setto
maximise the loading on the curvature parameter at 24 months.” We hold this constant, and

6 See Diebold and Li (2006) for the interpretation of the coefficientsin the model, and Lewis (2016) which usesasimilar
model application to estimate the term structure of inflation expectations.

7 This choice wasbased on the NAIRU with the best in-sample fit as determined by the Akaike information criterion. In
practice this choice made little differenceto the estimated inflation expectations and NAIRU series.

12



Treasury Working Paper: Estimating the NAIRU in Australia

estimate the model using ordinary least squares with each historical quarter of inflation
expectations data. The desired tenor (36 months) canthen be usedalongside the estimated
parameters to produce a historical series. For more information on the model specification and
results, see Appendix C.

This method produces the 3-year ahead inflation expectations series presentedin Chart 5, which
has a level of around 2.1 per cent as at the December quarter 2019.

Chart 5: Inflation expectations
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Applying aterm structure toinflation expectation surveys recognises that we have information on
inflation expectations at different time horizons and is similar to model averaging for forecasting,
where expectations of future outcomes are taken from a range of sources. Each of the surveys may
be a noisy measure of expectations but combining the surveys, in principle, improves our ability to
captureinflation expectations over various horizons. The term structure approachalso provides
continuous curves, so inflation expectations for any standard horizon can be calculated.

3.2. Productivity

The ULC Phillips curves in the literature implicitly restrict the impact of labour productivity growth
on wages tobe equal to one, therefore assuming that all labour productivity is contemporaneously
paid into wages. Inreality, however, wages are likely to be sticky (thatis, they will slowly adjust to
changes in productivity), so labour productivity has been splitinto anactual and trend productivity
component. Due to the way trend productivity is constructed, actual productivity fluctuates around
it in a stationarycycle, so in the long run these approaches are equivalent (Chart 6). A similar
method is used by the Congressional Budget Office in their NAIRU estimation (Arnold 2008).8

Estimating the NAIRU model with a split between trend and actual productivity improves the model
fit and produces a statistically significant and sensible coefficient. The estimated coefficients imply

8 They include a32-quarter moving average of productivity growth in their model. We find that a Kalman-filtered trend
productivity term outperformsthis (and other tested moving average terms) within the model.
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that around half of productivity gains flow through to wages contemporaneously, while half flows
through at a slower rate as the trend adjusts.

Trend productivity is estimated by applying a trend-cycle decomposition to actual labour
productivity over history. This is a standard approachfrom the literature (for example,

Watson 1986). This approach allows us to calibrate the trend more closely to estimates of trend
productivity from other models, with cyclical productivity specified as an AR(2) process. The trend
productivity termis estimated from a smoothed or two-sided Kalman filter. The error from this
model is captured in actual productivity.

Signal equation 1: Productivity is split into its trend and cyclical components.

z, =z +zf (13)

where z, is log output per hour worked, z/ is the unobserved trend component and z{ is the
unobserved cyclical component.

State equation 1: Trend productivity is modelled as a random walk with time-varying drift (&,).

zl =zl +6,,+v, (14)

State equation 2: The drift is modelled as a stationary process.

S;=ab+(1—a)s,_,+e, (15)

State equation 3: Cyclical productivity is modelled as an AR(2) process.

Ztc = plztc—l + pzztc—z + ¢ (16)

All errors are white noise processes:

1~(0,02) ; €,~(0,62) ; ¢,~(0,02) (17)

The trend-cycle decomposition is calibrated so that the estimated trendis broadly consistent with
the aggregate labour productivity trend® from the Treasury’s macroeconometric model of the
Australian economy. These series are therefore quite similarin history, except for during the mining
boom, where the productivity trend from the macroeconometric model abstracts fromthe impact
of capital deepening in the mining sector on labour productivity. The trend-cycle decomposition
results and robustness checks are presentedin Appendix D.

9 Trend labour productivity in Treasury’s macroeconometric model is estimated within each industry’s labour demand
equation as Labour Augmenting Technical Change. More detail on this approach is available upon request. Asindustry
level datais only available from 1990 onwards, this seriesistoo short for the purposes of estimating the wage
Phillips curve.
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Chart 6: Trend productivity comparison
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Source: ABS Cat. no. 5206.0, 6202.0, Treasury.

As the weighted average of trend and actual productivity is higher thanactual productivity in recent
years this has the effect of lowering the end point of the NAIRU by about 0.1 percentage points
when compared to a specification without the productivity split. This intuitively means that the
model is interpreting some of the recent weakness in productivity to be short lived, and sowages
are not fully incorporating it.

One concern with including a trend variable in the model is that it canintroduce end-point
uncertaintyto the estimate. That s, the recent data will be revised each quarter, alsoleading to
revisions in the estimate of trend productivity and therefore of the NAIRU estimate. However, when
re-estimating the NAIRU with historical data, we do not find that the inclusion of this trend term
leads to notably larger volatility in the endpoint of the NAIRU estimate.

3.3. Structural break

An additional change that was explored was to add a structural break on the unemployment gap
coefficient. Treasury’s previous model implicitly assumedthat the relationship betweenthe
unemployment gap and wage growth has remained constant across the sample period. We would
expect that this relationship has likely weakened over time, due to anchoring of inflation (and wage)
expectations, the globalisation of the labour market and the changing structure of the workforce,
among other factors. When running the Phillips curve model with a rolling start date, the coefficient
roughly halves in magnitude from 1980 to 1990 (Chart 7).
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Chart 7: Coefficients on unemployment gap with rolling model start dates
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A break on the unemployment gap coefficient was found to be significant, and was chosento be set
in the March quarter 1993.1° This corresponds with the start of the inflation targeting period in
Australian monetary policy (Debelle 2018). A break in the 1990s can also be attributedto factors
such as reforms to workplace regulationand increasing exposure to international trade and
therefore international competition in the decade. US research has suggested a centralbankthat is
more focussed on inflation targeting could change the relationship between unemployment and
(wage)inflation (see for example Hooper, Mishkin and Sufi (2019) and MclLeay and Tenreyro
(2019)). As expected, the coefficient on the unemployment gapis largerin the pre-1993 sample
than after. Its magnitude roughly halves from around -2.6 (j3,) for the pre-1993 period to

around -1.1 (Bs) for 1993 onwards, with both being statistically significant.

In conjunction with this choice, the sample was restricted to 1980 onwards. The labour market
dynamics of the 1970s are quite different to those of the subsequent years. This affects both the
coefficient estimates andthe variance of the NAIRU estimate with the full sample, but is magnified
when a structural breakis included. The exclusion of the 1970s should not be economically
significant as the labour market dynamics associated with that time period (and their associated
volatility) are not considered to be relevant to the determination of wages today.

3.4. Incorporation of common approaches used in the
literature

Some common approaches used in the literature have also been incorporatedinto the updated
model. ! Theseinclude the following changes relative to the previous model:

10 Breaks on all coefficients were tested along with the variance, but were not found to be statistically significant. The
choice of break point does not broadly change the evaluation metrics of the model.

11 Although some modelsincorporate asecond prices Phillips curve signal equation, we choose to use asingle
Phillips curve model. In theory, these should result in similar NAIRU estimates, although in practice thisis not always
the case. Treasury usesthe NAIRU in wage forecasting and understanding labour market dynamics, so our key focus is
how the unemployment gap affects wages.
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e Using quarterly growthvariables: although Gruen, Paganand Thompson (1999) use a
through-the-year specification, few subsequent papers in Australia repeat this. Using
through-the-year growth variables was found to result in a moving-average process in the
residuals and a downwards bias in the estimate of the inflation expectations coefficient (due to
stronger correlation between annual inflation and annual wages growth). In addition to using
quarterly growthvariables, all lags of the dependant variable were dropped as there was no
evidence of auto correlation. 12

e Adding a ‘speedlimit’ term: this is a variable that captures the rate of adjustment of the
unemployment rate. This variable is highly statistically significant. Excluding this from the
model was found to upwardly bias the estimate of the coefficient on the unemployment gap,
which could lead to mis-estimation of the NAIRU.

. Using a contemporaneous unemployment gap:13 Treasury’s previous specification used a
lagged unemployment gap, unlike the academic literature. Although this change was not found
to improve in-samplefit in the NAIRU specification, it did improve forecasting performance.

e Unrestricting variance: restricting the variance on the state equation can be usedto generatea
desirable (for example, smoother) estimate of the NAIRU. However, the model was able to
solve and produce a reasonable NAIRU estimate withthe variance freely estimated.

The choice of prices series to use (to capture backward-looking inflation expectations)was also
considered. Treasury’s previous model was unusual in the literature in that it used the consumption
price deflator. A variety of alternative prices series were tested including the consumption price
deflator, GDP deflator, domestic final demand deflator, headline inflation, weighted median
inflation and trimmed meaninflation. Generally, the underlying prices series were found to have
betterin-sample fit. This is because they are less affected by terms of trade effects or idiosyncratic
factors which are unlikely to have an impact on wage inflation. Of the underlying series available,
the trimmed mean inflation rate was selected as it is more commonly used in the literature.

Using trimmed mean inflation does affect the coefficients on forward-looking inflation expectations
and laggedinflation and leads to a larger weight placed on lagged inflation relative to estimated
expectations (see Appendix B). This is in line with underlying inflation measures being more
relevant to wage inflation.

12 The through-the-year specification is equivalent to a quarterly specification with restrictions on the lag structure.

13 We also tested a linear unemployment gap (which performs worse in the framework), and changing the denominator
on the gap to also be the NAIRU (which doesn’t improve measures of fit, and is difficult for the model to solve due to
the non-linearity of the state variable).
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4. Results

4.1. Model comparison

State-space models inherently have some variability around their endpoint estimation, and wide
confidence intervals. Estimating toa sample end of each quarter for the five years to 2019, the
updated model provides arange of estimates between4¥%and 5 per cent (Chart 8). The updated
model finds the NAIRU is estimatedtobe around 5 per cent as at the December quarter 2019
(Chart9, Table 2).

Chart 8: Rolling NAIRU estimates from updated model
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Source: ABS Cat. no. 6202.0, Treasury.

Given the general calibration and endpoint sensitivity of the NAIRU estimation, and the uncertainty
of economic conditions over the near-term, we consider it prudent to characterise our best
estimate of the NAIRU as being in the 4% to 5 per cent range, around a mid-point estimate of

4% per cent. This reflects our estimates of the NAIRU in the five years preceding COVID-19. It also
reflects our caution about over-interpreting the latest estimate, noting the last five years of
incoming data has impacted on both the estimate for the current value of the NAIRU and that for
the recent past (Chart 8).

The NAIRU canbe re-estimated each quarter with the release of new data, and is therefore subject
to change. However, given the labour market upheaval in 2020 due to the COVID-19 pandemic, we
do not report results beyond December 2019 at this point.
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Chart 9: NAIRU estimate from updated model
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Table 2: Results for alternative Phillips curve models

Equation 9 Equation9 Equation 10
(with full sample) (with restricted sample)
Wage variable Aulc, Aulc, Aw,
Price variable AH%CP{V A4pf91N Apg'_ll';
Expectations variable 10-year bond market 10-year bond market 3-year modelled
break-even expectations break-even expectations expectations
e 0.21*** (0.05) 0.23*** (0.08) 0.37 (0.24)
Ape_q 0.79% 0.77% 0.63%
Az; 0.46*** (0.10)
Az, 1.00% 1.00" 0.547
(—AUH) 4.59* (1.98)
Ue
U1 — U
(#) 2,87 (0.64) 1,90 (0.58)
Ut—l
(”t;t"f) (pre-break) 2,73 (0.62)
(”‘U;t”f) (post-break) 1.15% (0.55)
(Bgulc,_q — A,pEY) 0.60*** (0.04) 0.65*** (0.04)
(Aulc,_; — Aulc,_y) 0.14*** (0.01) 0.16*** (0.02)
o, 0.01*** (0.00) 0.01*** (0.00) 0.01*** (0.00)
o; 0.317 0.317 0.13 (0.12)
U; final state 5.56 5.45 5.00
AIC -5.52 -5.83 -6.49
Sample 1968:1-2019:4 1980:1-2019:4 1980:1-2019:4

Notes: *, ** and *** indicate significance atthe 10, 5 and 1 percent level respectively, * indicates a restricted coefficient,
standard errors reported in parentheses.
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Overall, the initial changes made (quarterly specification, speed limit terminclusion, and the switch
to a contemporaneous unemployment gap) have an offsetting effect on the endpoint of the NAIRU
estimate. The inclusion of a structural breakand productivity split, and the use of trimmed mean
inflation and our trend inflation expectations each cause a decreasein the estimated NAIRU
endpoint. These changes all result in a smoother estimate of the NAIRU with smaller confidence
intervals. We estimate a 68 per cent confidence interval of £¥ percentage points around the NAIRU
estimate through history and +% percentage points at the endpoint. Restricting the estimation
sample and introducing the new inflation expectations series are the biggest contributors to the
downwards revision of the estimated NAIRU endpoint compared to the old model.

Wages growthis still largely determined by past inflation in the model, rather thanforward-looking
measures of inflation expectations, although the share determined by forward-looking expectations
has increasedrelative to Treasury’s previous model. In saying that, the coefficient is no longer
statistically significant. This could be because the greater stability (both in the inflation measure
used, and the modelled inflation expectations) could make it harder to separatelyidentify the effect
of the two series.

As discussed above, the model estimates that only around half of short-term productivity growth
flows through to wages. This result is reported as statistically significant, but this should be
interpreted with caution.

In terms of performance, the in-sample fit of the wage Phillips curve clearlyimproves compared to
the previous model (Table 2). See Appendix B for a summary of all results.

The updated model can be used to decompose the drivers of wage growth (Chart 10). Strong wages
growthin the mid-2000s is partially explained by a negative unemployment gap (unemployment
below the NAIRU putting upwards pressure on wages). Then weaker wages growth through the
mid-2010s is conversely explained by a positive unemployment gap.

Chart 10: Decomposition of annual growth in hourly wages

7 _Per cent Per cent 7
6 Speed limit 16
5 Trend Productivity 15
4 Wages growth | 4
3 13
2 2
1 1
0 0
1k Inflation expectations 1 -1
-2 - 4 -2
1999 2004 2009 2014 2019

Note: Chart shows summed quarterly growth rates and contributions to growth. This is broadly equivalentto through-the year
growth to the December quarterin each year.

Source: ABS Cat. no. 5206.0, 6202.0, Treasury.
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The model finds that the NAIRU is close tothe actual unemployment ratein 2019 as hourly wages
growth (about 3.6 per cent throughthe year to the December quarter 2019) is stronger than the
weighted average of inflation expectations and trimmed mean inflation (contributing around about
1.8 percentage points) and the weighted average of trend and actual productivity growth
(contributing about 1 percentage points).

4.2. Other considerations

Precision of estimate

The precision of the model estimates is a further consideration. Although the mean absolute
revision size is broadly comparable, the updated model has a lower standard deviation on revision
size, asmaller average quarterly changein the NAIRU estimate, and a smaller average confidence
interval.1® However, it should be noted that the estimated confidence interval does not account for
uncertaintyin the model parameters. As the updated model includes estimatedtrend productivity
and inflation expectations, this increases estimation uncertainty. >

In this regardit’s worth noting that there are large confidence intervals around the estimate of the
NAIRU —see Chart 9 above.

Forecasting

Another way of evaluating the performances of different models is to compare how well they
forecast. We do this by pseudo out-of-sample forecasting, where we estimate trend productivity,
inflation expectations andthe NAIRU to a specific quarter, and then produce wage growth
‘forecasts’. We canthen compare these to actual data results, to see how accurate different models
would have been.

Treasury generally does not consider just one model’s output when considering the outlook for
wages, and takes information from a range of sources. Therefore, here we are comparing relative,
rather than absolute, performance.

The updated wage Phillips curve model leads to enhanced forecasting performance compared to
the previous model at all horizons tested (withthe outperformance statistically significant from
four-quarters-ahead onwards). The main driver of this improved forecasting performance is the
introduction of the structural break on the unemployment gap. Given changes in labour market
dynamics over the past forty years, allowing the model to have a lower coefficient on the
unemployment gapterm in the inflation targeting period means it can better reflect current
conditions.

14 Note that part of the reason we have a smaller confidence interval is the exclusion of the 1960s and 1970s from the
model as these were more volatile decades.

15 However, re-estimating the trend productivity at each quarter does not seem to cause the model to be more volatile.
See Appendix B for a summary of some stability statistics.
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Underutilisation and underemployment

The underutilisation rateis the sum of those people without jobs (unemployed) and those people
with jobs but who want to work more hours (underemployed) as a proportion of the labour force.
This is a good indicator of spare capacityin the labour market as it encompasses all people who are
available for work. Over the past four decades, the underemployment rate has trended upwards,
and has been higher than the unemployment rate since the early 2000s (Chart 11). This means that
while the unemployment rate was previously a good proxy for the level of underutilisation in the
economy, the underemployment rate has become increasingly important.

Chart 11: Unemployment, Underemployment and Underutilisation rates
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As Cusbert (2017) points out, any effect of the underemployment rate on wage growth— over and
above the effect of the unemployment rate — would result in lower wage growth than expected by
the model. This would then cause the model's estimate of the NAIRU to decline, although it may not
fully capture the impact of underemployment, in which case the actual NAIRU may be lower than
the model estimate of the NAIRU.

We can test this proposition by estimating a wage Phillips curve with an underutilisation gap rather
than an unemployment gap(Chart 12, Table 3).16

16 The speed limittermisnot changed, but the unemployment gap is relative to the underutilisation rate rather than the
unemployment rate. Thisisinteresting analysis, but is not a candidate to replace the unemployment version of the
model. Treasury economic projectsrely on the unemploymentrate returning to the NAIRU over the medium term,
and so an estimate of the NAIRU based on the unemployment gap is required.
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Chart 12: Unemployment and Underutilisation gaps
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Table 3: Results for underutilisation Phillips curve

Unemployment Phillips curve | Underutilisation Phillips curve

e 0.37 (0.24) 0.26 (0.24)

Ap,_, 0.63/ 0.741

Az} 0.46***  (0.10) 0.46***  (0.10)

Az, 0.54A 0.54A

AU,

(Tt) -4.59*%*  (1.98) -5.03%*  (2.17)
(Utl;tug)(pre—break) 2.73%%  (0.62) 2.85%%  (0.71)
(Utu;tug)(post-break) -1.15%*  (0.55) 0.97*  (0.56)

o, 0.01***  (0.00) 0.01***  (0.00)

o 0.13 (0.12) 0.30 (0.22)
U; final state 5.00 11.65

AIC -6.49 -6.48

Sample 1980:1-2019:4 1980:1-2019:4

Notes: *, ** and *** indicate significance at the 10, 5 and 1 percent level respectively, * indicates a restricted coefficient,
standard errors reported in parentheses.

The model with an underutilisation gap gives very similar model coefficients, although the

Phillips curve is flatter post-1993 in the underutilisation model. The estimated underutilisationgap
is very similar to the unemployment gap prior to the early 2000s. After the early 2000s, a wedge
appears between the two and the underutilisation gapis generally higher, indicating a higher
degree of labour market slackthan in the unemployment-based model. This supports the presence
of downside risks to the model estimate of the NAIRU.
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International experience

Many advanced economies (including the United States, Euroarea, Japanand the United Kingdom)
saw unemployment rates reaching multi-decade lows prior to the COVID-19 pandemic. Wages
growth had been picking up in these economies, but they also reached lower levels of
unemployment than expected before this occurred, and official estimates of these countries’
NAIRUs have declined accordingly (Chart 13). As discussed below, the impact of the COVID-19 global
recession on estimates of the NAIRU remains to be seen.

The United States Federal Reserve notes that the relationship between unemployment and inflation
has become less clear in recent decades (Engemann 2020). They point to the introduction of
inflation targeting as a key reason why the US Phillips curve has flattened, with inflation
expectations becoming the key driver of inflation. As Chair Jerome Powell outlined is a speech at
the Kansas City Federal Reserve’s 2020 annual conference, ‘The muted responsiveness of inflation
to labour market tightness, which we refer to as the flattening of the Phillips curve, [has]
contributed to low inflation outcomes.’

However there has also been speculation that global trends such as ageing populations could lower
savings rates andincrease pressure on inflation and wages (Goodhart and Pradhan 2020). This could
resultin rising estimates of international NAIRUs.

Chart 13: International NAIRU trends
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Impact of COVID-19 pandemic on the NAIRU

The state-space approach of the updated model is not well-suited to estimating unobserved
variables during a shock, such as the COVID-19 pandemic. For this reason, we have not presented
results using data more recent than 2019.

The ongoing impact of this shock alsoremains unclear. Unemployment remains about % of a
percentage point above its pre-pandemic level. The structural changes brought about and/or
accelerated by the shock mayimpact on the level of the NAIRU. Persistently high levels of
underemployment, a reduced willingness by workers to bargainfor wage increases, or a reduction
in inflation expectations could all meanthat the unemployment rate must be lower before wage
pressures materialise. These factors will be influenced by the strength and duration of the recovery.

During any protracted period of labour market adjustment, there is an increased risk of scarring
effects, for example through poor initial-worker matching and the atrophying of skills in the
long-term unemployed. Labour market scarring would meanthat the pool of workers with suitable
skills is actually smaller at a given unemployment rate, whichwould mean wage pressures might
materialise at a higher level of unemployment. The recovery from the COVID-19 shock has so far
been much quicker than anticipated, sothere could be less scarring effects than previously
expected, which would boost labour market spare capacity.

There is also some uncertainty about the outlook for inflation in the post-COVID world. RBA
Governor Phillip Lowe in a recent Monetary Policy Decision (Reserve Bank of Australia 2021) noted
that wage and price pressures in Australia are subdued and are expected to remain so for some
years. However, there is potential for the globalisation trendto slow as the global economy
emerges from the COVID-19 pandemic. This could reduce competitive pressures in goods and
labour markets, and create some upwards pressures on the NAIRU. Some commentators in the US
have alsosuggestedthat expansionaryfiscaland monetary policy settings combined with a
persistent reductionin supply and a sharp recoveryin demand could lead to strong inflationary
pressures as the global economy recovers (see for example, Miles and Scott 2020).
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5. Conclusion

A review of alternative approaches to estimating the NAIRU has led to several changes to Treasury’s
Phillips curve model. Using a Nelson-Siegel model for inflation expectations allows the NAIRU
estimate toreflect information from the full suite of measures of inflation expectations, and to
reflect the time horizon relevant to wages bargaining. Splitting the productivity terminto trend and
actual productivity accounts for the observed stickiness inthe response of wages tochanges in
productivity. Adding a structural breakto allow for a changing relationship between the
unemployment gap and wage growth allows for a significant flattening in the wage Phillips curve in
the 1990s. Finally, using quarterly growthvariables rather than through-the-year growth, adding a
‘speed limit’ term, using a contemporaneous unemployment gap and using trimmed mean inflation
all align the updated model with recent developments in the literature.

Together, the incorporation of these approaches enhances model forecasting performance and
produces an estimate of the NAIRU within a range of 4% to 5 per cent over the five-years
immediately prior to the COVID-19 recession. Inour judgment, a point estimate for the NAIRU of
4% per cent is consistent with our modelling and the weight of internationaland Australian
experience in recent years. That said, it is important to note that estimates of the NAIRU are
inherently uncertain. The NAIRU is a latent (unobservable) variable and point estimates of the
NAIRU typically come with large confidence intervals, with even largerintervals around endpoints.
We estimate a 68 per cent confidence interval of % percentage points around the NAIRU estimate
through history and £% percentage points at the endpoint.

Uncertainty surrounding the future path of the NAIRU is exacerbatedin the COVID-19 environment
in which the longer-termimpacts of the COVID-19 recession on the Australian economy are not yet
known. On one hand, the risk of labour market scarring associated with the COVID-19 recession
presents an upside risk to our NAIRU estimate. Additionally, global trends such as ageing
populations could lower savings rates andincrease pressure on inflation and wages, which could
result in higher estimates of the NAIRU. However, recent international and Australian experience
suggests there are alsodownside risks, in particular that estimates of the NAIRU across Australia
and other advanced economies may resume their decline in future years, perhaps after rising
initially in response to the COVID-19 pandemic. This could reflect the continuation in the structural
trends that have causedthe downward trend in the NAIRU. A detailed examination of the reasons
why estimates of the NAIRU have declined over time across advanced economies is beyond the
scope of this paper, but is a worthwhile topic for further research.

There are reasons why the NAIRU could be lower than estimated in this paper and which help to
explain the decline in the NAIRU observedin advanced economies. Higher levels of
underemployment could meanthat there is a greater degree of labour market slack than captured
by an unemployment-based Phillips curve. Additionally, structuralfactors mayhave alteredthe
wage and price setting dynamics in advanced economies. These include increased competition in
good markets, increases inservices being provided internationally, advances in technology and
changes in the supply of labour and labour market regulation. This paper allows for a flattening of
the slope for the Phillips curve in the 1990s, however this may not have fully captured more recent
trends. Other things equal, a flatter estimated Phillips curve would be associated with a lower
estimate of the NAIRU than in this paper.
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Appendix A: Summary Statistics

Treasury’s NAIRU estimation model uses the following signal equation:

Aw, — Az, — Apg

U, —-U; U,—U;
_ ™ t t t t
= B (mf — ApeZ1) + Deyoosf (—U >+ D. 1993P3 (—U ) (A1)
t t
AU, .
+ﬂ4( )+B5(Azt_AZt)+5t
t
With the following state equation:
U =U1+& (A2)
Table A1: Summary statistics of model variables
Description Source Mean* Standard
deviation*
Aw; Quarterly growth in average hourly earmings ** ABS Cat. no. 5206.0 1.21 1.16
Az, Quarterly growth in hourly labour productivity** ABS Cat. no. 5206.0 0.36 0.82
Ap™ Trimmed mean inflation** ABS Cat. no.6401.0 0.98 0.64
e Modelled 3-yearinflation expectations Treasury 1.19 0.78
U, Unemployment rate ABS Cat. no.6202.0 6.83 1.78
Ut NAIRU Treasury 5.71 0.57
D 1993 Dummy variable equalto 1 prior to 1993
D:1993 Dummy variable equalto 1 from the March
quarter 1993 onwards
Az} Quarterly growth in estimated trend labour Treasury 0.36 0.14
productivity**
£ Error term in the signal equation
& Error term in the state equation

Notes: *calculated from March quarter 1980 to December quarter2019, **measured as log difference.
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Appendix B: Full results

Table B1: Results from cumulative model changes

Previous Treasury model  Quarterly variables =~ Adding a speed limit term
Wage variable Agulc, Aulc, Aulc,
Price variable ApEOY ApEoy ApEoy
U 0.21%* 1.00%** 0.91***
Apyq 0.797 0.00* 0.09*
Az, 1.007 1.007 1.007
Uer = Us
<T) -2.76 -3.08 -2.60
U, - Uy
(T)
(Agulc,_; —AypE%) 0.60***
(Aulc,y — Aulcyy) 0.14***
(%) 5 .44%**
O 0.01*** 0.01*** 0.01***
O¢ 0.31~ 0.35** 0.40™**
U; final state 5.56 5.57 5.56
AlC -5.52 -5.76 -5.80
Sample 1968:1-2019:4 1968:1-2019:4 1968:1-2019:4
Stability:
Mean absolute revision 0.37 0.34 0.36
Revisions standard deviation 0.44 0.41 0.45
Average confidenceinterval 0.64 0.62 0.72
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Contemporaneous

Trimmed mean

Changes so far with

unemployment gap inflation restricted sample
Wage variable Aulc, Aulc, Aulc,
Price variable ApEOy Ap™,; Ap™,;
e 0.74*** 0.48** 0.29
Ap;_q 0.26% 0.52% 0.714
Az, 1.00" 1.00% 1.007
(Ut—l — U;)
Up-1
U, — U;
( 7, ) -2.05** -1.88** -1.65%*
(Ayulcey — AypE%)
(Aulci_q — Aulcy_y)
AUy
(U_:) -5.23 -6.08** -6.94**
O 0.01*** 0.01** 0.01**
o; 0.48*** 0.44** 0.10
U; final state 5.57 5.50 5.22
AIC -5.73 -5.74 -6.28
Sample 1968:1-2019:4 1968:1-2019:4 1980:1-2019:4
Stability:

Mean absolute revision
Revisions standard deviation
Average confidenceinterval

0.43
0.55
0.90

0.43
0.55
0.91

0.55
0.68
0.49

Structural break

New inflation

expectations series

Productivity split

Wage variable Aulc, Aulc, Aulc,
Price variable Ap™, Ap™, Ap™,;
fird 0.29 0.24 0.37
Apey 0.717 0.76% 0.63%
Az, 1.007 1.007 0.46***
Az} 0.547
(*57)
U
U, — Uf -2.88*** -2.88** -2.73%*
(T) * D 1993
t
U, — U -0.96 -1.01 -1.15**
(U—) * Ds1993
t
(AUH) -5. 79 -6.01** -4.59**
Ut
0, 0.01*** 0.01*** 0.01***
o; 0.14 0.15 0.13
U; final state 5.20 5.06 5.00
AlC -6.30 -6.29 -6.49
Sample 1980:1-2019:4 1980:1-2019:4 1980:1-2019:4
Stability:

Mean absolute revision
Revisions standard deviation
Average confidenceinterval

0.44
0.35
0.59

0.45
0.35
0.60

0.40
0.33
0.54

Notes: *, ** and *** indicate significance atthe 10, 5 and 1 percentlevel respectively, * indicates a restricted coefficient.
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Appendix C: Inflation Expectations

Here we present additional information and selected results from the inflation expectations model.
We use the following inflation expectations measures for this model:

*  Break-even 10-year inflation rate

*  Business inflation expectations —3-months ahead

e Consumerinflation expectations —1-year ahead

e Union officials' inflation expectations — 1 and 2-year ahead

e Market economists'inflation expectations—1 and 2-year ahead

e Consensus inflation estimate—2, 3, 4, 5 and 6-years out

The Business inflation expectations (3-months ahead) and Consumer inflation expectations

(1-year ahead) series are judged to be biased low and high respectively. We therefore rebase these
series tohave a mean of 2.5 per cent or the centre of the RBAinflation target band (see chart C1).
All series are backcast using the break-even 10-year inflation rate from the TMEM database.

Chart C1: Consumer and business inflation expectations
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\ N
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Business inflation e xpectations — 3-months ahead 1Y
0 : : : : 0
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Note: Dashed lines show original series, solid lines show re-based series.
Source: Melboume Institute, RBA, Treasury.

This has a smallimpact on the level of the estimated inflation expectations (3 years) series

(chart C2). In the December quarter 2019, the rebased series give an estimate of inflation
expectations of 2.15 per cent, and the un-rebasedseries lead to an estimate of 2.3 per cent.
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Chart C2: Consumer and business inflation expectations
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Following Aruoba (2018) we use the following equation to map each inflation expectations series
into the factor model:

X e _A‘fl —e _ATZ T]_ e—l‘fl _ TZ e—l‘fz
T[t =Lt+(Ct_St) s N +Ct

/1(‘[2 - Tl) TZ - Tl

where 1/ is the various measures of inflation expectations, t; is the month that the expectations
series is measured from, 7, is the tenor of the series, and 1 is a decay parameter. The parameter L,
can be viewed as a long-term factor, or the ‘level’ of inflation expectations in the long run. S; is the
‘slope’ parameter (often called the short-term factor as its loading decays to zero as the tenor
increases), and C; is the ‘curvature’ parameter (whichincreases in the short-and medium-term
before decaying to zero).

We estimate this equation period-by-period using OLS, treating L;, C; and S; as parameters and
fixing A, following Diebold and Li (2006).

Ais setto maximise the loading on the curvature parameter at 24 months. This choice was based on
the NAIRU with the best in-sample fit as determined by the Akaike information criterion. In practice
this choice made little difference to the estimatedinflation expectations and NAIRU series. We hold
this constant, and estimate the model using ordinary least squares with each historical quarter of
inflation expectations data. The desired tenor (36 months) can then be used alongside the
estimated parameters to produce a historical series.

An area for future work is to convert this model to a state space model, which would allow us to
smooth through the parameter and inflation expectations estimates.

Charts C3—-C5 show the extracted factors with 95 per cent confidence intervals.

The average of the estimated long-term or ‘level’ factor over the past two decades is 2.45 per cent,
which is very close to the centre of the RBAinflation target band. This levels component is what
inflation expectations asymptote to as their horizon goes to infinity, and is a good measure of the
longer run credibility of the inflation target.
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Chart C3: Level factor
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Source: Treasury.

The average slope of the inflation expectations curve, which is defined as the difference between
long-and short-term expectations, is effectively flat at -4 basis points. Interestingly, the average
slope through the 2000s was negative at -46 basis points indicating that long-run expectations were
actually lower than short-run expectations over that period. Then the average throughthe

2010 was positive at 38 basis points, indicating that long-run expectations have been higher than
short-run expectations recently.

Chart C4: Slope Factor
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Source: Treasury.

The curvature factor has a mean of 79 basis points, showing that medium-term forecasts are

typically higher than short-and long-termforecasts, giving the inflation expectations curve a mild
concave shape on average.
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Chart C5: Curvature Factor
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Appendix D: Trend Productivity

Trend productivity is estimated by applying a trend-cycle decomposition to actual labour
productivity over history. This is a standard approachfrom the literature (for example,
Watson 1986, Clark 1987).

This approachallows us to calibrate the trend more closely to the estimates of trend productivity
from Treasury’s macroeconometric model of the Australian economy, with cyclical productivity
specified as an AR(2) process. The trend productivity term is estimated from a smoothed or
two-sided filter. The error from this model is capturedin actual productivity.

Signalequation:
z, =zl +zf

where z, is log output per hour worked, z! is the unobserved trend component and z{ is the
unobserved cyclical component.

State equations:
Trend productivity is modelled as a random walk with time-varying drift (§¢):
zl =zl | +6,, +v,

The drift is modelled as a stationary process:

S;=ab+(1—a)b,_, +€;
Cyclical productivity is modelled as an AR(2) process:

zf = P12+ p2Zi s 6y
All error are white noise processes:

v:~(0,02) ; €,~(0,02) ; ct~(0,0§2)

The model results are presentedin Table D1.

Table D1: Model results

Parameter Results

a 0.07~

o, 0.60%**

P2 0.10

S 0.003***

v 9.12E-07

€; 0.0006***

G 0.008***
A4z7 final state 0.75%
Sample 1978:1-2019:4
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The model is calibrated so that the estimated trendis broadly consistent with the aggregate
productivity trend from the macroeconometric model of the Australianeconomy. In the
December quarter 2019, the macroeconometric model had trend productivity growth of

0.5 per cent annually, and the trend-cycle decomposition gives trend productivity growth of
0.75 per cent annually.

The two-sided Kalmanfilter estimate used here to estimate trend productivity canresultin
inconsistent parameter estimates. As a robustness check, we also use the filtered or one-sided
trend to test the sensitivity of the NAIRU estimate tothis change (Chart D1).17

Chart D1: Productivity trend comparison
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Note: Through-the-year growth is shown.
Source: ABS Cat. no. 5206.0,6202.0, Treasury.

This does not give as smooth a trend, but it is useful as a robustness check. The model results using
each trendis shown in Table D2, and the estimated NAIRUs are shownin chart D2.

17 The one-sided trend isvery similar to the trend extracted using a modified Beveridge Nelson filter (Kamber, Morley
and Wong2018).
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Table D2: Phillips curve model results

Smoothed trend Filtered trend
e 0.37 0.25
Aps_q 0.63~ 0.75"
Az, 0.46*** 0.30**
Az} 0.544 0.70%
U, — U;
( : t) * Dcyoos 2.73% 2.80%**
Ut
U - U* *%k *%
(tu—tt) + Dorgos .15 1.14
AUty
(U_) -4.59** -4.51**
t
O-E 0.01*** 0.01***
O¢ 0.13 0.16
U; final state 5.00 5.01
AIC -6.49 -6.43
Sample 1980:1-2019:4 1980:1-2019:4

Notes: *, ** and *** indicate significance atthe 10, 5 and 1 percentlevel respectively, * indicates a restricted coefficient.

Chart D2: NAIRU comparison with smoothed and filtered productivity trends
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Source: ABS Cat. no. 6202.0, Treasury.

Using the filtered trend series give quite similar parameter estimates. Estimating toa sample end of
each quarter for the five years prior to the COVID-19 recession, and using the filtered productivity
trend provides the same range of estimates as whenthe smoothed trendis used — mostly between
4% and 5 percent (Chart D3).
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Chart D3: Rolling NAIRU estimates with filtered trend productivity
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Note: Endpoints for NAIRU estimates from2014:Q4 to 2019:Q4 are shown.
Source: ABS Cat. no. 6202.0, Treasury.
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