Assessing Potential Output and the Output

Gap in Australia

James Bishop, Jessica Hua, Shayan Omidi, Xuan Zhou and Alexander Ballantynel’

Photo: Peter Cade - Getty Images

Abstract

e |

The output gap — the difference between actual output and potential output — is an important
consideration for monetary policy as it is a measure of the extent of spare capacity in the
economy. This article explains how RBA staff form an assessment of potential output and the
output gap. We draw on a range of model-based estimates, capacity utilisation indicators and

activity measures. Model-based estimates give a quantitative assessment of the level of spare
capacity in the economy, but there is considerable uncertainty modelling unobserved concepts
like potential output and the output gap. Ultimately, assessing spare capacity in the economy
requires careful judgement in weighing up all available information, which the RBA sets out in its

quarterly Statement on Monetary Policy.

Introduction

Monetary policy in Australia primarily influences
aggregate demand - that is, the overall spending
on goods and services in the economy. How the
level of aggregate demand affects consumer price
inflation and the labour market depends on the
productive capacity of the economy. Potential
output is a measure of this productive capacity. It is
not an objective of monetary policy and monetary

policy can do little to directly influence it. However,
the output gap - the difference between actual
output and potential output — is a measure of spare
capacity in the economy that is closely related to
the RBA's objectives of price stability and full
employment. Following the 2023 Review of the
RBA, the Treasurer and the Reserve Bank Board
agreed in the Statement on the Conduct of Monetary
Policy that the RBA would regularly publish its
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assessment of potential output (Treasurer and
Reserve Bank Board 2023). An explanation about
the role of potential output and the output gap in
monetary policy was provided in the May Statement
on Monetary Policy (RBA 2024a). This article explains
in more detail how RBA staff form an assessment of
potential output and the output gap.

Potential output and the
Australian economy

What is potential output?

Potential output is the total amount of goods and
services that can be produced by an economy that
is operating at a ‘sustainable’ capacity. In this
context, sustainable means being consistent with
low and stable inflation over the business cycle.
When output is equal to potential output, the
economy is considered to be in balance. Over the
medium-to-long term, an economy that is
operating at its potential level of output is also
achieving both price stability and sustained

full employment.

Potential output captures the productive capacity
of the economy, which grows over time, and so
determines the longer term economic growth that
Australia can sustain. It depends on all the inputs
that are available for production — so-called factors
of production’ — and how efficiently and intensively
they are used to produce goods and services — so-
called ‘multifactor productivity’ (MFP). It is common
to focus on two primary factors of production:
labour, which comprises total hours worked; and
capital, which comprises all the buildings,
machinery and equipment used by firms, as well as
intellectual property assets like computer
software.!!

The level of potential output varies over time
because of structural changes in the availability of
labour and capital, as well as changes in
productivity. These changes are likely to have an
enduring effect on the productive capacity of the
economy. The availability of labour evolves with
growth in the overall size of the population and the
number of hours each person is willing and able to
work when the economy is at full employment. The
stock of capital increases or decreases as firms
invest in new assets and maintain or retire assets
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that have depreciated over time.?) Productivity
growth captures how efficiently the economy can
use its resources to produce goods and services,
which will depend on drivers including
technological progress, the skills of the workforce
and firms’ managerial expertise. When productivity
grows, the economy can produce more output
even if no additional labour or capital is used. All
else being equal, productivity growth can reduce
inflationary pressure in the short term, as goods and
services can be produced more cheaply by using
inputs more efficiently.

Temporary shocks to the production of goods and
services will affect the economy’s supply capacity
for only brief periods. As a result, they can affect
short-run aggregate supply, but are not likely to
affect potential output and are less likely to matter
for inflation over the medium term. For example,
severe weather, such as floods, can temporarily
disrupt the domestic production of certain foods.
While such events can lead to a shortage of these
foods, and put significant upwards pressure on their
prices, the effects on the overall productive capacity
of the economy are typically not persistent enough
to affect potential output over the horizon that is
important for monetary policy. That said, if such
shocks are more frequent or intense, this could
affect the available resources of the economy in an
ongoing manner and so weigh on potential output
over time.

What is the output gap?

The level of potential output provides a benchmark
to assess the balance of aggregate demand and
aggregate supply. A simple aggregate demand/
aggregate supply framework can illustrate this
balance, as shown in Figure 1. In the figure,
aggregate demand reflects the total demand for
goods and services in the economy and potential
output reflects long-run aggregate supply in the
economy.B] The aggregate demand (AD) curves are
downward sloping as demand is higher when
inflation is low; while the potential output curve is
vertical as it reflects the long-run productive
capacity of the economy, regardless of prices. There
is also a short-run aggregate supply (SRAS) curve,
which reflects actual supply or how suppliers meet
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Figure 1: Potential Output in an Aggregate Demand/Aggregate Supply Framework
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aggregate demand in the short run. The SRAS curve
is upward sloping as businesses are more willing to
supply goods and services as prices rise.

When output exceeds potential output (point A), in
this case due to higher demand, there is a positive
‘output gap’. The economy can accommodate this
in the short run, as aggregate supply can exceed
potential output in the short run by utilising
existing factors of production intensively to meet
demand (moving along the SRAS curve). That is,
workers can increase their hours and firms can ramp
up their use of existing capital. But this cannot be
sustained without inflationary pressures rising.
Wage pressures will increase due to tight conditions
in the labour market and other input costs will rise
when firms operate their stock of capital intensively
and compete for scarce inputs. As a result, inflation
will typically rise above target. This is costly as
higher inflation erodes real incomes and can
hamper long-run economic growth by introducing
uncertainty into the economy. To bring inflation
back to target, the RBA may need to raise the
nominal cash rate. This reduces aggregate demand

output gap Output

**SRAS - Short run aggregate supply

(demand shifts to ADy), bringing the economy to
point C. At point C, the economy is considered to
be in balance; aggregate demand is at the level
such that output is equal to potential output and
inflation is at target.

On the other hand, when aggregate demand is
weak and output is below potential output (point
B), there is a negative ‘output gap. A negative
output gap often coincides with employment
below full employment and capital being
underutilised. This is costly in terms of the lost
production and consumption from not making full
use of Australia’s resources, and in terms of the
financial and social costs of employment being
below full employment. The experience of many
economies after deep recessions has led to
suggestions that demand shortfalls can have very
persistent (or even permanent) effects on potential
output; for example, through so-called labour
market ‘hysteresis’ or ‘scarring effects’ whereby
people who are unemployed for an extended
period experience a gradual erosion of their skills
and become more likely to leave the labour force
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altogether. Along with the social costs of long-term
unemployment, potential output is also reduced. A
negative output gap will also see inflationary
pressures (such as wage and other input cost
pressures) decrease, which will lead to inflation
falling below target. To bring inflation back to
target, the RBA may need to lower the nominal cash
rate. This will increase aggregate demand (demand
shifts to ADo), bringing the economy to point C and
back into balance.

How does potential output relate to full
employment?

Full employment is the maximum level of
employment consistent with low and stable
inflation over the business cycle.* While this
implies a balance between demand and supply in
the labour market, it also requires demand for
goods and services to be in balance with what the
economy can sustainably produce, and thereby
economic activity in line with potential output. Over
the medium-to-long term, an economy with a
closed output gap is also achieving sustained

full employment.

In the short term, deviations of output from
potential output tend to coincide with movements
in the labour market away from full employment.
Tight labour market conditions — such as when the
unemployment rate falls below levels consistent
with full employment, creating a negative
‘unemployment gap’ - tend to coincide with
intensive use of capital inputs and a deviation of
output from its potential level. This is a well-
documented empirical relationship known as
‘Okun’s law’ While estimates of Okun'’s law can be
sensitive to modelling assumptions, the precise
measures of spare capacity used, and structural
change, a model-based estimate for Australia
suggests that a negative unemployment gap of

1 percentage point tends to be associated with a
positive output gap of 1% per cent, on average
(Graph 1). In addition to the utilisation rates of
capital and labour responding similarly to shifts in
aggregate demand, the association in the graph
also reflects the fact that labour inputs account for a
large share of costs of production in the aggregate
economy — that is, the ‘labour’ component
comprises a substantial portion of the output gap.
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But there is still some variation in the relationship, as
the respective gaps can sometimes give different
signals about the balance between demand and
supply in the economy.
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How does the output gap relate to inflation?

The output gap captures imbalances between
aggregate demand and aggregate supply in the
markets for goods and services and therefore the
ability of, or need for, firms to adjust prices. When
actual output and potential output diverge,
inflation will typically move away from target. But
over the medium-to-long term, a closed output gap
sees inflation running at target.

Conceptually, the output gap is a better indicator of
near-term inflationary pressures than measures of
spare capacity in the labour market alone, but this
might not be the case in practice. The relationship
between a measure of spare capacity (either labour
or activity) and inflation is known as the ‘Phillips
curve’ (Graph 2). Since most of the cyclical variation
in output gap measures is driven by the labour
market, the additional information — and
uncertainty — in the output gap often does not
provide more statistical explanatory power than
labour market gaps in models of inflation.”!
Nonetheless, the relationships between the output
gap, labour market and inflation provide
frameworks that helps us measure potential output
and the output gap.
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Assessing potential output and the

output gap

Potential output and the output gap cannot be
observed directly, they can only be inferred from
other information and so the estimates are
uncertain. This is common to other so-called ‘star
variables, including the neutral rate of interest and
the non-accelerating inflation rate of
unemployment (NAIRU). The main focus of our
assessment is short-to-medium term fluctuations of
output from the level of potential output; that is,
the extent to which the output gap moves over the
business cycle.

The RBA uses a broad-based approach to assessing
potential output and the output gap, which is
consistent with peer central banks. Model-based
estimates provide a core foundation for our
assessment, as there are fewer survey-based
indicators of spare capacity for product markets
compared with factor markets (including the labour
market). But the RBA does draw on a broad range of
information beyond models — including capacity
utilisation indicators, activity measures and inflation
outcomes - to form an assessment of potential
output and the output gap. Due to the close
connection with the labour market, this includes
indicators and model-based estimates that feed
into our assessment of full employment. Our
assessment is also guided by economic research
and views from academics, market economists,
government agencies, international organisations
and other central banks.
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How models inform our assessment

By exploiting historical relationships between
economic indicators, models help us synthesise
multiple pieces of information into a quantitative
assessment of potential output and the output gap.
There are four broad modelling approaches for
estimating potential output: the production
function approach, univariate filters, multivariate
filters and structural models. Different modelling
approaches have different strengths and
weaknesses. The RBA uses a suite of models to
capture a range of perspectives about potential
output and the output gap. This includes a
production function approach and two multivariate
filters, which is broadly consistent with peer central
banks and international institutions such as the
Organisation for Economic Co-operation and
Development (OECD) and International Monetary
Fund (IMF).

Models require us to make a number of design
choices and assumptions, and estimates can be
highly sensitive to these features. In line with
academic research and the approach of peer central
banks, we use economic theory, statistical
properties of the data and judgement to inform the
structure of the models. However, given the
uncertainty around modelling decisions, we also
have alternative specifications for each model in the
suite, which helps capture a broader range of
possible outcomes.

Overall, the RBA's three different models emphasise
different aspects of potential output and the
output gap:

«+ The production function model draws out the
various drivers of long-term economic growth
and provides smooth estimates of
potential output.

« The small multivariate output gap (SMOG)
model relates the output gap to the cyclical
components of inflation, unemployment and
GDP, and results in estimates of potential output
that fluctuate more than the production
function estimates.

+ The Joint-stars' model is a large multivariate
filter that combines features of the production
function and SMOG models to jointly estimate
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long-term drivers of growth and cyclical output
gap movements.

The SMOG and Joint-stars models bring together
observed historical relationships and an economic
structure that relates to the objectives of monetary
policy (Figure 2). In contrast, the production
function approach has less explicit connection to
monetary policy objectives, but in focusing on the
fundamental determinants of economic activity
(like productivity and population) it provides a
useful long-run benchmark for economic growth.

A production function model

A production function is an economic equation that
expresses how much output is produced for given
quantities of the factors of production. The RBA's
production function model infers potential output
by filtering slow-moving structural trends in the
factors of production from observable data. These
structural trends reflect the amount of labour,
capital and MFP available in the economy when it is
operating sustainably — so-called potential labour,
potential capital and potential MFP. We combine
these potential components using a production
function to estimate aggregate potential output,

which is then used to calculate an output gap
(Graph 3).1% Since it focuses on the structural trend
of the factors of production, the production
function approach is useful in highlighting the
structural forces on the supply side of the economy
that drive economic growth in the long term, such
as structural trends in labour force participation.

Graph 3
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Figure 2: Potential Output Models and Monetary Policy Framework
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Potential labour depends on the working age
population and structural trends in the participation
rate, employment rate and average hours worked.
As the observed participation rate and average
hours worked respond to the business cycle, we
need to adjust these series using statistical
techniques to obtain estimates of their underlying
structural trends. The trend employment rate is
calculated as one minus the NAIRU (the structural
trend of the unemployment rate). The NAIRU is
estimated separately as discussed in Ballantyne,
Sharma and Taylor (2024). Since 2020, there have
been large swings in population growth and, by
extension, potential labour and potential output
due to the pandemic (Graph 4). Despite current
population growth remaining elevated, overall
these movements have broadly washed out to
return the level of the working age population to
around its pre-pandemic trend.

Graph 4
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We assume potential capital is equal to the capital
stock.l”) This implies that when the economy is
operating at its potential, the entirety of the net
capital stock is being utilised at normal rates.
Growth in potential capital has been relatively
stable over the past few years (Graph 4). Recent
growth reflects broad-based investment in the non-
mining sector. The large decline in potential capital
growth from 2013 to 2015 reflects structural shifts in
the mining sector as it transitioned from investment
- that is, building potential capital — to production
and realising its potential capital.

Potential MFP reflects long-run technological
progress in the economy, as well as additions to the
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skill level of the workforce or organisational
expertise. MFP is difficult to measure in practice, so
we estimate it as the residual in the production
function (which is a standard approach). We
estimate potential MFP by extracting the slow-
moving trend of MFP using a statistical filter. Growth
in potential MFP has declined over the past decade,
consistent with a broader slowdown in productivity
growth seen in other advanced economies (Bruno,
Dunphy and Georgiakakis 2023).

While the production function approach abstracts
from cyclical factors by statistical filtering, a
limitation of the model is that it does not take direct
signal from inflation. In addition, there is
considerable uncertainty in filtering structural
trends, particularly for MFP. Given this uncertainty,
we have an alternate specification of the model that
allows for more volatility in potential MFP.

A small multivariate output gap (SMOG) model

The SMOG model is a multivariate filtering model.
This class of models infers unobservable variables
from data on several measurable variables. The
SMOG model estimates the trend and cyclical
components of non-farm GDP by using non-farm
GDP inflation, nominal unit labour costs (a
productivity-adjusted measure of wages) and the
unemployment rate. The trend estimates provide
the level of potential output, while the cyclical
component provides the output gap.

The SMOG model infers the output gap from the
cyclical movements in unemployment through an
Okun'’s law relationship and inflation through a
Phillips curve relationship. Nominal unit labour costs
also help inform the cyclical movements in
unemployment through a Phillips curve relationship
based on wages growth (instead of inflation). For
example, high inflation or wages growth may
indicate building price pressure in an economy that
is operating beyond its ability to sustainably
produce goods and services. The model would then
point to a positive output gap (GDP above potential
output). Alternatively, high unemployment is
suggestive of supply capacity exceeding demand in
the economy; the model would read this as
indicating a negative output gap.
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The SMOG model also takes signal from GDP to
jointly inform the output gap and the level of
potential output. This is one key difference with the
production function approach, which focuses on
estimating potential output and then allows the
output gap to be calculated separately. One
consequence of this modelling decision is that the
SMOG model tends to produce more volatile
estimates of potential output.

The model allows us to calculate how much each
observable variable contributes to movements in
the estimates of the output gap. Unemployment is
the largest contributor, driving about 35 per cent of
movements in the estimate (Graph 5). This
reinforces the importance of the labour market in
assessing spare capacity in the Australian economy;
however, other factors also contribute substantially,
which is consistent with the balance between
supply and demand in the economy depending on
more than just the labour market. Inflation drives a
little under 30 per cent of movements in the output
gap estimates, and nominal unit labour costs
contribute a further 10 per cent. The large inflation
contribution indicates that the SMOG model is
taking meaningful signal about the output gap
from price pressures in the economy, which the
production function approach does not incorporate
directly. As such, potential output in this model
corresponds more closely to the level of output the
economy can sustain while maintaining low and
stable inflation. Finally, GDP also drives a little under
30 per cent of movements in the estimated

output gap.

Although the SMOG model has benefits in terms of
its simplicity and its ability to take signal from
inflation, the model is not without its limitations.
Most importantly, the simpler structure we have
imposed on potential output precludes the model
from taking signal from the underlying drivers of
the productive capacity of the economy, such as
population growth and productivity growth. The
model estimates are also sensitive to assumptions,
so we maintain a few alternative specifications.
Further details on this model are provided in
Appendix A.
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A jointly estimated star variable (Joint-stars)
model

The Joint-stars model is a large multivariate filter
model that jointly estimates many so-called ‘star
variables' that together capture the unobserved
determinants of the supply side of the Australia
economy.®l The model jointly estimates potential
output, the output gap, the NAIRU and the neutral
interest rate. It integrates features from both the
SMOG model and the production function model; it
takes signal from cyclical variables such as inflation,
the unemployment rate and the cash rate, but also
uses a production function that incorporates
productivity, labour and capital to construct
estimates of potential output and the output gap.

Potential output, the output gap, the NAIRU and the
neutral interest rate are conceptually correlated and
jointly estimating them can help to provide a
consistent view of the economy. For example, short-
term deviations of labour market conditions from
full employment tend to coincide with deviations of
output from its potential level, and the model takes
this into account when estimating the NAIRU and
potential output. Additionally, deviations of the real
policy rate (the cash rate less expected inflation)
from the neutral interest rate should reflect the
stance of monetary policy and so affect the
evolution of the output gap.

The Joint-stars model draws information from a
larger set of economic indicators; cyclical variables
such as inflation, the real cash rate and the
unemployment rate, as well as factors of production

Graph 5
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Figure 3: Structure of the Joint-stars Model

Observable
Output = Potential output
: trend MFP :
Capital = ' trend capital !
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Inflation = inflation expectations
Cash rate = neutral rate
Source: RBA.

like the capital stock and components of labour
supply. The output gap is identified as the co-
movement across a range of variables within the
system, while potential output is aggregated from
the structural trends in productivity, labour and
capital using a production function. The model is
structured so that each observable consists of a
trend, a cyclical component and a measurement
error (Figure 3).9 The trend components are related
through a production function, and trend labour is
further decomposed into the trend working age
population, the trend participation rate, the NAIRU
and trend average hours worked. This is similar to
the production function model. And like the SMOG
model, the output gap is estimated by extracting
the cyclical movements of capital, labour, inflation
and the real cash rate.

An advantage of the Joint-stars model is its holistic
estimation of trend and cyclical components, which
are based on economic relationships rather than
independently applying statistical filters (as in the
production function model). By including many of
the major macroeconomic indicators in a single

Unobservable variables

+ Output gap + Error
co-movement
: capital gap : + error
+ labour gap l + error
. inflationgap + error
i cash rate gap i + error

________________

system and estimating the trends and cyclical
components jointly, we can assess the trade-offs
among competing signals from these indicators in
an integrated way. For example, when incoming
data send different signals for the output gap —
such as inflation and unemployment rising
simultaneously — the model can determine how
much weight to place on the different series to
generate a coherent view. A limitation is that the
model is complex, which can make the drivers of
outcomes less transparent and so, at times, more
challenging to reconcile the model’s estimates with
expert judgements. The Joint-stars model also has
alternative specifications that vary in their approach
to accounting for the impact of the COVID-19
pandemic and their use of differing measures of real
interest rates.

External estimates

The RBA also takes into consideration estimates of
potential output and the output gap for Australia by
third parties such as the IMF and the OECD. The
IMF's main model is a simple multivariate filtering
model similar to the RBA's SMOG model (Blagrave et
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al 2015), while the OECD uses a production function

approach similar to the RBA's production function
model (Chalaux and Guillemette 2019). Both
external models produce annual estimates of
potential output and the output gap. To obtain
quarterly estimates we interpolate the annual
estimates using a simple statistical technique.
Additionally, the RBA collects market economists’
forecasts for potential output growth and current
estimates of the output gap through the RBA
survey of market economists, which is published in
the statistical tables on a quarterly basis.

Pulling model-based estimates together

The RBA uses a suite of models to construct a range
of estimates of potential output and the output gap
(Graph 6). The suite includes the three models
developed by the RBA, their alternative
specifications, as well as some of the external
estimates discussed above. The range of our model
estimates covers the central estimates from each
individual model (including alternative
specifications) but does not capture uncertainty
around each estimate. The RBA publishes the range
of estimates of the output gap in the quarterly
Statement on Monetary Policy.

Graph 6
Model Estimates of Output Gap*
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Sources: ABS; OECD; RBA.
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How reliable are model estimates?

There are many different sources of uncertainty
around model estimates, including uncertainty:

- from the data (measurement error, statistical
noise and revisions)

inherent in trying to infer unobservable
variables through the movement of observed
ones (filtering uncertainty’)

around the sizes of estimated relationships
between variables (‘parameter uncertainty’)

over whether the structure and assumptions of
a model correspond to the true properties of
the economy (‘'model uncertainty’).

These different types of uncertainty can each be
difficult to quantify and may interact with one
another and compound, leading to each model
estimate in our suite having substantial uncertainty
around it.

A body of international academic research has
investigated how large uncertainty is around
estimates of the output gap and whether this
affects how useful they are for informing policy. The
results are mixed, depending on the technique
used to estimate the output gap, and may also be
country-specific. Most recent research indicates
approaches that use a multivariate structure, such
as the SMOG and Joint-stars models, produce more
reliable estimates than univariate ﬁltering.“o]
However, the degree to which these estimates
improve forecasting other variables such as inflation
is still unclear.']

The use of a suite of models is one way to try to
account for the substantial uncertainty inherent in
modelling potential output and the output gap.
Having multiple models with different underlying
structures helps us determine a plausible range for
the estimates to lie within. Moreover, if different
model estimates and indicators agree with each
other, that increases our confidence in the estimates
of the output gap and potential output.



How economic indicators inform our assessment

In addition to model-based estimates, the RBA also
draws on a range of labour market and non-market
market indicators to inform our assessment of spare
capacity. These indicators tend to focus only on
specific segments of the economy, but nonetheless
they help paint a fuller picture of spare capacity in
the economy. For example, there are a wide range
of labour market indicators used by the RBA to
assess full employment (Ballantyne, Sharma and
Taylor 2024). These same indicators are used to
inform the RBA's assessment of potential output
and the output gap. In addition, survey measures of
capacity utilisation, and liaison with businesses
provide insight into utilisation of existing labour and
capital within businesses (Graph 7). This includes
capital-intensive goods-related industries such as
manufacturing, which gives a partial read on capital
utilisation in the economy. Data on vacancies in
residential property (reflecting spare capacity in
housing) and other commercial structures in the
economy also give a partial view of capital
utilisation in the economy.

Measures of aggregate activity relative to their long-
run trend can also provide some information on
spare capacity in the economy. In particular, the
deviation of GDP from its long-run trend provides a
quick and simple assessment of spare capacity in
the economy. Inflation is another potentially useful
measure of spare capacity; however, imbalances of
demand and supply tend to flow through to
inflation with a lag and movements in inflation can
also reflect temporary shocks that are not likely to
affect potential output. These caveats need to be
taken into account when the extent of spare
capacity is being assessed on the basis of inflation.

ASSESSING POTENTIAL OUTPUT AND THE OUTPUT GAP IN AUSTRALIA

Conclusion

Potential output and the output gap are closely
related to the RBA's objectives of price stability and
full employment. They provide useful economic
frameworks to assess the extent of spare capacity in
the economy, which is an important input into
monetary policy. Staff at the RBA consider a wide
range of inputs to form an overall assessment of
potential output and the output gap, both of which
are not directly observable. This includes using
model-based estimates, labour market and non-
labour market indicators, and other measures such
as inflation outcomes. There is considerable
uncertainty around model-based estimates of the
output gap, and the RBA will continue to develop
and refine its suite of models.

Graph 7
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Sources: ABS; JLL Research; NAB; RBA; REIA.
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Appendix A: Details of the small multivariate output gap (SMOG) model

The SMOG model is the simplest of the three models described in this article and is detailed here as a concrete
example. The description below reflects the model as currently designed, but development of the model is
ongoing. The model consists of two types of equations: ‘signal’ equations, which describe the movement of
observable variables over time, and ‘state’ equations, which govern the evolution of the unobservable variables
the model must estimate.

Signal equations in the SMOG model link the level of non-farm GDP, inflation, wages and unemployment to the
business cycle and structural trends in the economy as follows.

Non-farm GDP:

Y=y, +gap,+é

Unemployment rate:

*

* u
U= u, +}“3gapt+pl<ut* 1~ U, 1) + €

Trimmed mean inflation:

m=(1-p1—po)m; x Dy +(1—=B1 == s —y1)x < (1-D;)
i1+ Pory— o+ (Bame— 3+ y1 A nule, ) X (1 —Df7)+/11gapt+ w1 Ay pm,_+ €

Unit labour cost growth:

_ e * A Us— 1 Anulc
A nule, = (1 — o), + pam, - +12(u,7 U, 1) + wl(ﬁ) +é€,
GDP evolves according to a trend (y:, potential output), cycle (gapy, the output gap) and error term (to account
for measurement error). Unemployment is similar, but we incorporate an extra term for the lagged
unemployment gap (uy_q — u;_ ;) to allow the unemployment gap and output gap to diverge in a persistent
(but not permanent) manner. This allows us to separate labour market tightness and broader spare capacity in
the model.

The equations for the evolution of inflation and unit labour cost growth are more involved. They are generally
similar to the equations described in Cusbert (2017), but we allow the relationship between inflation and its
explanatory variables to differ before and after the inflation targeting period (D/f = 1 after inflation targeting). The
SMOG model also differs slightly as we link trimmed mean inflation to the output gap, the measure of spare
capacity most relevant for firms' price-setting, and link unit labour costs to the unemployment gap, the measure
of spare capacity most relevant for wage outcomes.

State variables in the SMOG model govern the evolution of the output gap, potential output, and the trend
unemployment rate as follows.

Output gap:

(1}
gap; = 9\gap,— 1 + @.gap;— + €
Potential output:

Y=Y tg te€
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Trend unemployment rate:

* *

¢t U

u*

u _1+€t

where g is trend potential output growth.

This structure is similar to models used in academic literature and in other central banks (e.g. Blagrave et al 2015;
Furlanetto et al 2023). All error terms are assumed to be uncorrelated and follow a normal distribution. The
inflation equation includes a break in the variance from March quarter 1993 and the unit labour cost equation
includes a break in the variance from March quarter 1984,

To separate movements in the output gap from potential output, additional restrictions can be imposed that
determine how smooth potential output is relative to the output gap and whether GDP itself is measured with
noise. The data provide limited information on the validity of these assumptions; that is, many different modelling
assumptions are equally plausible. To account for this uncertainty, we produce three alternative specifications of
the SMOG model that impose different assumptions about the dynamics of potential output and the amount of
noise in the data. Each alternative represents a different judgement about the right balance of theoretical
coherence and being consistent with the data. The alternatives can result in meaningfully different estimates of
the output gap, spanning from around zero to around 1% per cent for the December quarter 2023,

The model is estimated by maximum likelihood using the Kalman filter, from the June quarter 1978 to the current
period. Evans, Moore and Rees (2018) provide an intuitive explanation of the estimation procedure. The model
estimate of the output gap is shown in Graph A1, along with uncertainty bands that account for filtering and
parameter uncertainty.

Graph A1
Output Gap*

Per cent of potential output; estimates from SMOG model
% %

_1011111111111111111111111111111111111111111111111_10
1978 1987 1996 2005 2014 2023

*

Shaded areas represent one and two standard error bands for
smoothed estimates from the baseline SMOG model, accounting for
filtering and parameter uncertainty.

Sources: ABS; RBA.
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Endnotes

(]

The authors are from Economic Analysis Department.
They would like to thank Angelina Bruno, Jenny Lui,
Martin McCarthy, James Morley, Matt Read and Tim

models that use inflation to infer the output gap, such as
the SMOG model described in Appendix A.

) ) ) ) [6]  The RBA's production function assumes constant returns
Robmsoh, along W'th Dan Rees for his extensive work to scale, which means that if each of labour and capital is
developing the Joint-stars model. increased by 1 per cent then output is increased by

[11  Landis a common third factor of production. Human 1 per cent. It also allows for the share of output that is
capital is sometimes considered a fourth factor of earned by the providers of labour and capital (loosely
production, but is captured by productivity in the speaking, households and businesses) to vary over time.
approach used here. Intermediate goods, such as Constant returns to scale is a simplifying assumption we
component parts used in manufacturing of a final make and is commonly used in production function
consumption product, are not considered a primary factor models by peer central banks.
of production. [71  Measured as capital stock net of depreciation.

2] The entire capital St,OCk Is not fglly utilised all the t|me/l [8]  The Joint-stars model approach is similar to the US Federal
even wheﬁ output 15 at potentlgl —for examplg, machines Reserve Board's multivariate unobserved components
ofteh require dovynhmg for maintenance, equment may model (Fleischman and Roberts 2011; Reifschneider,
be sitting idle while waiting to be moved to a different Williams and Wilcox 2015).
location, and retail and office buildings are typically not in
use 24 hours a day. [9]  The data used to estimate the Joint-stars model are non-

The RBA often uses the terms ‘aggregate demand’ and
‘aggregate supply’ (or simply, demand’ and ‘supply’) to
refer to actual output and potential output, respectively,
which is a simplification compared with the terminology
used in this article. In that context, aggregate demand
and aggregate supply should not be confused with the
quantity of output demanded, or the quantity of output
supplied, which should be equal, aside from any changes
in inventories.

farm GDP, trimmed-mean inflation, inflation expectation,
average hours worked, the unemployment rate, the
labour force participation rate, the working-age
population, the capital stock, and the real cash rate.

For background on the issues of reliability when
estimating unobserved variables, see Orphanides and van
Norden (2002). More recent literature indicates that
multivariate filtering models can improve reliability
(including in Australia): see Gruen, Robinson and Stone
(2002); Jarocinski and Lenza (2016); Alichi et al (2017);

[4]  Fordetails on the role of full employment in monetary Ranstler and Viekke (2018).

policy and how it is assessed, see RBA (2024b).

) [11] For adiscussion of how unreliable estimates can lead to

(51 Spare capaolty, measured by a labour market ggp or worse inflation forecasts, see Orphanides and van Norden

output gap, is a core component of most inflation models. (2005).

For details of the RBA's approaches to modelling inflation,

see Cassidy et al (2019). These models are distinct from the
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