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Abstract 

Australia in the 1990s experienced a surge in multifactor productivity ushering in the ‘golden age’ of productivity. 
The subsequent 2000 decade witnessed a dramatic slump in productivity whilst the economy was riding the crest of 
the biggest terms- of- trade boom in its recorded history. This plummeting productivity occurring with a mining 
boom was a paradox. It created much concern and politicians and policymakers call for urgent action to reverse the 
productivity slump as it posed a threat to long-term growth and living standards of Australians. Much of the debate 
about the productivity paradox was due to the failure to grasp the phase-wise dynamics of the mining industry 
investment production cycle which operated with long leads and lags in attaining full capacity production. The paper 
uses a number of econometric techniques such as multivariate filters, the production function and state space 
methodology to empirically analyse the occurrence of the productivity paradox and the productivity slump. 
Thereafter the ‘triangle model’ a version, of the New Keynesian Phillips curve is used to review how the Reserve 
Bank of Australia (RBA) implemented monetary policy to keep inflation within the target zone whilst the economy 
was traversing the cusp of the biggest terms-of-trade boom in its recorded history, whilst facing the challenges 
‘Dutch disease’ and deindustrialization. 
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1. Introduction 

Productivity is a measure of how efficiently a nation uses its resources to produce goods and services for 
consumption. Productivity in an economy can be measured using a partial measure such as labour productivity, 
which is the ratio of output per hour worked or as a measure of multifactor productivity, which is the ratio of output 
per input of all factor inputs. Productivity is widely acknowledged as the crucial determinant of a nation’s prosperity 
and is a measure of the living standards of its citizens. The importance of productivity has been highlighted by some 
quotes by some doyens of economics as follows: “Productivity isn’t everything, but in the long run it’s nearly 
everything’ (Krugman 1994). “Productivity is the prime determinant in the long run of a nation’s living standard” 
(Porter 1991). 

In this paper we analyse trends in the growth of Australia’s multifactor productivity (MFP ) which is also 
synonymous with the concept of total factor productivity (TFP) in order to examine the recent trend behaviour of 
Australia’s productivity growth during the past three and half decades (1965-2010). The decade-wise analysis of 
productivity trend has witnessed a productivity surge culminating in the so called “golden age” of Australian 
productivity in the decade of the 1990s followed by decade of plummeting productivity in the 2000 decade. Around 
2007 there emerged a phenomenon that has been dubbed the “productivity paradox” because of the coexistence of 
plummeting productivity and robust GDP growth. The nose-dive in productivity in recent 2000 decade has created 
widespread consternation both amongst policymakers and politicians. This consternation led to the appointment of a 
landmark Inquiry aimed at the identification of the underlying causes of the productivity paradox so that policies 
could be implemented to reverse the productivity slump that threatened Australian living standards (The 
Parliamentary Inquiry 2010). 

Some of the driving forces leading to the ushering of the ‘golden age’ of Australian productivity in the 1990s decade 
have been attributed to the implementation of an agenda of micro-economic reforms in the mid-1980s releasing the 
Australian from the shackles of the ‘Federation ‘tri-fecta’ which included protection, white Australian immigration 
and centralized wage-fixing. The implementation of the microeconomic reform agenda resulted in trade 
liberalisation, financial deregulation, labour market reform and the promotion national competitive policy. The 
implementation of microeconomic reforms also facilitated the emergence of the ‘new economy’ in the 1990s decade 
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leading to the widespread adoption of the information communication technology (ICT) and robotics across 
industries and ushering the ‘golden age’ of productivity in the 1990s decade. Sceptics have dismissed the ‘golden 
age’ and the productivity paradox phenomena as statistical artefacts created by the mismeasurement of labour saving 
employment that occurs during economic downturns. In the subsequent 2000 decade there was dramatic slump in 
productivity despite the robust growth of the economy powered by the mining boom. The slump in productivity 
posed a threat to future growth and living standards and generated much public concern highlighting the need to 
implement policies to steer the economy out of the throes of the global financial crisis on to a locus of sustainable 
economic growth. ii. Tackle the burgeoning fiscal deficit and mounting debt required to meet the needs of a rapidly 
an ageing population. iii. Tackle the effects of global warming by implementing carbon emission trading and 
renewable energy supply schemes. iv Harness the terms of trade bonanza arising out of the mineral exports boom by 
channelling it to futures fund without frittering away in fiscal profligacy as in the past episodes of mineral export 
booms in Australia. 

The major motivation of the paper arises out of the need to shed light on the trend behaviour of Australia’s 
productivity growth in order to explain the key forces that lurk behind the productivity paradox and the recent 
dramatic slump in multifactor productivity (MFP) whilst the economy was on the cusp of the biggest terms-of-trade 
boom in its recorded history. In order to address this task, we have applied empirical techniques to Australian 
time-series data on multifactor productivity (MFP), real gross domestic product (GDP), terms of trade (TOT), 
unemployment rate (u), inflation rate () covering the study period (1965-2010) collected from official sources such 
as the Australian Bureau of Statistics (ABS) and the Reserve Bank of Australia (RBA). 

The rest of the paper is organised as follows. Section 2 presents a brief explanation of the productivity paradox, 
where a productivity slump occurs whilst the economy experiences a record rise in the terms–of-trade powered by a 
mining export boom to mega-Asia. Section 3 outlines the econometric methodologies such as univariate filters, 
production functions and state space modelling deployed to shed light on stylised facts that underpin the emergence 
of productivity paradox. Section 4 reviews the major empirical findings of the study and concludes underscoring the 
need to design short-term stabilisation policies and long-term adjustment to prevent the benefits of the terms-of-trade 
boom from been frittered away in fiscal profligacy delivering a ‘resource curse’. Section 5 concludes, outlining some 
of the policy challenges that confront the economy as it moves from the ‘salad days’ of the mining boom to the post- 
mining-boom bust or the ‘dog days’. 

There is a copious research both in the international arena and in the Australian context explaining how resource 
booms have ended up as a resource curse, retarding the long-term growth performance of the economy after an initial 
brief spurt in growth. It has been demonstrated that the boom in the resource sector has crowded- out the dynamics of 
the manufacturing sector that operates as a country’s engine of growth and innovation. This crowding- out dynamics 
of the resource boom leads to deindustrialisation and thereby undermines the long-term growth of the economy 
(Sachs J D and Warner A. M. 2001, Auty 2001). The recent literature surveys by Frankel 2010, Strum et al 2009) 
identify some of the causes of the emergence of the ‘natural resource curse’ as follows: i. High commodity price 
volatility resulting in income volatility resulting in low long-term growth. ii. Weakening of the democratic 
institutions and good governance due to rent-seeking and corruption. iii. Increase in pro-cyclical spending due to the 
pursuit of expansionary fiscal policies during resource booms. iv. Specialisation in the production in the natural 
resource sector leading to emasculation and crowding-out of other sectors resulting in unbalanced growth. iv. The 
appreciation of the exchange rate, rendering traditional exports uncompetitive leading to the emergence of “Dutch 
disease effects” and deindustrialisation.  

The term ‘Dutch disease’ was coined by the Economist (1977) to describe the adverse effects on manufacturing 
exports due to the appreciation of the Dutch guilder caused by the boom in exports of North sea oil and gas. The 
occurrence of the “Dutch disease” phenomenon in Australia has been documented by (Gregory R G. 1976, Corden 
W M and Neary J P. 1982). Corden trichotomized the economy into a booming tradable sector (mining), a lagging 
trading sector (manufacturing) and a non-tradable sector (services). The resource boom sets in motion two effects 
described as a ‘resource movement effect’ and a ‘spending effect’. The ‘resource movement effect’ pulls factors of 
production from the lagging tradable and nontradable sectors to the booming tradable sector (mining). The ‘spending 
effect’ occurs due to the extra income generated by the resource boom causing an increase in demand for nontradable 
sector output (services), thereby causing a detrimental effect on the lagging tradable sector (manufacturing) due to 
diversion of actors of production from it to the nontradable sector. The increase in demand for nontradables relative 
to tradables due to the spending effects of the resource boom causes price of nontradables to rise relative to tradables. 
This causes an appreciation of the real exchange rate leading to uncompetitiveness of traditional tradable exports 
(manufacturing) resulting in deindustrialisation and the emergence of a three-speed economy (Corden W.M. 2011). 

Multifactor productivity is a crucial determinant of increasing potential output in an open economy such as Australia 
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so that economic growth and living standards of Australians are preserved in the long-run when the economy is 
experiencing a mineral resource boom. These challenges facing policymakers are formidable and reiterated in the 
literature as follows: 1. The need to achieve sustainable growth in living standards without succumbing to the 
adverse “‘Dutch disease” and deindustrialisation effects that comes in train of a mineral resource boom. 2. The 
prevention of the ‘overheating’ of the economy because the unleashing of inflationary pressures due to the economy 
hitting capacity constraints or bottlenecks. 3. The need to meet intergenerational fiscal challenges required to meet 
health and retirement income needs of a rapidly ageing population. 4. The addressing of the issues of global warming 
and climate change by implementing policies directed at reducing carbon dioxide emissions. 5. The promotion of a 
speedy recovery from the effects of the global financial crisis and environmental hazards such recurrent floods, 
droughts and forest fires The Australian literature highlights that all these formidable policy challenges that confront 
the Australian economy have to be addressed in order to prevent the slump in productivity that emerged in the 2000 
decade from undermining the growth and future prosperity of Australians as exemplified by (The Parliamentary 
Inquiry. 2010, Eslake S and Walsh M. 2011). Furthermore, surge in multifactor productivity in Australia in the 1990s 
responding to the microeconomic reform agenda implemented in the mid1980s resulted in an perceptible surge in 
trend growth of productivity in the mid-1990s, which has been dubbed the “golden age” of Australia’s productivity 
by Dolman B. Parham D. Zheng S. 2007). The surge in multifactor productivity has been attributed to benign effects 
of a number of factors: A plausible explanation for the slump in productivity in 2000 decade relates to long lead 
times or gestation lags that transpire before mining projects reach full capacity. Therefore in the interim period as the 
project gears to reach full scale production productivity will be low ((Topp V Soames L Parnham D Bloch H. 2008). 
Microeconomic reform agenda that triggered the productivity surge encompassed trade liberalization, financial 
deregulation, and privatization of state enterprises, floating of the Australian dollar specifically entailing: 1. Trade 
liberalisation or the reduction protectionist trade barriers. 2. Microeconomic reforms that promoted competition in 
the product market and the labour market through Accords between employers and trade unions. 3. The adoption of 
new information and communication technology leading to the emergence of the ‘new economy’. 4. Australia’s 
catch-up with international productivity frontier or best-practice technology as proxied by the US production frontier 
(D’Arcy and Gustafsson 2012). 

The dramatic slump in productivity in recent years has led to the emergence of a “productivity paradox” because the 
productivity slump occurred simultaneously with the robust growth in GNP due to the record boom in Australia’s 
terms of trade in 2000 decade. Several conflicting explanations have been tendered to explain the emergence of the 
productivity paradox: 1. It is argued that the productivity slump is due to the petering out of the salubrious effects of 
macroeconomic reforms undertaken during the mid-1980s. 2. The productivity slowdown is a trend decline in 
productivity independent of the cyclical downturn in productivity. 3. Others contend that the productivity slump is a 
figment of mis-measurement especially due to labour hoarding during recessions. 4. A plausible explanation blames 
the productivity slump on the gestation lags that are inherent in lumpy mining sector investments resulting in low 
productivity as the mining investment attains full capacity production. 5. Another explanation contends that the 
mining boom has made the economy hit ‘capacity constraints’ resulting in output exceeding potential and 
unemployment exceeding the natural rate thereby endangering stability of the economy due to the emergence of 
inflationary pressures (Stevens 2011). 

The Phillips curve which postulated a short-term tradeoff between inflation and unemployment which was a 
centre-piece of Keynesian stabilisation policy had been declared as an ‘empirical failure on a grand-scale’ during the 
stagflation that occurred during the OPEC oil shocks in the 1970s (Lucas R E Jr and Sargent T 1978). The Phillips 
curve has been resurrected in the garb of the New Keynesian Phillips Curve (NKPC) and has become the intellectual 
framework that is used to design the stance of monetary policy by the RBA Gruen D Pagan A and Thompson C 
1999). In this paper we use the NKPC framework and analyse on how the RBA has attempted to achieve the inflation 
target as the economy experiences the biggest terms-of-trade boom in its recorded history. The empirical analysis of 
forces driving the productivity paradox and the slump in productivity whilst riding the crest of the biggest ever 
mining boom in its history will provide invaluable information to design sound policies that will guide the Australian 
economy on to a path of sustainable long-term productivity growth that will increase living standards by avoiding the 
pitfalls of deindustrialization and Dutch disease that accompanies the aftermath of a mining boom. 

2. The Emergence of the Productivity Paradox 

Economic growth and prosperity of the Australian macro economy is inextricably tied up with the growth of 
multifactor productivity or the output generated by a unit of combined factor (labour and capital) inputs. Australia 
managed to avert a recession when other major economies went into a free fall during the recent global financial 
crisis (2007-08), mainly because of the robust record of productivity growth during the 1990s decade that eventuated 
because of the far-reaching microeconomic and macroeconomic reform agenda implemented in the 1980s, enhancing 
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the international competitiveness of the Australian economy. The unusual coexistence of the slowdown in 
multifactor productivity and robust growth in real GDP has been referred to as the ‘productivity paradox’ and since 
the decline in productivity poses and ominous threat to the living standards and prosperity of the Australian populace 
policymakers have become aware of the need to address the fallout from the ‘ productivity paradox’. This adverse 
fallout from the productivity paradox is likely to become challenging because of so called ‘Dutch-disease’ or 
‘resource curse’ effects. 

Although the growth in Multifactor Productivity (MFP) (i.e. output per unit of capital and labour inputs which is a 
superior measure of productivity than the much used partial measure of labour productivity, which is based on output 
per labour input only) has remained steady during three productivity cycles from 1980s to mid-1990s, when it 
experienced a surge and then slowed down dramatically after 2003 registering negative growth rate. In Table 1 we 
report the decomposition of labour productivity (LP) in terms of multifactor productivity (MFP) and capital 
deepening or shallowing analysed using the Cobb-Douglas framework where 

LP growth = MFP growth + Capital deepening or shallowing effect. Treasury economists (Rahaman J Stephen D 
Tunny G. 2009, Ewing R. Fenner S. Kenndy S 2007) and the studies reported by the Productivity Commission 
(2004)and the estimates of multifactor productivity (MFP) published by the ABS (Australian Bureau of Statistics. 
2012) provide information on the key drivers of Australia’s productivity cycles and on the phenomenon of the 
‘productivity paradox’ due to the growth real GNP powered by terms-of-trade boom coexisting with a slump in 
productivity. Both in the political arena and according to widely help public perception the slump in Australia’s 
multifactor productivity growth posed a grave threat to Australia’s growth and living standards and required urgent 
action to reverse the trends as highlighted in the Parliamentary Inquiry. 2010. 

Stylised facts reported in Table 1, below show that Australia experienced a series of positive productivity growth 
cycles propelled by far-reaching microeconomic and macroeconomic reforms in the product, labour and financial 
markets since the beginning of the 1980s. In the mid-1990s Australia experienced a productivity resurgence that 
made Australia a frontrunner in the OECD productivity league. However, commencing in about 2000 the growth in 
Australian productivity trends has plummeted returning turning to negative MFP growth rate of -0.3% in the last 
incomplete productivity cycle of 2003-2007. Table 1 also summarises the productivity cycles that occurred in 
Australia whilst the economy was transformed through the implementation of successive agendas of micro and 
macroeconomic reforms since 1981, whilst simultaneously facing exogenous shocks emanating from the global 
economy. 

Table 1. Micro-economic reforms, growth rates, productivity cycles since 1981 
Productivity 

Cycle 

Growth 

MFP  

% 

Capital  

Deepening 

% 

Growth 

LP 

% 

Growth 

Real 

GDP % 

Key Microeconomic 

Reforms 

Key Macroeconomic 

Reforms 

Other Features 

Of the Cycle 

1981-82 to 

1984-85 

1.1 1.2 2.3 2.6 Financial 

Deregulation ‘83 

AUD Float 12/83. 

Accord I 2/83 

Mining boom I 

Recession 

1984-85 to 

1988-89 

0.8 0.2 1.2 4.1 Foreign banks’87 

Export surge 

Award restructure leading wage 

rises 

Accord III 2/87 

Efficiency offset 

to wages rises 

Wall Street Crash 

Oct. 1987 

1988-89 to 

1993-94 

1.0 1.2 2.2 3.5 Tariff-cuts 88-91, Quota/subsidy 

cut 

Enterprise bargaining, 

wage-moderation  

(Accord VII 1991) 

Compulsory superannuation. 

 

Accord VII 1991 

Recession 

1990-92 

Immigration 

1993-94 to 

1998-99 

2.3 1.0 3.3 4.0 Tariff-cuts Nov. ‘98 

National Competition Policy 

 Asian Crisis ‘97 

Service sector 

China’s growth 

1998-99 to 

2003-04 

1.1 1.1 2.2 4.3 Goods and Services Tax (2000) Goods & Services Tax 2000  

2003-04 to 

2007-08 

(Incomplete) 

-0.3 1.4 1.1 5.0  Work choices 2006  

Sources: Commonwealth of Australia (2010) Inquiry into Raising Productivity Growth rates in the Australian 
economy. ABS Australian System of National Accounts. Cat. 5204.0,2007-08, RBA Statistical Tables. 
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The Australian MFP series compiled by the ABS has been analysed in this paper. Among the most salient features 
are the stylised facts reported in Figure 1 relating to the level and growth rate of MFP reveal that a productivity 
slowdowns occurred after the “oil price” shocks in 1973 and 1979. However, soon after MFP appears to have 
reverted to its trend and potential growth rates. Around 1995 after the widespread adoption information technology 
and robotics Australia heralded in the “new economy” causing an upward shift in both the level and potential growth 
rate. In order to analyse the trends in MFP growth it is necessary to remove cyclical effects as MFP moves 
procyclically registering a surge in growth during booms and declines in growth during slumps. 

A major aim of this paper is to analyse both the trend or the level and the growth rate of potential output, MFP, GDP, 
UNE during the study period 1965-2010 in using rigorous analytical techniques in order to clarify the behaviour of 
these key macroeconomic variables and dispel some of obfuscations that have led to call for populist policies to 
reverse the productivity slump. In the next section we present the econometric methodologies that shed light on trend 
productivity growth and productivity cycles that occurred during the study period. Thereafter, we examine how 
monetary policy coped with inflation targeting in an economy experiencing a mining boom. 

3. Econometric Methodology 

In the paper three major econometric techniques have been used to analyse the trend or potential level of MFP and 
GDP over the study period 1965-2010. The three techniques used are: i. Statistical Filters (such as the 
Hordrick-Prescott or HP-Filter). 

ii. Production Functions (such as the Cobb-Douglas Production used in Solow growth accounting). iii. State Space 
analysis (which involves the estimation of unobserved components using the recursive algorithm known as the 
Kalman Filter (KF). (Harvey A.C. 1989) 

The first technique, the HP–filter is a univariate detrending method which estimates the trend or potential of MFP or 
GDP using a purely statistical formula devised by (Hordrick R.J. and Prescott. E.C. 1997). It computes the trend of 
variable by minimizing the weighted sum of squared deviation of the variable from its potential value plus the 
growth rate of the squared deviation from its potential. The smoothness of the trend or potential increases as the 
weight or the smoothing parameter , which is also a measure of the signal-to-noise ratio decreases. In this paper we 
have used a smoothing parameter of and its modification known as the Gordon filter ((Gorden R J. 2003)) based on 
smoothing parameter =32 rather than =1600 as used by Hordrick and Prescott for detrending quarterly data. The 
algebraic specification of the HP Filter is given in Note 1. for analysing quarterly time-series. Besides the HP- filter 
there are several other univariate filters such as the Band-Pass-Filter due to Baxter and King) and the 
Beveridge-Nelson Decomposition have been used for detrending time-series ((Harvey A.C. 1989). All these 
univariate filters are purely statistical techniques devoid of any economic content. Some of the other Filters that have 
been used to estimate the stochastic trend of a given time-series. 

The second econometric technique for measuring trends or potential MFP and GDP used in this paper, is based 
production functions and is grounded neoclassical theory of economic growth. We have used to the Cobb-Douglas 
production used in growth accounting where growth in output (GDP) is explained exogenous technological progress 
(MFP) and a weighted average of inputs of capital and labour (Solow R 1957). The Solow method based on the 
Cobb-Douglas production function is also based on a number of assumptions such as constant returns to scale, Hicks 
neutral technological change. However, because of strong economic foundations it has been widely used as the 
benchmark measure for estimating trends in MFP trends in potential GDP. The ABS has used, the Translog function, 
a variant of the neoclassical production function to estimate the MFP. Besides Translog function, the Constant 
Elasticity of Substitution (CES) production function has also been used to measure MFP and all these variants share 
the same advantages and limitations of the Cobb-Douglas production function which is explained in algebraic terms 
in Note 2. 

The third technique that has been used for empirical analysis of trend or potential of MFP, GDP and their growth 
rates is based Space (SS) Modelling using the Kalman Filter to obtain maximum likelihood estimates of the 
unobserved components (UC) in a time-series. The Kalman Filter (KF) is a powerful recursive algorithm that has 
been used in control theory for tracking the landing of aircraft using radar, launching the Apollo missions and 
ballistic missiles. It is now gaining increasing popularity for the estimation of the unobserved components in 
structural time-series models with time-varying parameters. The KF algorithm is recursive algorithm that plays the 
same role in structural time-series modelling with time-varying parameters as the OLS technique in estimating fixed 
parameters in classical regression models. The KF algorithm is available in most computer programs that are used 
for structural time-series analysis such as EViews, Stata, RATS and STAMP. In this paper we have used the 
Structural Time Series Analyser Modeller and Predictor (STAMP 8.2) (Koopman S J Harvey A C Doornik J A and 
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Shephard N. 2009) the estimation of the time-varying parameters related to unobserved trends and cycles in 
time-series of MFP, GDP, UNE, TOT, CPI analysed in this paper. 

The SS modelling technique for the estimation of trends in MFP are based on structural time-series modelling with 
time-varying parameters as exposited in the contributions of (Harvey A.C. 1989, Durbin I and Koopman S J. 2001 
and others). In the SS methodology the actual or observed value of a time-series variable is defined in terms of an 
observation equation which decomposes it into an unobserved stochastic trend and a random disturbance term that is 
white-noise or distributed independent normal with mean zero and constant standard deviation. Then the state of 
system is described by two state equations: the first of which defines the trend as a random walk with the disturbance 
term following an autoregressive process of order one or AR(1). The second, state equation defines the slope of the 
first state equation as a random walk autoregressive order two or AR(2) process and a white-noise disturbance term 
that is distributed independent normal with mean zero and constant variance. 

An algebraic specification of the Local Linear Trend Model (LLTM) described above is presented below for the 
time-series on MFP or GDP represented by yt. In the observation equation yt. is decomposed into a trend or level 
component t and white-noise random disturbance term t which is distributed independent normal with zero mean 
and constant variance 2

, over the sample period t= 1,…,T: 

yt  =   t  +  t,          t  ~ NID (0, 2
 ). Observation or signal equation 

The two state or transition equations, one capturing the stochastic level and the other stochastic slope are specified 
below: 

 t  =  t-1 + t-1 +  t    t  ~ NID (0, 2
). State equation on the level 

 t  = t-1 + t          t  ~ NID (0, 2
). State equation on the slope 

where t and t white noise disturbance terms of the above state equations that are distributed normally, independent 
of each other, with zero mean and constant variances, 2

 and 2
. In the first state equation, the disturbance term  t 

explains the shifts in the trend or level  t. While in the second state equation the disturbance term  t explains the 
shifts the slope  t. It is noteworthy, that depending on different assumptions relating to the level and slope several 
variants of the local linear trend model are nested in the above specification as tabulated below: 

Type of Model Level ሺ t ሻ Slope ሺ t ሻ 
1.Random Walk + Noise Stochastic No Slope ሺ t ൌ 0ሻ 
2.Local Level + Drift Stochastic Slope fixed. 
3.Smooth Trend Fixed Slope Stochastic 
4. Basic Structural Model (BSM) Fixed Slope Stochastic 

The maximum likelihood estimates of the parameters of any of the structural time-series models specified above can 
be estimated by the recursive algorithm, the Kalman Filter (KF). The KF estimates time-varying parameters in 
structural time-series models just like the estimation of fixed regression parameters by the OLS method. KF 
algorithm can provide both filtered estimates of the parameters of the state equations of the structural time-series 
models using the last period’s best estimate of trend growth or smoothed estimates of the time-varying parameters 
based on the full sample of observations covering the entire sample period. The process of obtaining smooth 
estimates is also referred to as signal extraction. Signal extraction is quantified by the ratio of the variances of the 
disturbance terms of the state equations defined by the parameter = 2

 /2
. The application of the KF requires that 

the observation and state equations should be transformed into the State Space Form (SSF) as outlined in Note 3. 

The major causes that explain the emergence of the ‘productivity paradox’ and the plummeting MFP despite record 
rise in the terms-of-trade bolstering GDP growth 2000 decade in the study period (1965-2010) is analysed 
empirically using the local linear trend model (LLTM). specified below. The explanatory variable (xt,) proxies 
variables such as MFP or GDP, whilst random-walk trend (level) is proxied by t and an irregular and intervention 
variable wt =TOTt captures the terms-of-trade boom effect on MFP t or GDP t. The empirical validation of the model l 
shed light on the productivity paradox and the slump that occurred during the 2000 decade and they are discussed in 
the next section. 

௧ݕ ൌ ௧ߤ ൅ ௧ݔߜ  ൅ ௧ݓߣ  ൅ ,௧ߝ ,ሺ0ܦܫܰ~ ௧ߝ  ఌଶሻߪ

௧ߤ ൌ ௧ିଵߤ ൅ ௧ݖߠ  ൅ ߟ௧,                 ߟ௧ ~ܰܦܫሺ0,  ఌଶሻߪ
After empirically validating the Local Linear Trend Model, its statistical plausibility is verified by subjecting it to a 
battery of diagnostic tests relating to autocorrelation, heteroscedasticity or departures from normality and 
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goodness-of--fit. These diagnostic tests are explained further in Note 4. 

Cycle plus Trend model and Cyclic Trend Model 

The local linear trend model (LLTM) could be augmented by a cyclical component ( t), which is a deterministic 
since-cosine wave leading the specification of the Cycle Trend Model given below: 

yt   =  t  +  t + t ,        where t  ~ NID( 0, /2
 ), t = 1,….,T. 

The cycle  t is both a function of time (t) and the parameter c which defines the frequency of the cycle measured in 
radians. The period of a complete cycle is measured by 2/c. The damping factor which ranges between 0   1 and 
the white-noise disturbance terms t and t* enables the full specification of the cycle plus trend model: A 
deterministic cycle i.e. a sine-cosine wave (t ) with a given period could be incorporated in the trend equation for 
the series yt it could be rendered stochastic by shocking it with a disturbance and introducing a damping factor giving 
the statistical specification of the cycle plus noise model : 

Multivariate or the joint modelling of TFP and GDP can also be used to determine whether these two series which 
are integrated random walks and therefore cointegrated. If they are cointegrated then it supports the contention of 
Real Business Cycle (RBC) theorists proposition, that short-term business cycle fluctuations are caused by 
technological shocks and therefore activist Keynesian type of monetary stabilization policies are superfluous 
(Kydland FE and Prescott EC. 1982). However, the New Keynesians contend that in the short-run, sticky wages and 
prices prevail because nominal price and wage rigidities. Therefore the RBC theory of a frictionless market where 
monetary policy has no short-term stabilization role is disputed. In fact the current consensus as that propounded by 
the New Keynesian theories that monetary policy has a vital role to play in the short-run because the prevalence of 
nominal and real wage price rigidities (Clarida R Gali J and Gertler M. 1999). In this paper we have empirically 
validated a version of the New Keynesian Phillips Curve (NKPC) based on the ‘triangle model’ (Gordon, RJ 1997) 
to empirically examine how the RBA implemented stabilization policies to keep inflation within the ‘target-zone’ 
when the economy was experiencing the golden age of productivity in the 1990s and exhibiting the productivity 
paradox where productivity was plummeting whilst having a sky-rocketing terms –of- trade. The empirical results 
relating to the RBC theories and the ‘triangular model’ based on the New Keynesian Phillips Curve (NKPC) that 
shed light on the implementation of stabilization policies to keep inflation within the target zone during the mining 
boom are discussed in the next section. 

4. Empirical Results 

In this section we discuss some of the empirical findings from the validation of the LLTM that shed light on the 
Australia’s trend growth rate in MFP leading to the ushering of the ‘golden age’ of high productivity in the 1990s 
and its slump in the 2000 decade starting about 2003. These results are devoid of any business cycle effects. If MFP 
is at its trend or potential, then output is also at the trend level or potential level and factors or production in the 
economy are used efficiently to produce the maximal output in order to achieve the goals of the triple mandate of full 
employment, low inflation and sustainable growth rate of a modern central bank.  

The deviation of output from potential or trend output that measures the output gap occurs because MFP is not at its 
potential and if the output gap is positive then because the actual output exceeds potential output it could generate 
inflationary pressures, requiting the central bank to adopt a contractionary monetary policy stance to keep inflation 
within the mandated target zone. If the output gap is negative labour and product markets are in slack and 
expansionary monetary policies are in order to achieve potential output or capacity production. Potential output and 
therefore output gap are metrics of crucial interest to policymakers. However, there are unobservable and they can be 
estimated using state space (SS) methodology that uses the recursive numerical optimization algorithm, the Kalman 
Filter for the purpose. 

In this section we present the empirical results based on the application of the SS econometric techniques to 
Australian time-series data on MFP, GDP, TOT, CPI & UNE sourced from ABS, RBA and other official sources. By 
the empirical validation of variants of the SS models we estimate the level of trend and the growth rate of trend of 
MFP and GDP using the local level or random walk plus noise model, the local level with drift, smooth trend, and 
the basic structural time-series model. We also report the goodness of fit of the models using a battery of diagnostic 
and goodness-fit tests. The empirical validation of the equations of the Local Level Linear Trend Model(LLTM) are 
reported in Table 2 and in graphs relating to level and trend growth rates are reported in in Figure 1 & Figure 2 
below: 
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Table 2. Trends & growth rates - local level model estimated using the Kalman Filter 

T            46.000 LOCAL LEVEL MODEL. RANDOM WALK PLUS NOISE. LEVEL STOCHASTIC NO SLOPE  

p            1.0000         

std.error     0.023561         

Normality     8.4057 

Log-Likelihood is 138.67 

 (-2 LogL = -277.339). 

Log-Likelihood is 167.138 

 (-2 LogL = -334.276). 

Log-Likelihood is 157.719 

 (-2 LogL = -315.438). 

H(15)        0.38396 

Prediction error variance is 

0.00178982 

Prediction error variance is 

0.000450153 

Prediction error variance is 

 0.0006907 

DW           1.6001 Dependent Variable Y= LGDP Dependent Variable Y= DLMFP Dependent variable Y= DLGDP  

r(1)        -0.090130 Summary statistics Summary statistics Summary statistics   

q            6.0000 LGDP DLMFP DLGDP   

r(q)         -0.15765 T            45.000 T               45.000 T      45.000   

Q(q,q-p)       3.3451 p            1.0000 p              1.0000 p       1.0000   

R^2          0.98192 std.error    0.042306 std.error       0.021217 std.error 0.026281   

Normality      8.4057 Normality    15.325 Normality       10.320 Normality 9.8810   

H(15)         0.38396 H(14)       0.65754 H(14)       0.39178 H(14)   0.18599   

DW           1.6001 DW         0.72348 DW          1.8835 DW     1.8812   

r(1)        -0.090130 r(1)        0.022436 r(1)     0.0040834 r(1)   0.025388   

q             6.0000 q            6.0000 q            6.0000 q       6.0000   

r(q)         -0.15765 r(q)         -0.25928 r(q)            -0.11911 r(q)    -0.24650   

Q(q,q-p)       3.3451 Q(q,q-p)      5.1861 Q(q,q-p)      4.1131 Q(q,q-p) 4.8144   

R^2          0.98192 R^2         0.98981 R^2         0.021989 R^2   0.021989   

          

Variances of disturbances: Variances of disturbances: Variances of disturbances: Variances of disturbances:  

Value    (q-ratio) Value    (q-ratio) Value    (q-ratio) Value    (q-ratio)  

Level  0.000567466  (1.000) Level   0.00183050  (1.000) Level     0.000000  (0.0000) Level      0.000000  (0.0000)  

Irregular  0.000000  (0.0000) Irregular   0.000000 (0.0000) Irregular   0.000460274 (1.000) Irregular   0.000706228 (1.000)  

State vector analysis at period 

2010 

State vector analysis at period 

2010 

State vector analysis at period 

2010 

State vector analysis at period 

2010  

Value      Prob Value      Prob Value      Prob Value      Prob   

Level      4.66814 [.NaN] Level    5.06260 [.NaN] Level      0.01084 [0.00149] Level      0.03318 [0.00000]  

          

State vector at period 2010 State vector at period 2010 State vector at period 2010 State vector at period 2010  

          

Coefficient  RMSE t-value    

Prob 

Coefficient   RMSE  t-value   

Prob 

Coefficient   RMSE   t-value    

Prob 

Coefficient    RMSE    t-value   

   Prob 

Level  4.66814    .NaN      

.NaN [   .NaN] 

Level      5.06260        

.NaN        .NaN [   .NaN]

Level      0.01084    0.00320  

3.38820 [0.00149] 

Level     0.03318  0.00396  

8.37528 [0.00000] 

Bowman-Shenton  4.7782  [ 

0.0917] 

Bowman-Shenton   24.57  

[0.0000] 

Bowman-Shenton   13.248  

[0.0013] 

Bowman-Shenton      14.316  

[0.0008]  
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The equations have passed a battery of diagnostic tests & goodness-fit-criteria. 

The intervention empirics on the TOT boom reported in Table 4 indicate that the TOT increase had significant 
positive effects on LGDP whilst at the same time it had a negative effect on LMFP. This simultaneous occurrence of 
positive income or GDP effects and negative MFP effects give credence to existence of a Productivity Paradox in  

The ‘smoking gun’ behind the productivity paradox (PP) associated with mining boom related to a number of causes 
such as the high prices commanded by mineral exports causing massive investments in the mining sector, The 
increase in lumpy capital inputs with gestation lags of around five years results in the increase in a capital shallowing 
effect or the decrease in capital per worker reducing labour productivity and have adverse effects on MFP as shown 
in by an in-depth shift-share analysis over several sectors. Based on the Cobb-Douglas production function we can 
derive the following relationship: 

Labour productivity growth = MFP growth + Capital deepening/ shallowing effect. 

There is overwhelming empirical evidence that the TOT boom and interacting with the mining sector was the cause 
of the MFP productivity slowdown and the PP paradox that has occurred during the 2000 decade of the study period. 
While appropriate structural adjustment policies need to be implemented to prevent the resource boom from turning 
into a resource curse in the long-run, in the short-run policymakers also have to grapple with the challenge of 
implementing stabilizing monetary policy to keep the economy on a sustainable growth locus without being knocked 
–off course by inflationary pressures. Next, we undertake an empirical analysis of stylised facts that will shed light 
on how the Australian policymakers may face the challenges of inflationary pressures unleashed by the TOT boom, 
given the policy commitment to the institutional framework of inflation targeting with Central Bank Independence. 

Empirics of the Output gap and Unemployment Gap and Productivity 

The estimates of potential output and full employment level of unemployment or the non-accelerating rate of 
unemployment (NAIRU) estimates using the univariate, filters lack economic content. Therefore, in order to analyse 
the effects of the cyclic position of the economy as measured by the potential output we use the modern expectations 
augmented Phillips curve as presented in the’ 'triangular model' of inflation popularised by (Gorden R J. 2003)). The 
triangle model postulates that the inflation rate () depends on three forces: expected inflation(e ), deviation of 
unemployment rate from the natural rate or NAIRU(u-u*) indicating the cyclical position of the economy and supply 
shocks (): 

 = e -  (u- u*) +  = e - - (1/)(y-y*) +                    The triangle model of the Phillips Curve 
Using the Okun's Law (Okun A M. 1962) which postulates a relationship between the unemployment gap or the 
deviation of unemployment from potential i.e. ugap=(u-u*) and the output gap or deviation of output from potential 
(y-y*) giving: 

 (u-u*) = - (1/)(y-y*)                        Okun’s law 

the triangle model of the Phillips curve could be re-written by substituting the out gap for the unemployment gap. 
The resulting Phillips curve predicts that inflation exceeds expected inflation when output exceeds potential output. 
Potential output (y*) could be estimated using the univariate HP filter (Hordrick R.J. and Prescott. E.C. 1997). The 
stylised facts from the expectations augmented Phillips curve or the triangle model could incorporate inflation 
targeting to keep inflation within a prescribed target zone. 

Using time-series data, we have estimated a Phillips curve assuming perfect expectations and Okun’s equation. The 
results are reported in Table 4. 

Table 4. The Phillips Curve and Okun’s Equation (1965-2010) 

Estimation done by Maximum Liklihood Exact Score    

Phillips Curve Okun's Law    

Log-Likelihood is 157.96 (-2 LogL = -315.921). Log-Likelihood is 79.1234 (-2 LogL = -158.247). 

Prediction error variance is 0.000378737 Prediction error variance is 0.0181875  

Summary statistics Summary statistics    

DLCPI Ugap    

T                 44.000 T              45.000    

p                 4.0000 p              5.0000    

std.error       0.019461 std.error        0.13486   

Normality         2.7502 Normality         11.275   
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H(13)            0.55154 H(14)          0.16321    

DW                1.7099 DW            1.8878    

r(1)            0.097970 r(1)        -0.0029539    

q                 9.0000 q              10.000    

r(q)            -0.15415 r(q)         -0.023060    

Q(q,q-p)          8.0603 Q(q,q-p)          11.174   

Rd^2            0.094564 Rd^2          0.37542    

Regression effects in final state at time 2009 Regression effects in final state at time 2009 

Coefficient  RMSE    t-value    Prob Coefficient        RMSE     t-value      Prob 

ugap      0.01714   0.01842   0.93010 [0.35776] ygap      -0.79148     1.07364    -0.73719 [0.46511] 

Bowman-Shenton      2.4934  [ 0.2875] Bowman-Shenton      28.817  [ 0.0000]  

Goodness-of-fit based on Residuals DLCPI Goodness-of-fit based on Residuals ugap 

Prediction error variance (p.e.v)   0.00037874 Prediction error variance (p.e.v)        0.018187 

Prediction error mean deviation (m.d)  0.00028629 Prediction error mean deviation (m.d)    0.012353 

Ratio p.e.v. / m.d in squares          1.1141 Ratio p.e.v. / m.d in squares              1.3801 

Coefficient of determination R^2      0.7356 Coefficient of determination R^2          0.20066 

... based on differences Rd^2       0.094564 ... based on differences Rd^2             0.37542 

Information criterion Akaike (AIC)     -7.7009 Information criterion Akaike (AIC)        -3.8292 

... Bayesian Schwartz (BIC)           -7.5403 ... Bayesian Schwartz (BIC)         -3.6687  

The no frills Phillips curve indicates that an increase in the output gap (ygap) by 1% increases inflation by 
approximately 0.02% during the study period , this is consistent with the findings of de Brouwer G and Ericsson N. 
1998. The no frills Phillips curve which glosses over the inflationary expectations process gives estimates that do not 
deviate that much from the expectations augmented Phillips curve estimated for Australia estimated by Debelle G 
and Vickery J. (1998). The Debelle-Vickery estimates of the expectations augmented Phillips curve indicates that a 
1% positive output gap will cause inflation to be above expected inflation 0.07% , higher than the no frills Phillips 
curve estimate of de Brouwer. 

The estimate of the Okun coefficient indicates that an increase in the output gap for the study period investigated the 
unemployment rate is below NAIRU indicating that 1% increase in the output gap would cause the unemployment 
gap to decrease by 0.79%. The figure for unemployment increase reported by de Brouwer using NAIRU estimates is 
higher than that reported by Debelle and Vickery. 

Both the Phillips curve and Okun’s Law indicate that Australia in 2009 had reached ‘capacity constraints’ as output 
exceeded potential or output gap was positive implying that the economy was facing inflationary pressures. 
Furthermore, the unemployment rate was below NAIRU indicating that Australia’s unemployment rate of u*= 4.3% 
was below NAIRU or the long-term average of u*=5%. The possibility of the economy overheating as the economy 
hit capacity constraints as the economy grew powered by the TOT boom associated with the increase in mineral 
resource exports to growing mega-Asian economies of China and India. 

Furthermore the fit of the Trend-Cycle model to LGDP and LMFP revealed that the two series were highly 
correlated. The series are cointegrated of order (2,1). Figure 4 givn below shows that the series do not have a single 
common trend and the role of the stochastic level LMFP equation is allow for changes in the long-run proportion of 
LGDP to be absorbed: LMFP. The cointegration between LGDP and LMFP lend credence to the RBC hypothesis 
that technological shocks are the sole cause of business cycle fluctuations thereby negating the need for stabilisation 
policies as advocated by Keynesian theories. In this context, we explored whether the MFP series and GDP series 
were co integrated, because if they were, this would lend support to the Real Business Cycle (RBC) theoretic 
prognostications that short-term business cycle fluctuations were caused by technological shocks (Kydland FE and 
Prescott EC. 1982). The co- integration results from the application of the Cyclic Trend Model to GDP and MFP also 
lend support to the RBC perspective that the short-run fluctuations of the Australian business cycle are caused by 
technological shocks as hypothesised by the proponents of RBC theory. The empirics of the Trend plus Cycle 
Models fitted to log of MFP (LMFP) and log GDP over the study period indicate that for LMFP a short cycle with a 
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monetary policy during the study period using the New Keynesian framework following the New Neoclassical 
Synthesis. The New Keynesian theories contend that because of sticky prices and sticky wages or nominal and real 
rigidities frictionless markets subsumed in RBC theories do not hold sway in the short-run. Therefore, we have 
validated the ‘triangular’ version of the New Keynesian Phillips Curve (NKPC) and demonstrated that during the 
study period the RBA implemented monetary policy in manner that has kept inflation within the target zone, while 
the economy was riding the crest of the biggest terms-of-trade boom in its history. The RBA’s task of achieving 
monetary policy stabilization goals were facilitated because Australian institutional framework comprising floating 
exchange rate which acted as an insulator of exogenous shocks. When the economy was subject to terms- of- trade 
shock the resulting real exchange rate appreciation was negated by a nominal exchange rate depreciation. Secondly, 
the reform of the labour markets under the Accords replaced centralized wag- fixing by productivity based enterprise 
bargaining, thereby preventing break out of wage inflation. In the current decade the slowdown in the mega Asian 
economies and oversupply in the world market for mineral resources is anticipated to exert downward pressure on 
the terms of trade creating formidable challenges for implementing monetary and fiscal policies to keep inflation at 
bay in the short-run. In the long-run the Dutch disease and deindustrialization effects have to be countermanded by 
implementing structural adjustment policies that will promote innovation and development of new competitive 
industries using the new technologies. 

5. Policy Challenges and Concluding Observations 

The policy response to the inflationary pressures arising from terms-of-trade boom cause the inflation rate to wander 
out of the inflation target zone of 2-3% adopted by the RBA. The policy response by the RBA that adjusts the 
overnight cash-rate could be analysed using the policy reaction function stylised by the Taylor’s Rule (Taylor J B. 
1993). If the output is above potential the output gap is positive and this would imply via the Okun law that 
unemployment rate is below the natural rate. This could create a scenario of inflationary pressure because the 
economy has hit capacity constraints and is on the brink of overheating. At this juncture the Central Bank could 
increase the overnight cash rate and tighten monetary policy in order to prevent the inflation genie getting out of the 
bottle. The Taylor rule is a policy reaction function that stylises how a Central Bank can adjust the policy rate to 
keep the inflation rate within the target zone. The implementation of a policy of inflation targeting using the Taylor 
rule type of policy reaction function avoids time-inconsistency problems that undermine policy credibility is 
reinforced if inflation targeting policy is implemented under the institutional framework of Central Bank 
independence as in contemporary Australia. 

The simple Taylor’s Rule capturing the thrust of the empirical results of inflation and output gap estimates reported 
above could take the following specification: 

it = i t + 0.5 (t -*t ) +0.5( y t -y t*) 

where, 

i: cash rate or short-term interest rate. 

i* = 2 per cent: long-run equilibrium interest rate. 

t = pt  -pt-4: inflation rate = log difference of CPI in quarter t and quarter t-4. 

*t: log of target inflation rate. 

y t: log of actual real GDP, seasonally adjusted. 

y t*: unobserved log potential GDP. 

The simple Taylor’s rule specified above postulates that if the inflation rate exceeds the target rate inflation rate by 
1% output could exceed potential output by 1%, all else equal, In order to counteract such a rise inflation and keep 
the inflation rate within the target zone the cash rate should be raised by 0.5%. This simple back-of-the- envelope 
type of calculations give some feel for the policy challenges that confront policymakers that have to take decisions 
using economic frameworks that have to be estimated using unobservable components using state-space modelling. 

While the Taylor type policy reaction function based on the adjustment of the short-term interest rate can be used to 
monitor that inflation lies within the prescribed target zone while the economy is on a stable locus where the adverse 
effects of the productivity slump are offset by the positive income effects of the terms-of-trade due to the mining 
boom as in 2000 decade. In fact the Australian economy has recorded 22 years of continuous growth to date (2014) 
and dodged the bullet of a recession due to the global financial crisis of (2007-08) due to terms-of-trade bonanza 
from the mining boom and the operation of floating exchange rate, flexible labour markets and prudent financial 
management institutions. However, the ‘salad days’ due to the mining boom are showing signs of petering out as the 
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the Australia is entering the ‘dog days’ of the post-mining boom bust since 2012 because the plummeting prices of 
mining exports (iron ore, coal) due a global oversupply of mining resources and a slowdown of the Chinese economy 
(Garnaut R. 2013)  

The Australian policymakers are facing major challenges as it enters the post-mining boom era or the ‘dog days’: 

In the short-run it has implement monetary policy using Taylor type monetary policy reaction function as discussed 
in the paper. 

But the policymakers now face a challenge on the fiscal policy front due to the emergence of recurrent fiscal deficits 
and rising debt, both because of the short-fall in revenue from mining exports and increase in social welfare 
expenditure due to the health care and pension and superannuation funding needs. The policymakers have a 
formidable task of designing a monetary and fiscal policy mix that will enable the economy to keep growing whilst 
at the same time funding social welfare safety net payments ensuring their long-term sustainability. 

In addition to crafting an optimal monetary-policy mix to keep inflation at bay and achieving sustainable fiscal 
deficits and debt levels, the policymakers have to undertake appropriate structural adjustment policies to tackle the 
‘Dutch disease’ and deindustrialisation effects that have occurred due to uncompetitiveness of traditional 
manufacturing exports caused by the appreciation of the real exchange rate due to the mining boom. Australian 
manufacturing industry, particularly the motor vehicle industry has been hard hit by the dollar appreciation due to the 
mining boom. The closure of domestic motor vehicle manufacturing industries and the adverse multiplier effects 
occurring through the closure of automotive component industries demonstrates vividly the ‘Dutch disease’ effects 
of the mining boom in Australia. The manufacturing industries are the cradle of innovations and the hub of dynamic 
‘learning- by- doing’ economies. Therefore, unless structural adjustment policies are designed to offset the adverse 
‘Dutch disease’ effects of deindustrialisation due to the closure industries like the motor vehicle industry Australia’s 
long-term growth and prosperity will be irrevocably impaired. The need for implementing structural adjustment 
policies that reskill and retrain workers to undertake jobs in the new service or information economy that could be 
groomed to offset the ravages of deindustrialization and Dutch disease effects of mining boom is of paramount 
importance to keep the Australian economy on a sustainable growth locus as discussed in (Karunaratne N D. 2013). 
The recent launch by the government of an agenda to promote industry Innovation and increase international 
competitiveness is a step in the right direction to meet the challenges of bust of the mining boom due to the fall in the 
value of commodity prices from their peak in 2011, leading to rising budget deficits and debt servicing burdens. The 
agenda identifies four key ambitions: lowering costs and establishment of business friendly environment with less 
red-tape, promoting international competitiveness by lowering company taxes, skilling the labour force, upgrading 
infrastructure, and redesigning industry policy to promote innovation and entrepreneurship. The Agenda also aims to 
establish new Industry Growth Centres in order to link to the new global markets and supply chains, invent and 
commercialise new bio-tech, nano-tech products and new services and promote them through free trade agreements 
(FTA) with major trading partners in the Asia-Pacific region(Australian Government 2014). 
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ACRONYMS 

ABS     Australian Bureau of Statistics 

AIC      Akaike Information Criterion 

AR       Autoregression 

CPI       Consumer Price Index 

DW      Durbin Watson 

GDP    Gross Domestic Product 

GFC     Global Financial Crisis 

GFC   Global Financial Crisis 

HPF      Hordrick Prescott Filter 

KF        Kalman Filter 

LP        Labour Productivity 

MFP    Multifactor Productivity 

NKPC  New Keynesian Phillips Curve 

PC       Productivity Commission 

RBA    Reserve Bank of Australia 

RW       Random Walk 

SIC      Schwarz Information Criterion 

SS     State Space 

TFP     Total Factor Productivity 

TOT     Terms of Trade 

UC       Unobserved Components 

UNE     Unemployment Rate 

Notes 

Note 1. Hordrick- Prescott Filter or HP-Filter 
The HP-Filter assumes that the log of time-series yt consist of a trend component notated by a superscript * over the 
series and a cyclical component. It the en minimizes the loss function L that consists of the weighted sum of squared 
deviation of the actual value of the variable from its trend plus the squared deviation of the growth rate of the trend 
from its potential growth rate weighted by the smoothing parameter  as specified below: 

Min L=∑ሺݕ௧ െ ௧ݕ∆ሺ∑ߣ + ሻଶכݕ െ  ሻଶכݕ∆
The larger the value of  the smoother the trend becomes. In the estimation of trend or potential output we have 
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assumed the smoothing parameter to =32 following Gordon (1983) while Hordrick and Prescott assumed =1600 to 
estimate trends from quarterly data. 
In the smooth version of the local linear trend model by selecting the level fixed, slope stochastic and irregular for 
components the HP filter can be replicated by assuming 

2
 =0 and 2 = 1/32 for the Gordon filter and 2 = 1/1600 for the HP filter (Harvey and Jaeger 1993). . 

Note 2. Cobb-Douglas Production Function 
The Solow-Swan Growth Accounting methodology is based on the Cobb-Douglas production function, which the 
simplest specification of the neoclassical production function. Others being the Translog, CES production functions. 
In the Cobb-Douglas production function GDP (Yt) is assumed to be a function of technological progress or MFP 
measured by (A) and inputs of factors capital (K t) and labour (L t) weighted by share output given by () and (1-) for 
K t and L t, respectively. The production function is specified assuming constant returns to scale and Hicks-neutral 
technical progress (which implies that there is no factor substitution as the production function shifts. The 
Cobb-Douglas production function is specified by. 

Yt =  A t K t 
 L t (1-) ” 

Log-linearizing the above production function and re-arranging the residual term (A) which is the measure of MFP 
and technical progress can be obtained as shown below, where the lower case letters refer to logs of the variables: 

a = y t - k t + (1-)l t 
The MFP series recently published by the ABS and used in this study is based on the Translog version of the 
neoclassical production function. 

Note 3. State Space Form (SSF) 
The unobservable components given in a time series yt can be decomposed into the sum of a permanent (y t p)and 
transitory component (zt) that can correspond potential output and the output gap respectively, as hypothesized by 
Watson (1986) yielding: 

௧ݕ ൌ ௧ݕ
௣ ൅ ݖ௧                                     (1) 

Further potential or permanent output is assumed to follow random walk with drift (Y): 
௧ݕ
௣ ൌ  ௬ߤ  ൅ ݕ௧ିଵ

௣ ൅ ௧ߝ
௬  ߝ ݁ݎ݄݁ݓ௧

௬~ܰሺ0,  ௬ଶሻ                    (2)ߪ
and the output gap (zt ) is assumed to follow an autoregressive process order two or AR(2): 

௧ݖ ൌ ௧ିଵݖଵ׎  ൅ ௧ିଶݖଶ׎ ൅ ௧ߝ
௭ where ߝ௧

௭~ܰሺ0,  ௬ଶሻ so that stationarity holds.       (3)ߪ
Using the terminology of(Harvey A. 2011) have transformed the above observation and state equations into the State 
Space Form (SSF) to facilitate the estimation of the maximum likelihood estimates of the parameters by applying the 
Kalman Filter as explained in(Harvey A.C. 1989) 
In the specification of the SSF the observed variables yt are related to a set of unobserved state variables state 
variables  that could for example, include the trend growth rate, permanent output and the output gap. The 
measurement or observation equation defines the evolution of the observed variables in terms of the unobserved state 
variables thus: 

௧ݕ ൌ ௧ߙܼ ൅ ݀௧ ൅  ௧                                 (4)ߝܵ 
where T: is a matrix of coefficients, c: is a matrix of exogenous variables and : is a vector of white-noise 
disturbance terms weighted by S. The transition or state equations specified below describes the time-series process 
governing the evolution of the unobserved state variables over time: 

௧ߙ ൌ ௧ିଵߙܶ ൅ ܿ௧ ൅  ௧                                (5)ߝߟ 
Once transformed into the SS form, the Kalman Filter can be applied to estimate the maximum likelihood estimates 
of the parameters of the model and the observed state variables by maximizing the following likelihood function 
given below: 

Λ݃݋݈ ൌ  െሺܰܵ/2ሻ݈ߨ2݃݋ െ ෍ ௧/2ܨ |݃݋݈ െ ∑ ߭ௌ
௧ୀଵ ௧

ᇱௌ

௧ୀଵ
௧ܨ
ିଵ(6)             ߥ 

Where N: is the number of observed variables, S: the sample size, : is the prediction error matrix, F: is the mean 
square error matrix for prediction errors. 
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The resultant estimate is a univariate decomposition of the output gap and this equation can be extended to include 
information about the output gap contained in the Phillip’s curve, where inflation is below the expected level if 
output gap is negative 

The KF is a mechanical procedure that updates the equations by filtering and smoothing explained in (Harvey A.C. 
1989, Durbin I and Koopman S J. 2001) 
Note 3 on State Space (SS) Modelling. 

Trend plus Cycle Model and Cyclic Trend Models linking MFP and GDP. 

The statistical specification of a deterministic cycle t is given below: 
Where t: frequency in radians in the range (0 to ) , t and t* serially uncorrelated white-noise disturbance terms 
with mean zero and common variance 2

 and a damping factor . The cycle  t, can be written in a single equation 
where L is the lag operator: 

t =  t +[(1- cosc L) t + sinc L) t* ] / (1- 2cosc L + 2L2)+ t . 
The above cycle becomes first order autoregressive process or an AR(1) when c = 0 or . If the damping factor =1 
the above cycle becomes an ARMA(2,1) and ollapses to an AR(2) when 2

=0. 
The parameters in the Cycle plus Trend Model specified above are: 

2
: the variance that makes the cycle stochastic. 

2/t: the period of the cycle measured in years. 
/c: the frequency of the cycle 
: the damping factor. 
The bivariate version of the Cyclic Trend Model could be used to jointly estimate the relationship between yt= MFPt 
and xt= GDPt rather than estimating each component separately using the bivariate specification given below: 

ቂ
௧ݕ
௧ݔ
ቃ ൌ ቈ

௧ߤ
௬

௧ߤ
௫቉  ൅ ቈ

߰௧
௬

߰௧
௫቉ ൅ ቈ

௧ߝ
௬

௧ߝ
௫቉ 

Note 4. Diagnostic tests 

Most of th diagnostic tests referred to below are cited in (Koopman S J Harvey A C Doornik J A and Shephard N. 
2009) and are computed from the residuals of a correctly specified model. 
High residual autocorrelations of order  measured by rt() indicates that the fitted model fails to capture the 
dynamics of the model adequately. The Box-Ljung (1978) portmanteau test for the significance of the null of p 
autocorrelations is distributed like a Chi-squared with (q) degrees of freedom as summarised by Q(p,q) ~ 2 (q d.f.). The 
test for heterosekdasticity defined by H(h) is the ratio of the squares of the last h residuals to that of the first h 
residuals, where h is the closest integer to T/3 and is distributed like an F distribution with h,h degrees of freedom i.e. 
h ~Fh,h d.f., where a high(low) value indicates an increase(decrease) of variance over time. The test for normality 
(NORM) is the Bowman and Shenton (1975) computed from the ratio of third to fourth moments of the residuals is 
distributed like a Chi-squared with 2 d.f. i.e. ~ 2 (2 d.f.) with a critical value of 5.99 for at the 5% level of significance. 
Measures-of-goodness-of-fit 

Measures of goodness- of- fit are provided by the prediction error variance (PEV).which is based on one-step-ahead 
errors in the steady state and is equal to the square root of the standard error (Std. Error) of the fitted equation. The 
measure of goodness-of-fit given by the coefficient of determination (R2

D) indicates that fitted model is superior to a 
random-walk model with drift if 0< R2

D  1 and inferior to the random walk with drift model if R2
D  0. 

Furthermore, the minimum value of the Akaike Information Criterion (AIC) and the Bayesian Information (BIC) are 
also useful information criteria to compare the goodness-of-fit of models with different parameters. A detailed 
exposition of the diagnostic tests and goodness-of-fit criteria that have been used above are explained in STAMP 8.2 
(Koopman S J Harvey A C Doornik J A and Shephard N. 2009). 


