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ABSTRACT 

 

The main purpose of this study is to estimate the potential output and Non- Accelerating 

Inflation Rate of Unemployment (NAIRU) for Pakistan. The notion of potential output 

and NAIRU has received considerable attention in recent times as keeping down the rate 

of inflation, both in the developed and the developing countries, has become a center of 

monetary and fiscal policy discussion. The present work begins by reviewing the relevant 

literature on the subject to serve as a background to the main thesis and also to highlight 

the basic trends of thought on the subject. It is followed by a discussion of the problems 

and procedures involved in estimating time-invariant and time-varying NAIRU. The 

importance of the Kalman filter approach is emphasized here, even though the main 

burden of estimation falls on the production function approach. This approach, also 

known as unobserved component model (UCM) or state-space model, has been used by 

the OECD, the EU Commission and the area-wide model of the European Central Bank 

(ECB) to estimate the NAIRU and is gaining prominence in the literature.  This is 

followed by an examination of the potential output and output gap of Pakistan over the 

estimation period from 1973-74 to 2007-08 using production function methodology with 

six other estimation techniques. A third part of the dissertation analyses the turning points 

of business cycles of Pakistan's economy and the expectations-augmented Phillips curve 

technique with different specifications.  

The estimation of potential output and NAIRU helps to determine the pace of 

sustainable growth, output gap and unemployment gap. It provides a key benchmark to 

assess the inflationary or disinflationary pressures to suggest as to when to tighten or ease 
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monetary or fiscal policy. It also serves as a strong and objective analytical tool to 

determine the structural fiscal position of the government. 

To obtain reliable benchmark for unemployment rate this study concentrates on 

obtaining a robust estimate of the labor input by deriving Pakistan’s NAIRU. The 

estimate of the time-invariant NAIRU has been found to be 4.72 percent in overall sample 

period which was below the actual average unemployment rate.  While the estimate for 

the time-varying NAIRU moves with time and from the time period 2003-04 to 2007-08 

it was above the actual unemployment rate, suggesting that Pakistan's labor market 

situation most likely fuelled a rise in the inflation rate.  The estimates of potential output 

and output gap using statistical, structural and semi-structural techniques show varied 

results. The average growth of potential output for the estimation period 1976-77 to 2007-

08 ranged from 5.12 (Linear Trend) to 5.35 (Kalman Filter) percent. The average growth 

of actual output is approximately 5.24 percent. The estimated output gap using different 

methods gives an average benchmark range of -2.73 to 2.20 percent.  Although various 

methods produce varied results, they provide fairly reliable picture of   the over-all trend 

and performance of the Pakistan economy. This study finds that the output gap 

performance of production function method yields robust results in all specifications and 

contains significant information about average inflation in Pakistan. The study points to 

important and practical implications for the conduct of monetary, fiscal and labor policies 

in order to sustain long-run growth and employment creation without stoking the fires of 

inflation (or deflation). It is also noted that production processes tend to be capital-

intensive. Now in a labor-surplus economy there is need for more labor-intensive 

techniques of production to avoid the possibility of jobless growth. 
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CHAPTER 1 

INTRODUCTION 

The main purpose of this thesis is to derive estimates of long-term potential growth rate   

and Non Accelerating Inflation Rate of Unemployment (NAIRU) for Pakistan.  These 

estimates should provide a benchmark against which to judge the actual growth 

performance and acceptable unemployment rate for the economy. In particular, it should 

help form an idea of the trade-off between unemployment and the inflation rate. This 

purpose is achieved by estimating the potential output through different methods 

especially the production function approach; on the contrary, for the estimation of 

NAIRU the Kalman filter method serves the purpose, for the time period 1973-74 to 

2007-08.  

Potential output or normalized GDP, as opposed to actual output, can be expressed 

as the maximum level of non-inflationary output expansion in an economy.1 It can also be 

seen as a measure of the aggregate supply of an economy, given optimal level of 

(potential) demand for output. Essentially it corresponds to the maximum sustainable 

level of output that can be produced given the available resources and technology. 

"Potential output constitutes the best composite indicator of the aggregate supply side 

capacity of an economy and of its scope for sustainable, non-inflationary growth" [Denis 

et al. (2006)]. It is a summary measure of the capacity expansion of the economy, 

consistent with the maximal level of employment (or which is the same thing, the 

minimum level of unemployment).  On the contrary, the actual GDP of an economy is 

 
1The meaning of Potential output and normalized level of GDP is same and is lower, than the full capacity 
production level. The normalized level of GDP is a critical point and if actual GDP is greater than the 
normalized GDP, this implies that an economy is experiencing excess demand. The reverse of this situation 
is excess capacity. 
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determined by the conditions of demand over the business cycle [Slevin (2001)]. A 

comparison of these measures reveals that output and unemployment gap can be helpful 

in the conduct of macroeconomic policies---i.e., those that lead to maximal output and 

minimum unemployment, with acceptable levels of inflation. 

1.1 Theoretical Background:  

 In 1962, Arthur M. Okun defined the potential output as “the level of production 

at full employment” and also concluded that “potential GNP is a supply concept, a 

measure of productive capacity. But it is not a measure of how much output could be 

generated by unlimited amounts of aggregate demand” [Okun 1962: 98]. In recent 

literature potential output is referred as sustainable real (and rate of growth of) GDP.2 

Therefore, potential output is an important component in the design of economic policy---

especially when actual output deviates from its potential level of output, depending on 

speed of adjustment of the actual output and employment to potential levels of output, 

employment and acceptable level of inflation. 

  According to the Keynesian theory, the speed of return of an economy to 

equilibrium through application of endogenous mechanisms is questionable, uncertain at 

best.3 It is likely that long lasting negative output gaps may occur, with danger of 

hysteresis effects that cause potential output being adjusted ( downward)  the  actual 

output or GDP rather than vice versa. On the other hand, the proponents of new classical 

 
2John Williams (2003) asserts, in reference to Wicksell, that "the natural rate is defined to be the real fed 
funds rate consistent with real GDP equalling its potential level (potential GDP) in the absence of transitory 
shocks to demand.  Potential GDP, in turn, is defined to be the level of output consistent with stable price 
inflation, absent transitory shocks to supply. Thus, the natural rate of interest is the real fed funds rate 
consistent with stable inflation absent shocks to demand and supply"(Williams 2003). 
3Generally, three underlying assumptions are made in policy analysis: “The inherent stability of 
mechanism; the persistency of output gaps in the wake of corrective policy action; and endogeneity of 
potential output implications” (Horn et.al: 2007, P. 10)  
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theory and monetarists provide a different view. They maintain that rational behaviors of   

private economic agents act as the correcting force to restore the economy to equilibrium 

more New Keynesian opinion lies somewhere in between. Needless to point out that these 

divergent views lead to differing economic policy advice. Whereas Keynesians 

recommend active macroeconomic stabilization policies, regarding such policies as 

necessary to structural reform, monetarists and new classical theorists strongly favor rule-

based policies. Effectively; they also assume that the potential output is unaffected by 

economic fluctuations. Any government intervention merely acts as a spoilsport in this 

frame of thought. They believe that for higher economic growth structural reforms are 

most important. Macroeconomic policy can and do affect potential output through 

endogenous technological progress. In a market economy, a non-zero unemployment rate 

is implied when considering the concept of potential output. Therefore, an evaluation of 

this “equilibrium” unemployment rate is also required, i.e. the non-accelerating inflation 

rate of unemployment (NAIRU). It may be noted that NAIRU and potential output are 

closely related concepts. "The NAIRU is the unemployment rate that is consistent with a 

constant rate of inflation and deviations of unemployment from the NAIRU correspond to 

deviations of the actual output from its potential level" [Apel and Jansson (1999), p. 373]. 

The concept of natural rate of unemployment was first introduced by Friedman 

1968. The concept of NAIRU was developed by Modigliani and Papademos (1975) and 

the term NAIRU was first time used by Tobin (1980). Theoretically, in their view,  if 

policymakers (economic agents) succeed in setting the actual unemployment rate equal to 

the NAIRU then the economy will be producing at its maximum level of output without 

inflationary pressures” [Apel and Jansson (1999)].  Potential output, however, is a 

difficult concept, since it is difficult to pinpoint theoretically and even more so 

empirically in real life as well.  Potential output is difficult to estimate, i.e. forecast with 
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any degree of certainty. Analysts face significant problems in producing reliable estimates 

of potential output, because of estimations errors; occur due to small changes in the 

specification or the estimation period. And yet the consequences of such errors can be 

serious for controlling   unemployment and/or inflation.   

There are many techniques to measure potential output and output gaps. But no 

one is completely satisfactory. A lot of empirical studies use different assumptions and 

methodologies for different countries to estimate potential output and the output gap and 

produce different results [i.e. Slevin (2001); Gounder and Morling (2000); Hofman and 

Tapia (2003) and Cerra and Saxena (2000) etc]. The problem arises in estimating 

potential output and output gap due to the unobservable nature of these variables. These 

estimates are derived from their hypothesized determinants and other information, such as 

observable variables that are thought to be correlated to the potential output and output 

gap [Laxton and Tetlow (1992)]. The upshot of the above discussion is that the accurate 

measurement of NAIRU, potential output and output is necessary for the analysis of 

macroeconomic policies.  

1.2 Research Questions and Rationale of the Study: 

This study will attempt to measure Pakistan’s potential output and output gap to 

determine their implication for monetary and fiscal policy. In the past there were only few 

studies in which Pakistan’s potential output estimated. The present study will be 

important for achieving a better understanding of Pakistan’s economy and for setting 

macroeconomic policies.  

There are several reasons why estimating potential output and NAIRU is 

important to help policy making in Pakistan. First, although there are few studies on 
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estimating potential output for Pakistan, but none exists that discusses this issue in a 

systematic way, such as the present one does. Secondly, the studies done so far to 

estimate the potential output for Pakistan, ignore the concept of NAIRU; and those which 

do recognize it do it mechanically without using economic information. This is partly 

because NAIRU is an unobservable variable and a simple H.P filter is not an accurate 

method to separate the unobserved component from the actual unemployment rate. It may 

be noted in this context that to analyze the behavior of economy, it is important to 

ascertain whether the economy suffers from excess capacity and under-utilization. As 

noted above, the present study seeks to remedy these deficiencies to yield a well-rounded 

picture of Pakistan’s economy’s potential and possibilities. By the same token, it offers 

valuable information to policymakers in this regard.   

The following four sections review some of the past trends in economic growth, 

unemployment and inflation rates of Pakistan. A brief overview of the country’s 

macroeconomic policies is also included. 

 

1.3 Trends in Economic Growth, Unemployment, and Inflation Rates in Pakistan 

Historically, Pakistan's experience in growth, inflation and unemployment can be 

understood by studying distinct decades. During the fifties, Pakistan experienced low 

inflation with low growth and moderate unemployment rates. During the sixties the 

economy was roughly the same---structurally, that is, though growth rates and 

employment creation were significantly higher than in the previous decade. However, in 

the seventies, high inflation was the hallmark of the economy, with low growth and low 

unemployment rate. The eighties produced high growth again, with moderate inflation 



and unemployment rate. During the nineties, Pakistan experienced high inflation with 

moderate growth and moderate unemployment rate. But, during the first eight years of 

21st century, this country has witnessed moderate inflation with moderate GDP growth 

and high unemployment rate.  Over these eight years, i.e. 2000-01 to 2007-08 inflation 

swung from a low of 3.1 percent in 2001-02 to a high of 12.0 percent during the 2007- 08 

almost the highest level in the last two decades. The GDP growth was at low level of 1.84 

percent in 2000-01 to a high level of 8.4 percent during the 2004-05, likewise, almost the 

highest level in the last two decades. Whereas, the unemployment rate was at a high level 

of 8.27 percent in 2001-02, almost the highest level in the last two decades, it declined in 

2007-08 to a low level of 5.2 percent. Annual inflation was roughly 21 percent, while 

GDP growth and unemployment rate continued to increase at 2.0 percent and 5.2 percent 

respectively for the year 2008-09.  These trends in inflation, GDP and unemployment are 

tabled in Figure 1.1.  

Figure 1.1: Economic Growth, Unemployment and Inflation Rates in Pakistan 
(1974-2008)  

 

Source: Various Issues of Labor Force Survey and Economic Survey of Pakistan 
6 
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1.3.1: Economic Growth  

At the end of 1970s, the policy of nationalization changed and the foreign aid 

increased. This affected economic growth positively in 1980s. The average growth of 

GDP was 6.1 percent and 6.4 percent during 1980-88; it declined after 1988 because there 

was political instability and inconsistent economic policies were followed, not to speak of 

the subjugation of national interests to the personal political interests.4 In the 1990s, GDP 

growth generally declined to 4.9 percent in the first quarter and to 4 percent in the second 

quarter. During 2000-02 the growth of GDP declined to 2.8 percent mainly due to the 

unprecedented drought in Pakistan’s countryside. In 2002-03, however there began strong 

recovery, with 5.1 percent GDP growth. The performance of agriculture and large-scale 

manufacturing sectors excelled during 2002-03. Achieving a 6.4 per cent GDP growth 

rate in 2003-04, led by a sharp increase in the manufacturing and construction sectors, 

Pakistan's economy once again gained strength during that year. In 2004-05 Pakistan 

witnessed an impressive economic expansion, its growth rate of 8.4 percent exhibiting the 

highest annual growth rate in last two decades.  The sharp increase in large-scale 

manufacturing, impressive recovery in agriculture and a strong growth in services sector 

each contributed to this robust recovery.  

 An important aspect of the growth of the Pakistan economy is that the sectoral 

share in GDP underwent a profound change: following a well-known secular change 

caused mainly by the working of the Engel,s Law and the phenomenon of structural 

transformation,   the share of agriculture sector in GDP declined from 41.3 percent in 

1963-64 to 21.3 in 2007-08.  Correspondingly the share of industrial sector in GDP 

 
4Hussain et al. (2009) 
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increased from 20.4 percent to 25.6 percent and the share of services sector in GDP 

increased from 38.4 percent to 53 percent in 1963-64 to 2007-08.  

In 2005-06 there occurred sharp rise in energy prices and widespread destruction 

due to devastating earthquake in 2005. Nevertheless, a respectable growth was of 6.6 

percent could still be maintained, followed by a still stronger growth of 7.0 percent in 

2006-07.  Average real GDP growth during these last five years (2003-07) has been the 

best performance over numerous decades. However, once again, growth of GDP in 2007-

8 slowed to 5.8 percent due to unexpected political and economic events in Pakistan and 

all over the world. 

1.3.2: Inflation 

As elsewhere in the world, Pakistan has also experienced fluctuations in inflation 

since the 1970’s, during which the world witnessed much higher inflation and so did 

Pakistan, where it was 14 percent; but it came down during the eighties, to 7 percent. The 

nineties once again lived through a higher inflation of 9.7 percent. During the first seven 

years of the nineties, Pakistan faced double-digit inflation between 9.8 and 13 percent, 

which contributed significantly to macroeconomic imbalances in these years. The high 

growth of money supply, imported inflation, increase in indirect taxes and high 

inflationary expectations together caused double-digit inflation. The last three years of the 

nineties witnessed diminishing inflation rates, averaging 5.7 percent. 

Between 2000 and 2004, a contractionary monetary policy, sensible fiscal 

management and a general improvement in the supply situation in the country together   

contributed to a lessening of inflationary pressures. In 2004-05 inflation increased to 7.44 

percent and then to a double-digit inflation of 12 percent in 2007-2008. 
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1.3.3: Unemployment 

 As given in Figure 1.1 the unemployment rate, showed an increasing trend from 

1973-74 to 1980-81, a decrease in 1981-82 and again an increase in the following years. 

In 1990-91 labor force survey (LFS) changed the definition of unemployment,5  which 

among other things contributed to a sharp increase in the unemployment rate, which 

jumped to 6.28 from the previous year’s 3.1 per cent (1989-90). In 1991-92 

unemployment rate decreased to 5.85 percent, and then by 1994-95, Pakistan experienced 

a decline in employment to 4.74 per cent. A general expansion in the economy, but in 

particular, specific employment generation schemes such as National Self-employment 

Scheme and Youth Investment Promotion Society (YIPS) all contributed to a significant 

decrease in the unemployment rate. It is noteworthy that fall in unemployment rate was 

relatively greater amongst the female population:  being 10.32 percent in 1992-93 

compared with 14.23 percent in 1991-92. This is attributable to employment opportunities 

created in health and education sectors under the social action program.  

 Happily, as Figure 1 show, the overall unemployment rate is on a declining trend 

from 2005-06, due mainly to a steeper decline in unemployment in the rural regions. This 

decline can safely be attributed to numerous reasons, a flourishing economy being one of 

them. This declining trend in unemployment rate continues in 2006-07 and 2007-08 and 

is 5.23 percent and 5.2 percent respectively.  

1.3.4: Macroeconomic Policy  

 
 
5 Before 1990-91, according to the LFS, individuals were considered to be unemployed if they were without 
work (i.e. were not in paid employment or self-employment) and were both currently available and seeking 
work during a period of one week. A person was not recorded as unemployed if they were not seeking it 
(i.e. not involving themselves in activities that would lead to paid work or self-employment, even if they are 
available to seek work. Therefore, prior to 1990-91, unemployment rates were about 3 percent. From 1990-
91 onwards, if a person was available for work, that alone was sufficient to be considered unemployed. 
[Majid (2000)] 
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Monetary Policy 

The description of monetary policy can be divided into six distinct phases.6 In the 

first phase, between 1973 and 1977, there was rapid monetary growth. This expansion is 

due to internal and external events ---e.g., a decline in aid flows, crop failures and first oil 

price shock of 1970s.  The second phase, which began in 1977 and continued until 1983, 

was marked by unstable supply of money and a contractionary monetary policy. In this 

phase the government borrowed heavily from the State Bank of Pakistan (SBP) and relied 

too much on external borrowing.  From 1983 to 1990, the government began borrowing 

from non-banking sources as well due to the high inflation rates that inflationary 

financing had generated and heavy external indebtedness. The resulting decrease in 

monetary growth brought inflation under control.  

The third phase of monetary policy that began in 1989 saw an expansionary 

monetary policy until 1991: the growth of money supply had reached 30 percent by 1991 

caused mainly by insufficient domestic resource mobilization and the shortage of foreign 

loans. In the  fourth phase, however, that began in 1991 monetary policy became 

contractionary, as a consequence of the International Monetary Fund’s (IMF) stabilization 

programs, which focused on reducing budgetary deficit. This contractionary monetary 

policy continued until 1999. The fifth phase, which began in 1999, was again 

expansionary. Unlike the two previous expansionary phases, it is different because it is 

steady, gradual and for the first time it was used to provide liquidity to private sector 

instead to finance budget deficit.  

 
6 The Macroeconomic economic policy section is prepared with the help of [Akbari and Rankaduwa (2006)] 
and Economic Survey of Pakistan. 
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ly reduced.8 

                                                

  In the sixth phase that began in 2005, monetary policy changed from being 

broadly ‘accommodative' to aggressive tightening’ to capture the rising trend in 

inflation.7 Also, the SBP continued to manage a balance between promoting growth and 

controlling inflation on the one hand, while maintaining a stable exchange rate 

environment on the other. Tight monetary policy continued in 2006, 2007 and 2008. This 

contractionary monetary policy stance is likely to continue until inflationary pressures are 

significant

Fiscal Policy 

The preceding description should make it clear that fiscal policy that focused on 

reducing the budgetary deficits has dominated macroeconomic policies, including the 

monetary policy.  During the first phase, noted above, government revenues generally 

declined but in relation to the GDP, government expenditures remained stable. As a result 

growth rate plummeted from 7 percent to just over 4 percent and the budget deficits 

peaked at about 10 percent of GDP at one point.  

 In the next phase lasting from 1977 to 1988, fiscal policy was again 

expansionary. Government expenditures rose but so did its revenues during this period 

(albeit at a slower pace).  As a result, the fiscal deficit fell to 5 percent of the GDP. (In 

 
7 An accommodative monetary policy is designed by central bank to stimulate economic growth by 
lowering short-term interest rate and making money less expensive. A tight monetary policy is designed by 
central bank to control inflation by increasing the reserves of commercial banks and reduce money supply 
through open market operations. 
8 A contentious issue pertains to the effectiveness of monetary policy in influencing economic growth and 
price level in a developing country, where markets have not yet completely developed. Based on empirical 
research, some  economists argue that the presence of unorganized financial institutions, lack of direct 
relationship between interest rates and investments as well as  poor governance, render monetary policy 
ineffective in influencing economic growth and price level in a developing country [World Bank (1991); 
Fry (1988); Jones and Khilji (1988) and Pasha et al (1995)].

 
Despite limitations, these unorganized financial 

institutions remain integral to the general economic system. Hence, the regulation of unorganized financial 
institutions still represents a key element in the overall stabilization programs of the (IMF) and the World 
Bank. 
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fact, on two occasions during this period, deficits rose to as high as 10 percent of the 

GDP). Most of the time economic growth remained high, close to 7 percent, but was 

unstable.  

   Until 1993, government expenditures remained high, at about 10 percent of the 

GDP. By 1993, revenues fell slightly, but fiscal policy continued to be expansionary. 

Since 1993, the trend has been toward a decline in government expenditures as well as in 

revenues. Budget deficits began shrinking. This decline in government budget deficit 

perhaps also reflects macroeconomic adjustments that Pakistan experienced under the 

IMF restructuring program. During this period the revenues declined at a much faster rate 

although the decline was not as sharp as in the decline of expenditures and the fiscal 

policy became less expansionary. Therefore, the budget deficit, as a percentage of GDP, 

declined sharply from about 7 percent in 1999 to about 3 percent in 2005. The 

government showed a determination to eliminate budget deficit by 2007-08 under the 

Fiscal Responsibility and Debt Limitation Act 2005. Almost two years in advance, this 

goal had been accomplished. Pakistan’s economy again faced a difficult situation in 2008 

for several reasons. Once again, fiscal deficit increased to 6.5 percent of GDP and from 

the above-mentioned observation of trends it seems that intentional attempts to control 

fiscal deficit in Pakistan began only in 1993 when expenditures were cut. We see the 

fiscal deficit remained above 5 percent of the GDP until 1999, after which it declined 

rapidly. Only in 2008 has it begun to increase again. 
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 1.4 Concluding Remarks  

The analysis presented above, raises at least three important points that will be 

addressed in this dissertation: 

1.  It analyses the magnitude of the NAIRU in Pakistan over the past three decades. 

Here we estimate the time varying NAIRU for Pakistan with Kalman Filter 

approach and shed some light on the pre- and post- 1990 using time invariant 

NAIRU.  

2.  It addresses the question as to why the estimation of potential output and output 

gap is important for any developing country like Pakistan. To answer this question 

we estimate the potential output and output gap using different methods specially 

focusing on theoretical methods, such as, Production Function, Vector Auto 

Regressive approach in Pakistan. 

3.  The question addressed here is: what is the policy relevance of estimating output 

gap in Pakistan? Or is the output gap a useful indicator of inflation? To answer 

these questions we look closely at the relation between the estimated output gap 

from different methods and macroeconomic policy variable such as inflation and 

also some shed light on economic analysis using output gap.  

The study is organized as follows. In Chapter 2, different estimation methods are 

explained that are used to compute values of unobservable variables like potential output 

and NAIRU. Here we also discuss advantages and disadvantages of each of these 

methods from the point of view of their accuracy of estimation. 
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 Chapter 3 presents a fairly comprehensive review of national and international 

studies that estimate potential output, output gap and NAIRU. This review is given by   

geographic regions- --e.g. Asian countries, European countries.   

In Chapter 4 are discussed data and definition of variables used in this study. The 

main focus of Chapter 5 is to estimate Time-Varying NAIRUs for Pakistan using Kalman 

filter. Time-Invariant NAIRU is also estimated in the same chapter. These estimates can 

be used as a benchmark against which changes in the structure of the economy can be 

assessed. Emerging trends in the labor market of Pakistan are discussed in the same 

chapter.  

In Chapter 6 potential output is estimated using Cobb-Douglas production 

function. Potential employment and its contributing factors are also discussed in this 

chapter.  The capital stock variable using perpetual inventory method is also calculated. 

Potential total factor productivity TFP and output and output gap are also estimated here 

along with the contributing factors of potential output growth.  

Chapter 7 presents estimation of potential output using six methods which are 

Linear Time Trend, Hodrick-Prescott (HP) filter, Okun's Law, Output-Capital ratio 

approach, structural vector autoregressive (SVAR) approach, and Kalman filter.  

Chapter 8 compares the results of all methods used for estimating the main 

variables in this study. The growth of potential output is so compared.  The 

autocorrelation function of cyclical component and turning points of business cycles are 

discussed. The correlation of output gaps and concordance statistic for the output gap 

from different methods are analyzed to see how much these are related with each other. 

We also measure volatility of trend and cycle component using descriptive statistics. At 
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the end of this chapter we provide regression analysis of the all output gap series with 

inflation. 

Finally, Chapter 9 concludes with the main findings of this study and presents 

policy implications on the basis of these findings. The shortcomings of this study and 

directions for future research are also presented in this chapter.  
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CHAPTER 2 

DIFFERENT TECHNIQUES TO MEASURE POTENTIAL OUTPUT 

2.1: Introduction  

Broadly speaking, techniques to measure the potential output can be categorized 

into statistical, structural and semi-structural. The main statistical techniques are: the 

linear time trend approach, the trends-through-peaks approach, the Hodrick-Prescott 

(1980) filter approach and Band Pass filter approach.  On the contrary, the structural 

techniques estimate potential output on the basis of economic factors. They mainly 

comprise: Okun’s approach, the output-capital ratio approach, inverted input demand 

approach, production-function approach and the structural vector autoregressive (SVAR) 

approach. The semi-structural techniques are multivariate Hodrick-Prescott filter and 

multivariate Kalman filter. These techniques measure potential output mainly on 

statistical basis but also make use of the relevant economic information.9 An outline of 

the discussion of the above methods is given   in Appendix I. 

This chapter is organized as follows. The statistical techniques are discussed in 

section 2.2 and section 2.3 presents the structural techniques. In section 3.4 semi-

structural techniques are explained; and section 3.5 concludes the chapter by summarizing 

the discussion. 

2.2: Statistical Approaches 

The statistical approaches are based on the idea that the actual GDP and the 

potential GDP follow the same trend in long run. According to these methods potential 

 
9 Horn et al. (2007),Gibbs(1995) 



output is directly estimated from actual GDP series without using other economic 

variables.  Below we discuss some major techniques falling in this group. These are the 

linear time-trend approach and the Hodrick-Prescott filter (HP) approach.  

2.2.1: Linear Time Trend Approach 
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This is the simplest method to estimate potential output using linear regression 

analysis of the log of real GDP ( ) on constant (α), time trend (βt) and error term (μ ): 

                              tt tly μβα ++=                                                       (2.1) 

The basic assumption of this method is that actual GDP can be decomposed into a 

cyclical and a deterministic trend component. In equation 2.1, potential GDP is 

represented by the trend component ( )tα β+ . It is assumed that potential output growth is 

constant and the movements in the actual output about its time trend are known as 

demand shocks [(Clause 2000)]. The residuals ( tμ ) of equation 2.1 provide the estimates 

of output gap.  

The main criticism of this method is that it does not allow for the occurrence of 

any supply shocks. It is a purely statistical approach, with no solid theoretical 

foundations. It assumes a constant growth rate but theoretically the growth rate of 

potential output is linked to the growth of labor productivity and labor input which in turn 

are linked to the population growth and labor force participation rate. And there is no 

realistic reason for these components to be constant over time especially when a country 

is undergoing structural reforms.  

 



2.2.2: Hodrick-Prescott (HP) Filter Approach 

The HP approach is very simple and also the most popular and widely used to 

estimate potential output.10 It divides the non-stationary GDP series into stationary and 

non-stationary components. The time series are filtered by creating a moving average. 

The results of this method and linear trend method are broadly similar when the 

smoothing parameter λ approaches infinity. Mathematically this approach solves the 

following minimization problem to estimate potential output:  

( ) ( ){ }[ ]∑ =
+= Δ−Δ+−

nt ttttnt yyyy
...1

2*
1

*2*
...1min λ   (2.2) 

Where n shows number of observations, yt is actual GDP, yt
* represent potential 

GDP, λ is smoothing parameter and ∆ shows difference. The first term of equation 2.2 is 

the output gap and the second term is the second difference of potential GDP. The 

smoothing parameter (λ) determines the weight of smoothness of the potential output 

relative to the smoothness of output gap [Boone (2000)]. It also measures the average 

length of business cycle and determines how fast actual GDP tends to potential GDP.  

If λ is equal to zero, actual GDP is equal to potential GDP.  If λ is set equal to 

infinity the growth of potential GDP is constant. In most empirical studies the parameter λ 

is mostly set equal to 100 for annual data, 1600 for quarterly data and 14400 for monthly 

data. Maravall and del Río (2001) and Ravn and Uhlig (2002) propose alternative values 

of λ for annual data that range from 6.25 to 400. It highlights the problem of the choice of 

smoothing parameter.  

The HP filter, like any other approach, has its drawbacks. First and foremost is 
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10 The HP filter was described in a working paper of Carnegie-Mellon University already in 1980 but 
became popular only after the article by Hodrick and Prescott was published in 1997. 
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what is known as the endpoint problem, which stems from uncertainty and unknowing 

and is common in all filters since the future is unknown by its very nature. Second there is 

problem of choosing an appropriate smoothing parameter and there is need to specify the 

length of the business cycle and is purely a matter of judgment and intuition. Studies have 

shown that the HP filters may generate artificial cycles in the case of non-stationary time 

series. An additional drawback of this method is its limitation to create confidence bands 

to determine the uncertainty of the estimation.  

2.3: Structural methods  

The structural methods estimate potential output---or more accurately--- the 

economic determinants of potential output. Okun's law, the output-capital ratio approach, 

inverted input demand approach, production function approach and SVAR analyses are 

the major techniques in this category.  

2.3.1: Okun's Law 

This is very simple and widely used approach to estimate potential output and it is 

based on the seminal work of Arthur Okun (1962), which highlights an empirical 

regularity in the US data on the relationship between the output gap and the 

unemployment gap. Therefore, it directly links estimation of potential output to the 

estimate of NAIRU. A number of drawbacks have been identified in the literature in this 

methodology, because it makes a direct connection between unemployment and output 

gap. The criticism of this approach is on the assumption is that the influence of slack 

economic activity on average hours, labor force participation rate and productivity are all 

proxied by the unemployment rate. Another criticism is that natural rate of unemployment 

is held constant over time period, but this rate is merely an assumption, not necessarily a 
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proven fact.11 As Plosser and Schwert (1979) point out the technique can make the 

potential output series unreasonably volatile both theoretically and empirically.  

2.3.2: The Output-Capital Ratio Approach 

This approach is based on the assumption of a stable proportional relationship 

between capital stock and potential GDP. A further assumption is that fluctuations in 

actual GDP capital ratio are mainly the result of output gap.   

The capital output ratio approach is simple to apply but like most simple things 

has its own drawbacks. The major drawback of this approach is that it relies solely on 

capital stock data for which trustworthy series are not available. The estimation of capital 

stock normally is based on the initial value of capital stock, an assumed value of 

depreciation rate and updated using gross investment data. Yet another criticism is that 

the definition of capital stock excludes human capital.  

2.3.3: Production Function Approach 

This approach assumes that potential level of inputs and total factor productivity 

together determines the potential level of output.12 The advantage of this approach is that 

we can find the potential employment level using NAIRU. In this approach we can find 

determining factors of potential output and employment. On the basis of the growth of 

potential factor inputs and total factor productivity, the overall macroeconomic conditions 

of an economy can be judged.  

 
11 This led Gordon (1979) to argue that: “The original Okun/Heller concept should have been called not 
potential output, but arbitrarily defined full employment output (p 187)”. 
12The production function approach involves the specification and estimation of production function 
relating output to factor inputs, along with the determination of the quantity and quality of inputs. The non-
accelerating inflation constraint is usually introduced by relating potential level of factor inputs to the 
natural level of unemployment. 



21 

 

                                                

A merit of this approach is that it is theoretically motivated, which is always an 

advantage. But there are some problems in implementing it. There is no consensus about 

the type of production function it should use; and then there are data problems when we 

measure capital stock and hours worked. There is also difficulty in measuring the 

contribution of technological progress to the growth of output. NAIRU is an unobservable 

variable but has to be estimated to compute normal level of employment. And filter 

methods are also used to determine the major two variables.13  Also the issue of potential 

endogeniety of macro-variables must be tackled carefully. 

 

2.3.4: Structural Vector Autoregressive (SVAR) Approach 

This method is based on vector auto regression (VAR) for growth of output and 

unemployment.14 Blanchard and Quah (1989) recognize structural supply and demand 

disturbances by assuming that supply-side disturbances have a permanent effect but 

demand-side factors have a transitory effect on output. This method can be extended by 

determining the effect of nominal shocks by including a price variable and that of oil 

price shocks by including oil price variable.15  

 This method has the advantage that, as opposed to multivariate techniques, it does 

not impose unnecessary restriction on short-run dynamics of normal level of GDP. 

Specifically, potential GDP is allowed to differ from strict random walk [Dupasquier et 

 
13 Production function approach used in this study is explained in detail in Chapter 6. 
14 This method originates from the traditional Keynesian and neoclassical synthesis, which identifies 
potential output as that which fluctuates with the aggregate supply capacity of the economy and cyclical 
fluctuations with changes in aggregate demand. 
15 A similar approach has been used by [Clarida and Gali (1994)] to estimate the effects of supply, demand 
and nominal shocks on relative output, the real exchange rate and the price level of the home country 
relative to its trading partners. Bjornland (2000) uses a similar approach to estimate the aggregate demand, 
supply and oil price shocks on output, unemployment rate and oil prices. Another study used output; 
unemployment and inflation consistent with [Bjornland et al (2006)]. The basic reason of this extension is 
due to strong criticism on the bivariate SVAR model of Blanchard and Quah (1989) model. 
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al., (1997)]. It also does not require the imposition of an arbitrary smoothing parameter as 

HP filter does and it does not suffer from the end-bias problem.  It is based on statistical 

model and confidence interval can be constructed from this method.16   

Like other approaches it has also shortcomings. The first criticism of this 

approach is that the identification chosen may not be appropriate in all situations.17 Its 

ability to identify as many types of shocks as there are variables is limited.18  An increase 

in government spending on productive infrastructure is linked with demand shock but it 

would also have long-run supply side effects. It is often difficult to relate composite pure 

shocks to relate exact economic variables and the effects of shocks on economic variables 

have different implications according to economic theory. Due to these problems the 

structural VAR may not produce good results.  

2.4: Semi-Structural Methods  

The arbitrary and imprecise nature of the trend-cycle decomposition of univariate 

filters, as discussed in previous pages, was a stimulus to enhance some of these filters to 

include other economic variables such as inflation. The semi-structural methods are the 

Beveridge Nelson filter, multivariate HP filter and multivariate Kalman filter. The 

multivariate Kalman filter is explained briefly in the following section.  

 

 
16This method should be attractive to policy makers because it provides a structural interpretation of the 
latest output data, based on information that is available when economic policy decisions have to be made 
as contrary to two-sided filters, which use ex post data [Alain, (1995)]. 
17 This is true when changes in the real exchange rate (in the Clarida and Gali model) or unemployment rate 
(in the Blanchard – Quah model) do not provide good indications of cyclical changes in output. Standard 
deviations of the output gap estimates also suggest that these measures are particularly uncertain. 
18 The model of Clarida and Gali (1994) assumes that the orthogonally constructed exogenous innovations 
correspond to pure uncorrelated supply, demand and nominal shocks. However economic theory could 
identify many types of shocks with varying supply, demand or nominal characteristics. For example a 
technological advancement identified as a supply shock may simultaneously increase demand owing to 
wealth or demonstration effects. 
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2.4.1: Multivariate Kalman Filter  

The multivariate Kalman filter is also known as state-space model or unobserved 

component model.19 First the system of behavioral or observation equations (like Phillips 

curve etc) is constructed. Then in state equations assumptions have to be made about the 

stochastic properties of potential output to apply this method. It does improve on allowing 

for maximum-likelihood estimation. The advantage of this method is that the tests of the 

significance of the variables in observation and state equations can be applied and 

confidence bands can be constructed and forecasts made. It is not possible or very 

difficult to accomplish in other approaches. Another advantage is that it is likely to label 

explanatory variables of the state variables. This use of exogenous variables in this 

method, though a great improvement, has so far received little attention in the literature. 

Like other approaches this one has also drawbacks. First, it is very sensitive to the 

specification of equations and to the starting values. It is inefficient in small samples and 

it tends to underestimate the variance matrix of state variables as shown by Stock and 

Watson (1998). But this problem occurs only if state equations are combined with only 

one behavioral equation. This problem can be evaded by specifying variances of state 

variables or signal to noise ratio.20 Alternatively, more behavioral equations can be added 

to solve the problem.  

 

 
19This is used by the OECD, the EU Commission and the area-wide model of the European Central Bank 
(ECB) to estimate the NAIRU and is gaining prominence in the literature [ e.g., International Monetary 
Fund (2001) and Apel and Jansson (1999)]. 
20 The volatility or smoothness of the resulting NAIRU series is determined by the magnitude of the 
variance of the errors in the transition equation relative to those in the inflation equation. The larger is this 
ratio (the “signal-to-noise” ratio) the more volatile will be the NAIRU series which, in the limit, soaks up 
all the residual variation in the Phillips curve equation.  
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2.5: Concluding Remarks  

This chapter spells out the methodological foundations of this study and gives  a 

brief review of potential output estimation techniques.  Each method has its own pains 

and gains. There is a vast empirical literature that applies different techniques to estimate 

potential output that we will discuss in Chapter 3. Simplicity always comes at some cost 

as it requires abstracting from reality somewhat. Additional   restrictions (like an arbitrary 

smoothing parameter etc) imposed to achieve simplicity leave some theoretical 

shortcomings in simple and univariate methods of potential output estimation. Univariate 

models of potential output assume that a single variable sets the output produced in the 

economy while multivariate models, on the other hand, realize that output produced is 

rather an interplay  of many variables interacting simultaneously. Multivariate estimation 

of potential output, considering that output is an outcome and interplay of many variables, 

is closer to real world mechanics and is grounded in reasonable theory. As a result it gives 

closer approximation of potential output but is little complicated to implement. We, 

therefore, adopt multivariate model of potential estimation to get a more precise and real 

measure of potential output.  This study has therefore a revealed preference for the 

production function approach in that, relative to others, it is better than all other univariate 

and semi-structural methods. The production function method not only estimates potential 

output in an economic context but also directly quantifies the contribution of each factor 

input and makes allowance for the structural breaks in the data. However the estimation 

of potential output from production function mainly depends on univariate filters 

especially HP filter to measure potential factor inputs.  Chapter 3 reviews empirical 

studies based on these methods.  



25 

 

CHAPTER 3 

 EMPIRICAL REVIEW OF LITERATURE 

The problem of estimating the normalized GDP and output gap through different methods 

does not crop up explicitly in Keynesian and neoclassical frameworks. That is why we 

use wide variety techniques, outlined in the preceding chapter to estimate the normalized 

level of GDP. The analysts face an important challenge to measure the rate of capacity 

utilization that is sustainable with inflation. The most common measures to estimate 

capacity utilization are NAIRU and potential output. 

The concepts of Potential output and NAIRU are important for economic policies 

but there is not so much work done on these topics in Pakistan. A vast literature is 

available on estimation of potential output and NAIRU using different methods. Below 

are reviewed some of the empirical studies on potential output and NAIRU. The purpose 

of cross country study is to compare the results of the specific country with other 

countries in the region. In this chapter cross country studies are reviewed at geographical 

regions. Section 3.1 presents the review of literature on potential output and output gap 

and studies on NAIRU are presented in section 3.2 according to geographical regions. 

Section 3.3 presents review of literature on Pakistan and a summary of findings of this 

literature is presented in Section 3.4.  

3.1 Potential Output 

The potential output and output gap have been extensively estimated for 

European, North American, South American and Asian countries. Some studies estimated 

potential output at the regional level and some are country specific. First the regional 
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studies are reviewed in this section and in next section country specific studies will be 

reviewed. 

 

3.1.1 Regional Studies on European, North American and South American 

Countries: 

An important study on the European Union Member States and the Unites States 

calculates the potential output growth by using the production function approach. The 

estimation period is from 1960 to 2003.21 European Union Commission used this 

production function approach since July 2002. For all countries in the sample, the simple 

Cobb-Douglas production function (1928) is assumed, with the mean wage share that 

gives a value of 0.63 (the output elasticity of labor) for all Member States and 0.37 for the 

output elasticity of capital. The Kalman filter approach is used to estimate the NAIRU 

concept in the Phillips curve specification. The findings of the study point out that the 

elasticities of EU Member States Phillips curve are similar to those for the Unites States 

and elasticity of wage inflation to the unemployment gap in both EU Member States and 

US is also same. 

The potential output growth showed a downward trend in the European Union 

Member states but on the other side United States showed a stable potential output growth 

in the same estimation period. The potential output growth is significantly better in New 

Member States than in the US in the late 1990s. Total Factor Productivity (TFP) growth 

shows a declining trend which is not fully compensated by an increasing trend in 

 
21 Roeger (2006)  
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employment growth in most of the EU Member States which is the main cause for 

slowdown in growth. 

Another study on the European Union Member States estimates potential output 

growth using quarterly data over the time period 1970:1 to 2005:4.22 A growth 

accounting exercise is used that also combines the decomposition of total output 

according to the production function approach with price and wage equations. The study 

uses the structural model for the estimation of potential output growth with the 

decomposition exercise according to the sources of growth at different time horizons. The 

findings of this exercise suggest that the original model does not carry any additional 

information about nominal variables. It essentially extends the original framework to 

estimate potential growth. The major contribution of the study is methodological for 

analyzing output growth and it s

Yet another study also uses the production function approach to estimate the 

potential output and the output gap for the economy of Cyprus over the time period 1985 

to 2001.23 This study follows the Dennis et al. (2002) methodology to compare the results 

with other European Union countries. Kalman filter was used to estimate the NAIRU.  

But the study also estimates the potential output and the output gaps using HP filter.  The 

results suggest that the two estimates are very closely related with each other and give the 

same turning points on the business cycles of Cyprus economy except at the end of 

sample period.24 The findings of the study suggest that the growth rate of potential GDP 

for Cyprus is higher than European Union countries. The contribution of capital and labor 

 
22  Proietti and  Musso (2007)  
23 Haroutunian et al (2003) 
24 The end-point bias problem is obvious in the HP filter output gap when compared with production 
function output gap. The end bias problem stems from uncertainty and unknowing and is common in all 
filters since the future is unknown by its very nature. 
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in potential growth is higher in Cyprus, and TFP contribution is lower, than in European 

Union countries. The output gaps for Cyprus fluctuate more than in European Union 

countries. Because it is a small open economy so and more exposed to external shocks.  

Studies on Latin America 

A significant study has estimated the potential output in nine Latin American 

countries using data from1950 to 2002.25 The Hodrick-Prescott (HP) filter and the Cobb-

Douglas production function are used to estimate potential output. A new aspect of this 

study is that it introduces the structural break concept in production function approach. 

The results between the two techniques are fairly different.  The output gaps from HP 

filter method are very small and cannot be used for projection purpose due to end-bias 

problem. The output gaps from production function approach are wider which shows that 

there is a higher level of underutilization of factors of production. The difference between 

HP filter and production function approach is about 3 to 4 percent, which suggests that 

these approaches produce different results.  

Another study estimates historical economic growth for the Mexican economy. It 

used the unobserved components (UC) model within the univariate framework and 

production function approach to measure potential output and the output gap.26 The 

annual data used are from 1960 to 2003 and quarterly data from 1980:1 to 2003:4.  This 

study also compares the results with some of other Latin American, NAFTA (North 

American Free Trade Agreement) and Asian countries.27 The growth rate of potential 

 
25 Hofman and Tapia (2003)  estimate potential output for a group of nine countries in  Latin  America:  
Argentina,  Bolivia,  Brazil,  Chile,  Colombia,  Costa  Rica,  Mexico,  Peru  and  Venezuela. 
26 Faal ( 2005) 
27 In January 1994, Canada, the United States and Mexico launched the North American Free Trade 
Agreement (NAFTA) and formed the world's largest free trade area. The Agreement has brought economic 
growth and rising standards of living for people in all three countries.  
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output is similar to both the restricted and unrestricted UC models. The quarterly average 

trend output growth is about 0.57 percent and annually about 2.3 percent. In the 

unrestricted model changes in potential output growth are greater than in the restricted 

model. It provides evidence that the unrestricted model explains greater variation in 

output by cycle and the cycles tend to be longer. The results suggest that the estimated 

output gap from restricted UC model explains inflation best. The estimation results of the 

wage and price equations confirm that output gaps explain inflation process well.  

Another study does estimates of potential output for Mexican economy using 

structural vector auto-regression methodology (SVAR) using quarterly data over the time 

period 1965:2 to 1994:2.28 The growth rate of output, the changes in the price of oil and a 

monetary aggregate are assumed to follow a stationary stochastic process. These shocks 

are the demand shocks, the supply shocks and the world oil price shocks. These are also 

called non-auto-correlated orthogonal shocks. The study uses three-variable VAR due to 

limitations of the data for the Mexican economy.  It suggests that more variables could be 

used in the VAR Model to identify other types of shocks, which could reduce the 

uncertainty surrounding the estimation of the potential output and the output gap. The 

main finding of the study is that proximate source of fluctuations in both actual and 

potential output is the world oil shocks. 

To estimate the potential output growth and output gap for Brazilian economy, a 

study used the production function approach over the time period from 1980 to 2000.29  A 

Cobb-Douglas production function is used with the simple assumption of constant returns 

to scale with the productivity used in Hick’s neutral fashion. Potential output forecasts are 

 
28 DeSerres et al. (1995) 
29 Filho (2002) 
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also made for the period 2001-05.  The study suggests that TFP decreased in previous two 

decades and that this decreasing trend reversed in 1992 and since then.  On average, the 

economy grew at 0.9 percent.  During 1980-2000, most of the time actual output was 

below potential output. The projections of potential output growth for the time period 

2001-05 lie between 3.3 to 4.5 percent. These findings point out that the sustainable 

growth rate of Brazilian economy decreased strongly as compared to 1980s growth rate.   

A study of the Jamaican economy estimated potential output and output gap, using 

quarterly data from 1981:01 to 2004:04. 30 The study used four different methods to 

estimate the potential output and output gap, in which three are statistical such as linear 

time trend, HP filter and Band-Pass filter and  one n is structural, SVAR. Three variables-

--namely real GDP, unemployment and capacity utilization--- are used in SVAR model. 

The study suggests that the SVAR method provides a more robust and reliable estimate 

which can predict inflation better. The estimates of potential output by different methods 

suggest that except for the linear trend method, all other methods give a consistent 

indication of the slack in the economy.  

The study also analyses all methods regarding   predicting inflation and found that 

SVAR method is a better predictor of inflation. On the other hand, the extreme case is 

that HP and BP filter contain no information for predicting inflation with any level of 

accuracy while linear trend method has a reasonable degree of accuracy to predict the 

inflation. The main results from this study show that estimated output gap for Jamaican 

economy with SVAR method is important to predict the inflation and actual output not 

significantly different from potential output. The main policy implication of these results 

is that monetary policy cannot affect long run growth; however, it can affect short run 

 
30 Serju (2006) 
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demand and hence the output gap and the policy makers can be used these results with 

some caution. 

 

Country Specific Studies from Europe, North America and South America: 

A study uses two approaches—i.e., the Kuttner's unobserved components model 

and the growth accounting framework instead of price inflation to estimate potential 

output for Bulgaria. The estimation period ranges from the first quarter of 1998 to the 

fourth quarter of 2005.31 It proposes a modified specification of Kuttner model, which 

features unit labor costs (ULC) instead of price inflation as an indicator of deviation of 

actual output from potential output. Three models were estimated based on three different 

measures of inflation, like CPI, GDP deflator and ULC in the Phillips curve. The study 

suggests that the relationship between ULC and the output gap is positive and statistically 

significant, which implies that ULC contain useful information about the cyclical position 

of the economy. The specification of the Phillips curve with the CPI and the GDP deflator 

shows up an inverse relationship with the output gap. The results show two important 

trends---namely, increasing total factor productivity and rising capital output ratio. And 

the results also show that potential output is increasing. 

Another study uses production function approach to update the potential output 

estimates for the Spanish economy, using data from 1990 to 2005.32 It follows the 

changes made in the National Accounts in 2005 mainly pertaining to the base year 2000 

and also to the Labor Force Survey in the first quarter of the same year. The results show 

an average potential increase of 3.5 percent in the last 5 years which is almost a half 

 
31 Tsalinski (2007) 
32 Izquierdo and Jareno (2007) 
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percentage point higher than it was estimated in 1990s. This improvement in potential 

growth reflects the buoyancy of investment and the notable growth of potential 

employment in this period. The decrease in the NAIRU has also supported the positive 

trend in potential employment. Only TFP performs poorly. All this suggests that actual 

output was above potential output in the last five years.   

Another study estimates potential output for Sweden for sample period 1971 to 

1998, using different methodologies like Beveridge Nelson, HP filter, UC approach, 

Structural VAR, Production function and System Unobserved Components.33 The main 

finding of the study is that output gap varied with the methods and in 1998 it ranged 

between -5.5 to 0.2 percent. Similarly, from 1997 to 1998, the potential output growth is 

also sensitive to the methods and ranged from 0.9 to 4.2 percent. The other striking result 

of the study is that it prefers theoretical methods as compared with mechanical or 

statistical methods and argues that statistical methods only depend on the mechanistic 

models without using any economic information. On the other hand, theoretical methods 

depend on some economic information but also uses past information of any economy.  

On this ground the study prefers unobserved components methods (due to simultaneously 

generate potential output and the NAIRU with an explicit link to inflation performance) 

on the production function method, in which used the level of inputs. A   major weakness 

with production methods is that the uncertainty about the estimates of NAIRU, when 

estimating the potential levels of inputs. Because NAIRU depends on the ad hoc 

assumptions, if someone estimates the level of potential labor force with unobserved 

components method before using it in production function method then it will show a 

better picture of the economy. 

 
33 Cerra and Saxena (2000) 
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Another study estimates Germany’s potential output using production function 

approach over annual data from 1973 to 2005.34  The main advantage of using the 

production method is that it identifies the possible factors that affect potential output 

growth. According to this study unit labor costs are good indicators of core inflation 

which in turn provides information about the over- or under-capacity utilization [Fagan et 

al. (2001); Duong et al. (2005)].  This study suggests that there are no accurate estimates 

of potential output and that these estimates vary significantly over time. The potential 

output estimated by presently available methods cannot be considered as a yardstick for 

economic policy.  On this ground the study suggests to economic policy makers that they 

pursue their policy objectives without using this variable due to difficulties in estimating 

potential output robustly.  

A study estimated potential output and output gap for Ireland using data from 

1960 to 2000 with different methods,--- namely, A linear time trend, split time trends and 

HP filter and a production function. 35 Two output gaps are estimated using the Cobb- 

Douglas production function. In one method technology is taken as constant and capture 

with time trend while in second method technology vary over time. A simultaneous 

equations system is introduce to get the reliable results of production function method in 

which they specified a production function and first-order conditions from optimization 

of the production function. The study used the methodology of Elmeskov’s (1993) to get 

the results of Non Accelerating Wage Rate of Unemployment (NAWRU). 36     

 
34 Horn et al. (2007) 
35 Slevin (2001) 
36 Elmeskov’s (1993) assumes that change in wage inflation is proportional to the unemployment gap.  
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The findings of the study suggest that the results of the all methods are similar.  

All methods agree that when the actual output is above or below potential output. The 

relationship between output gap and inflation is also checked. All methods output gap 

illustrate positive correlation with inflation except production function with HP filtered 

TFP. The dynamic correlation of all output gaps suggest that output gaps leads inflation 

and lagged output gaps affect inflation positively. These results also confirm Phillips 

curve theory.  The Granger causality test is also used to test the results and it confirms 

that all output gaps have positive relationship with inflation. Another striking result of the 

study is that the output gap based on production function method is better to explain 

inflation from all other methods.   

A study estimated potential output for Czech Republic for the time period 1995 to 

2005 using aggregate production function approach.37 The average potential output 

growth was 1.7 percent during the time period 1995–2000 and the potential output growth 

from time period 2001 to 2005 was around 3.8 percent.  The reason for this slack was 

probably that there was a temporary drop in investment activity during the sample period 

and a low contribution of total factor productivity during the second half of the 1990s. 

The future predictions of potential output growth critically depend on the stability of total 

factor productivity. Significant improvements are observed in supply-side performance 

from 2001 onwards, except the labor market.  

Another study analyses the recent productivity performance in the context of 

trends and cycles over fifty years of postwar history and forecasts potential output growth 

for two decades into the future for U.S economy using data from 1954 to2003.38 In this 

study three approaches are used namely: trends-through-benchmark method (TTB), the 
 

37 Dybczak et al (2006) 
38 Gordon (2003) 



35 

 

                                                

HP and Kalman filter methods.   The study demonstrates that the trend of productivity 

growth in 2002-03 is higher than the previous maximum growth in early 1960s. In 2002-

03 potential output is 3.38 percent. The findings suggest that the results of the approaches 

for these five decades data are roughly the same and similar to the findings of Staiger, 

Stock and Watson (1996).   

Country Specific Studies on Australia and New Zealand 

A study examined the output gap estimates for Australian economy using the 

multivariate Hodrick–Prescott (MVHP) filter. The study used the quarterly data from 

1971:Q4 to 2001:Q4.39 The multivariate technique estimates variants of Phillips curve 

and obtain smooth series of potential output.40 The outcomes of study suggest that data 

revisions are not principal source of real time output gap problem and confirm the 

findings of Orphandies and Van Norden (2002). It also suggests that quite good real-time 

output gaps can be produced for Australian economy.  The root mean square difference 

between real time and final output gaps is less than two percentage points. The correlation 

between them is 0.8 percent and the average difference between them is nearly zero 

which indicates that there is not obvious tendency for biased real time output gaps.   

Regardless of robust real-time output gaps there is irreducible uncertainty due to changes 

in macroeconomic environment of Australian economy during sample period.  

An important study measures potential output for New Zealand economy also 

using the quarterly data from 1977:2 to 1994:1 with different methods.41 First of all it 

 
39 Robinson and Stone (2005) 
40 Orphanides and van Norden (2002) used variants of Phillips curve-based approach with the Kalman filter 
for US data and suggest that such techniques do not reduce real-time problems relative to univariate 
methods such as the HP filter.   
41 Gibbs (1995); The different methods are; trends through peaks approach, Okun approach, out-put capital 
ratio approach, production function approach, HP filter and the multivariate filter approach. 
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explains different methods to measure potential output.  The potential output growth from 

different methods range from 2.79 to 4.19 percent. The regression analysis is used to 

check the relationship between output gaps and inflation. The results of all methods 

illustrate that there is strong relationship between output gap and inflation. The results 

give wide range of estimates of potential output and suggest that estimates must be treated 

with considerable caution for policy purpose. 

Another study measures potential output for the New Zealand economy using 

quarterly data from 1985:4 to 1996:4 with a semi-structural multivariate (MV) filter in 

which additional economic information is used.42 The estimated potential output growth 

is more consistent when it is used with the natural rate paradigm and especially when 

used with the core model of the Forecasting and Policy System (FPS).  The estimates of 

the output gap from MVHP as compared with the HP filter are more consistent. On the 

updating properties the results illustrate that the multivariate HP (MVHP) filter is better 

than the simple HP filter. 

Country Specific Studies from Asia and Africa 

A study examined the Japanese economy potential output using the quarterly data 

over the time period 1980:1 to 2000:3.  The study used new techniques to estimate the 

potential output in the framework of Phillips curve.43 The study defined the potential 

output growth in a different way and used the non-accelerating inflation level of output 

(NAILO) as potential output.  The potential output growth declined from 4 percent to 1 

percent from 1980s to 1990s. The NAILO is different from HP filtered potential output 

 
42 Conway and  Hunt (1997) “The HP filter augmented with  information from a Phillips curve, an Okun’s 
Law relationship and survey data on capacity utilization to help identify supply and demand disturbances in 
real output. A long-run growth rate restriction is also included to alleviate the end-point problem associated 
with two-sided filtering techniques”.  
43 Hirose and Kamada (2003) 
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(HPLO). The average NAILO based output gap is negative during 1980s and 1990s and 

the average HPLO based output gap is zero which demonstrates that HP filter is fail to 

catch the global disinflation trend. The output gap based on NAILO is superior to HPLO 

output gap as a business cycle indicator.   

Another study estimates potential output for South Africa using data from 1975 to 

2000 with HP filter and production function approaches.44 The study follows the OECD 

approach. This study is based on one main assumption when estimating the NAWRU that 

the change in wage inflation is proportional to unemployment gap. The results of 

potential output and output gap for South African economy are reasonable. The HP filter 

can measure the level of potential output but cannot be used in supply side model. 

Production function approach is identified as a preferred measure which explicitly uses 

structural information especially in context of measuring potential labor input using 

NAWRU.  

The findings indicate that in recent year's South African economy face many 

challenges and number of hurdles associated with its potential output growth. It seems 

that South African economy is weak and its potential to grow is still disappointing. The 

major problems with South African economy are, rising labor cost, continuous increase in 

unemployment, a large portion of the labor force is unskilled, GDP fails to create new 

jobs (Jobless growth), disinvestment (due to outflow of skilled labor) and economic 

sanctions which make the situation in South Africa more severe. 

The study on the Kenyan economy estimates potential output and output gap using 

data from 1972 to 2001 with different statistical and theoretical methods.45 In statistical 

 
44 Toit and Moolman (2003) 
45 Njuguna et al. (2005) 



38 

 

                                                

methods, HP filter, linear time trend and univariate and multivariate Beveridge Nelson 

(UBN and MBN) approaches are used. On the other hand the study also uses two 

structural or theoretical methods, the production function and structural vector 

autoregressive approach. The potential output growth decrease from 2000 to 2001 in all 

approaches except UBN approach. The potential output growth has declining trend over 

the sample period. In the same time period actual output growth also has declining trend.  

The findings of the study suggest that the contribution of TFP is so little it has been 

declining since last decade. The study preferred HP filtered output gap because it explains 

better the economic situation of Kenyan economy. The policy implication from these 

findings is that monetary authority can use expansionary monetary policy and 

government can run budget deficit without fear of inflation.  

A study estimated potential output and output gap for Fiji using data from 1971 to 

1999 with four approaches including linear time trend, HP filter, structural VAR and an 

aggregate production function approach.46 The results of the Fiji economy show that 

output gap estimates are sensitive to the approaches. The estimated output gap series are 

different in terms of the volatility and magnitude.  In term of volatility and magnitude of 

the volatility, in all methods, the linear method being the most volatile and the SVAR 

method the least. However, in term of turning points, the linear approach and the HP 

approach look similar while the other two approaches have different turning points.  The 

study also uses some different specifications to estimates the Phillips curve relationship 

with inflation from all methods of output gaps. The results of this exercise show that 

except SVAR method, the output gap series in all other methods are not statistical 

significant at 5 percent level of significance. Even though, the SVAR results are 

significant at the 5 percent level and production function at 10 percent level of 

 
46 Gounder and Morling (2000) 
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significance but the output gap coefficient has a negative sign in both approaches. This 

suggests that these approaches are sensitive to supply shocks instead of demand shocks, 

which are dominant in developed countries. The main findings of the study suggest that 

the output gap is a relatively poor predictor of inflation in Fiji, at least within the Phillips 

curve relationship. Overall the findings of the study suggest that caution should be used to 

measure output gap and use them for policy purpose in developing countries like FIJI.   

 

3.2 Non – Accelerating Inflation Rate of Unemployment (NAIRU): 

The NAIRU also has been extensively estimated for European, North American, 

South American and Asian countries.  Like in the previous section, we first review the 

studies at the regional level and then the country specific studies. 

3.2.1 Regional Studies on European, North American and South American 

Countries 

A study estimates time-varying NAIRU across 21 OECD countries using data 

from 1962 to 1999.47 The Kalman filter and HPMV approaches are used to estimate the 

NAIRUs for the 21 OECD countries.  The results of the study illustrate that the Phillips 

curve explains the inflationary development for past three to four decades in all countries 

and unemployment gap is significant in explaining the inflation.  The results of Kalman 

filter and HPMV filter are highly correlated with each other and also these unemployment 

gaps consistent with the earlier studies on OECD countries. However, the estimates of 

these two approaches are not too much different from each other but Kalman filter gives 

the more weight to the estimated Phillips curve while the HPMV filter follow the actual 

 
47 Richardson, P. et al. (2000) 
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unemployment rate more tightly. The long run trend of the NAIRU, in most cases tend to 

move around each other.   

 Some important work relates on the recent studies done by the OECD on NAIRU 

(short-run NAIRU as well as long-run NAIRU) for time period 1980 to 1999.48  These 

NAIRU estimates are affected by the temporary factors, such as oil price fluctuations. 

The study used the maximum likelihood and Kalman filter approach on the Phillips curve 

equations for most of the countries. It also used another alternative iterative procedure 

[similar approach that was used by Fabiani and Mestre (1999)] on the five countries, 

because these five countries out of twenty one, were failed to produce a reasonable results 

in a direct estimation. It finds that as compare to 1980s most of the time the degree and 

direction of changes in NAIRU over the 1990s is not similar across OCED countries. 

However, in 1980s except the US and Portugal NAIRU rose across all OECD countries. 

The revised estimates suggest that in 1990s, most of the time actual unemployment is 

more than NAIRU for most of the OCED countries. The policy implication of these 

results is that to adopt the policy of substantial decrease in inflation in the area wide 

inflation.  

Another study conducted on three developed countries, Canada, UK and the 

United States using quarterly data for the time period 1970:1 to 1998:2.49  To get 

estimates of the potential output and NAIRU the study used a new proposed approach, i.e. 

maximum likelihood and Kalman filter methods. The study has used inflation, the 

unemployment rate, NAIRU, supply shocks proxies, the log of real GDP and potential 

GDP. The potential output is assumed to follow a random walk with drift while the 

NAIRU is assumed to follow a pure random walk. In the Phillips Curves and Okun’s law 
 

48 Turner et al. (2001) 
49 Apel and Jansson (1998) 
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equations, the expected signs and significance of the parameters estimates are accurate 

most of the time with the exception of Canada. And the results are consistence with 

Okun’s law which states that a negative relationship exists between cyclical output and 

cyclical unemployment. 

Yet another study estimated the constant and time varying NAIRU in three 

countries; USA, Japan and European Union using data from 1981 to 2005.50  The Phillips 

curve is used for three countries using maximum likelihood using Kalman filter and the 

non-linear least squares. The main findings of the study suggest that the NAIRU estimates 

are measured with large uncertainty. And these NAIRU estimates have extensive 

variability in term of both across countries and across specifications. 

 NAIRU has also been estimated for seven industrialized countries using a number 

of specifications over the time period 1971 to 1998.51 The NAIRU in this study estimated 

with an unobserved components process for the G-7 countries excluding Japan and 

Australia.  It is assumed that output gap follow AR (2) process and it modeled as a 

random walk with drift and assumed that this drift term also follow a random walk. The 

results of the study show that the estimates are very imprecise when based only on the 

Phillips curve relation. The precision of the NAIRU estimates increased when 

information from unemployment is included and even more imprecise when a drift term 

is allowed to enter in the specification of the NAIRU.  To improve the precision of the 

results of NAIRU the study also allows a drift term in a bivariate model for all countries. 

As compare to European countries the results obtained for United States are more precise 

but a high uncertainty associated with these results. The results of the study confirmed the 

 
50 Stephanides (2006) 
51 Laubach (2001) 
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findings of Staiger et al. (1997b) for the U.S and of Cross et. al (1997) for the G-7 

countries.  

Yet another study estimated time-varying NAIRU (TV-NAIRU's) for the 

European Countries, specifically using data of Community's Member States over the time 

period 1980 to 1999. It employs two approaches---namely, one HP Filter and second 

Phillips curve derived NAIRU's.52 It uses a “hybrid” specification form of both 

Commission Services Quest II model and Gordon’s triangle model.53 The Member States 

are divided  into two groups , first group of countries those experiencing increases in the 

NAIRU while second group of those countries where NAIRU is decreasing. The wage 

equations perform satisfactorily on the basis of the standard statistical criteria.  

The estimated NAWRU / NAIRU's for all of the Member States suggest that the 

unemployment gap term is important in explaining past changes in either wage or price 

inflation. The comparison of unemployment gaps between economic approach used in the 

study and the H-P filter shows that for each Member State there is a gain in estimating 

NAIRU, using economic approach.  

 
52 Morrow and  Roeger (2000) 
53 “WAGE-PRICE” MODEL APPROACH: Wage-Price models can be set up in a wide variety of ways to 
reflect the international differences between the labor and product market systems of individual countries. 
One widely used wage-price model draws on the bargaining framework of wage determination. This latter 
bargaining view of the world interprets real wage developments as being the result of a bargaining process 
between employers and employees, the outcome of which reflects the relative degree of market power 
possessed by the actors involved. Workers bargaining power, for example, is negatively related to the 
prevailing rate of unemployment and positively influenced by factors which tend to push up real wage 
demands such as generous social welfare benefits, mismatch problems in the labor market and unionization 
rates. Under this approach real wages are the outcome of a negotiated compromise between the respective 
parties with employees, basing their nominal wage demands on aspirations regarding a target real wage, and 
employers responding with views as to the feasible or warranted real wage. Bargaining models of wage 
determination suggest a process of wage bargaining closer to a bilateral monopoly than to perfect 
competition. This approach, commonly referred to in the literature as “the battle of the mark-ups”, is 
associated with the work of Layard, Nickell and Jackman (1991) and is often purported to be the most 
appropriate one to be adopted in the European context. [Morrow and  Roeger (2000)] 
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Country Specific Studies from Europe, North America and South America: 

Another piece of research focuses on a set of alternative time-varying NAIRU 

estimates depending on different inflation indexes. The sample period is 1955:2-1996:2 

period for U.S economy.54 The study assumes the size of the standard deviation of the 

error term in the equation for the NAIRU and this choice determines how much the 

NAIRU allowed moving from quarter to quarter. An assumption of error term equal to 

zero implies a completely constant NAIRU series of 6.0 percent. At the other extreme, the 

error term is assumed to be 0.4 which allows the NAIRU to be highly variable. The 

moderate assumption was standard deviation of error term of 0.2. All the time-varying 

NAIRU series indicate substantially more excess demand than the textbook series in 

1955-57, 1965-1970 and 1979-1980. For 1995-96, the time- varying NAIRU series 

corresponding to a standard deviation of 0.2 indicates some-what less excess demand than 

the textbook series.55 The results show that the sum of coefficients on the inflation inertia 

variable are close to unity and the coefficient on the unemployment gap are always highly 

significant and of the correct sign. The U.S. inflation process had been so stable and well 

specified by the triangle model of inflation, developed in the late 1970s and early 1980s 

that it also performed extremely well in dynamic post-sample simulations extending out 

for up to a decade after the end of sample period. The time-varying NAIRU by any 

measure declined in the 1990s, which raised the issue of whether the Fed can run an easy 

monetary policy to encourage a faster expansion, with little fear of triggering inflation. 

Since the time-varying NAIRU declined from 6.2 percent in 1990 to 5.6 percent in mid-

1996, the potential output series grow at about 0.1 percentage point per year faster (that 

 
54 Gordon (1997) 
55 Gordon arbitrarily set the textbook NAIRU equal to 6.0 percent for the entire period after 1978. This is an 
assumption that the NAIRU is constant at 6.0 per- cent thereafter is henceforth called the "textbook NAIRU 
series". 
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is, 2.1 percent per annum rather than 2.0 percent) than would be implied by a NAIRU 

fixed at 6.0 percent. Thus, caution is advised regarding the advice of "growth hawks" that 

the U.S. economy could grow at 3 percent or more per annum if only the Fed's monetary 

policy were less restrictive. The decline in the NAIRU is not nearly enough to allow 

potential real output growth to take off from its present level of about 2 percent to 3 

percent or higher.  

Another attempt to estimate NAIRU for the UK was to apply the Kalman filter 

from 1973 to 2000 sample period.56  The study results about NAIRU series are influenced 

by a signal-to-noise ratio which is assumed to be 0.16. The results from different models 

show that NAIRU reached a peak in the mid-1980s and thereafter tend to fall. The results 

of models show that actual unemployment was below the NAIRU in the second half of 

the 1990s. The lagged inflation significantly influence on current price inflation (CPI). In 

the period of economic expansion unemployment falls below the NAIRU and this 

negative unemployment gap puts upward pressure on inflation. 

Another study estimated the short-run NAIRU (SRN) for UK using quarterly data 

from first quarter of 1973 to fourth quarter of 2001 by using the Kalman filter.57 First 

long- run NAIRU (LRN) was estimated following Greenslade et al. (2003). The LRN 

jointly estimated with a reduced-form model of inflation (CPI) dynamics.  Second they 

also estimate the Short-run NAIRU (SRN).  The main results of their study suggest that 

SRN is better than LRN and SRN results are very close to actual unemployment at the 

end of the sample period of study and SRN results are better to explain the inflation as 

compare to output gap. 

 
56 Greenslade et al. (2003) 
57 Batini and Greenslade (2006) 
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A study estimated potential output for Polish economy using Cobb-Douglas 

production-function methodology over the 1995-2008 sample period.58  It used OLS and 

dynamic OLS to estimate parameter estimates of inputs. It concentrates on obtaining a 

robust estimate of the labor input by deriving Poland’s NAIRU. In the study NAIRU is 

derived in two steps. First the unemployment rate is illustrated by the sum of a cyclical 

and a trend component. The trend component is considered as a benchmark for the 

equilibrium unemployment rate. The cyclical component is modeled as stationary AR(2) 

process In the second step a standard Philips curve relationship is applied to estimate the 

cyclical component. The results showed that estimated unemployment gap follow the 

post-reform business cycle in Poland. The results of production-function methodology 

compared with the HP filter approach, helps to identify better the most recent boom-bust 

turning points. The results showed that during the pre-crisis period, Poland’s output was 

growing above its potential. This is also confirmed by the behavior of employment 

relative to its equilibrium measure. 

A study estimates NAIRU and NAIRCU using data from 1995:Q1 to 2008:Q4 for 

Latvia.59 It uses unemployment rate and the capacity utilization rate in manufacturing 

sector as indicators for capacity utilization rate of the economy. It is assumed that the 

NAIRU and Non Accelerating Inflation rate of Capacity Utilization (NAIRCU) are 

constant in the sample period. Also, the reduced-form approach uses the Kalman filter 

assuming that they are varying over time. The value of constant NAIRU was 11.8 percent 

for Latvia at the 95 percent confidence interval of 9.4–14.4 percent. The time-varying 

NAIRU for Latvia decreased from 14.3 percent at the beginning of 1997 to 7.4 percent at 

the end of 2008. The estimate for the time-varying NAIRU from the end-2005 to mid- 

 
58 Epstein and Macchiarelli (2010) 
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2008 was above the actual unemployment rate, suggesting that Latvia's tense labor market 

situation most likely fuelled a rise in the inflation rate. 

 Assuming that the cyclical component significantly affects inflation, estimates   

have also been done for Germany’s NAIRU using Kalman Filter over annual data from 

1973 to 2005.60  The Phillips curve and the NAIRU are estimated simultaneously. The 

potential growth in 2001-2005 was probably higher than the actual annual average of 0.6 

percent given an average increase in unit labor costs of only 0.1 percent (Hein et al. 

2005). Accordingly, actual unemployment rate and NAIRU have fallen. 

Another study estimates time–varying (TV) NAIRU for Germany using Kalman 

Filter and a partially linear model (Robinson, 1988) over quarterly data for West 

Germany from 1976:Q2 to 1990:Q2 and for unified Germany from 1990:Q3 to 2006:Q4. 

The study allows for a structural break due to German Unification in 1990:Q3.61 It uses 

direct measures of expected inflation that is taken from the European Central bank 

monthly survey. A post-unification dummy variable is used to capture a level shift of 

German unification, irrespective of whether the coefficient is significant or not. The TV–

NAIRU increased approximately from 3 percent in the mid 1970’s to approximately 6 

percent in 1990. The constant TV–NAIRU after unification lies at about 7 percent and it 

moves around the first estimate. The study suggests that the NAIRU for Germany at a 

tolerable inflation rate of 2 percent has remained quite stable since the early 1990’s 

  A study on Swedish economy suggests a new approach for estimating potential 

output and the NAIRU, using quarterly data from the time period 1970:Q1 to 1996:Q3.62 

 
60 Horn et al. (2007). 
61 Fitzenberger et al. (2007) 
62 Apel and Jansson (1999)  
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It focuses on the key unobservable economic variables as latent stochastic trends with the 

help of observable variables, --- namely, GDP, unemployment and inflation. Two key 

elements are used in the system; first, a Phillips-type equation to estimate NAIRU and 

second, a standard version of Okun's law to estimate potential output. The results of the 

study are consistent with economic theory that Swedish economy follows AR (2) process 

and the both coefficients of cyclical unemployment are less than one. The individual 

parameters of the model are statistically significant. And authors also suggest that these 

results of unemployment gap and output gap needs a careful interpretation before using 

for policy purpose.  

A study estimates Finland NAWRU/NAIRU using (Elmeskov, 1993) method over 

annual data from1975 to 1994.63 The NAWRU estimates in Finland follows very closely 

the actual unemployment rate during the time period 1979-1990. It demonstrates that it is 

not the proper measure for the structural unemployment. NAWRU moves away from the 

actual unemployment rate in the beginning of 1990’s, which implied that the large 

increase in the unemployment rate was due to cyclical factors. According to this method 

cyclical unemployment transformed into structural unemployment very quickly. The 

NAIRU declined up to the end of 1990s. Since then both the actual unemployment rate 

and the NAIRU have increased rapidly. In the mid-nineties the NAIRU was about 12 per 

cent and the actual unemployment rate was about 18 percent. The confidence interval was 

wide after 1990s. The imprecision of the NAIRU estimates suggest that caution must be 

exercised to use NAIRU as a guide for “monetary policy”. The study also calculated the 

contribution of the different factors to the NAIRU. The labor tax factor had increased the 
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NAIRU about 3 percentage points from 1991 to 1994. The price factor had increased the 

NAIRU about 3 percentage points from 1991 to 1994. 

An important work estimates the NAIRU, using different approaches in the 

Spanish economy for the data from 1980 to 1999.64  The NAIRU series are very similar 

and closely follow actual unemployment rate when estimated by H-P filter and B-P filter. 

It shows that NAIRU is very sensitive to the business cycle. The results of the structural 

approach point out three contributing factors: price mark-ups, the replacement ratio and 

changes in the tax system that affects the NAIRU over the sample period. A comparison 

of these results shows that NAIRU from different approaches have significantly different 

point estimates. The findings of the study suggest that the usefulness of the NAIRU 

concept is very limited to use as a guideline for macroeconomic policy.  

A time-varying NAIRU has been estimated for Czech Republic for the period 

1995 to 2005. 65 It shows that the NAIRU increased from 5.5 percent in 1995 to 7.5 

percent in 2002. It has adversely affected potential employment and potential output 

growth. In general the reason for increase in NAIRU can be attributed to declining labor 

market efficiency. In the sample period the volume of capital services increased and the 

annual growth rate remained around 3 per cent. 

Country Specific Studies from Asia and Australia: 

A study on Japan estimates time-varying NAIRU and potential growth using 

Kalman filter from 1983:Q2 to 2002:Q2.66 The time-invariant NAIRU is –4.7 percent and 

the TV-NAIRU was about –4 percent in the 1980s and there has been a downward trend 

 
64 Estrada et al.  (2000) 
65 Dybczak et al (2006) 
66 Hirose and Kamada (2002) 
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between 1992 and 2002. The degree of uncertainty surrounds the estimation of the TV-

NAIRU because the standard error of the TV-NAIRU is 0.7 percent. The time-invariant 

NAIRU is not free from uncertainty and its standard error is 0.8 percent that is greater 

than the time-varying NAIRU standard error. The potential growth rate was lower 

because there was a shift in the NAIRU around the mid-1990s. The parameters of the 

Phillips curve are unstable since 2000. The study suggests that there should be 

considerable caution to use NAIRU estimates as a guide for macroeconomic policy.  

  The time-varying NAIRU has been estimated for New Zealand using Kalman 

filter for time period 1988:3 to 2003:4.67 The same model is used by Richardson et al 

(2000) and with only one difference in these models estimation which is signal-to-noise 

ratio. First they estimate the signal-to-noise ratio with the procedure of Stock and Watson 

(1998) and then estimate the NAIRU. For the measure of inflation they used three 

different variables, such as Consumer Price Index excluding interest cost, CPI excluding 

government charges and consumption deflator. Expected annual CPI one year from now 

is used as a proxy for expected inflation. The Imports deflator (NMPD) and petrol prices 

(PTGAS) are used as main proxies for short-term supply side shocks and rate of change 

in local authority rates as a long run supply shock. 

The results also show that Kalman filter estimates of unemployment gap are larger 

than HP filter in early 1990s and it also have significant information regarding the 

inflation expectation and deviation between inflation. Also, the NAIRU moves around the 

actual unemployment rate, which supports the previous expectations of a tight labor 

market. The results from all specifications shows that NAIRU is increasing over the late 
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1980s and then early 1990s and then it started decreasing slowly around 2000 because of 

Asian financial crisis and two droughts. 

The NAIRU for Israel uses state-space models for time period 1987:1 to 2001:1.68  

The study used the Phillips curve “triangle” model following Gordon (1997) and specify 

that the unemployment gap follow a AR process.69 The study results show that the actual 

unemployment has a little effect on NAIRU and its level is high relatively in all 

specifications by 0.1 to 0.3 percentage points than the average unemployment rate. The 

estimate of unemployment gap from the Phillips curve has a significant negative effect on 

the inflation.  The study suggests that there should be caution to use the NAIRU estimates 

for direct policy implications.  

 

Country Specific Studies from Asia 

The study for India estimates potential growth rate for India using four approaches 

namely linear trend, HP filter, production function and Harrod’s warranted growth over 

annual data from 1951 to 2006.70 The results of linear trend show that growth rate could 

vary across sample periods and the growth rate of real GDP is 4.4 percent, 5.8 percent 

and 6.2 percent during 1951-2006, 1981-2006 and 1991-2006 respectively. The findings 

of the HP filter show that growth rate of potential output for India was about 7.4 percent 

in 2005-06. The HP filtered disaggregated growth of potential GDP shows that services 

sector has higher potential growth (8.6 percent) compared to agriculture and the industrial 

 
68 Suchoy and Friedman (2002) 
69 AR process is statistical forecasting model in which future values are computed only on the basis of past 
values of a time series data. 
70 Ranjan et al. (2007) 
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sector in recent years. The warranted growth approach shows an increasing trend in 

growth rate of potential GDP over the years. The warranted growth ranged between 7.1 

and 8.2 percent during 2004-05. The production function results suggest that capital stock 

and workforce affect output significantly and the share of capital stock in output is about 

two and half times higher than the workforce. The result of likelihood ratio test shows 

that the sum of capital and employment coefficients can be greater than one which 

implies the increasing returns to scale. Additional variables (educational attainment, 

energy consumption and trade openness) are included in the multivariate production 

function approach and these variables are statistically significant. The multivariate 

production function approach suggests that it is possible to achieve long-run growth rate 

of potential output at 6.5 percent. It also suggests that the HP filter output gap has a high 

correlation with the multivariate production function output gap than the two variable 

production functions. These findings suggest that potential output growth of 7 to 8 is 

sustainable with sustainable and stable performance of agriculture sector. 

 

A similar study for China using data from 1978 to 2002 with univariate and 

multivariate methods are used.71 It uses aggregate data as well as five economic 

subsectors for multivariate production function. The production function is estimated with 

two specifications, in their levels and as well as an equilibrium correction model (EqCM). 

The estimation in levels address the problem of misspecification and the EqCM is used to 

handle this problem. The results of univariate methods are very extreme and magnitude of 

the output gaps is more realistic in the results of production function based methods. The 

empirical evidence shows that sector wise output gaps are more rewarding and provide 

interesting dynamics and improve the aggregate output gap. This output gap is highly 
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correlated with inflation and the results are robust in dynamic EqCM production method 

instead of level Cobb-Douglas production function. The capital share is lower in than 

earlier literature. Similar results were found for China in quantitative analyses too, and 

the output gaps derived from sector based data are much better in explaining the strong 

inflationary pressure in 1994. In 2002 china entered in a period of economic expansion 

which is confirmed by all methods.  

3.3 Studies on Pakistan 

 In sharp contrast to the large number of country-specific studies for other countries on 

the subject only a few have estimated the potential output and NAIRU for Pakistan. Some 

of these studies are discussed below.  

  A study estimates potential output and output gap using data from 1950 to 2007 

for Pakistan’s economy.72 It uses six methods including linear trend, HP filter, BP filter, 

Production Function, the SVAR and Unobserved Component methods. It shows that 

different approaches produce different output gaps. The methods are categorized into 

statistical and structural methods to estimate the composite output gaps. The correlation 

within the statistical and structural methods is high. But the correlation between these two 

composite output gaps is low. The study estimates a benchmark output gap by combining 

the results from all methods. The benchmark output gap has reasonable coefficient of 

correlation with both composite output gaps. It turns out that since 2005 Pakistan's 

economy is facing high demand pressures. These high demand pressures show a high 

correlation with the rising inflation as shown in the correlation between inflation and 

composite output gaps. The benchmark output gap shows that it has highest correlation 

with inflation during the time period 2001-07. The results of the study suggest that 
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caution should be the watchword when using output gaps for the purpose of policy 

analysis in developing countries such as Pakistan. The study focuses more on composite 

output gaps instead of individual output gaps. According to production function approach 

NAIRU is estimated mechanically without using economic theory. In sharp contrast, we 

estimate NAIRU based on economic information using Kalman filter.  

Another study seeks to measure the output gap for Pakistan’s economy using 

production function approach over the time period 1963-2005.73 It also estimates 

potential employment and potential TFP by the HP filter method approach. Potential 

employment and potential TFP are used to estimate potential output. At the end of sample 

period TFP shows the increasing trend that also confirms the findings in Khan (2006). 

The average annual output gap is –0.0128 which suggest that the actual and the potential 

output are close therefore there is no need for a corrective policy intervention.  The study 

concludes  that the actual output growth often deviates from the potential output growth 

in Pakistan and that the output gap is increased significantly when money supply and 

imports increase and is reduced when exports and public sector investment increase. 

These findings also suggest that auto-corrective mechanism of the market is not 

applicable in a developing country suc

Yet another study estimates New Keynesian Phillips Curve (NKPC) for Pakistan 

over the period 1976 to 2006 using Generalized Method of Moments (GMM).74 It 

investigates how well the NKPC explains the dynamics of actual inflation in Pakistan. 

This also estimates hybrid forward and backward looking model. Both types of models 

are estimated as reduced form equations and in the form of structural equations. The 

results show that future expectations of inflation play significant role in inflation 
 

73 Sherbaz et al. (2008) 
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determination. This study also estimates the inflation adjustment equation both with 

output gap and real marginal cost as determinant of inflation and finds that the output gap 

is not the driving force of inflation. In case of Pakistan the degree of price stickiness is 

very high and inflation dominated by forward looking behavior instead of backward 

looking inertia. And firms are very often using the backward looking rule in price setting. 

Another work analyses constraints to the economic growth of Pakistan using the 

three gap approach.75 It is the first study that derives estimates of potential output, natural 

rate of unemployment and capacity utilization. It uses Phillips curve to estimate natural 

rate of unemployment and Okun's law to estimate potential output and the wage inflation 

for deriving Phillips curve. It estimates that the natural rate of unemployment for time 

period 1978-1993 was also highlights that since 1978 Pakistan's economy has been 

operating under capacity utilization. The study estimates constant NAIRU only but when 

there are structural changes in economy it does not explain. 

 

3.4: Concluding Remarks 

We have chosen a variety of empirical literature to serve as a benchmark for this 

study. An important aspect of this review is to show that different methods of estimating 

potential output and NAIRU do not produce great variations in the estimates. 

On the basis of above discussion on empirical literature we are incapable to draw 

a specific or unique conclusion. But we noted some points which are needed to discuss 

here for a broad conclusion. First of all, we must answer why both cross-country and 

country-specific studies have been reviewed above. The review shows that some studies 
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have estimated potential output and NAIRU for a country-specific and some for cross-

country.  The procedure of estimation is the same for country-specific or cross-country 

studies. The estimation is done by time series data for a country specific and same for in 

cross country estimation. The only reason for doing cross-country studies is to compare 

the results of the specific country with other countries in the region. Even though, if 

someone estimates a cross-country potential output or output gap, then it is not better to 

use it for a whole region. For example Hofman and Tapia (2003) present a common 

production function methodology for nine Latin American Countries to estimate potential 

output but they conclude that estimation needs analysis on a single country basis to avoid 

a mechanical estimation procedure. The common output gap for Latin American region in 

some years was positive but in country-by-country estimates in these years output gap 

was negative. The common estimates of potential output, output gap and NAIRU do not 

provide a true picture of any specific country because each country has its own economic 

characteristics.  

  The second point that needs clarification is that as to why many studies use 

different techniques. It is observed that the empirical literature has not been to build a 

consensus on any one single measure of potential output and output gap for specific 

economies. This review also shows studies have just estimated the potential output by 

using any one of the known techniques, which should be recognized as their weakness. 

For example, Filho (2002) estimated output gap by using the extended production 

function approach for Brazil economy. Similarly, the aggregate production function has 

been estimated by several studies [Werner Roeger (2006), Horn et al. (2007), Epstein and 

Macchiarelli (2010) among many others]. The statistical methods are also widely used to 

determine the potential output along with other structural methods.  There is lot of studies 

which use different methods to estimate potential output like Cerra and Saxena (2000), 
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Scheibe (2003), Njuguna et al. (2005), Ranjan et al. (2007) and among many others. The 

findings of these studies suggest that different methods produce different results. And for 

different countries different methods are suitable for those countries like HP filter provide 

better results for Kenyan economy data Njuguna et al. (2005). Kalman filter has been 

used for the simultaneous estimation of potential output and NAIRU [Mikael and Jansson 

(1999) etc] and most of the studies use Kalman filter to estimate NAIRU.  So to be on the 

safe side it is best to use different estimation methods for estimating the same variables, 

as we do in the present study. 

Finally, it is important to note that   potential output, output gap and NAIRU are 

unobservable variables and difficult to estimate. The Kalman filter approach is better to 

estimate NAIRU and production function approach is better if data are available for any 

economy. For each country a different method is suitable according to its characteristics. 

Thus, keeping in view the above-mentioned considerations this study estimates potential 

output using different methods specially focusing on production function and Kalman 

filter to estimate NAIRU for Pakistan economy.  
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Summary of Potential Output Empirical Literature Review  

Author Results 

Roeger (2006)  The potential output growth showed a downward trend in the European 
Union Member states but on the other side United States showed a stable 
potential output growth in the same time period of analysis. The potential 
output growth is significantly better in New Member States than US in the 
late 1990s. Total Factor Productivity (TFP) growth shows a declining trend 
which is the main cause for slowdown in growth. 

Proietti and  
Musso (2007)  
 

The findings of the study suggest that the original model does not carry any 
additional information about nominal variables. The study extended the 
original framework to estimate potential growth which allows the formal 
analysis of key features. The major contribution of the study is a 
methodological contribution to analyze growth and it sources.    

Haroutunian et 
al (2003) 

The results suggest that the two estimates are very closely related with each 
other and give the same turning points on the business cycles of Cyprus 
economy except at the end of sample period. The findings of the study 
suggest that the growth rate of potential GDP for Cyprus is higher than 
European Union countries. The contribution of capital and labor in Cyprus 
potential growth is higher and TFP contribution is lower than European 
Union countries which indicate that there is still scope for further 
development in Cyprus. 

 Hofman and 
Tapia (2003). 

The output gaps from HP filter method are very small and it cannot be used 
for projection purpose due to end bias problem. The output gaps from 
production function approach are wider which shows there is higher level of 
underutilization of factors of production. The difference between HP filter 
and production function approach is about 3 to 4 percent which suggest that 
both approaches produce different results.  

 Faal ( 2005) The growth rate of potential output is similar from both restricted and 
unrestricted UC models. The results suggest that the estimated output gap 
from restricted UC model explains inflation best. The estimation results of 
the wage and price equations confirm that output gaps explain inflation 
process significantly.  

DeSerres et al. 
(1995) 

The finding of the study is that the main source of fluctuations in both 
actual and potential output is the world oil shocks. 

Filho (2002) 
 

The results of the study suggest that TFP decreased in previous two decades 
and this decreasing trend reversed in 1992 and since then on average it is 
growing on 0.9 percent.  During 1980-2000 most of the time actual output 
was below potential output. These findings point out that the sustainable 
growth rate of Brazilian economy decrease strongly as compare to 1980s 
growth rate.   

Serju (2006) The study suggests that the SVAR method provides a more robust and 
reliable estimates which predict the inflation with better accuracy. The 
estimates of potential output from different methods suggest that except the 
linear trend method, all methods give the consistent indication of the slack 
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in the economy. 

 Tsalinski 
(2007) 

The results of the study suggest that the relationship between ULC and the 
output gap is positive and statistically significant, which implies that ULC 
contain useful information about the cyclical position of the economy. The 
results show two important trends---namely, increasing total factor 
productivity and rising capital output ratio. And the potential output is 
increasing. 

Izquierdo and  
Jareño (2007) 

The results show an average potential increase of 3.5 percent in the last 5 
years which is almost a half percentage point higher than it was estimated in 
1990s. This improvement in potential growth reflects the buoyancy of 
investment and the notable growth of potential employment in this period. 
The decrease in the NAIRU has also supported the positive trend in 
potential employment. Only TFP performs poorly. All this suggests that 
actual output was above potential output in the last five years.   

Cerra and 
Saxena (2000) 

The main findings of the study suggest that output gap varied with the 
methods. Similarly the potential output growth also sensitive to the 
methods. In the case of Sweden unobserved components method is 
preferred.  

Horn et al. 
(2007) 

The findings of this study suggest that there are no accurate estimates of 
potential output and that these estimates vary significantly over time. The 
potential output estimated by presently available methods cannot be 
considered as a yardstick for economic policy. 

 Slevin (2001) The findings of the study suggest that the results of the all methods are 
similar. All methods agree that when the actual output is above or below 
potential output. All methods output gap illustrate positive correlation with 
inflation except production function with HP filtered TFP. Another striking 
result of the study is that the output gap based on production function 
method is better to explain inflation from all other methods.   

Dybczak et al 
(2006) 

The average potential output growth was 1.7 percent during the time period 
1995–2000 and the potential output growth from time period 2001 to 2005 
was around 3.8 percent.  The reason for this slack was probably that there 
was a temporary drop in investment activity during the sample period and a 
low contribution of total factor productivity during the second half of the 
1990s. Significant improvements are observed in supply-side performance 
from 2001 onwards, except the labor market. 

Gordon (2003) The results of the study demonstrate that the trend of productivity growth in 
2002-03 is higher than previous maximum growth in early 1960s. In 2002-
03 potential output is 3.38 percent. The findings suggest that the results of 
the approaches for these five decades data are same and similar to the 
findings of Staiger, Stock and Watson (1996). The projection of potential 
output growth for time period 2003-23 is 3.28 percent a year.  

Robinson and 
Stone (2005) 

The outcomes of study suggest that data revisions are not principal source 
of real time output gap problem and confirm the findings of Orphandies and 
Van Norden (2002). It also suggests that quite good real-time output gaps 
can be produced for Australian economy.  Regardless of robust real-time 
output gaps there is irreducible uncertainty due to changes in 
macroeconomic environment of Australian economy during sample period.  

Darrin Gibbs 
(1995) 

The potential output growth from different methods range from 2.79 to 4.19 
percent. The results of all methods illustrate that there is strong relationship 
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between output gap and inflation. The results give wide range of estimates 
of potential output and suggest that estimates must be treated with 
considerable caution for policy purpose. 

Conway and  
Hunt (1997) 

The estimated potential output growth is more consistent when it is used 
with the natural rate paradigm. The estimates of the output gap from MVHP 
as compared with the HP filter are more consistent. The results illustrate 
that the multivariate HP (MVHP) filter is better than the simple HP filter. 

Hirose and 
Kamada (2003) 

The NAILO is different from HP filtered potential output (HPLO). The 
average NAILO based output gap is negative during 1980s and 1990s and 
the average HPLO based output gap is zero which demonstrates that HP 
filter is fail to catch the global disinflation trend. The output gap based on 
NAILO is superior to HPLO output gap as a business cycle indicator.   

Toit and 
Moolman 
(2003) 

The results show that HP filter can measure the level of potential output but 
cannot be used in supply side model. Production function approach is 
identified as a preferred measure which explicitly uses structural 
information especially in context of measuring potential labor input using 
NAWRU. The findings indicate that in recent year's South African economy 
face many challenges and number of hurdles associated with its potential 
output growth. 

Njuguna et al. 
(2005) 

The potential output growth has declining trend over the sample period. In 
the same time period actual output growth also has declining trend.  The 
findings of the study suggest that the contribution of TFP is so little it has 
been declining since last decade. The study preferred HP filtered output gap 
because it explains better the economic situation of Kenyan economy. The 
policy implication from these findings is that monetary policy can use 
expansionary monetary policy and government can run budget deficit 
without fear of inflation.  

Gounder and 
Morling (2000) 

The estimated output gap series are different in terms of the volatility and 
magnitude. The linear method being the most volatile and the SVAR 
method the least. However, in term of turning points, the linear approach 
and the HP approach look similar while the other two approaches have 
different turning points.  The findings suggest that these approaches are 
sensitive to supply shocks instead of demand shocks, which are dominant in 
developed countries. The main findings of the study suggest that the output 
gap is a relatively poor predictor of inflation in Fiji, at least within the 
Phillips curve relationship. Overall the findings of the study suggest that 
caution should be used to measure output gap and use them for policy 
purpose in developing countries like FIJI.   

Ranjan et al. 
(2007) 

The Hodrick-Prescott filtering technique leads to estimate potential GDP 
growth of about 7 per cent. The warranted growth rate hovers around 8 per 
cent for the more recent period. The multivariate production function 
framework yields a potential growth of 6.6 per cent, which could be an 
underestimate given the data limitations. The empirical analysis suggests 
that a trend growth rate of 7 to 8 per cent is sustainable provided the 
agriculture sector records a stable performance. 

Scheibe (2003) The results of univariate methods are very extreme and magnitude of the 
output gaps is more realistic in the results of production function based 
methods. The empirical evidence shows that sector wise output gaps are 
more rewarding and provide interesting dynamics and improve the 
aggregate output gap. The output gap is highly correlated with inflation and 
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the results are robust in dynamic EQCM production method instead of level 
Cobb-Douglas production function. . In 2002 china entered in a period of 
economic expansion which is confirmed by all methods.  

Adnan et al. 
(2008) 
 

It shows that different approaches produce different output gaps. It 
demonstrates that since 2005 Pakistan's economy is facing high demand 
pressures. These high demand pressures show a high correlation with the 
rising inflation as shown in the correlation between inflation and composite 
output gaps. The benchmark output gap shows that it has highest correlation 
with inflation during the time period 2001-07. The results of the study 
suggest that caution should be the watchword when using output gaps for 
the purpose of policy analysis in developing countries such as Pakistan. 

Sherbaz et al. 
(2008) 

At the end of sample period TFP shows the increasing trend. The average 
annual output gap is –0.0128 which suggest that the actual and the potential 
output are close therefore there is no need for a corrective policy 
intervention.  The study concludes  that the actual output growth often 
deviates from the potential output growth in Pakistan and that the output 
gap is increased significantly when money supply and imports increase and 
is reduced when exports and public sector investment increase.  

 

Summary of NAIRU Empirical Literature Review  

Author Results 

Richardson, P. 
et al. (2000),  
 

The results of the study illustrate that the Phillips curve explains the 
inflationary development for past three to four decades in all countries and 
unemployment gap is significant in explaining the inflation.  The results of 
Kalman filter and HPMV filter are highly correlated with each other and 
also these unemployment gaps estimates consistent with the earlier studies 
on OECD countries. The Kalman filter gives the more weight to the 
estimated Phillips curve while the HPMV filter follow the actual 
unemployment rate more tightly.  

Turner et al. 
(2001) 

The study finds that as compare to 1980s most of the time the degree and 
direction of changes in NAIRU over the 1990s is not similar across OCED 
countries. However, in 1980s except the US and Portugal NAIRU rose 
across all OECD countries. The revised estimates suggest that in 1990s, 
most of the time actual unemployment is more than NAIRU for most of the 
OCED countries.  

Mikael and 
Jansson (1998) 

In the Phillips Curves and Okun’s law equations, the expected signs and 
significance of the parameters estimates are accurate most of the time with 
the exception of Canada. And the results are consistence with Okun’s law 
which states that a negative relationship exists between cyclical output and 
cyclical unemployment. 

 

Stephanides 
(2006) 

The main findings of the study suggest that the NAIRU estimates are 
measured with large uncertainty. And these NAIRU estimates have 
extensive variability in term of both across countries and across 
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specifications. 

Laubach (2001) As compare to European countries the results obtained for United States are 
more precise but a high uncertainty associated with these results. The 
results presented in this study confirmed some previous studies results for 
the G7 economies, that the measured uncertainty around the NAIRU 
estimates is large. 

Morrow and  
Roeger (2000) 

The wage equations perform satisfactorily on the basis of the standard 
statistical criteria. The estimated NAWRU / NAIRU's for all of the Member 
States suggest that the unemployment gap term is important in explaining 
past changes in either wage or price inflation. The comparison of 
unemployment gaps between economic approach used in the study and the 
H-P filter shows that for each Member State there is a gain in estimating 
NAIRU, using economic approach.  

 

Gordon (1997) All the time-varying NAIRU series indicate substantially more excess 
demand than the textbook series in 1955-57, 1965-1970 and 1979-1980. 
The results show that the sum of coefficients on the inflation inertia variable 
are close to unity and the coefficient on the unemployment gap are always 
highly significant and of the correct sign. The U.S. inflation process had 
been so stable and well characterized by the triangle model of inflation 
developed in the late 1970s and early 1980s. The time-varying NAIRU by 
any measure declined in the 1990s.  

Greenslade et al. 
(2003) 

The results from different models show that in mid 1980s the NAIRU 
reached at peak and thereafter tend to fall. The results of different models 
demonstrate that NAIRU is above actual unemployment in mid of the 
1990s. The lagged inflation significantly influence on current price inflation 
(CPI). In the period of economic expansion unemployment falls below the 
NAIRU.  The negative unemployment gap puts upward pressure on 
inflation. 

Batini and 
Greenslade 
(2006) 

The main results of their study suggest that SRN is better than LRN and 
SRN results is very close to actual unemployment at the end of the sample 
period of study and SRN results are better to explain the inflation as 
compare to output gap. 

Epstein and 
Macchiarelli 
(2010) 

The results showed that estimated unemployment gap follow the post-
reform business cycle in Poland.  

Mehihovs and 
Zasova (2009) 

The value of constant NAIRU was 11.8 percent for Latvia at the 95 percent 
confidence interval of 9.4–14.4 percent. The time-varying NAIRU for 
Latvia decreased from 14.3 percent at the beginning of 1997 to 7.4 percent 
at the end of 2008. The estimate for the time-varying NAIRU from the end-
2005 to mid- 2008 was above the actual unemployment rate, suggesting that 
Latvia's tense labour market situation most likely fuelled a rise in the 
inflation rate. 

Horn et al. 
(2007). 

The Phillips curve and the NAIRU are estimated simultaneously for 
Germany. Actual unemployment rate and NAIRU have fallen. 

Fitzenberger et 
al. (2007) 

The TV–NAIRU increased approximately from 3 percent in the mid 1970’s 
to approximately 6 percent in 1990. The constant TV–NAIRU after 
unification lies at about 7 percent and it moves around the first estimate. 
The study suggests that the NAIRU for Germany at a tolerable inflation rate 
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of 2 percent has remained quite stable since the early 1990’s. 

Apel and 
Jansson (1999) 

The results of the study are consistent with economic theory that Swedish 
economy follows AR (2) process and both coefficients of cyclical 
unemployment are less than one. The individual parameters of the model 
are statistically significant.  And the findings also suggest that these results 
of unemployment gap and output gap need a careful caution before using 
for policy purpose.  

Holm, P. and H. 

Somervouri 

(1997) 

The NAIRU declined up to the end of 1990s. Since then both the actual 
unemployment rate and the NAIRU have increased rapidly. In the mid-
nineties the NAIRU was about 12 per cent and the actual unemployment 
rate was about 18 percent. The imprecision of the NAIRU estimates suggest 
that caution must be exercised to use NAIRU as a guide for “monetary 
policy”.  

Estrada et al.  

(2000) 

The NAIRU series are very similar and closely follow actual unemployment 
rate when estimated by H-P filter and B-P filter. The results of the structural 
approach point out three contributing factors: price mark-ups, the 
replacement ratio and changes in the tax system that affects the NAIRU 
over the sample period. A comparison of these results shows that NAIRU 
from different approaches have significantly different point estimates.  

Dybczak et al 
(2006) 

It results show that the NAIRU increased from 5.5 percent in 1995 to 7.5 
percent in 2002. It has adversely affected potential employment and 
potential output growth.  

Hirose and 
Kamada (2002) 

The time-invariant NAIRU is –4.7 percent. The estimated TV-NAIRU was 
about –4 percent in the 1980s. Since the early 1990s it had followed a 
downward trend between 1992 and 2002. The NAIRU estimate was very 
uncertain when there were revisions in line with the accumulation of new 
data. Therefore this study suggests that considerable caution is needed when 
evaluating the resulting estimate. 

Szeto and Guy 
(2004)  

The results also show that Kalman filter estimates of unemployment gap are 
larger than HP filter in early 1990s and it also have significant information 
regarding the inflation expectation and deviation between inflation.  

Suchoy and 
Friedman (2002) 

The study results show that the actual unemployment has a little effect on 
NAIRU and its level is high relatively in all specifications by 0.1 to 0.3 
percentage points than the average unemployment rate. The estimate of 
unemployment gap from the Phillips curve has a significant negative effect 
on the inflation.  The study suggests that there should be caution to use the 
NAIRU estimates for direct policy implications.  

Satti et al. 
(2007) 

The results show that future expectations of inflation play significant role in 
inflation determination. The output gap is not the driving force of inflation. 
In case of Pakistan the degree of price stickiness is very high and inflation 
dominated by forward looking behavior instead of backward looking 
inertia.  

Iqbal (1995) The results show that the constant natural rate of unemployment for time 
period 1978-1993 is 3.21 percent for Pakistan.  The potential growth of 
potential output is 5.37 percent. The findings illustrate that the natural rate 
of unemployment for time period 1978-1993 suggest that since 1978 
Pakistan's economy has been operating under capacity utilization.  

Richardson, P. 
et al. (2000),  

The results of the study illustrate that the Phillips curve explains the 
inflationary development for past three to four decades in all countries and 
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 unemployment gap is significant in explaining the inflation.  The results of 
Kalman filter and HPMV filter are highly correlated with each other and 
also these unemployment gaps estimates consistent with the earlier studies 
on OECD countries. The Kalman filter gives the more weight to the 
estimated Phillips curve while the HPMV filter follow the actual 
unemployment rate more tightly.  

Turner et al. 
(2001) 

The study finds that as compare to 1980s most of the time the degree and 
direction of changes in NAIRU over the 1990s is not similar across OCED 
countries. However, in 1980s except the US and Portugal NAIRU rose 
across all OECD countries. The revised estimates suggest that in 1990s, 
most of the time actual unemployment is more than NAIRU for most of the 
OCED countries.  
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CHAPTER 4 

DATA AND VARIABLES 

4.1: Introduction 

 This chapter discusses the data and its sources and defines variables used in this 

study. It also does the stationarity check on these variables by conducting unit root tests. 

Accordingly, section 4.2, discusses data and its sources. Section 4.3 defines all 

variables used in this study. Section 4.4 presents unit root test results. Section 4.5 adds a 

few concluding remarks. 

 

4.2: Data 

The present study uses   annual data from 1973-74 to 2007-08, drawn from 

various issues of Annual Economic Surveys of Pakistan, different issues of Labor Force 

Survey (LFS) of Pakistan, International Financial Statistics (IFS). GDP data are used at 

constant prices of 2000. Capital stock data are officially not published, so its series had to 

be generated.  To this end, the perpetual inventory method is used to obtain initial value 

of capital stock; on the contrary, the figures on Gross Fixed Capital Formation (GFCF) 

serve as convenient proxy. (The procedure of calculating these data will be discussed in 

chapter six). The figures for the unemployment rate, labor force and labor force 

participation rate are taken from various issues of the LFS. The data for working age 

population is estimated for time period from 1973-74 to 1985-86. First we have taken 

working age population data from 1972 Censuses and divided working age population by 



total population and then multiplied this ratio with actual population. In next stage 

working age population is taken from 1981 Census and repeats the same procedure.  

To construct the series of total number of hours worked per week the grouped data 

arithmetic mean method is used. Publications based on the LFS of Pakistan report data on 

hours worked in the survey’s reference week (Percentage distribution of employed 

persons by major industry division and hours worked during survey week) in intervals. 

Based on these publications report the frequency distribution of the hours worked per 

week on weekly basis. They classify the data into hours worked per person in a week. 

This frequency distribution is then used to calculate annual average hours nationally 

considered in this study.76   

4.3: Definitions 

 4.3.1: Gross Domestic Product  

 The Gross Domestic Product (GDP) in a given year is equal to the sum of consumer, 

investment and government spending plus the value of exports minus the value of 

imports. The GDP data are reported in two forms; current market prices and constant 

factor cost.   It is standard to use GDP deflator to derive the latter from the former. The 

Net National Product (The NNP) includes income from abroad (like remittances). 

4.3.2: Inflation 

 Inflation used in this study as a percentage change in consumer price index (CPI). 
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76 The LFS was not conducted in 1976-78, 1980-82, 1984, 1989-90, 1996, 1999, 2001, 2003, 2005 years, so 
there are some missing values of annual hours. These missing values have been interpolated using a linear 
interpolation method which is built-in in EViews- 7 Beta software. The Linear interpolation method simply 
computes a linear approximation based on the previous non-missing value and the next non-missing value. 
The interpolated value is then calculated as: 
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4.3.3: Capital Stock 

 Capital stock is calculated as the total amount of firm's capital, represented by the 

value of its issued common and preferred stock (ordinary and preference shares).  It is a 

measure of the net additions to the (physical) capital stock in an accounting period, 

though it may occasionally also refer to the total stock of capital formed, or to the growth 

of this total stock.  

4.3.4: Labor Force 

The labor force is defined as the number of people employed plus the number of 

people unemployed but seeking work. Currently Active Population or labor force 

comprises all persons ten years of age and above who fulfill the requirements for 

inclusion in those   employed or unemployed during the reference period i.e. one week 

preceding the date of interview. Those who are neither employed nor unemployed are 

considered not in the labor force, e.g. persons who are not working and are not available 

for work during the reference week and persons who are not available and are not looking 

for work. Examples are housewives, students, disabled or retired persons and seasonal 

workers.  

4.3.5: Working Age Population  

The working age population refers to the population above a specified minimum 

age which may differ from country to country depending on national circumstances. In 

Pakistan the population of 10 years and above at a specified time is counted as working 

age population.   This population is then divided into persons in the labor force and those 

not in the labor force. 
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4.3.6: Labor Force Participation Rate  

The labor force participation rate is the number of people in the labor force 

divided by the size of the adult civilian non-institutional population (or by the population 

of working age that is not institutionalized). Crude activity rate is the currently active 

population expressed as a percentage of the total population in Pakistan. Refined activity 

rate is the currently active population expressed as a percentage of the population 10 

years and above. This rate enables international comparison by factoring in the effect of 

age composition. 

4.3.7: Unemployment rate 

 The unemployment level is defined as the labor force minus the number of people 

currently employed. The unemployment rate is the level of unemployment divided by the 

labor force.  

4.3.8: NAIRU 

 NAIRU is a steady state unemployment rate. If actual unemployment rate is 

above steady-state unemployment rate then inflation would fall if the former is reduced 

by expansionary policy; but inflation would rise if the unemployment rate is pushed 

below the steady state unemployment rate. NAIRU is approximately a synonym for 

natural rate of unemployment. It is an unobservable variable to be estimated.  This is done 

in chapter 5 for Pakistan. 

4.3.9: Working hours 

Working hours are the total number of hours worked in employment per week by 

all people meeting the definition of employment given in the standard for labor force 
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status, that is, all people aged 10 and over who during the survey reference period: 1) 

worked for one hour or more for pay, profit or payment in kind in a job, business, farm or 

professional practice, 2) worked without pay for one hour or more  which contributed 

directly to the operational efficiency  of a farm, business or professional practice operated 

by a relative, 3) had a job or business they were temporarily absent from.  

4.4: Unit Root Test 

 "A stochastic process is said to be stationary if its mean and variance are constant 

over time and the value of covariance between two time periods depends only on the 

distance or lag between the two time periods and not on the actual time at which the 

covariance is computed" (Gujarati, 2006, p.496). If data are non-stationary then the 

regression results will be spurious. There are several tests to check stationarity.  There is 

present study however uses the Augmented Dickey-Fuller (ADF) test for this purpose. 

The results of the unit root test are as follows: 
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Table 4.1: Unit Root Test Results 

 

Null Hypothesis:             There is unit root 

Alternative Hypothesis: There is no unit root. 

Level 1st Difference 
Variables 

Non Intercept Intercept 
&Trend 

Non Intercept Intercept 
&Trend 

Stationary

lnY 16.12 -0.61 -1.16 -1.19 -4.49* -4.48* I(1) 

lnLF 8.30 -0.21 -1.90 -2.63** -5.60* -5.52* I(1) 

lnKT 14.31 -1.46 -1.28 -1.02 -3.51** -3.59** I(1) 

lnH -0.79 -2.46 -3.74*** -9.06* -9.09* -8.94* I(0) 

INF -1.95 -3.11** -2.64 -5.64* -5.64* -6.14* I(0) 

lnLFPR 0.66 -0.72 -0.42 -5.54* -5.51* -5.86* I(1) 

UR 0.05 -1.74 -1.78 -5.46* -5.46* -5.59* I(1) 

lnWAP 7.13 -0.91 -2.56 -3.16 -7.21* -7.24* I(1) 

OP 1.99 0.62 0.01 -3.99* -4.19* -4.45* I(1) 

Note:  (*, **, ***) indicates that significant at (1, 5, 10) % level of significance. 
 

Test critical values: 

 
Level of Significance Non Intercept Intercept &Trend 

1% -2.63921 -3.65373 -4.27328 

5% -1.95169 -2.95711 -3.55776 

10% -1.61058 -2.61743 -3.21236 

 

4.4.1: Results of Unit Root Test  

The results of unit root test reported above are interpreted as follows. We use the 

annual data from 1973-74 to 2007-08. The variables that in our study are being used 

GDP, capital stock, labor force, labor force participation rate, working age population, 

NAIRU, average hours worked, inflation and oil prices. In order to estimate our model,    
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ADF (augmented Dickey-Fuller) test is  because DF test is based on AR (1) process, 

while ADF test considers extra lagged terms of the dependent variable in order to 

eliminate autocorrelation. We test the null hypothesis of unit root against the alternative 

of no unit root at level and 1st difference. The results show that at level inflation and hours 

worked are trend stationary and all other variables are at first difference.  

 

4.5: Concluding Remarks 

 This chapter briefly discusses the nature of the data collected from different 

sources used in this study for estimating potential output and NAIRU by employing 

different estimation methods described in the preceding chapter. We have checked the 

stationarity of the main variables. It shows that most of our variables are I(1) except for 

two variables (inflation and hours worked). In chapter 5 we do estimation of NAIRU 

using Kalman filter method.  
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CHAPTER 5 

ESTIMATING NON-ACCELERATING INFLATION RATE OF 

UNEMPLOYMENT (NAIRU) USING KALMAN FILTER 

5.1: Introduction 

The main purpose of the present chapter is to estimate the NAIRU for Pakistan. As 

already discussed in chapter 1 the idea of a “natural” rate of unemployment was first 

proposed by Friedman in 1968.  In his formulation it is roughly equivalent to the amount 

of frictional and structural unemployment that persists even when the labor market is in 

equilibrium.77 The NAIRU term was first introduced by Modigliani and Papademos in 

1975.  According to Friedman (1968) and Phelps (1968) "there is not a long-term trade-

off between inflation and unemployment: in the long run, unemployment depends on 

structural variables, whereas inflation is a monetary phenomenon". In this framework a 

trade-off in the short-run exists in that if unemployment falls below the NAIRU inflation 

will rise until unemployment returns to the NAIRU. Therefore the existence of a NAIRU 

has immediate implications for the conduct of economic analysis and policies. 

We, therefore, estimate the NAIRU for Pakistan in this chapter to guide its anti-

inflation and anti-unemployment policies. An important challenge the analyst faces is, 

therefore, to identify a rate of capacity utilization that is sustainable.  

The expectations-augmented Phillips curve is the simplest theoretical framework 

that incorporates the NAIRU concept in a transparent way, which Gordon (1997) has 

summarized in the form of the so-called “triangle model”. In this model, inflation is 

 
77 McMorrow and Roeger (2000) 
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determined by three factors: inertia, the demand shock as proxied by unemployment gap 

and supply shocks. 

The present chapter first discusses the conceptual issues related to NAIRU .This is 

done in Section 5.2. Section 5.3 highlights the peculiarities of Pakistan's labor market. 

Section 5.4 analyses the concept of a time-varying (TV) NAIRU.  Section 5.5 specifies 

the model and in section 5.6 estimation results are presented. In section 5.7 estimation of 

a constant NAIRU is given. And concluding remarks are presented in Section 5.8. 

5.2: Conceptual Issues 

The views as to the usefulness of the NAIRU concept are at best mixed.78 

Nevertheless, economists analyze future inflation trends, the sustainability of fiscal 

positions, and the need to undertake structural reforms to permanently reduce 

unemployment. For this purpose they need a benchmark to identify and distinguish 

sustainable and unsustainable trends in output and unemployment. The NAIRU concept 

provides such a benchmark. Estimates of the NAIRU make clear the assumptions that lie 

behind policy analysis and recommendations, in order to make the recommendations 

based on them empirically and theoretically sound. If policymakers succeed in setting the 

actual unemployment rate equal to the NAIRU, then the economy will be producing at its 

maximum level of output without causing inflationary pressure. Since the NAIRU 

concept is unobservable it needs to be quantified before it can be useful for policy 

analysis. But first let us look at the labor market in Pakistan. 

 
78 Turner et al. (2001) 
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5.3: Pakistan Labor Market 

Labor market of Pakistan has been faced with many challenges, including: 

unemployment, underemployment, poor working conditions, predominance of informal 

economy, low literacy, poor level of skills, and a gross mis-match between the demand 

and supply of educated and trained manpower. Women and youth - comprising half of the 

population - are in a deprived position as well; they are much too exposed to the ups and 

downs of the economy. 

According to the various issues of the Labor Force Survey (LFS), Pakistan’s labor 

force increased from 43.17 million in 2001-02 to 50.33 million in 2006-07. The overall 

labor market trends show that several developments have taken place which greatly 

affected its composition and structure. On the one hand, there has occurred a significant 

improvement in terms of employment, unemployment, and in the labor-force participation 

rate. A significant decline in the unemployment rate over the last decade is also 

noticeable in the midst of increasing labor force participation rates, which suggests the 

essentially strong absorptive capacity of the economy. On the other hand, the quality of 

employment has also raised worrisome issues. 

5.3.1: Unemployment 

As discussed in Chapter 1, unemployment is one of the major root causes of 

several other problems in Pakistan’s, as elsewhere in the world. Even in stable societies, 

like France and others, it has played havoc with social stability and cohesion.  It is 

therefore unfortunate that searching for statistics regarding the rate of unemployment in 

Pakistan is like looking for black cat in a dark room.  One of reasons for this is a lack of a 

credible data base. It is thus not surprising that all the five year plans starting from 1955, 



contain a national commitment to  reduce  the level and rate of unemployment, and  yet 

none of them has yet not  tasted success.     

Figure 5.1 shows the available information about unemployment rate in Pakistan, 

with the understanding that a fairly large of margin of error might be there. 

Figure 5.1: Unemployment Rate  

 

Source: Various Issues of Pakistan Labor Force Survey and Economic Survey of Pakistan from 1973 to 

2008. 

The figure shows information about the unemployment rate. From 1973-74 to 

1980-81 it shows increasing trend; in 1981-82 it decreased; and then it started increasing 

again. It decreased again from 1983-84 to 1986-87; but remained constant during 1987-88 

to 1988-89.  As discussed in Chapter 1, in 1990-91 labor force survey (LFS) changed the 

definition of unemployment in 1991.  Thus, essentially due to definitional reasons, 1990-

91, the unemployment rate jumped to 6.28 from the previous year’s 3.1 per cent.  The 

figure also  shows that the overall unemployment rate is on a declining trend from 2005-

06, due mainly to a steeper decline in unemployment in the rural regions. This decline can 
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safely be attributed to numerous reasons, a flourishing economy being one of them. This 

declining trend in unemployment rate continued in 2006-07 and 2007-08.  

 

5.4:  Time-Varying NAIRU 

"The Time-Varying NAIRU (TV-NAIRU) approach attempts to provide an 

indication of the path the NAIRU has taken over a particular period by including 

variables which capture the impact of significant supply side shocks, over the period in 

question, and which could be expected to influence the NAIRU" [McMorrow and Roeger 

(2000) p.4]. The accurate measurement of the TV-NAIRU is very difficult due to 

uncertainty, which flows from the fact that it is an unobservable variable and has to be 

estimated using different specifications and different modeling approaches. The problem 

is that all these approaches give different results. The uncertainty also comes from point 

estimates of NAIRU.79  

As already discussed in Chapter 2 and 3, the literature on estimating a TV–

NAIRU usually uses state space models or Kalman filter [Kalman (1960), Kalman and 

Bucky (1961)] to capture the dynamics of the NAIRU over time.80  

 
79 The source of uncertainty is the degree of doubt surrounding the NAIRU point estimates themselves, 
which are imprecisely calculated from a combination of stochastic variables and parameters, with the 
computing of confidence intervals for the latter highlighting the extent of the imprecision of the various 
methods used in the calculation. Given these latter uncertainties, it is hardly surprising that the NAIRU is 
increasingly seen not a robust point estimate providing but confidence interval. 
80 See Gordon (1997, 1998) and Staiger et al. (1997a,b) for the seminal contributions, Kuttner (1994), 
Gerlach and Smets (1999), Apel and Jansson (1999a,1999b), among many others, Laubach (2001), Fabiani 
and Mestre (various issues various issues 2001), Logeay and Tober (2006,2007), and  Fitzenberger et 
al ( 2007) and Denis et al ( 2002,2006). 



5.5: Model Specification  

This section outlines the model and data used to estimate NAIRU for Pakistan and 

examine the results of these models. The unemployment rate is assumed to be composed 

of an unobserved cyclical and a trend component. The Kalman Filter extracts these 

components subject to certain general specifications of the processes generating the 

cyclical and trend components.81 These factors are regarded as unobservable. These 

components are treated differently as regards the economic information used.82  

For example, a general specification is as follows: 
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                           ( )( ) ( ) ζγβπαπ ++−+=Δ *
tttttt XLuuLL −1)(                                 (5.1) 

The equation (5.1) is a Phillips curve and it models the relationship between the 

change in price inflation tπΔ
*− to the unemployment gap  plus inertia and other 

exogenous variables Xt like terms of trade or oil prices or lagged changes in the 

unemployment rate. Other exogenous shocks can be captured by error term

tt uu

tζ . α(L), β(L) 

and γ(L) are lag polynomials. 

**

                                                

)( tttt uuuu +−=                                                                    (5.2) 

 
81 The trend component have no information about past and future values and it is almost average values for 
any variable without any economic information over the time but when someone assumed  that trend 
component  follow a random walk or with drift then it is most likely we used some economic information to 
capture these trends.                                                                    
82The economic information is used for modeling the cyclical component of unemployment. Especially the 
link between changes in price inflation and cyclical unemployment as expressed in the Phillips curve is 
used in identifying the cyclical component. To model the trend component economic information is not 
used which could potentially explain structural shifts in the unemployment rate. Instead a time series model 
which captures the general statistical properties of the unemployment trend, such as the non-stationarity of 
the structural component is specified.  
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Where ut is observed unemployment rate and it is composed of unemployment gap 

or cycle   and unemployment trend or NAIRU . This decomposition can be 

made economically meaningful using macroeconomic theory. 

tt uu tu

( ) ttttt uuuuuu υθθ +−+−=− −− 2211 )( ***                                          (5.3)   

According to Denis et al (2002) "The unemployment gap is modeled as AR (2) 

process. This is a typical way of modeling the unemployment gap. The cyclical 

component of unemployment also obeys certain business cycle restrictions. It should be 

an auto-correlated process, preferably second order. It is assumed to be stationary and it 

requires θ1+ θ 
2 < 1" [Fabiani and Mestre (2001) and Apel and Jansson (1999)]. 

tttt uu ημ ++= −
*

1
*                                              (5.4) 

The trend component is assumed to be random walk with drift.  

ttt ωμμ += −1                                                                            (5.5) 

And the drift term also follows a random walk process. 

The NAIRU is estimated as a non-stationary trend (time series property).83 The 

unemployment gap is assumed to affect inflation significantly. Using this economic 

relation the Phillips curve and the NAIRU are estimated simultaneously.84  

In model specification, we use data in first differences except for the 

unemployment rate. We employ a general-to-specific approach (omitting insignificant 
                                                 
83Non-stationary trend or more precisely a local linear model is de facto equivalent to a ARIMA (0,2,1). 
Depending on the variances of the two error terms it can be either a simple random walk or an I(2) process. 
Many authors use this approach because it allows for a smooth trend; cf. Harvey und Jaeger (1993).   
84There are two important estimation issues related to the Kalman filter that need to be resolved: namely the 
choice of the initial values of the state vector and covariance matrix and the estimation of the innovation 
variances. 



variables) and we include in Phillips curve equation a constant term, two lagged  terms 

for  price inflation (capturing inertia), unemployment gap (the demand shock), oil prices 

(supply shock) and a dummy variable that shows change in inflation. 85 We use oil prices 

as proxy for supply-side shock in Phillips curve equation as explanatory variable. The two 

lagged terms are statistically significant as the proximate causes of inflation, and one lag 

is significant for oil prices; however the unemployment gap lag is not significant so we 

not include lag of this variable.86  

For estimation of NAIRU we follow Epstein and Macchiarelli (2010) and Denis et 

al. (2002). There are two steps used to estimate NAIRU. In the first step, the 

unemployment is decomposed using Kalman filter. The second step identifies cyclical 

component according to Phillips curve relationship.  

5.5.1: First Step 

 In first step we decompose unemployment rate into a stochastic trend and cyclical 

component as:  
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**

ημ ++= **

)( tttt uuuu +−=                                                                    (5.6) 

Where trend component follows local linear trend model specifically: 

tttt uu −1                                                                     (5.7) 

The trend component is assumed to follow random walk with drift. 

tttμ μ ω+=

                                                

−1                                                                            (5.8) 

 
85 Greenslade et al. (2003) 
86 Epstein and Macchiarelli (2010) 



The drift term is assumed to be stochastic and it also allows following random 

walk. Both error terms ηt and ωt are Independent, Identical Distribution (IID) with zero 

mean and constant variance and are mutually uncorrelated. According to Danis et al 

(2002) "The rationale for choosing such specification is the observed non-stationarity of 

the unemployment rate. While using Kalman filter the standard deviation innovation can 

be estimated, but there exists the problem often encountered in the literature that 

estimated trends are too smooth or too “noisy”. This problem can be overcome by fixing 

variance of estimated unemployment trend" (e.g Gordon, 1997 and OECD, 2000). 

Gordon (1997) suggests "smoothness prior", which means that you need to fix the 

variance of trend innovation. According to him when standard deviation of ηt=0, then this 

denotes time invariant or constant NAIRU; otherwise NAIRU varies by the amount ηt in 

each period. In this regard we assume "smoothness prior" and fix the variance of trend 

innovation at lower bound of 0.1 consistent with Gordon (1997). 

( ) ttttttttt uuuuuu υθθ +−+−=− −− 2211 )( ***

                                                

                            (5.9) 

The unemployment gap is modeled as an AR(2) process. It is assumed to be 

stationary and requires θ1+θ 
2 < 1.87  Kalman filter is employed to estimate these 

components using equations (7) and (9). The results of the first step are shown in Table 

5.1 set out in the next section. 

5.5.2: Second Step 

In the second step, we identify cyclical component using Phillips curve 

relationship. 
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( )
ttttttttt Dppuuc ζγγβπαπαπαπ ++++−+Δ+Δ+Δ+=Δ −−−+ 121231211

oiloil*      (5.10)                
    

Where Δ is the first order of difference of variable 

1+tπ  is the  inflation in time period t+1 

c is constant term  

tπ  is inflation  in time period t  

1−tπ  is inflation  in time period t-1  

2−tπ  is inflation  in time period t-2 

*
tt uu −  is unemployment gap 

oil
tp  are oil prices 

oil
tp 1−   are oil prices  in time period t-1 

D is a dummy variable for inflation88  

tζ  is error term 

The results are shown in Table 5.2 and the NAIRU series for Pakistan is shown in 

Figure 5.2. For estimation of equation (10) require a non-linear estimation. For increased 

precision, the estimation is initialized with an OLS regression where the unemployment 

gap is first approximated by the cyclical component obtained in the first step.89 The 

cyclical component is ( ) is consequently treated as unobserved and hence re-

estimated within equation (10) under the specification in equation (9). The results are 

shown in next section.  

*

                                                

tt uu −

 
88 The shift dummy variable is included in order to account for changes in inflation. In particular, by 
imposing a change in the mean value for inflation, i.e. D=0 when inflation was mostly trending lower or 
equal to its mean value and D=1 for otherwise; i.e. when inflation trended higher its mean value.  
89 See in Appendix III Table A 5.2: 
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5.6: Estimation Results 

In previous sections, we discussed the specification of the model and the 

estimation procedure. In this section we analyze the estimation results. The estimation 

results of first step of Kalman decomposition are presented below in Table 5.1; while in 

the second step the results of Kalman filter estimation of NAIRU for Pakistan are 

presented below in Table 5.2. 

 

Table 5.1 First Step Results: Kalman Decomposition 

Variables Coefficient S.E z-Statistic 

(u-u*) t-1 0.490442* 0.025031 19.59324 

(u-u*) t-2 -0.23396* 0.023083 -10.1355 

Log likelihood -240.113  

Note: * mean significant at 5 percent level of significance. 

 

            According to Table 5.1 Kalman filter decomposition results, θ1and θ 
2 are 0.49 and 

-0.23 respectively and statistically significant at 5 percent level of significant. Sum of 

both θ1+ θ 
2 is less than one and to be stationary which shows that unemployment gap in 

Pakistan follow an AR (2) process.   Here we focus on second step results only which are 

discuss below. 
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Table 5.2: Second Step (Kalman Filter Estimate) Results for NAIRU of Pakistan  

Cyclical Component and Phillips Curve Estimates 
Maximum likelihood and statistics Estimation Periods:1974-2007 (35 observations) 

Variables Coefficients S.E z-statistics 

Constant 1.826964* 0.288453 6.333668 

∆πt -0.32334* 0.04603 -7.02468 

∆πt-1 0.102784* 0.027172 3.782738 

∆πt-2 0.103761* 0.020676 5.01846 

(u-u*) -0.59348* 0.14702 -4.03675 

pt
oil 0.038374* 0.004255 9.018277 

pt
oil (-1) -0.05171* 0.005164 -10.0133 

D -2.23152* 0.173204 -12.8838 

Unemployment  Cycle AR(2) Terms 

(u-u*)t-1 0.742401* 0.075767 9.798468 

(u-u*)t-2 -0.27438* 0.067754 -4.04966 

log likelihood              -236.401 

Note: * mean significant at 1 percent level of significance. 

 

5.6.1: Interpretation of Results 

The estimation begins in 1975-76 although the time series start in 1973-74. This is 

because the series are differenced and lags are considered. The results of first step are 

shown in Table 5.1 and the results of step 2 are shown in Table 5.2. There are two lags of 

inflation that are significant so we include two lags of inflation. Oil prices turned out to 

be significant only with one lag. The estimated coefficient on unemployment gap is -0.59. 

An increase in unemployment gap by 1 percent causes inflation to decrease by 0.59 

percent. The relationship between the unemployment gaps and past changes in inflation is 
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statistically significant. An increase in oil prices by 1 percent causes inflation to increase 

by 0.03 percent.  

Figure 5.2 shows the actual unemployment rate together with the estimated 

NAIRU series.90 The NAIRU for Pakistan increased during 1975-76 to 1979-80 except 

1978-79. And it decreased in 1980s. In 1990-91 it increased from 3.21 percent to 5.37 

percent. In the same time period, the actual unemployment rate increased from 3.13 

percent to 6.28 percent in 1990-91 due to definitional change in the measurement of 

unemployment and recession in Pakistan. In 1991-92 and 1992-93 it decreased to 5.85 

and 4.73 percent respectively. In same time period, NAIRU also decreased to 5.05 and 

4.75 percent respectively. The decrease in unemployment rate can be attributed to the 

general expansion of the economy and in particular the specific employment generation 

schemes such as National Self-employment Scheme and Youth Investment Promotion 

Society (YIPS).  But NAIRU increased from 5.3 percent in 1990-91 to 8.12 percent in 

2003-04. The unemployment rate increased to 8.3 percent in 2001-02. It declined from 

8.3 percent in 2001-02 to 7.7 percent in 2003-04, due mainly to steeper decline in 

women’s unemployment. In recent years there has been a downward trend in the NAIRU 

from 8.12 percent in the 2004-05 to current estimates of 6.17 percent. The overall 

unemployment rate is also on the decline from 2005-06, due mainly to a steeper decline in 

unemployment in the rural regions. This decline can safely be attributed to numerous 

reasons, a flourishing economy being one of them. The estimate for the time-varying 

NAIRU from the time period 2003-04 to 2007-08 was above the actual unemployment 

rate, suggesting that Pakistan's labor market situation most likely fuelled a rise in the 

inflation rate.  

 
90 See Appendix III Table A5.1. 



Figure 5.4 shows that the unemployment gap estimates obtained in the second step 

was positive between 1975-76 and 1977-78, in 1981-82 and 1983-84, in 1985-86. It is 

also positive between 1984-85 and 1988-89, 1990-91 and 1991-92, 1996-97 and 2002-03. 

The negative unemployment gap occurs between 1978-79 and 1980-81, in 1984-85, 

between 1986-87 and 1989-90, 1992-93 and 1995-96 and 2003-04 and 2007-08. The 

wider gaps in 1990-91, 1999-00, 2006-07 and 2007-08 are 0.9, 0.77, -1.1 and -0.97 

percent respectively. In 1990-91, the Labor Force Survey changed some definitions of 

unemployment as mentioned above. Partly because of this and also due to global 

recession, the unemployment gap increased in 2000-01. The gap appears to have hit a 

bottom during current downturn driven by global financial crises.  

Figure 5.2: Actual Unemployment Rate and NAIRU Using Kalman Filter 

 
1/ Trend* is a first step Kalman decomposition results. 
Source: Appendix Table A5.1. 
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Figure 5.3: Actual Unemployment Rate and NAIRU Using Kalman Smoother91  

 

1/ Trend* is a first step Kalman decomposition results. 

Figure 5.4: Unemployment Gap Using Kalman Filter 

 
                                                 
91The smoothing algorithm is a way to use all the information in the sample to form the best inference 
about the unobserved state of the process at any historical date.  
 Suppose that data information is available over a discrete time, time interval {1, 2,----N}. For any  
1≤ K ˂N, the optimal estimate ^

N
KX of the state vector XK using all the data information on this time 

interval (i.e. past, present, and future information is being used) is called a smoothing estimate of XK. Chui 
and  Chen (1987) 
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5.7: Estimation of the Time Invariant NAIRU  

 This section presents estimates of the time-invariant NAIRU, which can be 

regarded as a special case of TV-NAIRU where the variance of trend error term is zero. 

We can treat ut
* as a constant term, that enable us to estimate time-invariant NAIRU using 

OLS. 

In the estimation of constant NAIRU equation (5.10) has been used:           

( )
ttttttttt Dppuuc ζγγβπαπαπαπ ++++−+Δ+Δ+Δ+=Δ −−+ 21231211 oiloil*

*

oiloil

*

                                                

     (5.10) 

 Opening brackets in equation (5.10) in which  is a constant, the equation (5.10) can 

be simplified as: 

tuβ

tttttttt Dppu ζγγβπαπαπαλπ +++++Δ+Δ+Δ+=Δ −−+ 21231211               (5.11) 

where λ= -  Uβ

In literature NAIRU is generally assumed arbitrarily as constant at 6.0 percent 

(Gordon 1997).  By contrast, we have estimated NAIRU (or text-book NAIRU) for 

Pakistan to have remained constant at 4.72 percent over the sample period 1974-75 to 

2007-08.  Using  general–to-specific methodology, estimates are done by using nine lags 

of changes in inflation and eight lags of changes in oil prices and no lags for 

unemployment.92 The regression done here includes a dummy variable accounting for the 

changes in inflation on the overall sample period. 

 
92 Greenslade et al. (2003), Epstein and Macchiarelli (2010)  
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Because the LFS changed the definition of unemployment and recession in 1990-

91 there occurred a huge jump in unemployment rate data---it nearly doubled. For 

accurate estimation we divide data in two sample periods 1974-75 to 1989-1990 and 

1990-91 to 2007-08.  Following the same procedure as LFS has done, we get constant 

NAIRU for sample period 1973-74 to 1989-90. The result is a substantially lower 

estimate of unemployment--- that is, 3.12 percent and for sample period 1990-91 to 2007-

08 that is 6.43 percent.93 

Figure 5.5: Time Invariant NAIRU for Pakistan (1974-75 to 2007-08) 

 

5.8: Concluding Remarks 

The present chapter estimates Pakistan's NAIRU in the sample period from 1974-

75 to 2007-08. Two approaches have been used in the estimation: 1) the structural 

approach, under which the NAIRU is assumed constant for the sample period, and 2) the 

Kalman filter, allowing for the NAIRU to be time-varying. On the first assumption, the 

NAIRU is estimated to be 4.72 percent for the sample period 1974-75 to 2007-08.  Then 

                                                 
93 A companion study also estimated constant NAIRU for Pakistan for sample period 1978-93 and the 
results are similar to our results of first sample period 1973-74 to 1989-90. The NAIRU for Pakistan 
according to Iqbal (1995) is 3.21 percent. 
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sample period is divided into two sub periods. The estimate for sub-period 1974-75 to 

1989-90 is 3.12 percent and for the sub-period 1990-91 to 2007-08 it is 6.43 percent. 

 The application of the Kalman filter and assumption of a time-varying NAIRU in 

the given period shows that the NAIRU for Pakistan increased from 5.3 percent in 1990-

91 to 8.12 percent in 2003-04. In recent years there has been a downward trend in the 

NAIRU from 8.12 percent in the 2003-04 to current estimates of 6.17 percent. The 

estimate for the TV-NAIRU from the time period 2003-04 to 2007-08 is above the actual 

unemployment rate, suggesting that Pakistan's labor market situation most likely fuelled a 

rise in the inflation rate.  
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CHAPTER 6 

ESTIMATING POTENTIAL OUTPUT USING PRODUCTION 

FUNCTION 

6.1: Introduction 

The previous chapter presented estimates of NAIRU using Kalman filter method, adjusted 

for the Phillips curve (step two in the preceding chapter). In the present chapter 

production function technique is used to estimate potential output. This technique has the 

advantage of being based on strong theoretical foundations besides being a statistically 

valid procedure. Its main advantage is that it not only estimates potential output in an 

economic context but also directly quantifies the contribution of each factor input. The 

non-accelerating inflation constraint is usually introduced by relating the potential level 

of factor inputs to the natural level of unemployment. 

In present chapter, we adopt a standard Cobb-Douglas production function 

methodology to derive the potential output and output gap for Pakistan over the period 

1974-75 to 2007-2008. To estimate Pakistan’s potential output growth, we mainly require 

that potential output be consistent with the notion of ‘full employment.’ The estimation 

entails obtaining Pakistan’s natural rate of unemployment, for which we augment a 

Kalman decomposition of the unemployment rate with a Philips curve application. 

 Section 6.2 presents a production function specification and the estimates based 

on it. Section 6.3 describes the variables included in the model and estimation of potential 

inputs.   The estimates of potential output are discussed in Section 6.4. The concluding 

remarks are given in Section 6.5. 



6.2: The Production Function and Parameter Estimates 

 To estimate potential output for Pakistan, we use a Cobb-Douglas production 

function with constant returns to scale.   The usual form of the production function is 

used: 

βα
tttt KLAY =      (6.1) 

Where Yt is GDP, At is total factor productivity (TFP), Lt is labor input and Kt is 

capital stock. The output elasticities of labor and capital are represented by α and β 

respectively which sums to unity.  

The equation (6.1) becomes linear regression model after taking natural log and using the 

assumption of constant return to scale rep lace α with (1- β): 

lnYt = lnAt + (1- β)lnLt + βlnKt   (6.2) 

This model can be reformulated and estimated as an unrestricted linear regression 

model, as follows: 

yt =  lnYt – lnLt = lnAt + β(lnKt – lnLt)    (6.3) 

 

Then 

yt = β0 + β1 Xt + εt     

 (6.4) 

where 

yt = lnYt – lnLt 

xt = lnKt- lnLt 

β0 = lnAt 
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β1 = β 

This specification suggests that both capital and labor supply have a significant 

effect on output, but the impact of capital stock is more than that of labor supply. We use 

restricted dynamic OLS to estimate parameter values of input shares of production 

function using equation (6.4)94. The value of capital share is 0.68 and the value of labor 

share is 0.32.95  The share of capital in the total output of Pakistan is higher.96 This 

finding is confirmed by other empirical studies like those of (Senhadji 2000; Naqvi 2003; 

Sherbaz et al. 2008, Ranjan et al. 2008).   

6.3: Estimating Potential Inputs 

For estimation of potential output we need to measure potential inputs, labor, 

capital and total factor productivity (TPF).  

6.3.1: Potential TFP 

We begin by estimating total factor productivity (TFP) as a Solow residual using 

equation (6.1):  

βα
tt

t
t KL

Y
A =      (6.5) 

 which can be rewritten as 

lnAt  =  lnYt -  αlnLt - βlnKt   (6.6) 
                                                 
94 In dynamic OLS we use two lags and leads [lags means past values and leads means future values] of the 
dependent variable [Epstein & Macchiarelli (2010) and Stock &Watson (1993)]. 
95 The estimated share of capital is 0.54 and the value of labor share is 0.46 when the labor input is defined 
as number of employees in the economy based on the Pakistan Labor Force Survey. 
96 The same Cobb-Douglas specification was assumed  for the EU15 over the period 1960-2003 being used 
as the estimate for the output elasticity of labour, which gives a value of 0.63 for α for all Member States 
and, by definition, 0.37 for the output elasticity of capital.(Denis et al, 2006). 
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Next, we estimate potential total factor productivity using Hodrick Prescott (HP) 

filter. In figure 6.1 actual and potential TFP are shown. It shows increasing trend 

throughout the sample period.  

Figure 6.1: Actual and Potential Total Factor Productivity of Pakistan Economy: 
(1973-74 to 2007-08) 

 

 

6.3.2: Capital Stock 

The capital stock data series is officially not available for Pakistan. We therefore 

construct it, using perpetual inventory method. 

So 

Kt = It + (1-δ)Kt-1    (6.7) 

 

Where equation (6.7) shows that capital stock is measured by new investment plus 

previous capital stock (net of depreciation). GFCF is used as a proxy for investment. 
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Depreciation rate for Pakistan is used at 5 percent level according to previous studies.97 

The perpetual inventory method assumes the initial value of capital-output ratio. 98 

6.3.3: Potential Labor Input 

Nearly all  previous studies estimate  potential labor input using labor force HP 

trend (see Adnan et al. 2008) and potential employment was measured using HP trend of 

labor force multiplied by (1- NAIRU), where  NAIRU was estimated using HP filter (see 

Sherbaz et al. 2008). It may be noted here that we are estimating potential employment 

and potential labor supply in different ways as is explained in this section.99 In the 

previous chapter we estimated NAIRU using Kalman filter. So given the long run 

equilibrium rate of unemployment, Pakistan's potential labor supply can be estimated as: 

 

Lt
*=WAP*PARTS*(1-NAIRU)* AHOURS    (6.8) 

 

Where WAP is the working age population and PARTS is the trend (or 

equilibrium) participation rate. The equilibrium participation rate is obtained using HP 

filter. It can be shown in Figure 6.2 that participation rate has decreased from 1977-78 to 

1995-96 but after 1995-96 it increased till 2007-08. Working age population is multiplied 

by potential participation rate and (1–NAIRU) to get potential employment.100 And 

potential employment is multiplied by average hours worked to get potential hours 

worked or potential labor supply. Pakistan’s actual and estimated potential hours or labor 

 
97 The value of depreciation rate is adopted from Sherbaz S et al. (2008),  Hjerppe et al. (2005), Norris et al. 
(2002), Forstner et al. (2001) and Evenson (1997)  
98 "The maximum potential output contribution of capital is given by the full utilization of the existing 
capital stock in an economy. Since the capital stock is an indicator of overall capacity there is no 
justification to smooth this series in the production function approach" [Denis et al. (2002) p; 8].  
99 Denis et al. (2002) and Horn G et al.(2007) 
100 The figure of potential employment is given in appendix III 6.2.A  



supply are depicted in Figure 6.3.  Potential hour shows increasing trend which decreased 

in 1990-91. Pakistan's actual labor supply is above potential labor supply between 1976-

77 to 1981-82, in 1990-91, between 1992-93 to 1994-95, in 1998-99 to 1999-00 and 

2006-07. At the end of sample period actual labor supply is less than potential labor 

supply except in 2006-07. Actual employment is above the normalized level of 

employment in 2006-08.  

Figure 6.2: Actual and Potential Labor Force Participation Rate of Pakistan 
Economy (1973-74 to 2007-08) 

 

Figure 6.3: Actual and Potential Labor Supply of Pakistan Economy (1974-75 to 
2007-08) 
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 Figure 6.4 shows that average labor force participation rate growth was -0.65 

percent in 1980s. Its average growth rate increased in 1990s to -0.04 percent and it 

increased to 2000-01 to 2007-8 to 0.57. The average working age population growth was 

3.35 percent in 1980s decade. Its average growth rate declined in 1990s decade to 2.1 

percent but increased again during time period 2000-01 to 2007-08 to 2.64 percent. The 

average growth contribution of (1-NAIRU) was 0.06 in 1980s and it became negative in 

1990s decade—it was a mere –0.38 percent, and then increased during 2000-01 to 2007-

08. The average growth of average working potential hours is mostly negative in all the 

decades except in the 1990s in which it was 0.10. The growth of potential labor supply 

was highest in 1980s decade at 3.1 percent. It decreased in 1990s decade from 3.1 percent 

to 1.5 percent. It increased during 2000-01 to 2007-08. The increase in the potential labor 

force can be attributed to a corresponding decline in the NAIRU, and an increase in 

Pakistan's average working age population growth and average trend labor force 

participation rate. 

 



Figure 6.4: Factors Contributing to Potential Labor Supply Growth in Pakistan 
Economy (1975-76 to 2007-08) 

 
Note:  Contributions are computed as year-on-year percentage changes. Labour Force Participation Rate, 
Activity Rate, (1-NAIRU) and Potential Hours contributions sum up is to potential Labour Supply growth 
rates. Any discrepancy is due to rounding. 

 

6.4: Potential Output 

Finally, we put the values of trend labor input, capital and HP filtered Solow 

residual into the production function equation and get potential output estimates. 

Yt
*= TFPt

*
 Lt

0.32Kt
0.68     (6.9) 

 The results of potential output are shown in Figure 6.5. The potential output 

closely follows the movement of the actual output in most periods. The wider negative 

output were in 1976-77, 1983-84, 1989-90, 1992-93 and 2007-08 which implies that the 

Pakistan's economy was operating at excess capacity. The wider positive output gaps 
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occurred in 1979-80, 1991-92 and 2004-05, which implies that the Pakistan's economy 

over-utilized its capacity in these periods. The same was the case from 2003-04 to 2006-

07 and in 2007-08 the case was opposite. These findings are consistent with the behavior 

of NAIRU given in the previous chapter in which it declined from 2004-05 to 2007-08 

from 8.12 percent to 6.17 percent. These results provide some evidence that Pakistan’s 

economy was facing excess demand from 2003-04 to 2006-07 but that in 2007-08 the 

situation was the opposite. This also implies that rapid output growth, without adequate 

investment and demand is unsustainable. 

The output gaps are shown in Figure 6.6. They shift from positive to negative 

from time to time. In the last few years of the sample period output gaps were positive 

except 2007-08. The highest positive output gap in Pakistan's economy was in 1991-92 

that is 3.16 percent. 

Figure 6.5: Actual and Potential Output of Pakistan Economy (1974-75 to 2007-08) 
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Figure 6.6: Output Gap of Pakistan Economy (1974-75 to 2007-08) 

 

 

In Figure 6.7 the potential output growth is characterized by regular small 

fluctuations around optimal growth. However, the fluctuations became volatile in 1977-

78, 1983-84, 1984-85 1992-93 and 2004-05. The potential output growth was the highest 

in 1984-85 and 2004-05 and lowest in 1996-97 and 2004-05.   

Figure 6.7 Growth of Actual and Potential Output of Pakistan Economy 
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6.4.1: Contribution to Potential Growth  

The production function framework allows us to estimate the contribution of each 

factor of production to potential GDP growth. Changes in these contributions can be 

assessed as a signal for making structural changes in Pakistan economy. In Figure 6.8 

labor and capital contributions are plotted, accounting for their respective factor shares. 

Labor contribution has fluctuated; its contribution was at its lowest level in 1990-91,   

negative at -1.4 percent. The contribution was at its highest level in 2005-06.  The 

contribution of capital has steadily increased from 2002-03 to 2005-06 and then it started 

decreasing from 2006-07 to 2007-08. The contribution of total factor productivity 

increased from 2000-01 to 2005-06 and then it started to decrease from 2006-07 to 2007-

08.   

Figure 6.8: Factors Contributing to Potential Output Growth in Pakistan 

 
Note:  Contributions are computed as year-on-year percentage changes. Total Factor Productivity, Capital, 
and Potential Labour Supply contributions sum up is to potential output growth rates. Any discrepancy is 
due to rounding. 
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6.5 Concluding Remarks 

This chapter estimates potential output from the production function approach. 

The estimates follow the movement of the actual output closely in most periods. A wider 

gap of 3.16 percent was observed in Pakistan's economy in 1991-92. The economy was 

overheated in 2003-07 so that growth could not be sustained in 2007-08. This observation 

is also consistent with the behavior of NAIRU given in previous chapter in which NAIRU 

declined from 2004-05 to 2007-08 from 8.12 percent to 6.17 percent. Indeed, at the end of 

sample period actual employment was less than potential employment.  The implication 

of all this is that Pakistan’s economy has gone through  periods of economic recovery 

(when employment was less responsive to economic growth, resulting in  jobless growth); 

followed by a period when actual employment was above normalized level of 

employment in 2006-08. In Chapter 7 are presented estimates of potential output using 

other methods discussed in Chapter 3. This is done because all methods provide different 

estimates, from which one that is closest approximation to reality can be chosen. This is 

done in Chapter 8.  
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CHAPTER 7 

 ESTIMATING POTENTIAL OUTPUT AND OUTPUT GAP USING 

DIFFERENT METHODS  

7.1: Introduction  

 The preceding chapter uses the production function method to estimate potential output 

and output gap for Pakistan.  In this chapter potential output and output gap for Pakistan 

are estimated using other estimation methods described in this study.  Section 7.2 presents 

estimates of the statistical methods; while sections 7.3 and 7.4 present estimates done by 

structural methods and semi-structural methods respectively. Section 7.5 summarizes the 

analysis presented in this chapter. 

 

7.2: Empirical Estimates of Potential Output and Output Gap using Statistical 

Methods 

7.2.1: Linear Time Trend 

The simplest method of estimating potential output is linear regression of the log 

of real GDP on a constant time trend. 

 

y*  =  13.77  +  0.051*t                                                     (7.1) 

           (910.23)  (66.9182) (t-ratios) 

 

R2 = 0.99268      DW= 0.16017 



Equation 7.1 shows that the coefficients are highly significant and that the 

regression is close to a perfect fit.  Figure 7.1 shows that potential output is above the 

actual output in time periods 1973-1974 to 1980-81 and 1997-98 to 2007-08. Actual 

output is above potential output from time period 1981-82 to 1996-97. It also shows that 

potential output growth are constant at 5.12 percent. 

 

Figure 7.1: Actual and Potential Output Based on Linear Time Trend (1973-74 to 
2007-08) 

 

 

Figure 7.2 highlights the sustained negative output gaps in two periods; 1973-

1974 to 1980-81 and 1997-98 to 2007-08.  From 1981-82 until 1996-97, actual output is 

above potential output and output gap is positive in this period. The wider gaps in time 

period 1976-77, 1991-92 and 2002-03 are -7.49, 7.99 and -7.6 percent respectively. The 

output gaps are large by this method because the trend and cycle are fully uncorrelated.  
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Figure 7.2: Output Gap Based on Linear Time Trend (1973-74 to 2007-08) 

 

 

However, it may be noted that not much reliance can be put on these results 

because the Durbin-Watson statistic of the above equation is too low, which implies that 

there is problem of autocorrelation and that the equation is mis-specified. 

 

7.2.2: Hodrick Prescott Filter 

The Hodrick-Prescott filter (HP filter) is the most popular and easy method of 

estimating potential output, as explained in Chapter 3. And lots of studies have used this 

method to estimate potential output. 101 In the  literature reviewed in Chapter 2 most 

empirical studies used smoothing parameter λ equal to 100 for annual data so in this study 

the value of λ is set equal to 100.  Figure 7.3 show that potential output obtained by this 
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101 De Masi (1997);Slevin (2001); Gounder and Morling (2000); Hofman and Tapia (2003), Njuguna,  
Karingi and Kimenyi (2005), Adnan , Bukhari and Khan (2008), Hirose and  Kamada 2003; and Gordon 
(2003)]   



method also traces actual output nearly perfectly. The former is above the latter from 

2000-01 to 2003-04.  It means that during this time period there was excess capacity in 

Pakistan’s economy. And from 2004-05 to 2007-08 there was excess demand.  The 

average growth rate of potential output for sample period 1973-74 to 2007-08 is 

approximately 5.2.   

 

Figure 7.3: Potential Output Based on Hodrick Prescott Filter (1973-74 to 2007-08) 

 

 

Figure 7.4 shows that  output gap is positive between 1973-74 and 1974-75,  

1981-82 and 1982-83,  1984-85 and 1988-89, 1990-91 and 1996-97, in 1999-00 and 

between 2004-05 and 2007-08.  In contrast, the remaining periods were dominated by 

negative output gap, signifying excess capacity in Pakistan's economy.   
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Figure 7.4: Output Gap Based on Hodrick Prescott Filter (1973-74 to 2007-08) 

 

 

7.3 Estimating Potential Output with Structural Methods: 

 

7.3.1: Okun's Law 

   The estimates of potential output based on the Okun's Law, which is explained 

at some length in Chapter 2, are shown in Figure 7.5. The estimated series of potential 

output from the Okun's approach follows the movement of the actual output closely in 

most periods. The figure shows that potential output is above actual output from 2000-01 

to 2002-03. It means that during this period there is excess capacity in Pakistan’s 

economy. It also shows that actual output is above potential output during 2003-04 to 

2007-08 showing conditions of excess demand. The average growth rate of potential 

output for sample period 1975-76 to 2007-08 is approximately 5.1 percent and the 

average growth rate of potential output for time period 2000-01 to 2007-08 is 4.5 percent.  

The growth rate of potential output shows fluctuations. 
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Figure 7.5: Potential Output Based on Okun's Approach (1975-76 to 2007-08) 

 
  

 

The estimates of output gaps are shown in Figure 7.6. Like the results using other 

methods, the estimated series shifts from positive to negative output gaps from time to 

time. A positive output gap was observed between actual and potential output in 1978-79 

to 1980-81, in 1984-85, 1986-87 to 1989-90, 1992-93 to 1995-96, 2003-04 and 2007-08 

periods, denoting excess demand. In contrast, the remaining periods were dominated by 

negative output gap, signifying excess capacity in Pakistan's economy.  The wider 

positive output gap occurred in 2006-07 and 2007-08 that was 3.5 and 3.1 percent 

respectively. 
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Figure 7.6: Output Gap Based on Okun's Approach (1975-76 to 2007-08) 

 

 

7.3.2: Output- Capital Ratio Approach.  

The output-capital ratio approach, described in chapter 2, relies on the assumption 

of stable proportional relationship between the capital stock and potential output. Annual 

capital stock data series are estimated using perpetual inventory method explained in 

chapter 6.   As before, Figure 7.7 shows potential output to be both above and below the 

actual output during the period shown here.   
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Figure 7.7: Potential Output Based on Output-Capital Ratio Approach (1973-74 to 
2007-08) 

 

 

The output gaps based on output-capital ratio approach are shown in figure 7.8. 

Like in other cases, here too periods of positive and negative gaps both occur during the 

estimated time interval.   

 

Figure 7.8: Output Gap Based on Output-Capital Ratio Approach (1973-74 to 2007-
08) 
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7.3.3 Structural Vector Autoregressive (SVAR): 

 The results of potential output from SVAR method, explained in Chapter 2, are 

shown in Figure 7.7. The estimated series of potential output by this method follows the 

movement of the actual output closely in most periods. Once again, we see periods of 

excess capacity and excess demand showing that in the former case potential output is 

above actual output, and vice versa in the latter case. And the turning points are similar to 

those obtained by other methods.  The average growth rate of potential output for sample 

period 1975-76 to 2007-08 is approximately 5.2 percent and for time period 2000-01 to 

2007-08 is 5.3 percent.  The growth rate of potential output shows fluctuations. 

Figure 7.9: Potential Output Based on SVAR (1975-76 to 2007-08) 

 
 

 

The results of the estimated output gaps are shown in Figure 7.8. Like the results 

using other methods, the estimated series shifts from positive to negative output gaps 

from time to time at roughly the same time as those by other methods. A positive output 
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gap was observed between actual and potential output in 1977-78, 1984-85, between 

1991-92 and 1992-93, in 1996-97, 2000-01 and 2004-05, denoting excess demand. In 

contrast, the remaining periods were dominated by negative output gap, signifying excess 

capacity in Pakistan's economy. The highest positive output gap in Pakistan's economy 

occurred in 1984-85 and 2004-05 that is 3.4 and 2.9 percent respectively. 

 

Figure 7.10: Output Gap Based on SVAR (1973-74 to 2007- 08) 
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7.4: Estimating Potential Output with Semi-Structural Methods 

7.4.1: Kalman Filter 

 The estimated potential output series obtained by the Kalman Filter method is 

given in Figure 7.9.102 The  potential output was above actual output from 2000-01 to 

2001-02, in 2005-06 and in 2007-08, implying  excess capacity in Pakistan economy; but 

conditions of excess demand obtained in the remaining periods. The average growth rate 

of potential output for sample period 1975-76 to 2007-08 was approximately 5.3 percent 

and the average growth rate of potential output for time period 2000-01 to 2007-08  5.6 

percent.  The growth rate of potential output shows fluctuations, as indicated by the 

SVAR method. 

Figure 7.11: Potential Output Based on Kalman Filter (1975-76 to 2007-08) 
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102 The methodology used in this chapter is same as discussed in chapter 5 except that here output gap is 
used instead of unemployment gap as demand shock variable. 



 The estimates of output gaps, using Kalman Filter, are shown in figure 7.10. These are 

broadly similar to those obtained by other methods. The estimated series shift from 

positive to negative output gaps from time to time 

Figure 7.12: Potential Output Gap Based on Kalman Filter (1975-76 to 2007-08) 

 
 

7.5: Concluding Remarks  
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In this chapter potential output is estimated using six estimation methods. Two are 

statistical methods and three are structural methods, and one is semi-structural method. 

All methods shows different point estimates of potential output and the output gap. In 

appendix IV Table 7.1.A the periods of excess capacity and excess demand from all six 

methods are presented. The Table should bring out the basic similarities and differences 

between the results using different methods. On average the economy has seen as many   

periods of excess demand as of excess capacity and imply the importance for 

macroeconomic policies. The descriptive and economic analysis of these estimated output 

gaps from different methods will be discussed in the next chapter.  
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CHAPTER 8 

COMPARISON OF POTENTIAL OUTPUT AND OUTPUT GAPS 

USING DIFFERENT METHODS 

8.1: Introduction 

In previous chapters we estimate potential output and output gaps using the seven 

estimation methods described in this study.  Each of these methods has its own strengths 

and weaknesses, as discussed in Chapter 2. The estimates of potential output, its growth 

and output gap vary from method to method. There is then the problem of making a 

choice of methods from this menu of the best or relatively better, method in specific 

situations.  To this end,  in this chapter, we  compare the results of these methods and try 

to lay out the basis on which public policy in Pakistan  should or can rest  in terms of the 

indicators we have developed so far---NAIRU, potential output and output gaps. These 

indicators also help us evaluate the actual growth performance.  

Now the question arises: how can we establish a set of empirical criteria to 

estimate output gap.103 For this purpose, we first compare the potential output growth of 

all the given methods to see whether they have the same variation. Then, we take a look 

at the autocorrelation function of the output gaps of all methods.  The results of this 

exercise give us the necessary information about the average length of the business cycle 

of Pakistan economy. The volatility of output gap is also examined. We can also answer 

this question by discussing the predictive power of output gap for inflation.  

 
103 In this chapter help is taken from [Chagny and Döpke (2001), Claus et al. (2000)] 
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The following subsections present the required information using the available 

estimation methods. Section 8.2 compares potential output growth predicted by the 

various methods presented in Chapters 6 and 7. Section 8.3 analyses the autocorrelation 

function of cyclical component and turning points. Section 8.4 presents the correlation 

between all output gaps; while the volatility of trend and cyclical component is described 

in section 8.5. Section 8.6 provides regression analysis of the inflation and output gaps.  

Section 8.7 presents a summary of this chapter. 

8.2: Potential Output Growth 

 This section analyses the growth of potential output by different methods.  Figure 

8.1 summarizes the potential output growth derived by computational methods described 

at length in Chapter 2 for sample period 1976-77 to 2007-08. The growth of potential 

output using the linear time trend method is constant which is shown as horizontal line in 

figure 8.1. All other methods show the volatility of potential output growth and its 

magnitude. It turns out that the least volatile potential growth is reported by the HP 

method while the most volatile potential growth shows up with the Kalman filter method. 

The growth of actual output in same period is also volatile. On this ground alone one 

might argue that one should find some combination of methods that capture some of the 

noise of the real world but not too much of it. The average growth of potential output for 

sample period 1976-77 to 2007-08 ranged from 5.12 (LT) to 5.35 (KF) percent. The 

average growth of actual output is approximately 5.24 percent. The growth of potential 

output derived by different methods gives a range of 5.06 (SVAR) to 7.19 (PF) percent in 

2006-07 and in 2007-08 range is 4.45 (Okun) to 7.02 (SVAR) percent. As if to make 

matters a little more complicated, different methods predict the potential growth 

differently. The results of SVAR are extreme in both years the lowest growth in 2006-07 



and the highest growth in 2007-08. Another example is that in 2007-08 the growth of 

actual GDP as well as potential GDP using output capital ratio and production function 

method declined while all other methods showed increasing trend in growth.  

 

Figure 8.1: Comparison of Potential Output Growth Using Different Methods for 
Pakistan (1976-77 to 2007-08) 

 

 

Coefficient of Variance (CV) of Potential Growth Using Different Methods 

 

The coefficient of variance of potential growth using different methods is 

presented in figure 8.2.104 The coefficient of variance of LT and HP growth is zero and 

                                                 
104  A statistical measure of the dispersion of data points in a data series around the mean. The coefficient of 
variation represents the ratio of the standard deviation to the mean, and it is a useful statistic for comparing 
the degree of variation from one data series to another, even if the means are drastically different from each 
other. This is only defined for non-zero mean, and is most useful for variables that are always positive. It is 
sometimes expressed as percentage, so that the value here is multiplied by 100. 
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The coefficient of variation is useful because the standard deviation of data must always be understood in 
the context of the mean of the data. The coefficient of variation is a dimensionless number. So when 



near zero so these two methods are not included in this figure.  Ranked in terms of the 

volatility, the least volatile coefficient of variance is that of the production function and 

the most volatile is by the Okun's method.  

 

Figure: 8.2.The Potential Growth Coefficient of Variance for All Methods.  

 
 
Note: C.V computed on three years moving average method. 
Source: Based on Author’s calculations. 
 

Table: 8.1. Discriptive Statistics of Actual and Potential Output Growth Rate. 

Potential GDP 
Statistics Actual GDP 

LT HP OCR Okun SVAR KF PF 

Mean 5.25 5.12 5.18 5.29 5.09 5.27 5.35 5.28

STD 1.84 0.00 0.72 1.90 2.09 2.17 2.76 1.57

C.V 35.00 0.00 13.81 35.87 41.04 41.28 51.52 29.84

Source: Based on Author’s calculation. 
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comparing between data sets with different units or widely different means, one should use the coefficient 
of variation for comparison instead of the standard deviation. 
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Table 8.1 shows the results of basic statistics of all methods and compared with 

actual potential growth rates over the entire period of analysis from 1976-77 to 2007-08. 

The average dispersion of growth of potential output using the linear time trend method is 

zero while all other methods show a high dispersion from actual growth rate of output, 

except the Production function and H.P filter method.  When we compare the CV for all 

methods over the sample period, one can easily deduce that except production function in 

all theoretical methods, all other methods show high values of CV as compared to actual 

potential output growth and magnitude of volatility is different by each method, the least 

volatile potential growth is with HP method while the most volatile potential growth is 

with Kalman filter method. The growth of actual output in same period is also volatile. 105 

On this ground the production function method is least volatile from all theoretical 

methods.106 

 

8.3: Autocorrelation Function of Cyclical Component and Turning Points  

The cyclical behavior of output gap should show some fluctuations around the 

trend component. Therefore at any specific lag its autocorrelation function should become 

negative. The fluctuations that inevitably occur frequently can be irregular or seasonal. 

And the fluctuations which are at very low frequency (near to zero) are measured as 

trends. For this reason, it is necessary to look at the autocorrelation function of all output 

gap series to check as to whether these output gap series give us a true picture of the cycle 

of Pakistan's economy. The auto-correlation functions of linear trend and HP filter 

 
105 Boschen and Mills (1990) mentioned "However, this notion is not undisputed. Theories suggesting a 
dominant role of technology shocks for the business cycle, for example, might provide a justification for a 
volatile potential GDP time series". 
106 "The economic theory suggests that generally potential GDP should be less volatile than the actual 
GDP" [Chagny and Döpke (2001) p; 28]. 



methods of the output gap are presented in Figure 8.3, while Figure 8.4 gives the auto-

correlation functions of the theoretical methods of the output gap. The statistical methods 

illustrate the space for very constant effects within the output gap and the structural 

methods --- entail a comparatively short cycle except output-capital ratio and Okun’s 

Law. So on this ground alone one would prefer structural methods because they trace 

cyclical movements better. 

Figure 8.3: Autocorrelation Functions of the Output Gaps with Statistical Methods 

 

Figure 8.4: Autocorrelation Functions of the Output Gaps with Structural Methods 
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 On the basis of the information presented in above figures, one can safely 

conclude that all output gaps methods show differences in the magnitude and the average 

length of the business cycle in Pakistan. Next, we try to determine whether these output 

gap series share the same turning points. For the comparison of implied business cycle 

turning points, a very simple method or algorithm is applied. According to this method 

we look at the highest point, also called a peak, in the cycle.  On this peak actual output 

should be above its trend and the opposite applies to date troughs. We follow this 

procedure to figure out the peaks and troughs (also called turning points) of all output gap 

series. But there is a tricky situation in this procedure where we found two same points in 

time showing the same level of the output gap. In this situation, the earlier (first) point has 

been chosen as a turning point. This is a very naïve dating rule but can serve the purpose; 

however, it may be of some interest to use another rule as well.107  

 

Table: 8.2. Business Cycles Chronology: Turning Points  

Methods  Peaks  Troughs 

LT  1991-92, 2006-07 1976-77, 2002-03 
HP  1991-92, 2006-07 1976-77, 2002-03 

OC  1975-76, 1979-80, 1987-88, 1991-92, 
1996-97, 1999-00, 2004-05 

1976-77, 1983-84, 1989-90, 1992-93, 
1997-98, 2001-02,  2007-08 

Okun  1979-80, 1984-85, 1987-88, 1993-94, 
2006-07 

1975-76, 1981-82, 1985-86, 1990-91, 
1999-00 

Prod.Fn 

1977-78, 1979-80, 1982-83, 1984-85, 
1987-88, 1991-92, 1995-96, 1999-00, 
2004-05 

1976-77, 1978-79, 1981-82, 1983-84, 
1985-86, 1989-90, 1992-93, 1996-97, 
2000-01, 2006-07 

SVAR  1977-78, 1984-85, 1991-92, 
1995-96, 1998-99,  2004-05 

1976-77, 1983-84, 1988-89, 1992-93, 
1996-97,  2000-01, 2007-08 

Kalman 

1977-78, 1984-85,  1991-92, 
1993-94, 1995-96,  1997-98, 
2003-04,  2006-07 

1976-77, 1983-84, 1988-89, 1992-93, 
1994-95, 1996-97, 2001-02, 2005-06, 
2007-08 

Source: Based on Figure 8.4.  

                                                 
107 "For example, this rule will pick a cyclical peak no matter how close that peak is to zero. In practice, 
however, because of the uncertainty surrounding the estimate of potential output and the output gap, one 
may want to distinguish between peaks that are ‘close enough’ to neutral and those that are ‘clearly’ in 
excess demand or excess supply" Claus et al. (2000) p; 24. 



Figure 8.5: Comparison of Output Gaps Using Different Methods for Pakistan 
(1976-77 to 2007-08)  

 

 

Tables 8.2 and Figure 8.5 present the LT, HP, OC, Okun, Production function, 

SVAR and Kalman filter output gap dates of peaks and troughs. The peak and trough 

dates are different from all output gaps. The turning points of statistical methods (i.e. LT 

and HP) are very close to each other, suggesting that two cycles (trough-peak-trough) 

over the sample period. There are 5 cycles in the Okun and 6 cycles in OCR, SVAR and 7 

cycles in the KF and 8 cycles in PF output gap measures. The turning points of all 

methods are significantly different from each other. The statistical methods imply only 

few major completed cycles. The structural methods show more fluctuations, sometimes 
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coming near to white noise. Therefore the choice of method is important especially for 

practitioners in the field of business cycle analyses and also for policy makers. 

 

Figure 8.6: Average Benchmark Output Gap for Pakistan Economy 

 

  

Figure 8.6 presents average benchmark of all output gap methods. The average 

benchmark output gap identifies minor cycles in the 1990s in the Pakistan economy. 

Average benchmark output gaps show narrow gaps and vary between 2.08 percent to -

2.65 percent. The structural (or theory based) output gaps are very volatile and make it 

difficult to identify turning points.  

From the above discussion, we demonstrate that autocorrelation functions and 

turning points methodology give us different outcomes of all output gap series. The linear 
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trend and HP filter output gap exhibit the same turning points, while the structural 

(theoretical) output gaps identify different business cycle turning points in Pakistan.  

8.4:  Correlation Coefficient of Output Gaps  

 The preceding sections analyze the difference between methods. Some have 

argued that the choice between these methods to estimate the output gap is of limited 

importance because output gap estimates are closely related to each other.  To make this 

point clearly---that obtaining output gaps by different methods yields analytically useful 

information for policy analysis---we estimate the correlation coefficient by all methods 

and see if the estimates of  output gaps with each other and check whether or not they are  

correlated with each other. Table 8.3 shows the results of this exercise.   

There is a large difference in the results and some methods have a low and some 

show a high correlation with each others. The statistical techniques, the H.P filter and 

linear trend method are very closely related to each other and correlation coefficient is 

0.754 between these two methods. On the other hand, the theoretical methods show some 

different results, such as we observe the strongest correlation (0.787) between structural 

VAR and Kalman filter methods and 0.748 between production function and structural 

VAR method. Both statistical methods have lowest correlation with structural and semi-

structural methods except with production method. The lowest correlation appears to be 

between Okun-law with all other methods. All structural and semi-structural methods 

have close correlations with each other, except the   Okun-law method.  
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Table: 8.3. Correlations of Chosen Output Gap-Variables for Pakistan (1975-76 to 
2007-08) 

Methods LT HP OC Okun Prod.Fn SVAR Kalman 

LT 1.000       

HP 0.754* 1.000      

OC -0.449* 0.023 1.000     

Okun 0.154 0.436* 0.205 1.000    

Prod.Fn 0.298 0.540* 0.590* 0.096 1.000   

SVAR 0.112 0.330 0.686* 0.178 0.748* 1.000  

Kalman -0.077 0.009 0.527* -0.098 0.533* 0.787* 1.000 

Note: The asterisk indicates significance at the 5 percent level.108 
 

 

  Table 8.3 shows that the output gap series obtained by different methods are 

closely related to each other. To delve deeper into this aspect of the problem, another 

simple method of concordance statistic (Scott, 2000 and Scacciavillani & Swagel 1999) is 

used. The Concordance test statistics take the form as follow:109 

 

Dij = T-1{ ∑ ( Gi,t . Gj,t + (1- Gi,t) . (1-Gj,t) }    

  

Gi,j =  1  if  Gapi,j ˃ 0 

      = 0   otherwise 

 

Table 8.4 shows the results of this Concordance test statistic. 

 

                                                 
108 Each series is the correlation between different output gaps (in percent). The 5 percent critical value for 
significant correlations is calculated as 1.96/T½, where T is the number of observations. Accordingly, for 
the period 1975-76 to 2007-08, T=33, then individual cross-correlations exceeding (in absolute value) 0.341 
will be significant at the 5 percent level. 
109 The statistic will give the value 1 if both gap measures have the same sign for a certain time period. In 
contrast, it will be zero if the sign of both measures always alternates. Thus, based on a null hypothesis of 
the flip of a coin on the sign of the gaps, the test statistic will be centered on 0.5. 
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Table 8.4: Concordance STATISTIC FOR all Methods Output Gap (1975-76 to 
2007-08) 

 Methods LT  HP  OC  Okun  PRODFN  SVAR  Kalman 

LT  1.0000 0.7879* 0.5152* 0.5455* 0.5152* 0.6061* 0.4242* 

HP  (-) 1.0000 0.4242* 0.5758* 0.6667* 0.6364* 0.4545* 

OC  (-) (-) 1.0000 0.5455* 0.7576* 0.6667* 0.6667* 

Okun  (-) (-) (-) 1.0000 0.6667* 0.5758* 0.4545* 

PRODFN  (-) (-) (-) (-) 1.0000 0.7879* 0.6667* 

SVAR  (-) (-) (-) (-) (-) 1.0000 0.6364* 

Kalman  (-) (-) (-) (-) (-) (-) 1.0000 

Mean Si  0.4848* 0.57588* 0.4848* 0.5152* 0.5455* 0.4545* 0.5758* 

Note: The asterisk indicates significance at the 5 percent level and the mean value of Si is in the bottom row 
of the table.110 
 

The results presented in above Table illustrate that there is no unique method 

yields value equal to one of concordance statistic about the business cycle of Pakistan’s 

economy. The concordance statistics range from 0.42 to 0.79 for all the methods and are 

statistically significant, indicating that a variety of estimates of output gap do not provide 

the same signal. 

But according to mean values, LT and OC show an average 48 percent chance that 

output gap would be positive in the given sample period. HP and Kalman filter methods 

showed an average of 58 percent chance that output gap would be positive. The 

production function method showed a 55 percent, Okun’s a 52 percent, while SVAR 

method only an average of 45 percent chance that output gap would be positive. This 

makes clear that different methods might be accurate about the intensity or level of output 

                                                 
110 Each series is the concordance between different output gaps (in percent). The 5 percent critical value for 
significant concordance statistic value is calculated as 1.96/T½, where T is the number of observations. 
Accordingly, for the period 1975-76 to 2007-08, T=33, then individual cross-concordance statistic value 
exceeding (in absolute value) 0.341 will be significant at the 5 percent level. 
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gap, but they need not point to the identical periods of excess capacity and excess 

demand.   

8.5: Volatility of Trend and Cyclical Component 

To look at the volatility of trend and cyclical components of GDP series, first we 

give some descriptive statistics on the potential GDP and output gap series, which are 

shown below in Table 8.5. It can be observed that there is, to some extent, a trade-off 

between volatility of output gap and potential output growth. In other words, when the 

standard deviation of output gap series is high, then standard deviation of the growth of 

potential output should be low i.e. growth of potential GDP series would be smooth.  

Economic theory suggests that generally potential GDP should be less volatile than the 

actual GDP. But this does not seem to be case for Pakistan. Due to constant rate of 

growth in entire sample period linear time trend method found to be extreme case, while 

on the other hand, H.P filter, output-capital ratio and SVAR methods are more volatile as 

compare to other methods and Kalman filter and production function methods are least 

volatile.  
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Table: 8.5. Descriptive Statistics and Unit Root Test for Output Gap Variables for 
Pakistan (1975 to 2007) 

Methods  Mean   Max   Min 
 Std. 

Dev. 

Growth Rate 

of Potential 

GDP 

Std.Dev. of 

Growth Rate 

of  Potential 

GDP 

ADF Unit 

Root Test 

for Output 

Gap 

 

Linear Trend  0.16 7.99 -7.61 4.59 5.12 0.00 -1.42 

H.P Filter  -0.15 2.84 -4.15 1.76 5.15 0.72 -2.68* 

Output Capital Ratio  -0.17 4.89 -4.73 2.05 5.29 1.90 -3.36* 

Okun  -0.01 3.50 -2.84 1.51 5.09 2.09 -3.20* 

Production Fn  -0.07 3.16 -2.91 1.44 5.28 1.57 -5.30* 

SVAR  0.00 3.44 -3.78 1.78 5.27 2.17 -5.92* 

Kalman  Filter  0.18 2.81 -2.83 1.34 5.35 2.76 -4.87* 

Note: The asterisk indicates significance at the 5 percent level. 

 Table 8.5 shows that all output gaps estimates have significant differences in the 

level of output gap. These different methods of output gap provide the possible contrary 

economic explanation to demonstrate these differences. The HP and Okun output gaps are 

positive in 2007-08. On the other hand, linear trend, output-capital ratio, production 

function, SVAR and Kalman filter yield a negative output gap in the same year.  

Table 8.5 also demonstrate that the output gap variables are not persistence and 

the results of Augmented Dickey Fuller (ADF) unit root test shows in the last column  

that all output gap series are stationary at their level with the exception of linear trend 

series. 

8.6: Regression Analysis of the Inflation and Output Gaps 

To evaluate the usefulness of the output gap methods we estimate three different 

specifications of the inflationary pressures. These three different specifications tell us 

how output gap methods explain the fluctuations in inflation over time. The prediction 



about the future inflationary pressures in Pakistan can also be usefully done with these 

output gap measures. In order to determine whether or not these output gap series provide 

useful information about inflation we test this relationship of output gap and inflation on 

empirical criterion that many researcher used in their empirical studies. 111  

Generally speaking, the output gap is an indicator of excess demand or supply:  if 

excess demand increases (decreases), inflationary pressures should also increase 

(decreases). However, to look at the relationship more closely, we first start with a simple 

inflation equation: 

tttt yy εγβπαπ +−++= − )( *
1      (8.1) 

Claus (2000) has used this model, but he takes a first difference of the inflation on both 

sides of above equation (8.1), which is as follow: 

tttt yy εγπβαπ +−+Δ+=Δ − )( *
1     (8.2) 

The third model, which is derived from the expectations augmented Phillips curve, based 

on the work of Coe and McDermott (1997), is shown below: 

tt
e
tt yy εγπαπ +−++= )( *      (8.3) 

where πt
e =  πt-1 adaptive expectations, Therefore, equation (8.3) can be rewritten as: 

                                           (8.4) ttt yy εγαπ +−+=Δ )( *

Where Δπt is the first-difference of inflation. This equation (8.4) simply relates 

first difference of inflation to the level of output gap series. According to this 
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111  Coe and McDermott (1997); Astley and Yates (1999); Heimonen and Pehkonen (1998); Cerra and 
Saxena (2000) and Claus (2000) 



128 

 

                                                

specification, output gap is positively related to inflation, and then the γ will be positive 

and statistically significant.112 In above equations, α is constant, πt is the change in CPI 

and β is the coefficient for lag of inflation (where πt
e = πt-1 adaptive expectations) and γ is 

the coefficient for each of the output gaps and εt is a disturbance term.113 The results of 

the above three different models of inflation and output gap are given below in Table 8.6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
112 The sign on γ is expected to be positive with demand-induced fluctuations in output associated with 
higher inflation over time. It is possible, however, that fluctuations in output in developing countries like 
Pakistan reflect supply shocks rather than the usual demand shocks. In this case the sign on γ will be 
negative, with temporary rises in output (due for example to favourable supply shocks – such as an oil price 
fall) associated with lower inflation. 
113 The constant is included in the regression to avoid imposing the constraint that the non inflationary level 
of the output gap is exactly zero. 
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Table: 8.6. OLS Regression Results –Output Gap and Inflation (1976-77 to 2007-08) 

Coefficients 

Methods Variables  Inflation Model 

Eq:8.1 

First Difference 

 Model: Eq:8.2 

Deviation Model

Eq:8.4 

Constant  4.769143* -0.379713 -0.341904 

πt-1 0.371699** -0.056786 (-) 

Linear Trend (y-y*) 0.214131*** 0.211819 0.19719 

Constant  5.035339* -0.235682 -0.188186 

πt-1 0.359856* -0.097815 (-) 

H.P (y-y*) 0.739252* 0.731366 0.66162 

Constant  5.004998* -0.161762 -0.386025 

πt-1 0.347749** 0.063086 (-) 

OCR (y-y*) -0.137274 0.384269 0.32063 

Constant 4.611939* -0.33224 -0.431222 

πt-1 0.396908* -0.044212 (-) 

Okun (y-y*) 0.477273 0.639141 0.71669*** 

Constant 4.359351* -0.230967 -0.376922 

πt-1 0.433368** 0.016310 (-) 

Prod.Fn (y-y*) 0.545683*** 0.908317** 0.964386** 

Constant  4.421987** -0.281572 -0.441212 

πt-1 0.421699** 0.026454 (-) 

SVAR (y-y*) 0.314622 0.6419*** 0.6869*** 

Constant 4.666425** -0.316459 -0.519335 

πt-1 0.389742*** 0.090696 (-) 

Kalman (y-y*) 0.143132 0.520936 0.428963 

Note: (*,**,***) means significant at (1,5,10) percent level of significance. 

 

The results from the Phillips curve equation (8.1) are shown in third column of 

above Table 8.6. It can be seen that the output-gap coefficients are significant for LT, HP 

and production function methods. This means that the information derived from these 

methods predicts inflation with accuracy. The results for equation (8.2) are shown in 

fourth column of Table 8.6. The results for the output gap coefficient are significant for 
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production function and SVAR methods. This means that the information derived from 

these methods will predict inflation with accuracy.  

The results for equation (8.4) are shown in last column of the above Table 8.6. 

They show that the output gap coefficients are significant for Okun, production function 

and SVAR methods. This means that the information derived from these methods will 

predict inflation with accuracy, while all other methods results are insignificant in 

deviation model of inflation equation (8.4). 

Regarding the information of inflation in output gap series, we next test the 

hypothesis that γ = 0 in all three above estimated inflation specifications. If the hypothesis 

of  γ = 0 cannot be rejected in any of three above inflation specifications, then it can be 

safely concluded that output gap series contain no useful information about inflation. The 

results of this exercise with the Wald test are presented below in Table 8.7. The table also 

shows the results of R2 which demonstrate as to how much the proportion of variability in 

inflation can explained by the different output gap methods.  

According to the Wald test only the production function output gap series have 

significant information of inflation in all three specifications. All other gap series show a 

mixed result in all three specifications. Especially, the statistical methods have no 

information on inflation in output gap series according to results of equations (8.2) and 

(8.4). On the other hand, the structural methods do contain significant information of 

inflation in output gap series. A remarkable exception is the Production function method 

which has significant information of inflation in all the three specifications; and the   

SVAR methods also have significant information of inflation in two out of three 

specifications.  
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Table: 8.7 Correlation Coefficient (R2) and Wald Test Results - Inflation Models 
(1976-77 to 2007-08) 

Coefficients 
Methods Variables Inflation Model

            Eq:8.1 

First Difference 

 Model: Eq:8.2 

Deviation Model

Eq:8.4 

R2 0.33 0.07 0.06 

Linear Trend γ = 0 Reject Cannot be Rejected Cannot be Rejected 

R2 0.41 0.12 0.11 

H.P γ = 0 Reject Cannot be Rejected Cannot be Rejected 

R2 0.23 0.05 0.03 

OCR γ = 0 Cannot be Rejected Cannot be Rejected Cannot be Rejected 

R2 0.28 0.07 0.09 

Okun γ = 0 Cannot be Rejected Cannot be Rejected Reject  

R2 0.26 0.12 0.12 

Prod.Fn γ = 0 Reject Reject Reject  

R2 0.25 0.11 0.12 

SVAR γ = 0 Cannot be Rejected Reject Reject  

R2 0.23 0.04 0.03 

Kalman γ = 0 Cannot be Rejected Cannot be Rejected Cannot be Rejected 

 

The R2 statistics of the above three models designate the proportion of variability 

in inflation explained by the different estimates of output-gaps. In equation 8.1 the linear 

trend and HP output gaps explain variability of inflation of around 33 and 41 percent 

respectively. On the contrary, the theoretical output gaps explain around 23 to 28 percent.  

In equation 8.2 the LT and HP output gaps explain the variability in inflation around 7 

and 12 percent respectively. On the contrary, the estimates of output gaps based on 

theoretical methods explain about 4 to 12 percent.  In equation 8.4 the statistical output 

gaps explain the variability in inflation to the extent of about 6 and 11 percent 



respectively. On the contrary, the theoretical output gaps explain around 3 to 12 percent. 

It follows that, statistical methods explains changes in inflation correctly than theoretical 

methods. Despite the significance of these gaps variables, R2 statistics point out that there 

are other important factors other than output gap that affect variability of inflation are 

missing from the models.114 

 Figure 8.7 compares the changes in actual and predicted inflation using all output 

gaps.115  

Figure 8.7: Actual and Predicted Changes in Inflation Rate: 

 

The estimation has been done using yearly data. Figure 8.7 shows clearly that 

most of the time predicted inflation moves with actual inflation. It generally demonstrates 

                                                 
114"In addition, diagnostic tests on the model indicate some misspecification. This implies also that the 
model does not capture all of the significant determinants of changes in inflation". For the details of these 
tests see Claus (2000b). 
115This test is ‘in sample’ in that the model’s predictions are based on information from the entire sample 
period, these years included. 
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that to predict the direction of inflationary pressures, output gap is an   ideal indicator.  

The estimates of output gaps obtained by all methods predict inflation above the actual 

inflation from 1982 to 1990 (period of recovery). While from 1991 to 1998 all the 

measures predict inflation below the actual inflation, but   from 1999 to 2004 predicted 

inflation is above the actual inflation. And from 2005 to 2008, except 2007, for all other 

years predicted inflation is below the actual inflation rate. 

Over the entire sample period, statistical methods, Linear Trend and HP filter 

measures of output gaps, predict change in inflation correctly to the extent of around 57 to 

64 percent. On the other hand, the structural methods output gaps predict changes in 

inflation correctly to the extent of around 47 to 54 percent. The production function 

predicts changes in inflation better than all theoretical methods.  

8.7: Concluding Remarks 

Before drawing any broad conclusions based on these output gaps results, some 

important point need to be noted. First of all, according to the three inflation 

specifications, the results are not very robust and vary with specifications, except the 

production function method, which is robust in all three specifications, as can be seen 

from Table 8.6. Second, it might be important to explore other tests or methods when 

looking for the information about inflation. For instance, Claus (2000) used out-of -

sample tests to get more accurate information about inflation. Even though the above 

methods have some shortcomings, the result of production function method is still 

striking and could be used for policy purposes. 
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CHAPTER 9 

CONCLUSIONS AND POLICY IMPLICATIONS 

In this final chapter, it is proposed to pull together the threads of the main argument 

presented in this work. The present study has two main objectives. One of them is to 

estimate the potential output for Pakistan with different methods, especially with 

production function approach. The second objective is to estimate the NAIRU for 

Pakistan using Kalman filter. The estimation period for the study is from 1973-74 to 

2007-08. A basic finding of this study is that the potential output and the output gap 

estimates play an important role in macroeconomic policy-making analyses. It also shows 

that negative output gap in the economy enables the policy maker to create more jobs 

without inducing inflationary pressures. But, on other hand, excess demand or positive 

output gap leads to increased price and wage pressures if expansionary policies are 

implemented to increase output and generate employment. 

Section 9.1 presents the answers to the research questions raised in the first 

chapter. Section 9.2 presents some limitations of this study while policy implications are 

discussed in Section 9.3. In section 9.4 directions for future research are presented.  

9.1:  Main highlights of the study 

The important research findings of this study are as follows. 

9.1.1: Conclusions Regarding NAIRU in Pakistan 

By any measure, NAIRU is very hard to determine because it is an unobservable 

variable. We provide estimates of a constant NAIRU based on OLS and time-varying 

NAIRU using the Kalman Filter. The constant NAIRU for Pakistan was 4.72 percent over 
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the time period of 1974-75 to 2007-08.  After dividing the sample period into two sub 

periods, the estimate for NAIRU for sub-period 1974-75 to 1989-90 is 3.12 percent and 

6.43 percent estimate for sub-period 1990-91 to 2007-08.116 

The application of the Kalman Filter to estimate time-varying NAIRU is done in 

two steps. First, the unemployment rate is assumed to be described as two unobserved 

components, one is the trend and the other the cyclical component. The trend component 

is considered as a benchmark for estimating the equilibrium unemployment rate, while 

the cyclical component is used as a reference for computing the unemployment gap. In 

the second step, a standard Philips curve relationship is applied to model the cyclical 

component. The present study finds that the NAIRU in Pakistan is currently 6.7 percent. 

It reached a peak in 2003-04 at 8.12 percent and tended to decline through the 2007-08. 

The time-varying NAIRU was above the actual unemployment rate from 2003-04 to 

2007-08, suggesting that Pakistan's labor market situation most likely fuelled a rise in the 

inflation rate.117 

The constant NAIRU does not tell us about the changes in structure of economy. 

For instance, there occurred a major change in unemployment rate after 1990, but 

constant NAIRU does not capture these changes, while the time-varying NAIRU does 

report some of them. So it follows that the results of the time varying NAIRU are superior 

to those reported by constant NAIRU.  All in all, this study shows that the NAIRU is an 

important concept to measure the unemployment gap, and according to (Kam and Guy 

(2004)) can be used for assessing inflationary pressures in the economy. 

 
 

116  These estimates are similar to Iqbal (1995) findings for sample period 1978 to 1993: that is 3.21 percent. 
117  A study for Latvia by Mehihovs and Zasova (2009) also reaches conclusions similar to ours.  
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9.1.2: Conclusions Regarding Potential Output 

The other crucial variable analyzed in this study is potential output, which has 

been measured by using different methods. First we discuss conclusions about potential 

output using the production function approach, followed by estimates of this variable by 

other methods.  

 It can be visually seen by looking at the estimates of potential output that the 

production function approach fairly closely tracks the movement of the actual output in 

most periods covered in the present study. The economy of Pakistan was actually 

overheated in 2003-07 and its growth rate could not be sustained in 2007-8. This 

prediction is also consistent with the behavior of NAIRU which declined during 2004-05 

to 2007-08 from 8.12 percent to 6.17 percent. At the end of sample period actual 

employment was less than potential employment. In other words, employment was in this 

period less responsive to economic growth giving birth to the phenomenon of jobless 

growth. These results provide some evidence that the economy was facing excess demand 

from 2003-04 to 2006-07.118  In other words, the economy could not supply as much as 

the consumer demanded. The highest positive output gap occurred in 1991-92 and in 

2004-05--- 3.16 and 2.6 percent respectively. There have been regular fluctuations in 

potential output growth, as figures in Chapter 6 show.  

The production function framework allows us to measure the contribution of each 

input in potential GDP growth. Changes in these contributions can be assessed as a signal 

for making structural changes in the economy. Labor’s contribution has fluctuated. It was 

 
118 Adnan et al. (2008) also suggest that Pakistan's economy has faced excess demand since 2005.   
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at its lowest level in 1990-91., and became negative at -1.4 percent. On the contrary, its   

contribution was at its highest level in 2006-07 and so on. 

All  the methods used in this study to measure output gap  show volatile potential 

output growth; but the magnitude of volatility is different for each method. HP method 

yields the least volatile potential growth; while the most volatile potential growth is 

reported by the Okun and Kalman filter methods. The volatility registered by other 

method falls in between. The output gaps estimated by different methods have also been 

evaluated in this study on the basis of their differences in terms of magnitude and average 

length of cycles and whether they share the same turning points. This study also suggests 

that different methods register different peaks and trough dates. According to business-

cycles turning points methodology, the linear trend and HP filter methods results are 

similar as  both methods suggests that there exist two business cycles in the sample period 

of our study. On the contrary, there are five cycles by the Okun method, six cycles in 

OCR, SVAR, seven cycles in the KF and eight cycles in PF output gap measures. The 

turning points of each method are also significantly different from each other. In general, 

the statistical methods imply only few major completed cycles. The structural methods 

show more fluctuations, sometimes coming near to white noise. Therefore, the choice of 

method is important especially for practitioners in the field of business cycle analyses. 

However, in general, the production function approach is to be preferred, if only because 

it rests on more solid theoretical foundations and yields results which are more broadly 

consistent with reality than other methods. 

The analyses of correlation coefficients done in Chapter 8 shows the degree of the 

closeness of the main results of all the methods with each other. The linear time trend and 

the HP methods seem to have the closest correlation.  But strong correlations also hold 
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between the output-capital ratio and production function, between production function 

and structural VAR and between structural VAR and Kalman filter methods. In general 

statistical methods have the lowest correlation with structural and semi-structural methods 

except with the production function method. The lowest correlation appears to be 

between Okun-law with all other methods. All structural and semi-structural methods 

have close correlation with each other except one structural method--- that is, the Okun-

law method.  

The concordance statistic has also been used in Chapter 8 to see how closely the 

estimates of output gaps obtained from different methods are related to each other. This 

analysis also suggests that not even a single pair of methods has a value of one. For 

instance, in Pakistan’s case, not a single pair of methods yields value of one of the 

concordance statistic; it rather ranges from 0.42 to 0.79 for all approaches and it is 

statistically significant, indicating that a variety of output gap do not provide the same 

signal. However, a few statistic values are well above 0.5 which indicates that different 

methods do not contradict each other either. 

In addition, descriptive statistics have also been used in this study to obtain the 

output gap and potential GDP series. The findings of these statistics suggest that there is 

essentially a trade-off between volatility of output gaps and growth of the potential 

output. It means that when standard deviation of gap series is high, then standard 

deviation of the growth of potential output should be low-- i.e. growth of potential GDP 

series would be smooth. The economic theory suggests that generally potential GDP 

should be less volatile than the actual GDP. But this does not seem to be the case for 

Pakistan. Due to constant rate of growth in entire sample period, the linear time trend 

method comes out to be the extreme case.  On the other hand, H.P filter, Output-capital 
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ratio and SVAR methods are more volatile as compared to other methods; and Kalman 

filter and production function methods turn out to be the least volatile.  

9.1.3: Conclusions Regarding the Relationship between Inflation and the Output 

Gaps  

The model for measuring the inflation process is used to assess the usefulness of 

the output gaps. The results for the output gap coefficient are significant in the simple 

model of inflation for LT, HP and production function methods, which show that these 

methods predict inflation accurately. The results for the output gap coefficients are 

significant for production function and SVAR methods in first difference model of 

inflation. The results are also significant for the output gap coefficients for Okun, 

production function and SVAR methods in deriving a model of inflation. 

According to the Wald test only the production function output gap series give 

significant information about inflation in all the three specifications. All other gaps series 

show mixed results in all three specifications. As before, the statistical methods, except 

the simple model of inflation, give no useful information about inflation in output gap 

series. On the other hand, structural methods have significant information of inflation in 

output gap series except output-capital ratio and Kalman filter methods. The production 

function and SVAR methods are better for predicting inflation in Pakistan than other   

methods. 

9.2: Limitations of the Study 

The present study has the distinction of being the first in Pakistan to estimate the 

NAIRU with Kalman filter; and using these NAIRU estimates for estimating potential 

output with the production function approach. There are some limitations which most 
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empirical studies face and our study is no exception.  The limitations of the present study 

are given below.  

The NAIRU and potential output are unobservable variables and very hard to 

determine. This is true of our estimates for Pakistan as well.  These estimates are quite 

sensitive to the estimation method used, and to the set of explanatory variables and data 

used.119 These estimates have problem of uncertainty. The accurate measurement of the 

TV-NAIRU is very difficult due to the uncertainty factor, which flows from the fact that 

it is an unobservable variable and has to be estimated using different specifications and 

different modeling approaches. The problem is that all these approaches give different 

results. The uncertainty also comes from point estimates of NAIRU [ECB (2000)]. 

In an industrialized country the NAIRU can be indicative for measuring the 

potential GDP gap that is not realized; in the developing world there are significant 

portions of the GDP and employment in agriculture and in the informal sector where the 

unemployment notion, coverage and registration assume different forms than in industrial 

countries; and where inflation is less tied to a tightened labor market. The obtained results 

of NAIRU for Pakistan are more reflective of the modern branch of the economy than the 

traditional. 

The data on labor market variables, used in this study are based on the Labor 

Force Survey (LFS) of Pakistan and the population coverage of the LFS is very low and 

only 32,000 households are surveyed according to 2008 LFS while 20,000 households 

 
119 Holm and Somervouri (1997) 
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surveyed in the 1980s.120 For more accurate results the scope of these surveys has to be 

expanded. 

9.3: Policy Implications 

Notwithstanding the limitations of this study noted above ( and which study is free 

from limitations), the trends analyzed and the econometric results obtained in this study 

have important implications for the conduct of macroeconomic policy in Pakistan---in 

particular, for  fiscal, monetary and labor policies. 

9.3.1: Implications for Monetary Policy 

The inflationary and the foreign-exchange market pressures make the estimation 

of Pakistan's output gap and NAIRU important. In the present thesis, the NAIRU is 

estimated and examined whether NAIRU might have a useful role in the monetary policy 

making. The answer is yes.  Furthermore, as we will see, the NAIRU concept implies that 

the monetary authorities should move economy towards the NAIRU. The empirical 

findings demonstrate that unemployment gap contains significant information about 

inflation. NAIRU is a useful concept for monetary policy but only if it is used properly. It 

tells policymakers as to what might happen to inflation in the future. The uncertainty 

about parameter values and model selection does have effects on the optimal setting of 

policy instruments but it does not appear to play a useful role for the NAIRU concept in 

making policy decisions. 

 
120 Gounder  and Morling (2000),  Ranjan et al. (2007), Mehihovs and Zasova (2009)  and  there are many 
empirical studies of developing countries like (Fiji, India, Latvia, etc) which also raise the issue of the 
quality of data. 
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This study points out that actual output of the economy has been both above and 

below potential output at different stage of the cycle. It means that there is room for 

relaxing or tightening the monetary policy to stimulate growth without causing 

inflationary pressures to build and or letting them to drag down growth in the pursuit of 

price stability in latter case. Hence, an investment in research on this topic will lead to a 

higher pay off in the conduct of monetary policy.  

9.3.2: Implications for Fiscal Policy 

The findings of this study have also important implications for fiscal policy. It is 

that, on average, the economy has seen as many periods of excess demand as of excess 

capacity, as the appendix table to Chapter 7 shows.  So there is room for expansionary 

fiscal policy when excess capacity exists to stimulate growth without causing inflationary 

pressures. Indeed, an expansionary fiscal policy will be helpful in stimulating potential 

output growth as well in such circumstances.  Thus, as a general rule, when output is 

below its potential, it would be counterproductive in indulge in severe deficit-cutting 

exercises; and the reverse should be the case when output is above its potential.  And at 

the time of declining potential growth the focus of fiscal expansion should be on those 

expenditure that would lead to increase long term potential growth.  

9.3.3:  A Case for Labor Market Reforms 

In conclusion, the use of expansionary (tight) monetary and fiscal policies to 

stimulate growth has limited scope because the production processes tend to be capital-

intensive. (As shown in Chapter 6, the share of capital is two times larger than labor 

force). Now in a labor-surplus economy there is need for more labor-intensive techniques 

of production to avoid the possibility of jobless growth. In addition, there is strong need 
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for labor market reforms that would contribute towards increasing labor productivity. 

These structural measures are likely to bear more positive results than the manipulation of 

monetary and fiscal policies (which too have a definite place in the overall growth-

promoting package. 

9.4: Directions for Future Research:  

There is need for an accurate estimation of potential output for major sectors of 

the economy of Pakistan. To this end, the present study uses annual data for Pakistani 

economy; but such a study will gain in precision of the main results and increase its 

predicting power if quarterly data are used for this purpose. There is also scope for 

making cross-country comparison of the basic results of such a study to achieve a better 

perspective. One would further need to look for the economic determinants of the NAIRU 

and potential output more closely. For instance, interest rate is determined by 

unemployment gap or by the gap between actual and targeted inflation. But Pakistan is 

not using inflation targeting policy. So the interest rate can be determined by 

unemployment gap. And the inclusion of more policy variable, such as interest rate, in 

Phillips curve equation can be fruitful. 

  

 

 

 

 

 

 

 

 



 

APPENDIX I 

Theoretical Methods 

1. Okun's Law 

In Okun’s original work, using US data from 1947:2 to 1960:1, the natural rate of 

unemployment was assumed (relatively uncontroversial) to be 4 percent. Therefore, using 

Okun’s method, potential output equals actual output when aggregate demand is exactly 

at the level that yields an unemployment rate of 4 percent. This can vary country to 

country or over the time with different rates of unemployment. If aggregate demand is 

lower, part of the potential output is not produced—there is unrealized potential or a gap 

between actual and potential output. 

Okun, in his work, employed three different methods of relating output to the 

unemployment rate. The first and most widely known method is based on a regression 

linking quarterly changes in the unemployment rate (Ut, expressed in percentage points) 

to quarterly percentage changes in GNP (Qt), can be written as following: 
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2. The Output-Capital Ratio Approach 

 An example of the application of this method is contained in Panic (1978). 

The author first constructs an output/capital ratio series, (Qt / Kt) and then fits a least 
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squares linear trend to the actual output/capital series, to yield a ‘capacity’ output/capital 

series, as follows: 
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 Where and  represent output and the capital stock at time t respectively 

and is a random error. The capacity output/capital ratio is taken to be the points on a 

line with the time derivative  

tQ tK

te

1α  raised just enough so that it touches only one of the 

observed (Qt / Kt) data points. The adjusted trend ratio (Qt / Kt)c  is the assumed capacity 

output/capital ratio. From here, a series measuring potential output is simply given by 

Kt (Qt / Kt)c.  

 

3. Structural Vector Autoregressive (SVAR) Approach 

We extend our model to four variables to estimate potential output for Pakistan 

using the structural VAR methodology to an autoregressive system121. It is assumed that 

the rate of growth of output (y), unemployment rate (ur), inflation and oil prices (o) each 

follow a stationary stochastic process that responds to four types of non-autocorrelated 

orthogonal shocks: real demand shocks (erd), nominal demand shocks (end), supply 

shocks (es) and world oil shocks (eo). In the process of model setup, it needs to identify 

and incorporate structural shocks primarily distinguishing between demand and supply 

shocks. With this multivariate model, we can easily identify four different structural 

shocks: two demand shocks and two supply shocks. This procedure assumes that neither 

                                                 
121 To best of my knowledge this is very first of its kind for Pakistan  
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of the demand shocks can have a long-term effect on unemployment, but allow one of 

them; a real demand (or preference) shock to have a potential long-lasting effect on GDP. 

Even though both oil shocks and aggregate supply shocks have permanent effects 

on the level of production, we chose to identify them separately and to interpret them 

differently. We refer to aggregate supply shocks as reflecting productivity or labor supply 

shocks, and world oil shocks as reflecting a permanent change in either supply or demand 

conditions in the international oil market [Alain, (1995)].] 

The structural model can be given a moving-average representation as follows: 
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Where    [ ]ouryX t ΔΔΔΔ=Δ inf,,,  

And    [ ]ondrdst ζζζζζ ,,,=  

Where ζt is vector of unobserved structural shocks; ζs is the aggregate supply 

shock, ζrd is the real demand shock, ζnd is nominal shock and ζo is oil price shock. The 

errors are serially uncorrelated and have variance-covariance matrix normalized to the 

identity matrix so that ( ) IE =ttζζ . Since the vector of structural shocks is not observed 

directly, to identify these structural shocks the autoregressive reduced-form VAR of the 

model is first estimated which can be inverted to yield the moving-average representation: 

                         ( ) tt eLX Β=Δ                                  (2.4) 

The first matrix in the polynomial B(L) is the identity matrix and et is a vector of 

reduced form residuals with the covariance matrix ∑. Equations 2.3 and 2.4 imply a linear 

relationship between the reduced form residuals and the shocks of structural model. The 
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residuals of the model’s reduced form are thus related to the structural residuals in the 

following way: 

 

tt Ae ζ0=       (2.5) 

This implies that 

'
00 )()( AEAeeE tttt ζζ=      (2.6) 

And thus, 

∑='
00 AA       (2.7) 

 

To recover the vector structural shocks ζt from the estimated disturbance vector et, 

it is essential to identify 4×4 matrix A0. Blanchard and Quah (1989) suggest that 

economic theory can be used to impose these restrictions. Economic theory has a number 

of implications regarding the long-run behavior of variables in response to shocks and, 

therefore, imposing these long-run restrictions allows us to properly identify shocks. 

The long-run representation of equation (2.3) can be written as: 
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Where A(1) = A0 + A1 + ………… is the long run effect of ζt on XΔ . 

The long run restrictions are imposed on A(1), based on economic theory. Using 

Blanchard and Quah, Clarida and Gali (1994) and others, identifying assumptions, the 

long-run restrictions imposed on the model are A12 = 0, A13 = 0, A14=0, A23 = 0, A24 = 0, 
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A34 = 0 making the matrix A(1) upper triangular and we can use this fact to recover A0. 

One of these follows from the hypothesis that neither of the demand shocks can have a 

long-term effect on unemployment, but allow one of them; a real demand (or preference) 

shock to have a potential long-lasting effect on GDP. This implies, analogously speaking, 

that all shocks that have a transitory effect on the level of output are interpreted as 

demand shocks. [This assumption, also used by Blanchard and Quah and others, that in 

the long run output depends on factors such as productivity, demographics and permanent 

shifts in the terms of trade hold.] The second and third restrictions, which allow us to 

distinguish between world oil shocks and supply shocks, are derived from the assumption 

that only the former have a long-run effect on the price of oil. The restrictions imply that 

in the long-run, output is affected only by supply shocks. The nominal shocks can be 

distinguished from demand shocks by the fact that nominal shocks have permanent 

effects only on the price level. 

The residuals from the unrestricted VAR and the estimated parameters of A0 then 

can be used to construct the vector of exogenous structural shocks. Since potential output 

corresponds to the permanent component of output in the system, the equation for the 

change in potential output can be derived using the vector of supply shocks. 

( ) syt LCy εμ 11+=Δ      (2.9) 

Where yμ  is the linear trend in output. 

4. Production Function Approach 

This approach generally uses Cobb-Douglas (1928) or Constant Elasticity of 

Substitution (CES) functions with two factor inputs, capital (K) and labor (L), as well as 
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technological progress (A). Cobb-Douglas production function can be described as 

follows:  

  Yt = At Lt 
α
 Kt

1-α
 (Production function)             (2.10) 

Where Y stands for GDP, α for the partial output elasticity of labor, At for total factor 

productivity (TFP), Lt for hours worked and Kt for the capital stock. Usually the 

production function approach is only applied to the private sector. In this approach, to 

determine potential output, it is necessary to estimate the potential values of the three 

explanatory variables (hours worked, capital stock and TFP).  

Entering the equilibrium values for the factor inputs then determines Potential 

output. Limited ability to explain the development of the factor inputs and the fact that the 

equilibrium path of these factors cannot be determined unambiguously are major weak 

points of this method. Variants of the production function approach are used by the 

International Monetary Fund (IMF) [Adams et al, (1987); Adams and Coe, (1990) and the 

Organisation for Economic Cooperation and Development (OECD) Torres and Martin, 

(1990) and EU Commission Denis et al. (2002), (2006)].  

Growth theory, generally the neoclassical model [Solow (1956)], lays the 

theoretical ground for this approach. Flexibility and the ability to determine the 

contribution of each factor input to potential output are the major advantages of the 

production function approach [Musso (2004)]. It is, furthermore, possible to determine 

the effect of technological progress on potential output or potential growth. In chapter six 

we will discuss in detail the production function approach, following [Denis et al. 

(2002)]. 

The main advantage of using a Cobb-Douglas production function is the ease with 
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which the coefficients can be interpreted. Assuming competitive markets or rather that 

each factor receives its marginal product, the partial elasticities of output with respect to 

labor and capital (α and (1-α)) can be equated with the wage share and the profit share, 

respectively [Denis et al. (2002)]. 

The OECD originally used a CES production function with the three factors labor, 

capital and energy to estimate potential output (of the private sector of each country). In 

the late eighties, the OECD scaled the model down to include only labor and capital, and 

in 1994, the CES production function was abandoned in favor of a Cobb-Douglas 

production function.
 
Until the mid-nineties the OECD furthermore estimated an output 

trend to calculate the structural deficits of the government. The growth trend of output 

was defined as the average growth rate between two peaks “split time trends”. For the 

Cobb-Douglas production function, the OECD determines potential employment by 

multiplying the working-age population by the HP-filtered participation rate and (1-

NAIRU). The NAIRU is determined with Elmeskov method modified over the years. 

Currently, the OECD is using the state-space method.122 The OECD uses its own data on 

the private sector to calculate the capital stock. Potential total factor productivity is the 

HP-filtered residual. As the production function is estimated only for the private sector, 

actual gross value of the public sector is added to produce aggregate potential output.  

The European Central Bank (ECB) explicitly makes reference to [Prioetti et al. 

(2002), ECB (2005b)] who describes a multivariate production-function approach. It, 

therefore, seems reasonable that ECB prefers this approach, especially because the cited 

paper compares this approach in detail with statistical, univariate and bivariate models. 

Additional information on the ECB’s methodology is found in [Musso (2004) and Musso 

 
122 see the section state-space models 



und Westermann (2005)]. The ECB’s area-wide model (AWM) also includes a Cobb-

Douglas production function with constant return to scale to determine potential output 

[Fagan et al. (2001)]. The AWM distinguishes between medium-term potential output and 

long-term potential output because of the slow adjustment of the capital stock.  The latter 

is the steady-state potential output.  

The EU Commission also applies a typical Cobb-Douglas production function 

[Denis et al. (2002), (2006)]. Denis et al. (2002) estimate a production function for the 

European Union in aggregate. Average wage share for the EU-15 countries for the period 

1960 to 2000 is calculated with efficiency trend is approximated by the HP-filtered trend 

of the Solow residuals. The actual capital stock and the potential capital stock are taken to 

be equal.  

5. Multivariate Kalman Filter  

The model used to estimate the NAIRU with the Kalman filter is generally specified as 

follows:  

Phillips curve (triangle model):  

( ) ( )( ) ( ) tt
N
tttt ezLcuuLbLa +Δ+−+= −1ππ              (2.11) 

NAIRU equation: 

t
N
t

N
t uu ε+= −1                     (2.12) 

Where tπ  is the inflation rate,  the unemployment gap and the 

NAIRU; are the supply- side variables, et and εt are white-noise error terms, and a(L), 

b(L) and c(L) are lag polynomials, the coefficients of which are estimated. 

N
tt uu −

N
tu

tz
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Often the restriction a(1)=1 is imposed, i.e. inflation is estimated in differences, 

but this is not imperative. Restrictions are also frequently imposed on the error terms, 

especially on variance of error terms. The exogenous supply-side variables in ∆zt include, 

generally, weighted import prices, weighted energy prices and the deviation of 

productivity from its trend, all in first differences. It is important to include supply-side 

variables (z variables) in the Phillips curve to avoid omitted variable bias. 

 



153 

 

APPENDIX II 

Table A1: Literature Review on Potential Output 

Author Country Period of 
Study 

Technique Results 

Roeger (2006) EU and the US 1960 to 2003 Production function approach 
The potential output growth showed a downward trend in the European 
Union Member states but on the other side United States showed a stable 
potential output growth in the same time period of analysis. The potential 
output growth is significantly better in New Member States than US in 
the late 1990s. Total Factor Productivity (TFP) growth shows a declining 
trend which is the main cause for slowdown in growth. 

Proietti and  
Musso (2007)  
 

Euro area Q1 1970 to Q4  
2005 

Growth accounting exercise 
The findings of this exercise suggest that the original model does not 
carry any additional information about nominal variables. It extended the 
original framework to estimate potential growth which allows the formal 
analysis of key features. The major contribution of the study is a 
methodological contribution to analyze growth and it sources.    

Haroutunian, 
Pashourtidou 
and  Pospori ( 
2003) 

Cyprus 1985 to 2001 Production function approach 
and   HP filter 

The results suggest that the two estimates are very closely related with 
each other and give the same turning points on the business cycles of 
Cyprus economy except at the end of sample period. The findings of the 
study suggest that the growth rate of potential GDP for Cyprus is higher 
than European Union countries. The contribution of capital and labor in 
Cyprus potential growth is higher and TFP contribution is lower than 
European Union countries which indicate that there is still scope for 
further development in Cyprus. 
 

 Hofman and 
Tapia (2003). 

Nine countries 
in  Latin  
America 

1950-2002 HP filter and the production 
function approach The output gaps from HP filter method are very small and it cannot be 

used for projection purpose due to end bias problem. The output gaps 
from production function approach are wider which shows there is 
higher level of underutilization of factors of production. The difference 



between HP filter and production function approach is about 3 to 4 
percent which suggest that both approaches produce different results.  
 

 Faal ( 2005) Mexico 1980:1–2003:4, 
1960–2003 

Aggregate production function, 
UC approach and the Kalman 
Filter 

The growth rate of potential output is similar from both restricted and 
unrestricted UC models. The quarterly average trend output growth is 
about 0.57 percent and annually about 2.3 percent. The results suggest 
that the estimated output gap from restricted UC model explains inflation 
best. The estimation results of the wage and price equations confirm that 
output gaps explain inflation process significantly.  
 

DeSerres et al. 
(1995) 

Mexican 1965-Q2 to 1994-
Q2 

SVAR 
The finding of the study is that the main source of fluctuations in both 
actual and potential output is the world oil shocks. 
 

Filho (2002) 

 

Brazil  1980 to 2000 Production function approach The results of the study suggest that TFP decreased in previous two 
decades and this decreasing trend reversed in 1992 and since then on 
average it is growing on 0.9 percent.  During 1980-2000 most of the time 
actual output was below potential output. These findings point out that 
the sustainable growth rate of Brazilian economy decrease strongly as 
compare to 1980s growth rate.   

Serju (2006) Jamaican 1981:01 to 2004:04 HP filter, Band-Pass filter, linear 
time trend and the SVAR model 

The study suggests that the SVAR method provides a more robust and 
reliable estimates which predict the inflation with better accuracy. The 
estimates of potential output from different methods suggest that except 
the linear trend method, all methods give the consistent indication of the 
slack in the economy. 

 Tsalinski 

(2007) 

Bulgaria 

 

Q1 1998 – Q4 

2005 

Kuttner's unobserved 
components model, growth 
accounting 

The results of the study suggest that the relationship between ULC and 
the output gap is positive and statistically significant, which implies that 
ULC contain useful information about the cyclical position of the 
economy. The results show two important trends---namely, increasing 
total factor productivity and rising capital output ratio. And the potential 
output is increasing. 
 

Izquierdo and  
Jareño (2007) 

Spanish 1990 to 2005 Production function 
The results show an average potential increase of 3.5 percent in the last 5 
years which is almost a half percentage point higher than it was 
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estimated in 1990s. This improvement in potential growth reflects the 
buoyancy of investment and the notable growth of potential employment 
in this period. The decrease in the NAIRU has also supported the 
positive trend in potential employment. Only TFP performs poorly. All 
this suggests that actual output was above potential output in the last five 
years.   
 

Cerra and 
Saxena (2000) 

Sweden 1971 to 1998 HP filter, Beveridge-Nelson, 
Unobserved Components 
(univariate, Bivariate), Structural 
VAR, Production function and 
System Unobserved 
Components 

The main findings of the study suggest that output gap varied with the 
methods. Similarly the potential output growth also sensitive to the 
methods. In the case of Sweden unobserved components method is 
preferred.  

Horn et al. 
(2007) 

Germany 1973-2005 Production function  approach The findings of this study suggest that there are no accurate estimates of 
potential output and that these estimates vary significantly over time. The 
potential output estimated by presently available methods cannot be 
considered as a yardstick for economic policy. 

 Slevin (2001) Ireland 1960 to 2000 A linear time trend, split time 
trends and  Hodrick-Prescott 
(HP)  filters and a Cobb Douglas 
production function 

The findings of the study suggest that the results of the all methods are 
similar. All methods agree that when the actual output is above or below 
potential output. All methods output gap illustrate positive correlation 
with inflation except production function with HP filtered TFP. Another 
striking result of the study is that the output gap based on production 
function method is better to explain inflation from all other methods.   
 

Dybczak et al 
(2006) 

Czech 
Republic 

1995 to 2005 Production function approach The average potential output growth was 1.7 percent during the time 
period 1995–2000 and the potential output growth from time period 2001 
to 2005 was around 3.8 percent.  The reason for this slack was probably 
that there was a temporary drop in investment activity during the sample 
period and a low contribution of total factor productivity during the 
second half of the 1990s. Significant improvements are observed in 
supply-side performance from 2001 onwards, except the labor market. 

Gordon (2003) USA 1954 to 2003 Trends-through-benchmark 
method (TTB) , the HP filter and 
the Kalman filter method 

The results of the study demonstrate that the trend of productivity growth 
in 2002-03 is higher than previous maximum growth in early 1960s. In 
2002-03 potential output is 3.38 percent. The findings suggest that the 
results of the approaches for these five decades data are same and similar 
to the findings of Staiger, Stock and Watson (1996). The projection of 



potential output growth for time period 2003-23 is 3.28 percent a year.  
Robinson and 
Stone (2005) 

Australia 1971:4 to 2001:4 Multivariate  HP  filter 
The outcomes of study suggest that data revisions are not principal 
source of real time output gap problem and confirm the findings of 
Orphandies and Van Norden (2002). It also suggests that quite good real-
time output gaps can be produced for Australian economy.  Regardless 
of robust real-time output gaps there is irreducible uncertainty due to 
changes in macroeconomic environment of Australian economy during 
sample period.  

Darrin Gibbs 
(1995) 

New Zealand 1977-Q2 to 1994-
Q1 

Trends through peaks approach, 
Okun approach, output capital 
ratio approach, production 
function approach,  HP  filter 
and the multivariate filter 
approach 

The potential output growth from different methods range from 2.79 to 
4.19 percent. The results of all methods illustrate that there is strong 
relationship between output gap and inflation. The results give wide 
range of estimates of potential output and suggest that estimates must be 
treated with considerable caution for policy purpose. 

Conway and  

Hunt (1997) 

New Zealand Q4 1985 – Q4 

1996 

Semi-structural multivariate 
(MV) filter The estimated potential output growth is more consistent when it is used 

with the natural rate paradigm. The estimates of the output gap from 
MVHP as compared with the HP filter are more consistent. The results 
illustrate that the multivariate HP (MVHP) filter is better than the simple 
HP filter. 

Hirose and 
Kamada 
(2003) 

Japan Q1 1980 to Q3 
2000 

HP filter and A New technique 
The potential output growth declined from 4 percent to 1 percent from 
1980s to 1990s. The NAILO is different from HP filtered potential 
output (HPLO). The average NAILO based output gap is negative during 
1980s and 1990s and the average HPLO based output gap is zero which 
demonstrates that HP filter is fail to catch the global disinflation trend. 
The output gap based on NAILO is superior to HPLO output gap as a 
business cycle indicator.   

Toit and 
Moolman 
(2003) 

South Africa 1975 to 2000 HP filter and production 
function approach The results show that HP filter can measure the level of potential output 

but cannot be used in supply side model. Production function approach is 
identified as a preferred measure which explicitly uses structural 
information especially in context of measuring potential labor input 
using NAWRU. The findings indicate that in recent year's South African 
economy face many challenges and number of hurdles associated with its 
potential output growth. 
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Njuguna et al. 
(2005) 

Kenya 1972 to 2001 Linear time trends, HP filter, 
univariate and multivariate 
Beveridge-Nelson, the structural 
VAR and the production 
function approach 

The potential output growth has declining trend over the sample period. 
In the same time period actual output growth also has declining trend.  
The findings of the study suggest that the contribution of TFP is so little 
it has been declining since last decade. The study preferred HP filtered 
output gap because it explains better the economic situation of Kenyan 
economy. The policy implication from these findings is that monetary 
policy can use expansionary monetary policy and government can run 
budget deficit without fear of inflation.  
 

Gounder and 

Morling 

(2000) 

FIJI 1971-1999 

 

Linear time trends, HP filter, an 
aggregate production function 
model and a structural vector 
auto-regression (SVAR) model 
 

The estimated output gap series are different in terms of the volatility 
and magnitude. The linear method being the most volatile and the SVAR 
method the least. However, in term of turning points, the linear approach 
and the HP approach look similar while the other two approaches have 
different turning points.  The findings suggest that these approaches are 
sensitive to supply shocks instead of demand shocks, which are dominant 
in developed countries. The main findings of the study suggest that the 
output gap is a relatively poor predictor of inflation in Fiji, at least within 
the Phillips curve relationship. Overall the findings of the study suggest 
that caution should be used to measure output gap and use them for 
policy purpose in developing countries like FIJI.   

Ranjan et al. 
(2007) 

India 1951 to 2006 Alternative approaches of 
statistical trend filtering 
techniques and a production 
function 

The Hodrick-Prescott filtering technique leads to estimated potential 
GDP growth of about 7 per cent. The warranted growth rate hovers 
around 8 per cent for the more recent period. The multivariate production 
function framework yields a potential growth of 6.6 per cent, which 
could be an underestimate given the data limitations. The empirical 
analysis suggests that a trend growth rate of 7 to 8 per cent is sustainable 
provided the agriculture sector records a stable performance. 

Scheibe 
(2003) 

China 1978 to 2002 Univariate and multivariate 
methods 

The results of univariate methods are very extreme and magnitude of the 
output gaps is more realistic in the results of production function based 
methods. The empirical evidence shows that sector wise output gaps are 
more rewarding and provide interesting dynamics and improve the 
aggregate output gap. This output gap is highly correlated with inflation 
and the results are robust in dynamic EQCM production method instead 
of level Cobb-Douglas production function. . In 2002 china entered in a 
period of economic expansion which is confirmed by all methods.  
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Adnan et al. 
(2008) 
 

Pakistan 1950 to 2007 Linear time trends, HP filter, 
Band-Pass filter, Production 
function, the SVAR and 
Unobserved Component 
methods 

It shows that different approaches produce different output gaps. The 
benchmark output gap has reasonable coefficient of correlation with both 
composite output gaps.  It turns out that since 2005 Pakistan's economy 
is facing high demand pressures. These high demand pressures show a 
high correlation with the rising inflation as shown in the correlation 
between inflation and composite output gaps. The benchmark output gap 
shows that it has highest correlation with inflation during the time period 
2001-07. The results of the study suggest that caution should be the 
watchword when using output gaps for the purpose of policy analysis in 
developing countries such as Pakistan. 

Sherbaz et al. 
(2008) 

Pakistan 1963-2005 Production function approach 
At the end of sample period TFP shows the increasing trend that also 
confirms the findings in Khan (2006). The average annual output gap is –
0.0128 which suggest that the actual and the potential output are close 
therefore there is no need for a corrective policy intervention.  The study 
concludes  that the actual output growth often deviates from the potential 
output growth in Pakistan and that the output gap is increased 
significantly when money supply and imports increase and is reduced 
when exports and public sector investment increase. These findings also 
suggest that auto-corrective mechanism of the market is not applicable in 
a developing country such as Pakistan 

Dupasquier et 
al. (1997) 

U.S Q1 1963 to the Q4 
of 1995 

The multivariate Beveridge-
Nelson methodology (MBN), 
Cochrane’s methodology (CO), 
and the structural VAR 
methodology with long-run 
restrictions applied to output 
(LRRO) 

The output gaps of all methods are different. The only output gap based 
on SVAR has a peak at business cycle frequencies as defined by Burns 
and Mitchell (1946).   
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Table A2: Literature Review on Non - Accelerating Inflation Rate of Unemployment (NAIRU) 
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Author Country Period of Study Technique Results 

Richardson, P. 
et al. (2000),  
 

21 OECD 
countries 

1962 to 1999 Kalman filter and HPMV 
approaches 

The results of the study illustrate that the Phillips curve explains the 
inflationary development for past three to four decades in all countries 
and unemployment gap is significant in explaining the inflation.  The 
results of Kalman filter and HPMV filter are highly correlated with each 
other and also these unemployment gaps estimates consistent with the 
earlier studies on OECD countries. The Kalman filter gives the more 
weight to the estimated Phillips curve while the HPMV filter follow the 
actual unemployment rate more tightly.  

Turner et al. 
(2001) 

OECD 
Countries 

1980 to 1999 
 

Kalman filter using  maximum 
likelihood  The study finds that as compare to 1980s most of the time the degree and 

direction of changes in NAIRU over the 1990s is not similar across 
OCED countries. However, in 1980s except the US and Portugal NAIRU 
rose across all OECD countries. The revised estimates suggest that in 
1990s, most of the time actual unemployment is more than NAIRU for 
most of the OCED countries.  

Mikael and 
Jansson 
(1998) 

Canada, the 
UK, and the 
US 

1970:1 to 1998:2 Kalman filter and maximum 
likelihood 

In the Phillips Curves and Okun’s law equations, the expected signs and 
significance of the parameters estimates are accurate most of the time 
with the exception of Canada. And the results are consistence with 
Okun’s law which states that a negative relationship exists between 
cyclical output and cyclical unemployment. 
 

Stephanides 
(2006) 

European 
Union, USA, 
and Japan 

1981 to 2005 Non-linear least squares and the 
maximum likelihood using the 
Kalman filter 

The main findings of the study suggest that the NAIRU estimates are 
measured with large uncertainty. And these NAIRU estimates have 
extensive variability in term of both across countries and across 
specifications. 

Laubach 
(2001) 

Seven 
industrialized 
countries 

1971 to 1998 Unobserved-components model The precision comes in NAIRU estimates only in Phillips curve 
specification. As compare to European countries the results obtained for 
United States are more precise but a high uncertainty associated with 
these results. The results presented in this study confirmed some 
previous studies results for the G7 economies, that the measured 
uncertainty around the NAIRU estimates is large. 

Morrow and  
Roeger (2000) 

Community's 
Member States 

1980 to 1999 H-P Filter,  the Phillips curve 
derived NAIRU's The wage equations perform satisfactorily on the basis of the standard 



statistical criteria. The estimated NAWRU / NAIRU's for all of the 
Member States suggest that the unemployment gap term is important in 
explaining past changes in either wage or price inflation. The comparison 
of unemployment gaps between economic approach used in the study 
and the H-P filter shows that for each Member State there is a gain in 
estimating NAIRU, using economic approach.  
 

Gordon (1997) U.S 1955:2-1996:2 Kalman filter All the time-varying NAIRU series indicate substantially more excess 
demand than the textbook series in 1955-57, 1965-1970 and 1979-1980. 
The results show that the sum of coefficients on the inflation inertia 
variable are close to unity and the coefficient on the unemployment gap 
are always highly significant and of the correct sign. The U.S. inflation 
process had been so stable and well characterized by the triangle model 
of inflation developed in the late 1970s and early 1980s. The time-
varying NAIRU by any measure declined in the 1990s.  

Greenslade et 
al. (2003) 

UK 1973 to 2000 Kalman filter The study results about NAIRU series are influenced by a signal-to-noise 
ratio which is assumed to be 0.16. The results from different models 
show that in mid 1980s the NAIRU reached at peak and thereafter tend 
to fall. The results of different models demonstrate that NAIRU is above 
actual unemployment in mid of the 1990s. The lagged inflation 
significantly influence on current price inflation (CPI). In the period of 
economic expansion unemployment falls below the NAIRU.  The 
negative unemployment gap puts upward pressure on inflation. 

Batini and 
Greenslade 
(2006) 

UK 1973 Q1 to 2001 
Q4 

Kalman filter 
The main results of their study suggest that SRN is better than LRN and 
SRN results is very close to actual unemployment at the end of the 
sample period of study and SRN results are better to explain the inflation 
as compare to output gap. 

Epstein and 
Macchiarelli 
(2010) 

Poland 1995-2008 Production function and Kalman 
filter 

The results showed that estimated unemployment gap follow the post-
reform business cycle in Poland.  

Mehihovs and 
Zasova (2009) 

Latvia first quarter of 
1995 to the fourth 
quarter of 2008 

OLS and Kalman filter The value of constant NAIRU was 11.8 percent for Latvia at the 95 
percent confidence interval of 9.4–14.4 percent. The time-varying 
NAIRU for Latvia decreased from 14.3 percent at the beginning of 1997 
to 7.4 percent at the end of 2008. The estimate for the time-varying 
NAIRU from the end-2005 to mid- 2008 was above the actual 
unemployment rate, suggesting that Latvia's tense labour market 
situation most likely fuelled a rise in the inflation rate. 
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Horn et al. 
(2007). 

Germany 1973 to 2005 Kalman Filter The Phillips curve and the NAIRU are estimated simultaneously for 
Germany. Actual unemployment rate and NAIRU have fallen. 

Fitzenberger 
et al. (2007) 

Germany 1976:2 to 1990:2, 
1990:3 to 2006:4 

Kalman–Filter model and a 
partially linear model The TV–NAIRU increased approximately from 3 percent in the mid 

1970’s to approximately 6 percent in 1990. The constant TV–NAIRU 
after unification lies at about 7 percent and it moves around the first 
estimate. The study suggests that the NAIRU for Germany at a tolerable 
inflation rate of 2 percent has remained quite stable since the early 
1990’s. 

Apel and 
Jansson 
(1999) 

Sweden 1970: to 1996: 3 New approach 
The results of the study are consistent with economic theory that 
Swedish economy follows AR (2) process and both coefficients of 
cyclical unemployment are less than one. The individual parameters of 
the model are statistically significant.  And the findings also suggest that 
these results of unemployment gap and output gap need a careful caution 
before using for policy purpose.  

Holm, P. and 

H. Somervouri 

(1997) 

Finland 1975 to 1994 Elmeskov's method 
The NAWRU moves away from the actual unemployment rate in the 
beginning of 1990’s, which implied that the large increase in the 
unemployment rate was due to cyclical factors. According to this method 
cyclical unemployment transformed into structural unemployment very 
quickly. The NAIRU declined up to the end of 1990s. Since then both 
the actual unemployment rate and the NAIRU have increased rapidly. In 
the mid-nineties the NAIRU was about 12 per cent and the actual 
unemployment rate was about 18 percent. The imprecision of the 
NAIRU estimates suggest that caution must be exercised to use NAIRU 
as a guide for “monetary policy”.  

Estrada et al.  

(2000) 

Spanish 1980 to 1999 H-P filter and B-P filter and 
SVAR The NAIRU series are very similar and closely follow actual 

unemployment rate when estimated by H-P filter and B-P filter. The 
results of the structural approach point out three contributing factors: 
price mark-ups, the replacement ratio and changes in the tax system that 
affects the NAIRU over the sample period. A comparison of these results 
shows that NAIRU from different approaches have significantly different 
point estimates. The findings of the study suggest that the usefulness of 
the NAIRU concept is very limited to use as a guideline for 
macroeconomic policy.  

Dybczak et al Czech 1995 to 2005 Production function It results show that the NAIRU increased from 5.5 percent in 1995 to 7.5 



(2006) Republic percent in 2002. It has adversely affected potential employment and 
potential output growth. In general the reason for increase in NAIRU can 
be attributed to declining labor market efficiency. 

Hirose and 
Kamada 
(2002) 

Japan 1983:2 to 2002:2 Kalman filter The time-invariant NAIRU is –4.7 percent. The estimated TV-NAIRU 
was about –4 percent in the 1980s. Since the early 1990s it had followed 
a downward trend between 1992 and 2002. The NAIRU estimate is very 
uncertain when there are revisions in line with the accumulation of new 
data. Therefore this study suggests that considerable caution is needed 
when evaluating the resulting estimate. 

Szeto and Guy 
(2004)  

New Zealand 1988:3 to 2003:4 Kalman filter on a reduced form 
approach The results also show that Kalman filter estimates of unemployment gap 

are larger than HP filter in early 1990s and it also have significant 
information regarding the inflation expectation and deviation between 
inflation. The results from all specifications shows that NAIRU is 
increasing over the late 1980s and then early 1990s and then it started 
decreasing slowly around 2000 because of Asian financial crisis and two 
droughts. 

Suchoy and 
Friedman 
(2002) 

 Israel 1987:1 to 2001:1 State Space Models, unobserved 
components (UC) Kalman filter 
and SUR equation routines, 
“triangle” version of the Phillips 
curve 

The study results show that the actual unemployment has a little effect 
on NAIRU and its level is high relatively in all specifications by 0.1 to 
0.3 percentage points than the average unemployment rate. The estimate 
of unemployment gap from the Phillips curve has a significant negative 
effect on the inflation.  The study suggests that there should be caution to 
use the NAIRU estimates for direct policy implications.  

Satti et al. 
(2007) 

Pakistan 1976 to 2006 GMM 
The results show that future expectations of inflation play significant role 
in inflation determination. The output gap is not the driving force of 
inflation. In case of Pakistan the degree of price stickiness is very high 
and inflation dominated by forward looking behavior instead of 
backward looking inertia. And firms are very often using the backward 
looking rule in price setting. 

Iqbal (1995) Pakistan 1978 -1993 OLS The results show that the constant natural rate of unemployment for time 
period 1978-1993 is 3.21 percent for Pakistan.  The potential growth of 
potential output is 5.37 percent. The findings illustrate that the natural 
rate of unemployment for time period 1978-1993 suggest that since 1978 
Pakistan's economy has been operating under capacity utilization.  
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APPENDIX I 

Table A5.1 - Trend and Cyclical Components of Unemployment 

 
Trend Component 

 
Cyclical Component 

  
Years 

 
Actual 

Unemployment 

Rate 

Step One 
(Kalman 
Decomposition) 

Step Two 
(Phillips 
Curve) 

Hodrick 
Prescott 
Filter 

Step One 
(Kalman 
Decomposition) 

Step Two 
(Phillips 
Curve) 

Hodrick 
Prescott 
Filter 

1975-76 2.13 1.78 1.53 2.43 0.35 0.60 -0.30
1976-77 2.62 2.61 2.14 2.65 0.01 0.48 -0.03
1977-78 3.11 3.11 2.88 2.86 0.00 0.23 0.25
1978-79 3.55 3.54 3.72 3.04 0.01 -0.17 0.51
1979-80 3.67 3.69 3.85 3.19 -0.02 -0.18 0.48
1980-81 3.7 3.80 3.85 3.32 -0.10 -0.15 0.38
1981-82 3.31 3.57 3.19 3.41 -0.26 0.12 -0.10
1982-83 3.9 3.94 3.83 3.49 -0.04 0.07 0.41
1983-84 3.82 3.88 3.80 3.55 -0.06 0.02 0.27
1984-85 3.72 3.87 3.77 3.61 -0.15 -0.05 0.11
1985-86 3.63 3.82 3.58 3.68 -0.19 0.05 -0.05
1986-87 3.05 3.46 3.31 3.78 -0.41 -0.26 -0.73
1987-88 3.13 3.38 3.53 3.91 -0.25 -0.40 -0.78
1988-89 3.13 3.23 3.38 4.08 -0.10 -0.25 -0.95
1989-90 3.13 3.14 3.21 4.30 -0.01 -0.08 -1.17
1990-91 6.28 3.09 5.37 4.54 0.04 0.91 1.74
1991-92 5.85 4.78 5.05 4.80 1.50 0.80 1.05
1992-93 4.73 4.98 4.75 5.06 0.87 -0.02 -0.33
1993-94 4.84 4.97 5.24 5.33 -0.24 -0.40 -0.49
1994-95 5.37 5.21 5.64 5.61 -0.37 -0.27 -0.24
1995-96 5.37 5.48 5.48 5.90 -0.11 -0.11 -0.53
1996-97 6.12 5.51 6.03 6.18 -0.14 0.09 -0.06
1997-98 5.89 5.98 5.74 6.46 0.14 0.15 -0.57
1998-99 5.89 5.97 5.79 6.72 -0.08 0.10 -0.83
1999-00 7.82 6.08 7.05 6.95 -0.19 0.77 0.87
2000-01 7.82 7.16 7.06 7.11 0.66 0.76 0.71
2001-02 8.27 7.42 7.71 7.19 0.40 0.56 1.08
2002-03 8.27 8.04 7.94 7.18 0.23 0.33 1.09
2003-04 7.69 8.33 7.97 7.09 -0.06 -0.28 0.60
2004-05 7.69 8.22 8.12 6.92 -0.53 -0.43 0.77
2005-06 6.2 8.23 6.95 6.70 -0.54 -0.75 -0.50
2006-07 5.32 7.31 6.44 6.44 -1.11 -1.12 -1.12
2007-08 5.2 6.47 6.18 6.17 -1.24 -0.98 -0.97

Note: 1\ the smoothing parameter for the HP filter is λ = 100. 
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Table A5.2: Second Step OLS Results for NAIRU of Pakistan  

Cyclical Component and Phillips Curve Estimates 
Estimation Periods:1973-74 to 2007-08 (35 observations) 

variables Coefficients S.E t-statistics 

constant 3.151281* 1.114925 2.826452

∆πt -0.33072** 0.122281 -2.70455

∆πt-1 0.174892 0.141353 1.237268

∆πt-2 0.114785 0.099665 1.151702

(u-u*) -1.72883** 0.622573 -2.7769

pt
oil 0.027753*** 0.014562 1.905829

pt
oil (-1) -0.05645** 0.021888 -2.57885

D -2.48189** 1.150688 -2.15688

 

Note: *, **, *** means significant at 1, 5 and 10 percent level of significance. 

 

 

 

 



APPENDIX III 

Figure 6.1.A: Actual and Potential Total Factor Productivity 

 

Figure 6.2.A: Actual and Potential Employment of Pakistan Economy 
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Figure 6.3.A: Growth of Actual and Potential Employment 

 

Figure 6.4.A: Factors Contribution to Potential Employment Growth in Pakistan 

Note:  Contributions are computed as year-on-year percentage changes. Labour Force Participation Rate, 
Activity Rate, and (1-NAIRU) contributions sum up is to potential employment growth rates. Any 
discrepancy is due to rounding. 
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Figure 6.5.A: Actual and Potential Output (with Potential Employment) 

 

Figure 6.6.A: Output Gap of Pakistan Economy (1974-75 to 2007-08) 
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Figure 6.7.A Growth of Actual and Potential Output of Pakistan Economy (with 
Employment) 

 

Figure 6.8.A: Factors Contributing to Potential Output Growth in Pakistan 

 
Note:  Contributions are computed as year-on-year percentage changes. Total Factor Productivity, Capital, 
and Potential Employment contributions sum up is to potential output growth rates. Any discrepancy is due 
to rounding. 
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  APPENDIX IV 

Table A7.1: Excess Capacity and Excess Demand Periods from the Different 
Methods Output Gaps of Pakistan (1975-76 to 2007-08) 

Year LT HP OC OKUN SVAR KALMAN 

1975-76  Ex. Demand  Ex. Demand Ex. Capacity  Ex. Demand  Ex. Demand Ex. Capacity 
1976-77  Ex. Demand  Ex. Demand  Ex. Demand  Ex. Demand  Ex. Demand  Ex. Demand 

1977-78  Ex. Demand  Ex. Demand Ex. Capacity  Ex. Demand Ex. Capacity Ex. Capacity 

1978-79  Ex. Demand  Ex. Demand Ex. Capacity Ex. Capacity  Ex. Demand  Ex. Demand 
1979-80  Ex. Demand  Ex. Demand Ex. Capacity Ex. Capacity Ex. Capacity Ex. Capacity 

1980-81  Ex. Demand  Ex. Demand Ex. Capacity Ex. Capacity Ex. Capacity  Ex. Demand 

1981-82 Ex. Capacity Ex. Capacity  Ex. Demand  Ex. Demand Ex. Capacity Ex. Capacity 
1982-83 Ex. Capacity Ex. Capacity Ex. Capacity  Ex. Demand Ex. Capacity  Ex. Demand 

1983-84 Ex. Capacity  Ex. Demand  Ex. Demand  Ex. Demand  Ex. Demand  Ex. Demand 

1984-85 Ex. Capacity Ex. Capacity Ex. Capacity Ex. Capacity Ex. Capacity Ex. Capacity 
1985-86 Ex. Capacity Ex. Capacity  Ex. Demand  Ex. Demand Ex. Capacity  Ex. Demand 

1986-87 Ex. Capacity Ex. Capacity  Ex. Demand Ex. Capacity Ex. Capacity  Ex. Demand 

1987-88 Ex. Capacity Ex. Capacity Ex. Capacity Ex. Capacity Ex. Capacity Ex. Capacity 
1988-89 Ex. Capacity Ex. Capacity  Ex. Demand Ex. Capacity  Ex. Demand  Ex. Demand 

1989-90 Ex. Capacity  Ex. Demand  Ex. Demand Ex. Capacity  Ex. Demand Ex. Capacity 

1990-91 Ex. Capacity Ex. Capacity  Ex. Demand  Ex. Demand Ex. Capacity Ex. Capacity 
1991-92 Ex. Capacity Ex. Capacity Ex. Capacity  Ex. Demand Ex. Capacity Ex. Capacity 

1992-93 Ex. Capacity Ex. Capacity  Ex. Demand Ex. Capacity  Ex. Demand  Ex. Demand 

1993-94 Ex. Capacity Ex. Capacity  Ex. Demand Ex. Capacity  Ex. Demand Ex. Capacity 
1994-95 Ex. Capacity Ex. Capacity  Ex. Demand Ex. Capacity  Ex. Demand  Ex. Demand 

1995-96 Ex. Capacity Ex. Capacity  Ex. Demand Ex. Capacity Ex. Capacity Ex. Capacity 

1996-97 Ex. Capacity Ex. Capacity  Ex. Demand  Ex. Demand  Ex. Demand  Ex. Demand 
1997-98  Ex. Demand  Ex. Demand  Ex. Demand  Ex. Demand  Ex. Demand Ex. Capacity 

1998-99  Ex. Demand  Ex. Demand Ex. Capacity  Ex. Demand  Ex. Demand Ex. Capacity 

1999-00  Ex. Demand Ex. Capacity Ex. Capacity  Ex. Demand  Ex. Demand Ex. Capacity 
2000-01  Ex. Demand  Ex. Demand  Ex. Demand  Ex. Demand  Ex. Demand  Ex. Demand 

2001-02  Ex. Demand  Ex. Demand  Ex. Demand  Ex. Demand  Ex. Demand Ex. Capacity 

2002-03  Ex. Demand  Ex. Demand Ex. Capacity  Ex. Demand  Ex. Demand Ex. Capacity 
2003-04  Ex. Demand  Ex. Demand Ex. Capacity Ex. Capacity Ex. Capacity Ex. Capacity 

2004-05  Ex. Demand Ex. Capacity Ex. Capacity Ex. Capacity Ex. Capacity Ex. Capacity 

2005-06  Ex. Demand Ex. Capacity Ex. Capacity Ex. Capacity  Ex. Demand  Ex. Demand 
2006-07  Ex. Demand Ex. Capacity Ex. Capacity Ex. Capacity Ex. Capacity Ex. Capacity 

2007-08  Ex. Demand Ex. Capacity  Ex. Demand Ex. Capacity  Ex. Demand  Ex. Demand 
Overall Ex. Capacity  Ex. Demand  Ex. Demand  Ex. Demand Ex. Capacity Ex. Capacity 

Source: Based on Author’s calculations. 
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