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abstract
The TRYM model is a dynamic general equilibrium model of the Australian economy that is maintained by the Australian Treasury.  It is used by Treasury as one input into the process of policy analysis and economic forecasting.


As part of ongoing review of the model, we have been examining the appropriate specification of the production function and the suitability of an aggregate production function.  We have been particularly concerned with possible problems arising from various changes in the economy, including:  Changes in industry ownership (privatisation) and the relative sizes of industry sectors;  Changes in the composition of investment;  Changes in product markets and labour markets due to market reforms and rising import-penetration ratios; Evidence that the rate of technical progress has varied over time; Evidence that historical movements of real wages are significantly outside of the scope of the production function. 

This paper reports on some ongoing developments to TRYM and results from investigation into these issues.

1. Introduction

The Treasury macroeconomic model, “TRYM” is an econometric model of the Australian economy that features a supply-driven long run and a largely demand-driven short run.  While the model can provide worthwhile insights as part of the process of forecasting the economy, it is designed primarily for “policy” analysis—to show the response of key economic variables to a range of possible shocks to the economy.  A central part of the model is a block of three equations that explain the labour-demand, price-setting and investment behaviour of the business sector of the economy.  This paper presents the results from the first stage of a review we are undertaking of these equations and identifies the key issues we will address in the second stage.
Since the last public documentation of the TRYM model there have been a number of changes in the economy and the way economic statistics are constructed, and various economic trends have accelerated or become more obvious.  Changes include: the movement of assets and activities from the general government and government enterprise sectors of the economy to the private business sector (“privatisation”); the introduction of the goods and services tax (GST); the change in the construction of the National Accounts from the SNA68 to the SNA93 standard and the replacement of constant price estimates by chain volume measures; an acceleration in the average rate of growth of labour productivity and real wages between the 1980s and 1990s; and the increasing importance of information technology in investment and the fall in the relative price of IT equipment such as computers.  Because of these changes, or for other reasons, the performance of the existing business-sector equations has deteriorated over time.  This has prompted us to review the equations and the underlying data construction while trying to stay within the original theoretical framework on which the equations were based.
As a first step in the review, we have revised the sectoral division of the economy, the way indirect taxes are included, and the construction of capital-stock series.  These revisions are described in section 4 of the paper.  The second step is still in progress, but we have identified three key results/issues.
· First, apart from some signs of acceleration from the mid-1990s, the rate of labour productivity growth has been roughly averaged 2 per cent per year since the end of the 1970s except during a relatively brief period in the second half of the 1980s.  This period of much slower labour productivity growth was accompanied by a fall in the real producer wage and strongly rising participation rates.  
· Second, the existing price-setting equation in the TRYM business sector, which relates the price of business output to the nominal wage and therefore plays a major role in determining the real wage in the model, is unable to explain the fall in the real producer wage in the second half of the 1980s.
· Third, there has been a steady increase in the average depreciation rate of the business capital stock due in substantial measure to the increasing importance of IT equipment, which tends to be shorter-lived than most other capital goods.  Moreover the price of IT goods has been falling relative to the prices of most other goods.  Together, these trends create differences in prices and depreciation rates between new investment and the existing capital stock, and have potential implications for the relationship between the rate of flow of services from the capital stock and its size, and for the average investment-capital ratio.
These issues, and other more technical ones, are discussed further in section 6 of the paper.
The remainder of the paper is structured as follows.  Section 2 outlines the theory on which the long-run parts of the business-sector equations are based and discusses the determinants of labour-productivity.  Section 3 then explains how the theory of the long-run is currently incorporated into dynamic relationships.  The major problems that had arisen in the equations are outlined in section 4 and the steps we have taken to address those problems are explained.  Section 5 presents the results from estimation of the revised equations and assesses their performance.  Section 6 summarises our conclusions and sets out the major issues we need to address in the second stage of our review.  A range of other, more technical issues are discussed in an Appendix.
2. Theory underlying the business-sector equations in the TRYM model
In this section we outline the theory underlying the business-sector equations in TRYM—for labour demand, prices and investment.  The long-run components of these three equations reflect standard neo-classical theory for profit maximising firms.  In particular, they are based on a constant returns-to-scale, aggregate production function and the conditions that the marginal revenue products of labour and capital equal the prices of those factors.  We begin by describing these conditions and then derive the precise formulations used in the model.  There is a discussion of the determinants of labour productivity at the end of the section.  The next section shows how short-run dynamics are incorporated into the equations.
The TRYM accounting framework is based around the Australian System of National Accounts (ABS Cat. No. 5206.0) and hence GDP can be seen from an expenditure, production or income perspective.  The production side in TRYM is divided into general government, government enterprise, private business and dwellings sectors, each of which has been modelled separately in the past.  The private business sector, which is our focus here, is assumed to produce a single good using labour and capital inputs, but on the expenditure side its output is divided into non-commodity and commodity components.  The output of commodities is calculated as commodity (rural and mining) exports, net of an allowance for imported inputs into the production of commodities, plus changes in farm stocks.  Non-commodity output is the difference between the gross value added of the business sector and commodity output.  Non-commodities are both sold domestically and exported.  In TRYM, imports are treated entirely as final goods and do not enter into the production function as intermediate inputs.
In the long-run, business sector output is given by a constant elasticity of substitution (CES) production function of the form
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,
where Yt is output in quarter t, Lt is labour input, kt is capital input, efft is a measure of technical efficiency, and the parameters L, K and  are assumed to be constant.  The term 
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 represents “efficiency units” of labour input, and it is often useful to think in terms of output and capital per efficiency unit of labour: 
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.  The parameter  is the (absolute value of) the elasticity of substitution between the two inputs.  A special case of the CES production function is the Cobb-Douglas production function, in which the elasticity of substitution is one.  As discussed below,  is generally found to be less than one for Australia.
It is often assumed that the efficiency variable, efft, grows at a constant rate over time.  That is,
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where  is the rate of Harrod-neutral or labour-augmenting technical progress.  Another common assumption is that capital inputs are proportional to the size of the capital stock at the end of the previous quarter and beginning of the current quarter, 
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.  The constant of proportionality is absorbed into the coefficient K.  TRYM currently adopts both of these assumptions.
It can be convenient to absorb the coefficient on the labour-input term, L, into the efficiency variable.  When this is done, and the two assumptions in the previous paragraph are imposed, the production function becomes
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,
and the efficiency variable is given by
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,
where eff0 is the value of the efficiency variable in quarter 0.  More generally, with a time-varying rate of efficiency growth, t, the efficiency variable would be given by 
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.  Note that changes in efft can be due to changes in technology (how “efficiently” labour is used), or to changes in labour quality (for example, differences in experience or education levels).
For the production function in equation (1)

, the marginal products of labour and capital are
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.
In the absence of any costs of adjusting the level of labour inputs, a cost-minimising firm will choose the level of labour inputs to equate the marginal revenue product of labour with the price of labour, the wage.  That is, it will choose Lt so that
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (3)
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where 
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 is the price of the output good net of taxes on products—the “basic price”, in National Accounts terminology—and Wt is the nominal wage including indirect taxes on labour inputs, such as payroll taxes and fringe benefits tax.  This condition can be rewritten as
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This says that output per efficiency unit of labour, or efficiency-adjusted labour productivity, is directly related to the real producer wage per efficiency unit of labour, with elasticity .  (In the Cobb-Douglas case, 
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, the average product of labour is equal to the marginal product of labour so the average product of labour is equal to the real wage.)
In a manner analogous to labour, a cost minimising firm will choose capital input to equate the marginal revenue product of capital with the price of capital input.  That is,
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where 
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 is the price of a unit of capital input, allowing for any adjustment costs.  We explain how 
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 is calculated in TRYM in the section 3.  Note that comparing equations (5)

 gives(3)

 and 
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.
This demonstrates the  is indeed the elasticity of substitution between the inputs—the elasticity of relative quantities with respect to relative prices.

Long-run equations in TRYM

The long-run labour-demand, price-setting and investment equations in TRYM are based on the production function, equation (3)

.  In logs,(5)

.  Labour demand comes directly from equation (3)

 and (1)

, and the conditions that the marginal products of labour and capital are equal to the wage and the price of capital, equations 
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.
For a given real wage, labour input increases in proportion to efficiency-adjusted output.  (A constant real wage implies that capital input also increases in proportion to output.)  For a given level of efficiency-adjusted output, a rise in the real wage causes firms to substitute capital for labour and demand for labour to fall.  The extent of the fall depends on the elasticity of substitution between capital and labour, .
The price-setting equation is also based on equation (1)

, gives an expression for labour productivity in terms of capital productivity:
(3)

, but with the labour productivity term re-expressed in terms of “capital productivity”—the output-capital ratio.  Manipulating the production function, equation 
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Using this to substitute out for labour productivity in equation (3)

 gives
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.
A higher capital-output ratio implies that production is less capital-intensive.  This means less capital per worker, a lower marginal product of labour and a lower real wage.  It we treat this equation as determining the price level, we get in logs,
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (9)
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.
For a given output-capital ratio, the output price increases in proportion to the nominal wage; for a given nominal wage, an increase in capital intensity (a lower output-capital ratio) implies a lower output price (and hence a higher real wage).
The TRYM investment equation is based on the ratio of the marginal revenue product of capital to the cost of capital, which it defines as a q-ratio and which, by equation (5)

, equals one in the long run.  That is,
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.
The marginal product of capital is re-expressed in terms of the real producer wage using equation (8)

:
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.
Given the output price and the real wage, a higher cost of capital lowers the q-ratio and discourages investment.  Given the output price and the cost of capital, a higher efficiency-adjusted real wage implies a higher capital-output ratio, a lower marginal product of capital and less investment—the capital stock is already high, so there is less incentive to invest to build it up further.
When the real cost of capital is constant, it is straightforward to derive long-run or underlying growth rates of the variables in the equations.  For a constant real cost of capital, equation (3)

 then implies that the rate of growth of the real wage is equal to the rate of change of the efficiency variable.  In summary:
(7)

 that rate is the sum of the rate of change of the efficiency variable and the growth rate of labour inputs.  Equation (5)

implies that the output-capital ratio is constant—output and capital grow at the same rate and by equation 
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where bars above variables indicate long-run values.

Labour productivity

Within the theoretical structure outlined above and plausible extensions, there are four principal sources of changes in labour productivity.

· First, changes in the efficiency variable, efft.  An increase in efficiency directly increases output and the marginal product of labour; it also increases the marginal product of capital and causes the capital-labour ratio to rise. These effects together cause labour productivity and the real wage to rise in the same proportion and leave the output-capital ratio unchanged.

· Second, changes in the user cost of capital—in particular, the price of investment goods relative to the price of output, and the real interest rate.  A fall in the user cost of capital causes the capital-labour ratio to increase and hence labour productivity and the real wage to rise.  A one per cent rise in the real wage should be associated with a  per cent rise in labour productivity.

· Third, permanent “exogenous” changes in the real wage not related to changes in the efficiency variable or the user cost of capital.  In the theory set out above, the real wage is endogenous so the current TRYM equations as a whole have trouble interpreting an exogenous wage shock.  The labour demand equation, however, will predict a  per cent rise in labour productivity for each one per cent rise in the real wage.

· Fourth, business cycle fluctuations in output.  These should have only short-run effects on labour productivity.

3. Dynamic business-sector equations in the TRYM model

This section explains how the theoretical, long-run relationships derived in the previous section are incorporated into the dynamic equations of TRYM.  We look in turn at the labour-demand, price-setting and investment equations.
TRYM equations are mostly in error-correction form.  They include a long-run term based on economic theory—for the labour-demand, price and investment equations, the theory outlined in the previous section—with short-run dynamics determined by a mixture of theory and data.  TRYM always models changes in variables relative to long-run trends.  This, together with the error-correction terms, ensures that the model has sensible long-run properties.

Labour demand
The labour demand equation in TRYM models the growth rate of labour demand in the private business sector, measured in total hours rather than heads, relative to its underlying growth rate:
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The parameters in this equation, as in all equations below, are expected to be positive.  The left-hand side variable is the deviation of the growth rate of labour demand from its underlying rate.  When TRYM was first released (Taplin et al, 1993), labour demand, 
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, was measured as total hours worked in the private business sector—the number employed multiplied by average hours worked.  In more recent versions of the model, the heads component of the labour demand variable has been defined as the sum of employment in the private business sector and disequilibrium vacancies in the economy.  Disequilibrium vacancies are the difference between the actual level of unfilled vacancies and the level corresponding to the equilibrium unemployment rate (the NAIRU) as implied by the model’s Beveridge curve equation.  This definition ensures that, in the long run, labour demand is equal to actual labour input and the equation is consistent with the long-run relationship between labour input, the real wage and output.  The underlying growth rate of labour input, 
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, is measured as the average rate of growth of the working-age population (adults aged 15–64) over the previous eight quarters.
On the right-hand side of equation 
(11)

, the last term (with coefficient  GOTOBUTTON ZEqnNum334802  \* MERGEFORMAT ) is the error-correction term.  It is based on the condition that the marginal product of labour is equal to the producer real wage—equation (2)

.
(6)

 in section 2.  In this term, Yt is the output of the private-business sector adjusted for the effect of unusual weather conditions—basically actual output plus an estimate of farm output lost due to drought conditions.  The last part of the error-correction term is the real wage per efficiency-adjusted hour of labour input in private business—the nominal wage rate including taxes on labour inputs, adjusted for productivity, and divided by the basic price of business sector output.  The efficiency variable is assumed to grow at an unchanging rate throughout the relevant sample period, as in equation 
Six additional terms affect the dynamic path of labour demand.
· First is the growth rate of the efficiency-adjusted real wage.  (In the absence of changes in relative prices, this should be constant in the long run.)  On the surface, this term reflects a negative short-run relationship between labour demand and the wage beyond that captured in the error-correction term.  However, for reasons discussed later, such a relationship may actually be due to endogeneity problems in the equation.
· The second term involves average hours, Ht.  The coefficient on this term (
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) is usually less than one, so the term captures a negative short-run relationship between employment and hours worked.  This may reflect a tendency, not adequately captured in other parts of the equation, for average hours to react more strongly in the short run than in the long run to fluctuations in output.
· The next three terms involve the deviation of the growth rate of output from its underlying growth rate, 
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, and two lags of this deviation..  The underlying growth rate of output is measured as the sum of the average rate of growth of the working-age population over the previous four quarters (not the previous eight quarters, as used calculating the average growth rate of labour inputs) and the rate of change of the efficiency variable.  These terms reflect the idea that labour adjusts more quickly than capital to changes in output induced by fluctuations in demand.  The smaller the coefficients on the output and the error-correction terms, the more procyclical labour productivity will be.
· The remaining dynamic term involves a variable, qprivt, to capture one-time increases to private-sector employment due to privatisations of government enterprises.
Price equation

In TRYM, commodities and non-commodities are treated as a single good in production but as two different goods, with different prices, when sold by firms.  The single-good assumption on the production side is motivated partly by a desire for parsimony and partly by difficulties in getting satisfactory data on wage rates by industry.  However, the price of commodity exports has quite different dynamics from those for the prices of other goods, and commodities seem too important a part of the economy in general, and of exports in particular, for their prices not to be modelled separately.  As discussed in section 6, this difference in treatment on the demand and supply sides raises issues that are not completely resolved in the model.
In TRYM, commodity and non-commodity prices are modelled separately.  Firms are treated as price-takers in commodity markets and commodity prices are modelled as depending on exogenous world demand factors and exchange rates.  Commodity prices are largely outside the scope of this paper.

The price equation that forms part of the business sector block is the one for the price of non-commodities.  It is based on the equilibrium price equation, equation (9)

.  That equation gives the equilibrium price of all output.  By definition, the value of the total output of the business sector is the sum of the values of commodity and non-commodity output.  Ignoring chain-volume issues, this relationship can be written as
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 are the corresponding (basic) price deflators.  Rearranging gives:
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An equilibrium price of non-commodities, 
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 is derived from this equation by substituting in the expression in equation 
(9)

 for the equilibrium price of total output, but using actual price and output levels for all other variables in the equation.  This approach means that  GOTOBUTTON ZEqnNum134068  \* MERGEFORMAT  is influenced by short-run movements in commodity prices, which are often quite large.
Given this definition of 
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, the TRYM price-adjustment equation models non-commodity prices as adjusting to changes in 
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 over five quarters:
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where 
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 is the price of imports.  The inclusion of a term for the short-run effects of import price changes, which are reversed after one quarter, reflects the possible impact of import price changes on the timing of changes in prices of domestically produced goods, fluctuations in importers’ margins, and distortions introduced by the ABS’s use of lagged import prices in constructing some expenditure deflators.  The last term in the equation closes any remaining disequilibrium between the actual and desired levels of non-commodity prices and ensures that the two are equal in the long run.
Investment equation

The business-sector investment equation in TRYM models the investment-capital ratio relative to the ratio required to keep capital growing at the underlying rate.  The evolution of the capital stock is described by a perpetual-inventory equation:
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where Kt is the capital stock at the end of quarter t, It is investment in quarter t, and t is the depreciation rate in quarter t.  Now, the quarterly growth rate of the capital stock is
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Thus, for the capital stock to growth at its equilibrium rate, the investment-capital ratio must (approximately) equal that rate plus the depreciation rate.
The investment equation explains the deviations of the investment-capital ratio from its underlying rate in terms of lags of the dependent variable, capacity utilisation, a lagged q‑ratio and a mining-investment dummy:
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Investment, It, is investment excluding purchases of second-hand assets from the government enterprise sector.  The underlying growth rate of the capital stock, 
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, is measured as the sum of the growth rate of the working-age population and the change in the efficiency variable, efft—the same as the underlying growth rate of output in the labour-demand equation, equation (11)

  The lags of the dependent variable reflect the fact that investment projects often take several quarters to complete.
The fourth term on the left-hand side of the equation, with coefficient 
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, is the ratio of actual output adjusted for drought, Yt, to equilibrium output, 
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, given by substituting the actual levels of labour and capital inputs into the production function, equation 
(1)

.   GOTOBUTTON ZEqnNum304974  \* MERGEFORMAT  is not a measure of potential or full-employment output but is rather the level of output we would expect, given actual labour and capital inputs, if factors were used with average intensity.  When the ratio of actual to equilibrium output is high, capacity utilisation is high and firms have an incentive to invest to build up the capital stock.  Note that because the output of investment goods is part of total output, there are endogeneity issues associated with this term.
The fifth term, with coefficient 
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—that is, the ratio of the marginal revenue product of capital to the cost of capital.  It is lagged by two quarters to reflect planning and implementation lags in investment.  In equilibrium, the q‑ratio should deviate from one only to the extent of any investment tax credits, captured by the variable itct.  The price of capital— GOTOBUTTON ZEqnNum929835  \* MERGEFORMAT  in equation 
(10)

—is calculated as the product of the price of investment goods,  GOTOBUTTON ZEqnNum929835  \* MERGEFORMAT , and the required rate of return.  The latter is the sum of the depreciation rate (
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), the real long-term bond rate (rt) and a constant risk premium ().  (A long-term interest rate is used rather than a short-term one because of the long-lived nature of capital.)  This gives an expression for the q‑ratio of the form:
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The final term in the investment equation is a dummy variable, qmint, that is included to capture the mining booms of the early 1970s and early 1980s.
4. The 2003-04 redevelopment
Given the description of the published equations of the business sector as background, we now look at some major problems that had developed with those equations and how they have been addressed.  Over the last 18 months TRYM has been reviewed and some significant changes made, although the basic structure of the model remains the same.  The review was prompted by the observation that: estimation was becoming increasingly difficult; model properties and results were increasingly implausible; and some recent changes to the economy had not been incorporated into the model in a systematic fashion, most notably the GST and the rapid rate of the privatisation or semi-privatisation of public assets.  Some of the signposts of the problems were: the average q-ratio was much greater than one; the long-run level of the capital stock implied by the model was much greater than historical levels; and the capital-output ratio was steadily increasing, beyond what would be suggested by movements in relative prices.
The follow subsections outline the changes made during the last 18 months that are of relevance to the business sector of the model.  We look first at taxes and then at the two main issues associated with capital: the privatisation and the method of construction of the TRYM capital stock series.  Next we discuss changes to the price-setting equation that partially address problems in differentiating between commodity and non-commodity prices.  Finally, we present a summary of the equations as they stand after these changes.
Treatment of taxes
As mentioned, the introduction of the GST proved to be difficult to incorporate into TRYM.  An attempt to attach the GST to the existing framework in an ad-hoc manner resulted in some unwieldy equations and uncertainty regarding internal consistencies within the accounting framework.  The review rebuilt the accounting framework to be more in line with the National Accounts, where indirect taxes are separated consistently into “taxes on products”, which constitute the difference between the expenditure side and the production side of the accounts; and “other taxes on production”, which constitute the difference between the production side and the income side.  The GST is now incorporated into the “taxes on products” and is not included explicitly.
The “Enterprise” sector

Choosing a suitable sectoral division of the economy is a core issue for macroeconomic models.  As noted in section 2, the most recently published version of TRYM uses a disaggregation which broadly corresponds to the categories in SNA68: a “private business” sector, a “dwellings” sector, a “general government” sector, and a “government enterprises” sector (sometimes known as “public corporations”).  In line with Song-Freebairn-Harding, the version of TRYM currently under development combines the private-business and government-enterprises sectors into one “enterprise” sector.  The reasons for this are fourfold.  First, privatised government enterprises have tended to have higher capital-output ratios than existing private business and it would otherwise have been necessary to make adjustments to the private business production function to allow for privatisations when estimating business-sector equations.  Second, government enterprises have become a much smaller component of the economy in the last few years.  For example, in the early 1980s government-enterprise investment amounted to about 15 per cent of total investment, compared to only 6 per cent over the last five years.  Third, asset sales from government to the private business sector have always been problematic for modelling, and combining government enterprises with private businesses eliminates a large part of this problem.  Fourth, government enterprises have increasingly acted like private businesses and there seems little point in keeping the two apart for behavioural reasons.

It should be noted, however, that some assets are sold directly from the general-government sector to the private-business sector, so the issue of privatisations has not been totally eliminated.  Also, government enterprises have not always behaved in the same way as private businesses in the past, and this could cause problems when estimating the enterprise-sector equations.
Capital stocks and chain-volume issues

From a data perspective, capital-stock measurements are notoriously prone to large errors.  The ABS uses a “perpetual inventory method” (PIM) for capital stocks: start with the capital stock at the end of the previous period and add investment, subtract depreciation and allow for revaluations to produce a new capital stock.  The capital accumulation equation in TRYM reproduces this method except that it uses a geometric depreciation rate—see equation (13)

.

While the simple PIM is relatively easy to implement for current prices, the constant-price PIM is complicated by the chain-volume discrepancy—the series are not additive.  In the past, we have calculated our own capital-stock series from equation (13)

.  Given the ABS series for investment and a series of depreciation rates calculated by dividing the ABS measure of consumption of fixed capital by the ABS capital stock measure (and interpolating to get quarterly values), we would begin with the latest ABS capital stock value and use the PIM naively to produce a capital stock series backwards in time, assuming that the chain-volume discrepancy did not exist.  This meant that our series for investment, depreciation and the capital stock satisfied the capital-accumulation equation, but the true (ABS) value of the capital stock and the TRYM value diverged seriously at the earliest times in the dataset.  This was most obviously apparent in the output-to-capital ratio, shown in Chart 1.

Chart 1:  Output to capital ratio for the “enterprise” sector.
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Given the discrepancy, we have changed the data construction to use the actual ABS estimates of the capital stock with the ABS investment series.  This means that the PIM investment equation will not hold unless an adjustment is made for the chain-volume discrepancy.  This can be done explicitly, by adding an extra term in the equation, or by including the additive discrepancy in the calculation of the depreciation rate.  The former of these options seems preferable and implies a new enterprise-sector capital-accumulation equation:
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where 
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 is the adjustment for the chain-volume discrepancy.
In addition to these chain-volume issues in the measurement of the capital stock, we have found that using the price of investment, 
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, in the definition of the q‑ratio causes the ratio to rise over time in a manner that is inconsistent with the path of investment.  To overcome this, we have used the price of the capital stock, 
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, in place of the price of investment in the q‑ratio definition.
Non-commodity price equation

As we noted in the discussion of the business-sector price equation in section 3, the price of the non-commodity output of the business sector—now the enterprise sector—depends on movements of an equilibrium price of non-commodities, 
[image: image62.wmf]t
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.  This is derived from the equilibrium price of all enterprise-sector output by adjusting for short-run changes in commodity prices.  This means, however, that the calculated 
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 is “contaminated” by the dynamics of commodity prices.  As a result, large swings in commodity prices can cause TRYM to predict significant changes in non-commodity prices in the opposite direction.  To partially address this problem, we have redefined 
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 to be the equilibrium price of the total output of the enterprise sector but continued to assume that the price of non-commodities moves with 
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 in the short run.
Summary of enterprise-sector equations
For future reference we now summarise the enterprise-sector equations, taking into account the changes detailed above.  First, the labour-demand equation is the same as in equation (11)

 except that we no longer need the privatisation term and, like the other equations, it now relates to the enterprise sector rather than just the private-business sector:
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where the efficiency variable, efft, is given by 
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.  Recall that 
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 is labour demand measured in hours, 
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 is the underlying growth rate of labour inputs, Wt is the nominal wage including taxes on labour inputs, 
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 is the basic price of the output of the enterprise sector, Ht is average hours worked, Yt is the output of the enterprise sector adjusted for the effects of drought, 
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 is the underlying growth rate of enterprise-sector output,  is the elasticity of substitution between capital and labour in production, and  is rate of labour-augmenting technical progress.
Second, the price of non-commodity output is now given by:
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where 
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 is the basic price of non-commodity output and 
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 is the price of imports.  Compared with equation 
(12)

, the price of total enterprise-sector output, PY, replaces the price of non-commodity output in the last term on the left-hand side, and  GOTOBUTTON ZEqnNum850980  \* MERGEFORMAT  is now the equilibrium price of total output, given by
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where Kt is the capital stock at the end of quarter t.

Third, the investment equation, (14)

, is amended to include the chain-volume adjustment.  We also shorten the estimation period and drop the mining-investment dummy:
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where It is investment, 
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 is the depreciation rate, 
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 is the chain-volume adjustment, 
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 is the underlying growth rate of the capital stock, and itct is the rate of investment tax credits.  Equilibrium output is
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where Lt is labour input in hours.  The q‑ratio is defined by
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where the price of capital, 
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, has replaced the price of investment, 
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, a correction for the chain-volume discrepancy has been subtracted in the denominator,  rt is the real long-term interest rate, and  is a risk premium.

5. TRYM enterprise sector: estimation and issues

In this section we present the results of joint estimation of the enterprise-sector equations set out in section 4 and review their adequacy.  We discuss the implications for further development of the equations in section 6.
Table 1 contains the results of joint estimation using non-linear least squares of the three enterprise-sector equations as set out at the end of the previous section.  Two sets of results are presented: one for the sample period 1978:4 to 2004:1 and the other for the sample period 1978:4 to 1999:4.  The start of both sample periods is around the time of the introduction of the current Labour Force Survey.  Both periods contain a number or important economic events, including the recessions at the start of the 1980s and the start of the 1990s, the fall in the real producer wage in the enterprise sector in the second half of the 1980s, the rapid increase in labour-force participation rates in the 1980s, and the floating of the Australian dollar in 1983.  They are also periods of considerable economic change: financial market deregulation, substantial labour- and product-market reform and increasing openness of the economy.  However, by starting in 1978, we miss the period in the mid-1970s when the unemployment rate, the real producer wage and inflation all rose substantially.  This is unfortunate because the rise in the real producer wage and its impact on labour productivity would be helpful in determining the value of , the elasticity of substitution between capital and labour.  We do not extend the estimation period further back, however, because we are concerned that data construction issues make estimation of the investment equation problematic.
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Labour demand equation
We start by looking at the results for the production function parameters and the dynamic terms in the labour demand equation for the full estimation period, 1978:4 to 2004:1.  The estimate of the elasticity of substitution, , is 0.88. This is considerably higher than is usually found and is higher than previously published TRYM estimates (Taplin et al 1993, Commonwealth Treasury 1996, Downes and Bernie 1999), which are between 0.75 and 0.8.  The (constant) growth rate of the efficiency variable, , is 0.0199, implying an average annual growth rate of efficiency of 2.0 per cent.  In the dynamic terms of the labour-demand equations:

· The coefficient on the change in average hours is quite large, but so is its standard error, so it is difficult to interpret.

· The sum of the coefficients on the terms for output growth is 0.54, implying a substantial short-run impact on labour demand of business cycle fluctuations in output.  However, vacancies are quite strongly procyclical so that effect on employment and hours are much smaller.

· Finally, the coefficient on the error-correction term is 0.153, which implies that half of any “error” will be corrected in around four quarters.

We can get a better understanding of the meaning of these results from Chart 2, which shows detrended logs of “labour productivity” and the real producer wage in the enterprise sector over the estimation period.  In the chart, labour productivity is the output of the enterprise sector, adjusted for the effects of drought, divided by labour demand rather than by actual labour inputs.  This has the effect, in practice, of removing most of recession-related fluctuations in labour productivity—labour productivity calculated using actual inputs dips noticeably in the early-1980s and early-1990s recessions.  Both the labour-productivity and real-wage series are detrended by adjusting for efficiency growth at rate .  In the chart, the two variables are plotted on different scales so that levels are not directly comparable, but the scales have been chosen so that growth rates (slopes) are comparable.  Note that the two series in the chart represent the two quantities in the long-run labour demand function: efficiency-adjusted labour productivity and the efficiency adjusted real producer wage—see equation (4)

.
Chart 2.  Logs of detrended labour productivity and producer real wage
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Chart 2 shows that both efficiency-adjusted labour productivity and the efficiency-adjusted producer real wage are lower at the end of the estimation period than at the beginning, so both grew on average less quickly than the efficiency variable—that is, at less than two per cent per year.  The slower growth occurred entirely in the 1980s and, in fact, was concentrated in the second half of the 1980s.  For example, the growth rate of the real producer wage was very close to 2 per cent until the middle of the 1980s.  It fell between 1986 and 1989, but then resumed a 2 per cent growth rate through the 1990s.  Similarly, labour productivity grew with efficiency up to the middle of the 1980s and from 1990 on, with perhaps some acceleration from the mid-1990s, but fell in the second half of the 1980s.  Given this, the story that TRYM’s labour demand equation tells is that throughout the 1980s and 1990s, both the labour productivity and the real wage were driven by labour-augmenting efficiency growth of about 2 per cent per year, but between 1986 and 1989 other, possibly exogenous forces caused the efficiency-adjusted real wage to fall, and this induced a slightly smaller fall in efficiency-adjusted labour productivity.  That is, the slower labour productivity growth in the 1980s is attributed almost entirely to real-wage changes that are independent of any change in the underlying rate of growth of efficiency.  Of course, the estimation holds  constant over the sample period so it cannot attribute any of the fluctuation in growth rates of labour productivity to fluctuations in the rate of technical progress.  The interesting point, however, is that it is able to tell an internally consistent story despite this restriction.
Note that the equations will not automatically interpret events in this way.  For example, when the equations are estimated over a shorter sample period, 1978:4 to 1999:4, the estimated value of  is considerably lower (1.4 per cent) and the estimation ascribes some of the fall in labour productivity in the second half of the 1980s to a lower average rate of technical progress.  The sensitivity of parameter estimates to the sample period is a reason for concern about the specification of the equations.
Price equation

The estimated parameters of the price equation suggest that actual non-commodity prices adjust to changes in the equilibrium price with a mean lag of just over two quarters.  Any “error” in the process is corrected very slowly however—the coefficient on the correction term is only 0.042.  The reason for this can be seen from Chart 3, which shows actual and equilibrium non-commodity output prices.  In the chart, differences between actual and equilibrium prices are closed vary slowly.  If we interpret the price equation as an equation for the real wage, then the important point is that movements in the equilibrium price do not explain the fall in the real producer wage in the second half of the 1980s—if prices had followed their equilibrium path, that fall would not have happened.  This raises serious concerns about the formulation of the equation.
Chart 3.  Log of actual and equilibrium price of enterprise sector output
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Investment equation

The estimated parameters of the investment equation indicate a high degree of inertia in investment—the sum of the coefficients on the lags of the dependent variable is more than 0.8.  We should be cautious in interpreting the results, however, because there are a number of indications of problems in the equations.
· Chart 4 shows the paths of capacity utilisation and the q‑ratio.  Capacity utilisation is the ratio of drought-adjusted actual output to equilibrium output.  This falls consistently over the first half of the sample period and rises consistently, if less dramatically, in the second half.  This pattern is not one we would expect from theory, but would be consistent for example with the rate of efficiency growth being overestimated in the 1980s and underestimated in the 1990s.
· The path of the q‑ratio in Chart 4 also suggests problems.  Its average value in the 1990s is broadly reasonable if a little low (its long-run value should be one), but it is implausibly low in the 1980s.  Large jumps in its value correspond to jumps in our chain-volume discrepancy measure so it could be that the low values are due, at least in part, to chaining issues that we have not yet satisfactorily addressed.
Chart 4.  Capacity utilisation and q-ratio
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· More satisfactory is the movement of the investment-capital ratio relative to its underlying value—see Chart 5.  Again, the jumps in the underlying value in the 1980s correspond to jumps in the chain-volume discrepancy adjustment.
· More problematic though, is the path of the output-capital ratio—see Chart 1 in section 4.  This has risen consistently in the 1990s, despite the fact that the price of investment goods has been falling relative to the price of output.  One possible explanation is that the rate of flow of services from capital has been increasing, as the average life of capital goods has been falling.
Chart 6.  Investment-capital ratio
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6. Conclusions and further issues
Theory leads us to expect that the growth rate of labour productivity in the enterprise sector of the economy will be affected by changes in technical efficiency, changes in the capital-labour ratio induced by changes in the user cost of capital, and exogenous changes in the real wage.  In addition, fluctuations in demand over the business cycle will have short-run effects on capacity utilisation and labour productivity (see section 2).  Satisfactory modelling of the enterprise sector depends on correctly identifying the impact on labour productivity over history of each of these factors.
One simple story that is broadly consistent with the evolution of labour productivity and the real wage over the past 25 years is that technical efficiency has been growing at a roughly constant rate of 2 per cent per year throughout this period—perhaps a little higher in recent years—and that this has been the main driving force behind long term labour productivity growth except during a brief period in the second half of the 1980s when a fall in the real producer wage caused labour productivity growth to slow as well.  This story should be treated with caution, however, for two main reasons.
· First, there have been other factors, such as significant falls in the price of capital goods relative to the aggregate output of the enterprise sector, that should have affected the capital-labour ratio and hence labour productivity.  Thus, a relatively constant rate of growth of labour productivity does not necessarily imply a constant rate of efficiency growth.
· Second, the direction of causality between real wage and labour productivity falls in the second half of the 1980s merits more careful consideration.  For example, the labour force participation rate was rising strongly at this time.  If this lowered the average experience and/or education levels of the labour force, then at least part of the fall in productivity per hour should be interpreted as a decline in the efficiency variable in the production function and the direction of causality of this effect would be from productivity to the wage.
If we are to correctly distinguish between the different sources of productivity growth, we will need to specify equations carefully.  In this respect there are two broad theoretical issues we need to address.  First, the price setting equation does not allow for exogenous changes in real wage and, at present, does not satisfactorily explain observed changes in terms of endogenous factors.  This equation therefore needs a thorough review.  Second, the fall in the average life of capital goods, associated in large measure with the increasing importance of IT, goods has implications for the relationship between the capital stock and the flow of services it provides and between the capital stock and the level of investment needed to maintain the flow of services.  For example, an item of capital that lasts five years must provide a greater flow of services relative to its purchase price than an item of capital that lasts ten years if it is to be economically viable.  In addressing this issue, methods used by the ABS in constructing productivity measures will be a useful guide.
In addition to these broad factors, there are a number of more technical issues we will need to address.  These are discussed in the Appendix.

Appendix: Technical issues

In addition to the broad issues outlined in section 6, there are a number of more technical issues we will need to address.  Many of these have been noted in the paper, but we summarise and extend them here.

We can divide up the issues into those with general import and those specific to individual equations.  Looking at general factors first:
· If we introduce time-varying efficiency growth—time-varying —we will need to be careful in specifying the process that drives its evolution.  Perhaps the simplest specification is that  follows a random walk, but that might not be appropriate, especially if there seem to be have been sudden shifts in .  It would be too ambitious to attempt a full causal explanation for variations in , it might be desirable to try to link changes in  to it economic factors in limited cases.  A possible example is the increase in participation rates in the second half of the 1980s.
· The real producer wage in the enterprise sector, which is a key variable in the model, is calculated by dividing the nominal wage by the price of the total output of the enterprise sector.  This price is affected by changes in commodity prices, which are often quite large.  Given that commodity price changes directly affect only a relatively small proportion of firms, it is not clear that the price of total output is the most appropriate price variable to use.
· While it seems reasonable to treat government enterprises like private businesses going forward, they have not always acted in the same way in the past.  As we estimate equations over the last 25 (or more) years, we need to allow for the effects that changes in the behaviour of government enterprises over that time may have on the parameters in our equations.

· There are endogeneity issues in at least two equations.  In the labour-demand equation, employment and hours affect the dependent variable but are also used in calculating the hourly wage, which is an explanatory variable.  In the investment equation, investment goods that are produced domestically appear in both the dependent variable, the investment-capital ratio, and an independent variable, capacity utilisation.
The issues of particular relevance to the labour-demand equation are relatively minor and technical:

· There is a mismatch of variables in the equation.  The labour-demand variable attempts to measure the amount of labour that firms would like to employ, rather than the amount they actually do, by adding disequilibrium vacancies to employment.  The output variable in the equation, however, measures actual output rather than the output firms would like to have produced had they used the labour inputs they would like to have had.
· There has been a substantial fall in average hours per worker over the last four or five years that is not in line with previous trends and does not seem to be explained by any increase in the proportion of part-time workers.  Because this affects both labour demand and the calculated real wage, it also affected the estimated relationship between them.  It is therefore desirable that we understand the forces behind this trend.
· We currently use the growth rate of the working-age population as the underlying growth rate of labour inputs.  It would seem appropriate to allow also for long-run trends in participation rates and average hours worked.

The issues in the price equation are more substantial than those in the labour-demand equation.  In addition to the problem of allowing for “exogenous” changes in the real wage that is noted in the main part of the paper, there are significant issues associated with disaggregation:
· The model distinguishes between the commodity and non-commodity output of the enterprise sector.  One way to approach this is to explain total output and commodity output, and treat non-commodity output as a residual.  Another approach is to model commodities and non-commodities separately.  At present we adopt the first approach for quantities but something close to the second approach for prices.  We need to reconcile these approaches.  Moving entirely to the disaggregated approach will complicate the model and may face problems of data availability; with the residual approach however, it is difficult to get sensible dynamics for non-commodities because of the volatility of commodity prices and output.
· The role of import prices can also cause difficulties and merits further study.  Imports are measured and valued at the customs frontier and the distribution of imports to final consumers is part of domestic production.  Thus, where changes in the price of imports are absorbed into importers’ margins and not passed on in final goods prices, this change in margins is treated as a change in the price of domestic output.

Issues in the investment equation, apart from ones associated with the rising depreciation rate, include:
· The chain volume discrepancy.  As noted in the section 5, there are some issues in the construction of capital stock data that we have not yet resolved.
· The current q‑ratio definition uses the price of the capital stock rather than the price of new investment, which in theory would be more appropriate.  Hopefully, when all other issues are resolved, we can make the switch.

· It would also be appropriate to investigate further the appropriate interest rate to use in the q‑ratio definition, the correct measure of inflation expectations, and the role of the risk parameter.
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						Parameter		Description		1978:4–2004:1		1978:4–1999:4										1978:4–2004:1		1978:4–1999:4

						General

						s		Elasticity of substitution		0.876		0.656						0.876		0.656		0.876		0.656

										(0.086)		(0.071)						0.086		0.071		-0.086		-0.071

						l		DEfficiency		0.0199		0.0142						0.0199		0.0142		0.0199		0.0142

										(0.0028)		(0.0009)						0.0028		0.0009		-0.0028		-0.0009

						eff0		Labour		5.01		3.21						5.01		3.21		5.01		3.21

										(2.01)		(0.22)						2.01		0.22		-2.01		-0.22

						aK		Capital		0.4		0.83						0.4		0.83		0.4		0.83

										(0.09)		(0.26)						0.09		0.26		-0.09		-0.26

						Labour Demand Equation

						a1LD		Real wage		0.171		0.26						0.171		0.26		0.171		0.26

										(0.05)		(0.071)						0.05		0.071		-0.05		-0.071

						a2LD		Hours		0.607**		-0.029**						0.607**		-0.029**		0.607**		-0.029**

										(0.416)		(0.494)						0.416		0.494		-0.416		-0.494

						a3LD		Output		0.285		0.299						0.285		0.299		0.285		0.299

										(0.057)		(0.058)						0.057		0.058		-0.057		-0.058

						a4LD		Output, lag 1		0.076**		0.008**						0.076**		0.008**		0.076**		0.008**

										(0.056)		(0.062)						0.056		0.062		-0.056		-0.062

						a5LD		Output, lag 2		0.175		0.135						0.175		0.135		0.175		0.135

										(0.054)		(0.057)						0.054		0.057		-0.054		-0.057

						a0LD		Error correction		0.153		0.287						0.153		0.287		0.153		0.287

										(0.037)		(0.059)						0.037		0.059		-0.037		-0.059

						Price Equation

								DP*		0.142		0.111						0.142		0.111		0.142		0.111

						a1pnc		DP*, lag 1		0.25		0.245						0.25		0.245		0.25		0.245

										(0.068)		(0.069)						0.068		0.069		-0.068		-0.069

						a2pnc		DP*, lag 2		0.148		0.156						0.148		0.156		0.148		0.156

										(0.072)		(0.073)						0.072		0.073		-0.072		-0.073

						a3pnc		DP*, lag 3		0.273		0.294						0.273		0.294		0.273		0.294

										(0.067)		(0.068)						0.067		0.068		-0.067		-0.068

						a4pnc		DP*, lag 4		0.188		0.194						0.188		0.194		0.188		0.194

										(0.068)		(0.068)						0.068		0.068		-0.068		-0.068

						a5pnc		Mean lag		2.11		2.21						2.11		2.21		2.11		2.21

								Import prices		0.121		0.1						0.121		0.1		0.121		0.1

										(0.031)		(0.036)						0.031		0.036		-0.031		-0.036

						a0pnc		Error correction		0.042		0.045*						0.042		0.045*		0.042		0.045*

										(0.02)		(0.026)						0.02		0.026		-0.02		-0.026

						Investment Equation

						a1ik		I/K, lag 1		0.585		0.522						0.585		0.522		0.585		0.522

										(0.094)		(0.1)						0.094		0.1		-0.094		-0.1

						a2ik		I/K, lag 2		0.218		0.265						0.218		0.265		0.218		0.265

										(0.088)		(0.093)						0.088		0.093		-0.088		-0.093

						a4ik		Capacity utilisation		0.019		0.026						0.019		0.026		0.019		0.026

										(0.004)		(0.005)						0.004		0.005		-0.004		-0.005

						a5ik		q-ratio		0.004		0.0025						0.004		0.0025		0.004		0.0025

										(0.0014)		(0.0011)						0.0014		0.0011		-0.0014		-0.0011

						r		Risk		6.02		3.33						6.02		3.33		6.02		3.33

										(1.05)		(1.62)						1.05		1.62		-1.05		-1.62

						* = significant and 10% level but not 5% level

						** = not significant at 10% level
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						Table 1.  Parameters from estimation of production function equations

						Parameter		Description		1978:4–2004:1						1978:4–1999:4														1978:4–2004:1		1978:4–1999:4

						General

						s		Elasticity of substitution		0.876				(0.086)		0.656				(0.071)						0.876		0.656		0.876		0.656

																										0.086		0.071		-0.086		-0.071

						l		DEfficiency		0.0199				(0.0028)		0.0142				(0.0009)						0.0199		0.0142		0.0199		0.0142

																										0.0028		0.0009		-0.0028		-0.0009

						eff0		Labour		5.01				(2.01)		3.21				(0.22)						5.01		3.21		5.01		3.21

																										2.01		0.22		-2.01		-0.22

						aK		Capital		0.4				(0.09)		0.83				(0.26)						0.4		0.83		0.4		0.83

																										0.09		0.26		-0.09		-0.26

						Labour Demand Equation

						a1LD		Real wage		0.171				(0.05)		0.26				(0.071)						0.171		0.26		0.171		0.26

																										0.05		0.071		-0.05		-0.071

						a2LD		Hours		0.607**				(0.416)		-0.029**				(0.494)						0.607**		-0.029**		0.607**		-0.029**

																										0.416		0.494		-0.416		-0.494

						a3LD		Output		0.285				(0.057)		0.299				(0.058)						0.285		0.299		0.285		0.299

																										0.057		0.058		-0.057		-0.058

						a4LD		Output, lag 1		0.076**				(0.056)		0.008**				(0.062)						0.076**		0.008**		0.076**		0.008**

																										0.056		0.062		-0.056		-0.062

						a5LD		Output, lag 2		0.175				(0.054)		0.135				(0.057)						0.175		0.135		0.175		0.135

																										0.054		0.057		-0.054		-0.057

						a0LD		Error correction		0.153				(0.037)		0.287				(0.059)						0.153		0.287		0.153		0.287

																										0.037		0.059		-0.037		-0.059

						Price Equation

								DP*		0.142						0.111										0.142		0.111		0.142		0.111

						a1pnc		DP*, lag 1		0.25				(0.068)		0.245				(0.069)						0.25		0.245		0.25		0.245

																										0.068		0.069		-0.068		-0.069

						a2pnc		DP*, lag 2		0.148				(0.072)		0.156				(0.073)						0.148		0.156		0.148		0.156

																										0.072		0.073		-0.072		-0.073

						a3pnc		DP*, lag 3		0.273				(0.067)		0.294				(0.068)						0.273		0.294		0.273		0.294

																										0.067		0.068		-0.067		-0.068

						a4pnc		DP*, lag 4		0.188				(0.068)		0.194				(0.068)						0.188		0.194		0.188		0.194

																										0.068		0.068		-0.068		-0.068

						a5pnc		Mean lag		2.11						2.21										2.11		2.21		2.11		2.21

								Import prices		0.121				(0.031)		0.1				(0.036)						0.121		0.1		0.121		0.1

																										0.031		0.036		-0.031		-0.036

						a0pnc		Error correction		0.042				(0.02)		0.045*				(0.026)						0.042		0.045*		0.042		0.045*

																										0.02		0.026		-0.02		-0.026

						Investment Equation

						a1ik		I/K, lag 1		0.585				(0.094)		0.522				(0.1)						0.585		0.522		0.585		0.522

																										0.094		0.1		-0.094		-0.1

						a2ik		I/K, lag 2		0.218				(0.088)		0.265				(0.093)						0.218		0.265		0.218		0.265

																										0.088		0.093		-0.088		-0.093

						a4ik		Capacity utilisation		0.019				(0.004)		0.026				(0.005)						0.019		0.026		0.019		0.026

																										0.004		0.005		-0.004		-0.005

						a5ik		q-ratio		0.004				(0.0014)		0.0025				(0.0011)						0.004		0.0025		0.004		0.0025

																										0.0014		0.0011		-0.0014		-0.0011

						r		Risk		6.02				(1.05)		3.33				(1.62)						6.02		3.33		6.02		3.33

																										1.05		1.62		-1.05		-1.62

						* = significant and 10% level but not 5% level

						** = not significant at 10% level
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						Parameter		Description		1978:4–2004:1		1978:4–1999:4										1978:4–2004:1		1978:4–1999:4

						General

						s		Elasticity of substitution		0.876		0.656						0.876		0.656		0.876		0.656

										(0.086)		(0.071)						0.086		0.071		-0.086		-0.071

						l				0.0199		0.0142						0.0199		0.0142		0.0199		0.0142

										(0.0028)		(0.0009)						0.0028		0.0009		-0.0028		-0.0009

								Labour		5.01		3.21						5.01		3.21		5.01		3.21

										(2.01)		(0.22)						2.01		0.22		-2.01		-0.22

								Capital		0.4		0.83						0.4		0.83		0.4		0.83

										(0.09)		(0.26)						0.09		0.26		-0.09		-0.26

						Labour Demand Equation

								Real wage		0.171		0.26						0.171		0.26		0.171		0.26

										(0.05)		(0.071)						0.05		0.071		-0.05		-0.071

								Hours		0.607**		-0.029**						0.607**		-0.029**		0.607**		-0.029**

										(0.416)		(0.494)						0.416		0.494		-0.416		-0.494

								Output		0.285		0.299						0.285		0.299		0.285		0.299

										(0.057)		(0.058)						0.057		0.058		-0.057		-0.058

								Output, lag 1		0.076**		0.008**						0.076**		0.008**		0.076**		0.008**

										(0.056)		(0.062)						0.056		0.062		-0.056		-0.062

								Output, lag 2		0.175		0.135						0.175		0.135		0.175		0.135

										(0.054)		(0.057)						0.054		0.057		-0.054		-0.057

								Error correction		0.153		0.287						0.153		0.287		0.153		0.287

										(0.037)		(0.059)						0.037		0.059		-0.037		-0.059

						Price Equation

										0.142		0.111						0.142		0.111		0.142		0.111

										0.25		0.245						0.25		0.245		0.25		0.245

										(0.068)		(0.069)						0.068		0.069		-0.068		-0.069

										0.148		0.156						0.148		0.156		0.148		0.156

										(0.072)		(0.073)						0.072		0.073		-0.072		-0.073

										0.273		0.294						0.273		0.294		0.273		0.294

										(0.067)		(0.068)						0.067		0.068		-0.067		-0.068

										0.188		0.194						0.188		0.194		0.188		0.194

										(0.068)		(0.068)						0.068		0.068		-0.068		-0.068

								Mean lag		2.11		2.21						2.11		2.21		2.11		2.21

								Import prices		0.121		0.1						0.121		0.1		0.121		0.1

										(0.031)		(0.036)						0.031		0.036		-0.031		-0.036

								Error correction		0.042		0.045*						0.042		0.045*		0.042		0.045*

										(0.02)		(0.026)						0.02		0.026		-0.02		-0.026

						Investment Equation

								I/K, lag 1		0.585		0.522						0.585		0.522		0.585		0.522

										(0.094)		(0.1)						0.094		0.1		-0.094		-0.1

								I/K, lag 2		0.218		0.265						0.218		0.265		0.218		0.265

										(0.088)		(0.093)						0.088		0.093		-0.088		-0.093

								Capacity utilisation		0.019		0.026						0.019		0.026		0.019		0.026

										(0.004)		(0.005)						0.004		0.005		-0.004		-0.005

										0.004		0.0025						0.004		0.0025		0.004		0.0025

										(0.0014)		(0.0011)						0.0014		0.0011		-0.0014		-0.0011

						r		Risk		6.02		3.33						6.02		3.33		6.02		3.33

										(1.05)		(1.62)						1.05		1.62		-1.05		-1.62

						* = significant and 10% level but not 5% level

						** = not significant at 10% level
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						Table XX.  Parameters from estimation of production function equations

						Parameter		Description		1978:4–2004:1						1978:4–1999:4														1978:4–2004:1		1978:4–1999:4

						General

						s		Elasticity of substitution		0.876				(0.086)		0.656				(0.071)						0.876		0.656		0.876		0.656

																										0.086		0.071		-0.086		-0.071

						l				0.0199				(0.0028)		0.0142				(0.0009)						0.0199		0.0142		0.0199		0.0142

																										0.0028		0.0009		-0.0028		-0.0009

								Labour		5.01				(2.01)		3.21				(0.22)						5.01		3.21		5.01		3.21

																										2.01		0.22		-2.01		-0.22

								Capital		0.4				(0.09)		0.83				(0.26)						0.4		0.83		0.4		0.83

																										0.09		0.26		-0.09		-0.26

						Labour Demand Equation

								Real wage		0.171				(0.05)		0.26				(0.071)						0.171		0.26		0.171		0.26

																										0.05		0.071		-0.05		-0.071

								Hours		0.607**				(0.416)		-0.029**				(0.494)						0.607**		-0.029**		0.607**		-0.029**

																										0.416		0.494		-0.416		-0.494

								Output		0.285				(0.057)		0.299				(0.058)						0.285		0.299		0.285		0.299

																										0.057		0.058		-0.057		-0.058

								Output, lag 1		0.076**				(0.056)		0.008**				(0.062)						0.076**		0.008**		0.076**		0.008**

																										0.056		0.062		-0.056		-0.062

								Output, lag 2		0.175				(0.054)		0.135				(0.057)						0.175		0.135		0.175		0.135

																										0.054		0.057		-0.054		-0.057

								Error correction		0.153				(0.037)		0.287				(0.059)						0.153		0.287		0.153		0.287

																										0.037		0.059		-0.037		-0.059

						Price Equation

										0.142						0.111										0.142		0.111		0.142		0.111

										0.25				(0.068)		0.245				(0.069)						0.25		0.245		0.25		0.245

																										0.068		0.069		-0.068		-0.069

										0.148				(0.072)		0.156				(0.073)						0.148		0.156		0.148		0.156

																										0.072		0.073		-0.072		-0.073

										0.273				(0.067)		0.294				(0.068)						0.273		0.294		0.273		0.294

																										0.067		0.068		-0.067		-0.068

										0.188				(0.068)		0.194				(0.068)						0.188		0.194		0.188		0.194

																										0.068		0.068		-0.068		-0.068

								Mean lag		2.11						2.21										2.11		2.21		2.11		2.21

								Import prices		0.121				(0.031)		0.1				(0.036)						0.121		0.1		0.121		0.1

																										0.031		0.036		-0.031		-0.036

								Error correction		0.042				(0.02)		0.045*				(0.026)						0.042		0.045*		0.042		0.045*

																										0.02		0.026		-0.02		-0.026

						Investment Equation

								I/K, lag 1		0.585				(0.094)		0.522				(0.1)						0.585		0.522		0.585		0.522

																										0.094		0.1		-0.094		-0.1

								I/K, lag 2		0.218				(0.088)		0.265				(0.093)						0.218		0.265		0.218		0.265

																										0.088		0.093		-0.088		-0.093

								Capacity utilisation		0.019				(0.004)		0.026				(0.005)						0.019		0.026		0.019		0.026

																										0.004		0.005		-0.004		-0.005

										0.004				(0.0014)		0.0025				(0.0011)						0.004		0.0025		0.004		0.0025

																										0.0014		0.0011		-0.0014		-0.0011

						r		Risk		6.02				(1.05)		3.33				(1.62)						6.02		3.33		6.02		3.33

																										1.05		1.62		-1.05		-1.62

						* = significant and 10% level but not 5% level

						** = not significant at 10% level
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