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RECENT TRENDS IN ECONOMIC ACTIVITY AND TFP IN ITALY 
WITH A FOCUS ON EMBODIED TECHNICAL PROGRESS 

by  Alessandro Mistretta* and Francesco Zollino* 

Abstract 

In this paper we provide fresh evidence on TFP performance in the Italian economy since 
1995, taking into account the changing composition of primary inputs across different capital 
goods and employment skills, as well as technical progress embodied in different vintages of 
the productive assets. We first estimate a technical depreciation rate by using individual 
data on Italian industrial firms. We then obtain an experimental measure of the capital stock 
adjusted for technical efficiency, by augmenting the standard depreciation rate by our own 
estimate of technical depreciation (about 5 per cent per year). Once we introduce our 
measure of capital stock in a standard growth accounting exercise, we find a less dismal 
performance of the Italian TFP than usually estimated. Focusing on the years between 2007 
and 2016, the upward correction in TFP amounts to around 1.5 percentage points in the 
overall period for the total economy and to about 2.5 percentage points when only 
considering manufacturing. These findings shed a somewhat more positive light on future 
TFP developments in Italy, suggesting a more rapid increase of potential output than 
otherwise estimated. In addition, the efficiency of installed capital might soon return to 
growth, as the expected recovery of investment results in the replacement of old vintages 
with new and more technically advanced ones.  

JEL Classification: O3, D24, L60. 
Keywords: TFP, technical progress, embodied technology. 
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1. Introduction and main references in the literature
1

In recent years the investigation of weak productivity growth at global level has gained increased 

attention in the academic and institutional debate, also in view of the persistent gap between 

saving and investment (IMF, 2017). In particular, proponents of the secular stagnation assumption 

warn against the possibility that the economy will remain in a situation of low growth 

and productivity for an extended period of time (Summers, 2014). In this respect, the Italian

economy provides an interesting case study, considering that it displayed sluggish economic 

growth and weak productivity over the last two decades. This is especially true when the Italian 

performance is compared with the country’s historical trends and with other countries 

(Giordano, Toniolo and Zollino, 2017).  

In this paper we focus on the disappointing productivity performance of the Italian economy since 

the mid-1990s, by providing fresh evidence of growth–accounting exercise performed using the 

latest standards for national accounts established by the ESA 2010 accounting framework 

(previous results are in Bassanetti and Zollino, 2010; Broadberry, Giordano and Zollino, 2013) 

under different approaches in the computation of primary inputs.  

We first estimate TFP dynamics in the years 1995-2016 for the total economy (net of housing) and 

for the main productive sectors, taking into account the changing quality of the productive 

services provided by primary inputs, namely the composition effects across different capital assets 

and employment skills (Jorgenson, 2001).  

We then, as a novel contribution, experimentally measure the capital stock, taking into account 

the evolution over time of the technical efficiency of a single productive asset, in line with the 

recently resurgent debate on capital vintage models (Boucekkine et al., 2011). Indeed, by 

considering advances over time in the technical progress embodied in capital goods, we are able 

to get rid of a potential source of misvaluation of the net stock of capital implied by the current 

national accounts standards, which consider only the physical consumption of productive assets, 

leaving aside the impact of their technical obsolescence (OECD, 2009). In this respect, we join the 

large debate about the role of measurement errors in the analysis of productivity trends in times 

of steady technical progress, by considering more to the risks of biased estimates of the capital 

stock efficiency (Solow, 1960; Greenwood and Jovanovic, 2003) than to the difficult estimates of 

the total value of supply and/or expenditure (Byrne, Fernald and Reinsdorf, 2016; Syverson, 2017). 

Our paper is closely linked to the vintage approach to capital measurement, which has a long 

tradition in the theoretical and empirical literature. First Johansen (1959) and then Solow (1960) 

stressed the difference between embodied and disembodied progress, and proposed to adopt an 

appropriate technical depreciation rate in addition to the standard measure used for physical 

consumption. Indeed, a major contribution of Solow’s work is its focus not only on the quantity of 

1
 We thank the participants to the Bank of Italy Internal Workshops “Secular Stagnation and Financial Cycles” (30-31 

March 2017) and “Assessing the performance of the Italian economy: the role of demand and supply factors" (12-13 

March 2018), as well as Rita Cappariello, Massimiliano Tancioni, Stefano Siviero, Roberta Zizza and two anonymous 

referees  for their valuable comments on previous drafts. The opinions expressed and the conclusions drawn are those 

of the authors and do not necessarily reflect the views of the Bank of Italy; all errors remain our own. 
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capital but also on its quality. Starting from these seminal contributions, the related literature 

flourished during the 1990s. Greenwood et al. (1997) found that more than 60 per cent of output 

growth can be attributed to embodied technical progress, thus suggesting its prominent role in 

advanced countries. Several improvements to the standard model were later proposed, also 

within the endogenous growth literature (Krusell, 1998).  

Interestingly, a strand of the literature investigated how vintage effects may also affect labour, 

thus driving productivity growth (Zeckhauser, 1968; Chari and Hopenhayn, 1991 and Parente, 
1994). In this vein, Greenwood and Jovanovic (2003) proposed a model in which both 

physical capital and human capital vintage effects were considered. 

As regards the empirical methodology, since the vintage effect may be considered an additional 

depreciation factor, the main problem is the sound estimation of this parameter. The basic idea is 

that the price of goods embodying more recent technology should include a premium. In 

particular Gordon (1990) argued that the positive gap between the price trends of durable 

(capital) and non-durable goods traces back to “quality” as an inherent characteristic of the 

former, and he proposed an index that captures changes in capital quality accordingly. However, 

the actual implementation of the idea is fraught with difficulties, and Gordon (1996) himself 

warned that the gap in the price trends of the two categories of goods is not completely linked 

with the quality change, since consumers’ demand can also play a role.  

Another part of the literature tries to estimate embodied technical progress using a production 

function approach (see Nelson, 1964). In this vein, Sakellaris and Wilson (2004) proposed an 

estimation method based on micro data and found that embodied technological change in the US 

was between 8 and 17 per cent per year. 

In this paper we follow a similar micro approach to estimate the embodied technological change in 

Italy, using individual data at firm level obtained from the Bank of Italy’s Survey of Industrial and 

Service Firms and Centrale dei Bilanci (CeBi). We then calculate a rate of technical obsolescence of 

the installed capital, which provides us with an experimental measure of the net capital stock. 

Finally, we apply this measure of capital to a standard growth-accounting model to detect the 

impact on recent TFP dynamics in Italy. In this respect we claim that, by taking into account the 

most advanced technology embodied in the most recent vintages of capital goods, we are in a 

position to more closely proxy the pure, disembodied technical progress as well as the mix of 

organizational factors that drive TFP, which would then enable to better track the overall 

efficiency of the productive system. 

Importantly, in our growth accounting we follow the standard Cobb-Douglas specification of the 

production function, thus assuming constant returns to scale and perfect competition in both 

goods and factor markets, as well as negligible complementarities between the labour and capital 

inputs and no adjustment costs in the adoption of new vintages of capital. Testing the impact of 
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the single assumptions on our findings is beyond the scope of this paper, and we leave this task to 

our future research.
2
  

The paper is organized in five sections. The first consists of these introductory notes; the second 

describes the growth accounting framework we adopt as well as the analytical model by which we 

estimate the technical depreciation of fixed capital; the third section reviews the data set; in the 

fourth section we provide updated results of the growth accounting exercise by comparing those 

arising from a standard aggregation versus a quality-adjusted (à la Jorgenson) aggregation of the 

contributions of single components of the capital stock and of labour; in the fifth section we 

discuss our estimate of the technical depreciation rate and its impact on the measurement of the 

net stock of capital and, via this channel, on TFP dynamics; the final section draws some 

conclusions. 

Among the main findings, our standard growth accounting exercise confirms that the dismal TFP 

performance has long been an important drag on the growth potential of the Italian economy, 

even prior to the start of the crisis. In the years 1995-2007 the decline in TFP was accompanied by 

a sizeable contribution to GDP growth provided by both capital and labour (especially if adjusted 

for the quality of their productive services). Since the start of the crisis, the contribution of capital 

first came to a halt, then turned negative in recent times. If we exclude the dramatic fluctuations 

in the years 2009-11, TFP performance has been more positive in industry than in services, where 

it has remained negative even after 2013, despite the start of the recovery in economic activity.  

Based on firm-level data for the Italian industrial sector, our estimate of the technical depreciation 

rate of capital is around 5 per cent per year, significantly lower than the value found for the US. 

When we accept this value to augment the overall depreciation of the capital assets − in addition 

to the physical consumption considered in the national accounts standards − we find that during 

the crisis the resulting stock of capital registered a more severe drop than usually estimated. This 

points to a substantial efficiency loss in the installed capital due to a more limited turnover 

between old and new (more technically advanced) vintages of capital goods, as investment 

spending dramatically shrank. By the same token, the steady recovery in capital accumulation 

started in 2014 would also appear to be fostering a gradual improvement in the technical 

efficiency of the capital assets.  

When our experimental estimates of capital stock (adjusted for technical obsolescence) are used 

in a growth accounting exercise, TFP performance looks less disappointing over the last two 

decades, especially in manufacturing. When looking at developments since the onset of the crisis, 

TFP in the total economy appears to have recorded an overall decrease of 0.7 per cent up until 

2013, which is 1 percentage point less than implied by the national account measure of the capital 

2
 Focusing on Italy, based on standard measures of capital stock, Bassanetti, Torrini and Zollino (2010) perform a 

growth accounting exercise assuming changing mark-ups in the goods markets and workers’ bargaining power in the 

labour markets across industries in Italy and in other large European countries. Giordano and Zollino (2017) extend 

the analysis in a historical perspective, considering only the Italian economy and focusing on mark-ups. Rossi and 

Toniolo (1992) investigate the role of imperfect competition on the goods markets and variable returns to scale in the 

long-run performance of the Italian economy. More generally, a thorough discussion of the effects of departures from 

the standard growth accounting model on productivity measurement is provided by Greenwood and Jovanovic (2003).  
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stock; since the start of the recovery, it appears to have increased by 0.6 per cent, or around half a 

percentage point more than in the standard measure; in manufacturing we estimate an overall 

increase of 0.2 per cent between 2007 and 2013, as opposed to a decline of 2.1 per cent according 

to standard estimates; during the following recovery, the overall growth appears to have been 

equal to 3.3 per cent, largely in line with the trends calculated on the basis of national accounts 

data.  

2. The model

2.1  Growth accounting 

In order to investigate the sources of growth of the Italian economy, in this paper we adopt the 

standard approach based on the neoclassical production function: 

(1) � = ����, 	


where Y is output, K is capital, L is labour and A is the level of technology. Totally differentiating 

the production function, and assuming that factors of production are paid their marginal products, 

yields the usual growth accounting identity: 

(2)  
∆�
� = 
 ∆�

� + �1 − 

 ∆�� + ∆�
�

where the weights 
 and (1-	
) are the income shares of capital and labour, respectively. Total

factor productivity (TFP) growth is then computed as the residual: 

(3)  ��� =
��
� − �
 ��

� + �1 − 

 ����

The estimation of TFP growth is notoriously fraught with major difficulties: as a residual, it is 

affected by the statistical bias arising from measurement errors regarding output (especially in 

services) and the primary inputs (especially for the capital stock). The contributions of both labour 

and capital may be heterogeneous across employee skills and the productive services of different 

capital assets, respectively; to make things worse, the dispersion can change across sectors and 

over time. Importantly, the evolution of technical progress may imply an increasing obsolescence 

of the installed capital, a feature that is currently ignored in the national accounting practices 

(OECD, 2009). Misspecification in the theoretical model can also have a role, since the standard 



9 

formulation of the production function rules out variable returns to scale and imperfect 

competition in both product and input markets.  

In this paper we try to mitigate the bias in the estimation of TFP induced by the main sources of 

measurement errors, and we leave aside the possible effects coming from more fundamental 

issues regarding the specification of the production function, which may have a substantial impact 

on the estimates of input shares (Bassanetti, Torrini and Zollino, 2010).  

In line with the framework first put forward by Jorgenson (2001) and already adopted in previous 

studies on the Italian economy (Bassanetti et al., 2004; Bassanetti and Zollino, 2010), we first 

control for the composition effects on quality in the flows of productive services provided by the 

primary inputs. In this respect, we measure the aggregate input of capital by weighting the 

individual assets by the respective cost shares (rather than the implicit deflators as in national 

accounting practices), which we compute as the ratio of the cost of productive services of a given 

asset to the total costs of capital. For this purpose, we need to estimate the user costs for an 

individual asset, which we proxy by the sum                              ,     i.e. the value of the financial costs

minus the depreciation rate plus the expected capital gains. Following Jorgenson (2001), we 

aggregate the net stock of any single capital goods, namely Si, by computing the following 

Törnqvist index 

(4)  ��
�

��
= ∑ �

� �����
� +���
 ∗  �!�

 �"�
#
�$�

where              is the share in total cost at time t of asset i, and ui is the corresponding user 

cost. 

Importantly, by comparing our estimates of capital input with the standard measure of the net 

stock of capital we can single out the contribution to the output growth coming from asset 

substitution, namely the changes in capital composition in terms of more valuable capital assets, 

i.e. assets with higher user costs needed to purchase their productive services.

Similarly, as in Brandolini and Cipollone (2001) we estimate the total labour input by aggregating 

the stock of hours worked by employees in the same skill class based on the respective wage 

shares in the total wage bill; the difference between our estimates of labour input and the stock of 

hours worked as reported in the national accounts proxies the contribution to output growth 

provided by changes in skill composition of the labour force.  

In order to take account of the changing composition in the productive services provided by 

primary factors, the standard growth accounting identity (2) is adjusted as follows 

(5)  
∆�
� = 
 �∆�� + ∆%&

%&
� + �1 − 

 �∆�� + ∆%'

%'
� + ∆�

�

where EK, EL are proxies of the quality of the productive services of capital and labour input, which 

we allow to change over time, as the composition of capital moves towards assets with higher 

user costs (i.e. more valuable services) and the composition of labour moves towards workers with 

higher wages (i.e. more advanced skills). As a result, our adjustment in the measures of both 

��� = (�" �"
∑(�" �"

 

     		)*+ = +* − ,*+ 	+ -.*+ 	   
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capital and labour inputs in principle eliminates the possibly sizeable bias in the estimates of TFP 

that is implicit in (2), where the residual improperly includes productivity gains or losses related to 

the primary factors of production. A remaining limit is that the factor shares adopted in our 

growth accounting are retrieved from national accounts; therefore, we maintain the standard 

assumption of constant returns to scale and perfect competition, which implies that the profit and 

wage shares sum up to unity.  

By comparing equations (2) and (5) it is straightforward to notice that in ordinary conditions, in 

which the average quality of productive services delivered by primary factors is not declining, in 

equation (5) changes in the residual tracking the TFP prove no higher than in equation (2). In this 

respect, equation (5) allows to proxy more closely the pure externality factors affecting the 

productive environment, as it controls for the possible bias in equation (3) coming from the 

substitution across the different capital assets and skills of workers, whose productive services 

show heterogeneous quality. 

In this paper we explore a further refinement in measuring TFP by controlling for the substitution 

across different vintages of a single capital asset, as the technical progress therein embodied 

evolves over time. In other words, in addition to the productive gains coming from the changing 

composition of the total capital stock in terms of assets, we analyse the effects of more advanced 

technical progress being introduced in the production process as the old vintages of a given asset 

are gradually replaced with new (and technically more advanced) vintages. This allows us to 

investigate the impact of technical obsolescence on the value of the installed capital in addition to 

the standard depreciation considered in national accounts, due to the wear and tear of assets as 

they age. For this purpose, we follow the capital vintage model presented in the following 

section.
3
 

As a result, we obtain three different estimates of TFP: i) the national account measure, obtained 

by weighting by the respective market prices the stock of single capital goods and simply adding 

up the hours worked by a single skill class of workers; ii) the adjusted measure obtained by 

revising the weighting scheme according to user costs and wage shares respectively for each 

capital asset and worker class; iii) an experimental measure obtained by adopting a capital stock 

net of technical obsolescence in addition to the usual economic depreciation.  

It is important to notice that each of three TFP measures may be affected by important statistical 

issues and limitations. For example, the estimated user costs are subject to the simplifying 

assumptions regarding the measurement of the opportunity costs of investing in fixed capital or 

the expected capital gains, and the following section will examine the difficult imputation of the 

overall depreciation of capital. Accordingly, it is difficult to argue which TFP measure proves the 

most reliable, and this is not our primary interest. Rather, our purpose is to single out the impact 

3
 In the model, obsolescence in knowledge and competencies also affects the productive inputs of old versus new 

flows of workers belonging to a given skill category, with a possibly important impact on TFP dynamics. We have 

conducted a preliminary assessment of this additional refinement, but the data requirements are currently very 

demanding, so we leave this task to our future research. 
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of specific sources of measurement errors, with the final goal of shedding additional light on the 

root causes of the recently dismal performance of TFP in the Italian economy. 

2.2  The vintage capital model 

In this section we describe the approach we follow to control for the technical efficiency of the 

installed capital as old vintages are gradually replaced with new (and technically more advanced) 

vintages of the single capital goods. We consider a two-sector model, in which one sector 

produces investment goods (i) and the other sector produces consumption goods (c) using as 

inputs capital (k) and labour (L) according to the following production function; 

(6) /�̃ = 1�2�34�5	���5

(7) -� = 1�34�5	���5

where z is the common technology and q is a specific technology for the investment sector. The 

inputs are assumed to be completely mobile across sectors. 

We can consider the total output as the sum of consumption and capital goods adjusted for 

quality:
4
 

(8) 	/�̃ = 1�2�34�5	���5 	+� = 6̃�
7�

= 1�34�5	���5

 (9) 
��
7�
+ -� = 8� = 1�34�5	���5

where 

(10) 34� = �1 − ,
34��� + /�̃
and 

3� =
34�
2�

Therefore,  

(11) 34� = 3�2� = �1 − ,
3���2��� + +�2�								3� = �1 − ,
3��� 7�9:
7�

+ +�

4
 We use ~ when the variable is adjusted for the quality embodied in it. 
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The model thus collapses to a single equation in which technical progress is partially disembodied 

(z) and partially embodied in capital goods.

For computational reasons, we assume that technical change is constant over time,
5
 

(12) 
7�9:
7�

= �
��;<=
 = �1 − >


we can thus rewrite the previous equation as 

(13) 3� = �1 − ,
�1 − >
3��� + +�
In this model > can be estimated using firm level data once we find an investment deflator that

does not take into account the quality improvement of the capital goods. As extensively stressed 

in Sakellaris and Wilson (2004) this strategy allows us to exclude general inflation but, at the same 

time, to control for price heterogeneity owing to the different quality of the capital, which the 

algorithm we adopted uses to extract information that is needed to estimate the technical 

progress. 

For this purpose we proxy the free of the capital quality deflator with the deflator of non-durable 

consumption goods taken from the national accounts. 

The capital stock may thus be written as the sum of different vintages of investment 

(14) ?���>
 = ∑ ��9@���A
@9�
��;<=
�9@9�B =

C
D$� ∑ +��D�1 − ,
D���1 − >
��D��EC

D$�

where the technical depreciation rate >, our parameter of interest, is measured with respect to a

reference year. To simplify the computation process, we assume 2014 as the reference year as it is 

the latest year considered in our individual firm data set. 

Using the previous definition of capital, we estimate the following production function 

(15) FG�H���
 = 
 FG�	��
 + I FG�JK�� ∗ ?���>

 + L� + M� ∗ * + N��
where we consider firm-specific fixed effects (μP
 and a sector-specific time dummy �IP ∗ t
.

Differently from Sakellaris and Wilson (2004), who infer utilized capacity using a given firm’s 

energy consumption, we estimate a capital utilization rate (Cuit) based on information at firm level 

coming from the Bank of Italy’s Survey of Industrial and Service Firms.  

However, at this stage we cannot estimate the technical progress embodied in the construction 

assets since the necessary data are not available.  

5
 We are aware that this restriction could be strong, especially for years in which disruptive innovation occurs; 

however, as our estimation involves a recursive procedure, we are not able to estimate a time-varying parameter. 
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3. The Data

Our growth accounting exercise is based on the Italian national accounts released by Istat in 

September 2017,
6
 which among other things contain important upward revisions in non-

construction investment compared with 2014. We benefit from the high disaggregation now 

available for service activities, on both the output and the input side, to better investigate 

different trends between private services (namely trade, hotels, transport and communication; 

business services) and mixed services (namely health, education, arts and entertainments; other 

activities). We are aware that the IT revolution and the increasing share of services currently 

exchanged on the web (especially travel and holiday packages) make it even more important to 

consider the usual measurement issues concerning the value added in services. Accordingly, our 

exercise should be accepted with caution;  nevertheless, we still believe it is worth investigating 

the impact on the growth potential of a country stemming from an increasing share of labour 

employed in service activities.  

As for the private services, we exclude the value added in housing rental and sale intermediation 

services on the output side, employment in the same sector and the stock of residential buildings 

on the input side. This is a common assumption as housing-related activities have a less direct 

impact on aggregate productivity and output (see Bassanetti et al., 2004). 

Following a common practice, in this paper we exclude the activities purely operated by the Public 

Administration, which in NACE Rev. 2 are classified in the group “Public administration and 

defence; compulsory social security”, in view of the particularly serious issues relating to the 

measurement of their value added and productivity. However, we extend our analysis to a group 

of services that are likely supplied by both public and private entities, which are classified as: 

“Education”, “Human health and social work activities” and “Arts, entertainment and recreation”. 

In fact, the value added of these activities, which we identify as “mixed services”, accounts for a 

substantial share of the total value added in services, which in Italy currently stands at 25 per cent 

if we exclude the Public Administration and real estate. 

As for capital inputs, we aggregate net capital stocks by asset and by sector according to the cost 

shares obtained from our estimates of user costs. We proxy the financial costs by the real interest 

rate on Italian public-sector bonds with ten year maturity (which mostly affects the opportunity 

costs of financing investment expenditure with internal funding), the depreciation rate by the 

average ratio of depreciation to gross capital stock, and the capital gains by the three year moving 

average of the implicit deflator (thus assuming adaptive expectations).  

As for labour inputs, we use total hours worked, which covers both employees and self-employed 

workers, to eliminate the possible noise coming from labour hoarding over the business cycle. 

Very much in line with the capital inputs, we control for composition effects on the productive 

services provided by workers by assuming that higher wages correlate with higher skills, thus with 

6
 The historical analysis performed in Giordano, Toniolo and Zollino (2017) is based on the national accounts released 

in September 2016; this explains some minor differences with results reported in this paper for the overlapping 

periods.  



14 

 

efficiency gains. Accordingly, the changes in hours worked as obtained from the national accounts 

are augmented by   

    (16)   
∆%',�
%',�

= ∑ �
� �S���

� +S��
 ∗ �∆%�
"

%�"
− ∆	��#

�$�  

 

where S�� = T�
"%�"

∑T�
"%�"

  is the share in the total wage bill of workers with skill i; the data on wages by skill 

class were taken from the Bank of Italy’s Survey on Household Income and Wealth, while the data 

on the number of workers sharing the same skill were taken from Istat’s Labour Force Survey, with 

L measuring the total job positions.
7 

 
As for the estimate of the technical obsolescence rate, we use firm data from Centrale dei Bilanci 
(CeBi), which collects balance-sheet information and provides yearly observations regarding about 

75,800 firms between 1979 and 2015. For each firm, 12 yearly observations are available on 

average. We exclude the observations before 1982 and after 2014 (because of the very low 

number of observations per year) and we consider only manufacturing firms (i.e. we assume that 

in services the technical obsolescence rate of a given asset is the same as in manufacturing). The 

final sample consists of about 500,000 observations covering about 41,900 firms representing the 

different manufacturing sub-sectors. In the following table, the main summary statistics are 

reported.  

Table 1 

Summary statistics 

 

                                                           
7
 We are indebted to Federico Giorgi for providing us with updated estimates in line with the approach followed in 

Brandolini and Cipollone (2001).  

Manufacture of Value added Labour cost Investiment

 Food products, beverages and tobacco 
2,100                 808                  317                    

 Textiles and textile products 1,835                 767                  111                    

 Leather and leather products 1,384                 645                  87                      

 Wood and wood products 1,896                 782                  195                    

 Pulp, paper and paper products; 
publishing and printing 2,721                 1,063              337                    

 Coke, refined petroleum products and 
nuclear fuel 3,193                 2,088              499                    

 Chemicals, chemical products and man-
made fibres 3,666                 1,801              420                    

 Rubber and plastic products 2,616                 1,049              373                    

 Other non-metallic mineral products 2,525                 1,028              334                    

 Basic metals and fabricated metal 
products 2,659                 1,083              289                    

 Machinery and equipment n.e.c. 2,815                 1,245              178                    

 Electrical and optical equipment 2,948                 981                  217                    

 Transport equipment 3,278                 1,335              338                    

 Manufacturing n.e.c. 1,594                 735                  102                    
 Median values are reported for different manufactoring sub-sectors industry According to 

NACE Rev. 1 classification. Data are in thousands of euros. 
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Since the balance sheets do not provide complete information on employees, we use the total 

labour cost as a proxy for the labour input. Capital input is computed according the perpetual 

inventory method (for a complete description of this approach, see Berlemann, 2016) using 

equation (14): starting from the oldest book value, for each year, we cumulate the flows of new 

investments
8
 net of physical and technical depreciation. The physical depreciation is computed 

using the annual depreciation rate provided by ISTAT at industry level. The technical depreciation, 

our main parameter of interest, is endogenously estimated. In order to evaluate the “starting 

capital value” we would need data on the capital age structure and determine the time distance 

between it and the reference year. Since we do not have this information, we use different 

empirical strategies: i) we consider the initial stock as new capital; ii) as an indicator of the age of 

capital, we use the average length of use of capital provided by ISTAT (about 11 years). We then 

compare the results to test their robustness. 

We are aware that CeBI is more representative of medium-large incorporated companies than of 

small firms. The former drive most of the national economy, but they typically show a higher 

propensity to invest in new technology. For this reason, our estimate of the technical depreciation 

rate could be upward biased; therefore we decide to be conservative and to fix the rate at 5 per 

cent in the remaining part of the paper.  

Finally, in order to track the capacity utilization rate, which is not available in the CeBi data set, we 

follow an imputation procedure based on data from the Bank of Italy’s Survey of Industrial and 

Service Firms. To our knowledge this survey is the only source that regularly collects individual 

data on capacity utilization for Italian manufacturing firms. However, for our purposes, it has the 

important limitation of only covering a relatively small portion of the CeBi sample (about 35,000 

firms against 500,000).  

Accordingly, we need to implement an imputation procedure by which we expand the information 

from the Bank of Italy sample to the CeBi sample. To achieve this, for the overlapping set of firms 

we estimate a linear regression between the utilized capacity declared in the Bank of Italy survey 

and a set of controls retrieved from CeBI, such as the region in which the firms are headquartered 

(regions), size, total labour costs, age and inventories. Moreover, to consider industry-specific 

dynamics we run a set of different regressions for each manufacturing sub-sector.
9
 We then used 

the estimated coefficients to impute the capacity utilization for the remaining firms in the CeBi 
sample according to their specific values of the control variables.  

In order to check the reliability of our imputation procedure, for firms in in the Bank of Italy 

sample we compare the “declared” information with the “imputed” one (in sample validation; 

Figure 1). A reassuring piece of evidence is that the two measures show a reasonably high 

correlation (above 0.5). We acknowledge that our imputed measure of capacity utilization is 

                                                           
8
 Due to data constraints we are not able to estimate the technical depreciation rate for constructions. 

9
 The sub-sectors considered in the analysis are those shown in Table 1; we decided to use the NACE Rev. 1 

classification instead of NACE Rev. 2 since the former was the one used in the Bank of Italy survey. 
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fraught with some issues, mostly due to the fact that the distribution of the declared variable is 

left-skewed and characterized by several heaps.
10

 

Figure 1 

Capacity Utilization - Declared vs Imputed data 

Note: “Declared” values come from the Bank of Italy’s Survey of Industrial and Service Firms; “Imputed” values are 

obtained in accordance with the described procedure using CeBi data.   

We are aware that our estimated measure may be somewhat biased, although it is the best we 

can obtain so far. Given that controlling for capacity utilization is particularly important during 

crises, we estimate the rate of technical depreciation of capital with and without utilized capacity. 

4. Empirical results

4.1  The sources of economic growth in Italy 

In this section we perform a growth accounting exercise for the Italian economy as a whole and for 

main sectors of activity following equations (3) and (5) based on the ESA 2010 annual national 

accounts. Compared with previous standards, the latter provide a richer data disaggregation on 

both the output side, especially for services, and the input side, especially for capital assets, as 

R&D and other intangible activities are included in investment spending.  

As for the total economy, our estimates confirm previous evidence (Broadberry, Giordano and 

Zollino, 2013) that since the mid-1990s the dismal TFP performance has been an important drag 

10
 These issues are quite common for individual survey data. In particular, Giustinelli et al. (2018) find that a large 

number of surveys elicit responses on a 0-100 scale of percent chance, with the result that these data reveal 

substantial heaping at multiples of 10 and 5 percent, which suggests that respondents round their reports.  
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on the growth potential of the Italian economy, even more so in the period following the start of 

the global financial crisis (Table 2). 

Table 2 

The sources of growth in the economy as a whole
1

(percentage changes; percentage points for the contributions; average values in any period) 

1
 Standard estimates of TFP are based on national accounts data for total capital stock and hours worked (equation 3); 

they regularly identify an upper bound as they include the impact of the changing quality in the productive services 

provided by capital and labour, which should be properly attached to the same inputs (equation 5).  

On the one hand, the developments that have taken place since the crisis largely trace back to the 

usually high sensitivity of TFP to the business cycle since, as a residual in the growth accounting 

excercise, it absorbs the effects of unobservable adjustments in the intensity of the primary factor 

utilization. On the other hand, TFP was slightly negative also in the period 1995-2007, though 

economic activity increased by 1.5 per cent per year on average. This was accompanied by the 

sizeable contribution to output growth provided by both capital and labour inputs, especially 

when they are adjusted for the quality of their productive services (equation 5) rather than 

measured according to the national account standards (equation 3). As shown in the last column 

of Table 2, ignoring the quality adjustment that augments the contribution of the two primary 

factors – especially labour – would imply a positive, although decelerating, trend for standard TFP 

in the first decade since 1995. Following the decline during the double dip recession, standard TFP 

appears to have virtually stagnated in the years 2014-16.  

Adjusted TFP, which incorporates changes in the quality of productive services provided by the 

primary inputs, shows a decline over the last 20 years, although with variable intensity. Focusing 

on developments since the global crisis, adjusted TFP fell by 0.9 per cent per year between 2008 

and 2013 as the contribution of the capital input vanished and the upgrading in the quality of the 

productive services of labour almost offset the effect of job destruction. Despite the recovery in 

the business cycle, in the years 2014-16 the combined effects of skill upgrading and, especially 

Periods of which: of which:
ICT Non-ICT Intangibles

Adjusted Standard

1995-1999 1.57 0.67 0.20 0.22 0.35 0.09 1.03 0.39 -0.13 0.46

1999-2007 1.53 0.67 0.11 0.12 0.46 0.10 1.00 0.25 -0.14 0.22

2007-2013 -1.59 0.01 0.00 -0.01 -0.04 0.07 -0.72 0.60 -0.88 -0.28

2013-2016 0.56 -0.10 0.04 0.08 -0.23 0.05 1.06 0.43 -0.40 0.07

2006 1.95 0.50 0.05 0.05 0.39 0.06 1.59 0.01 -0.14 -0.08

2007 1.89 0.53 0.09 0.08 0.37 0.08 1.29 0.10 0.07 0.26

2008 -1.13 0.39 0.07 0.05 0.24 0.11 0.00 0.35 -1.53 -1.10

2009 -6.61 0.11 0.00 -0.05 0.05 0.11 -2.09 0.62 -4.63 -4.01

2010 2.24 -0.11 -0.06 -0.03 -0.15 0.07 0.08 0.65 2.27 2.85

2011 0.45 0.05 0.00 -0.03 0.03 0.05 0.47 0.42 -0.07 0.35

2012 -2.82 -0.14 -0.02 -0.02 -0.15 0.03 -1.26 0.85 -1.42 -0.59

2013 -1.63 -0.22 0.00 0.00 -0.24 0.02 -1.50 0.71 0.09 0.79

2014 0.17 -0.23 0.03 0.05 -0.29 0.00 0.55 0.67 -0.15 0.55

2015 0.77 -0.10 0.05 0.11 -0.28 0.07 1.17 0.59 -0.30 0.33

2016 0.76 0.04 0.05 0.08 -0.11 0.07 1.48 0.04 -0.75 -0.66

TFP
skill 

substitution

 Growth in 

value 

added

 Contribution 

of capital 

services 

asset 
substitution

 Contribution 

of labour 

services 
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more recently, employment creation implied negative adjusted TFP on average (against the 

stagnation signalled by the standard measure). As for the contribution of capital services, it turned 

slightly negative with the start of the sovereign debt crisis: the fall registered for the aggregate of 

machinery, equipment and transport equipment was partially offset by the increase in intangible 

spending and in ICT-related assets. The contribution of the capital input gradually improved since 

the start of the economic recovery, turning slightly positive in 2016.  

Table 3 

The sources of growth in industry
1

(percentage changes; percentage points for the contributions; average values in any period) 

1
 Standard estimates of TFP are based on national accounts data for total capital stock and hours worked (equation 3); 

they regularly identify an upper bound as they include the impact of the changing quality in the productive services 

provided by capital and labour, which should be properly attached to the same inputs (equation 5).  

In industry, TFP dynamics have proved more satisfactory since the late 1990s, and even more so in 

recent years (Table 3). Focusing on the adjusted measure, following the collapse recorded in 2008-

2009 (-16.5 per cent as a whole compared to -19.6 per cent in value added), TFP has turned 

positive since then. Excluding the jump in 2010, it increased by 4 per cent over the last six years as 

a whole despite the small reduction in value added. However, in view of the fact that most of the 

improvement in TFP occurred in the most recent years as the recovery in value added 

consolidated, for industry we netted out the effects of the changing utilization rate of primary 

factors over the business cycles.  

Cyclical changes in labour input are reasonably tracked by total hours worked, which we adopted 

as our preferred measure of employment. As for capital, we adopt the estimates of the capacity 

utilization rate for the Italian industry provided in Mistretta, Monteforte and Zevi (2016) in order 

to proxy the actual contribution of the productive assets (net of intangibles) along the business 

cycle. As expected, the pattern of the resulting TFP is less dramatic, especially during the double 

deep recession of the Italian industry that started in 2008 (Figure 2). The average fall in TFP halves 

Periods of which: of which:
ICT Non-ICT Intangibles

Adjusted Standard

1995-1999 0.51 0.80 0.11 0.12 0.32 0.10 0.17 0.12 -0.46 -0.23
1999-2007 1.12 0.82 -0.03 0.04 0.46 0.08 0.20 0.33 0.09 0.39
2007-2013 -2.81 0.12 0.10 -0.01 -0.02 0.11 -1.78 0.70 -1.16 -0.36
2013-2016 0.97 -0.09 0.16 0.08 -0.23 0.10 0.30 0.14 0.76 1.06

2006 3.89 0.70 -0.06 -0.01 0.45 0.03 1.08 0.12 2.10 2.16
2007 2.32 0.87 0.02 0.03 0.44 0.09 0.63 -0.25 0.82 0.60
2008 -2.48 0.84 0.10 0.02 0.38 0.15 -0.06 1.08 -3.26 -2.09
2009 -17.15 0.06 0.04 -0.03 -0.08 0.15 -3.89 3.58 -13.32 -9.70
2010 6.37 0.15 0.16 -0.03 0.00 0.12 -1.40 0.08 7.62 7.87
2011 1.14 0.16 0.10 -0.04 0.00 0.14 -0.13 -0.14 1.11 1.08
2012 -2.51 -0.14 0.12 -0.02 -0.16 0.08 -2.61 0.23 0.25 0.59
2013 -2.25 -0.32 0.11 0.02 -0.26 0.03 -2.55 -0.63 0.63 0.11
2014 -0.05 -0.26 0.20 0.06 -0.29 0.06 -0.53 0.25 0.74 1.19
2015 1.23 -0.05 0.15 0.10 -0.26 0.12 0.92 0.95 0.36 1.46
2016 1.74 0.03 0.12 0.06 -0.15 0.11 0.51 -0.78 1.19 0.53

TFPskill 
substitution

 Growth in 

value 

added

 Contribution 

of capital 

services 

asset 
substitution

 Contribution 

of labour 

services 
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at -0.2 per cent; more reassuringly, the recovery in 2014-16 was confirmed (0.5 per cent per year), 

although less pronounced than shown in Table 3 (Adjusted TFP column).

Figure 2 

Industry TFP over the business cycle 

Regarding the contribution of the capital input in industry, in line with the evidence for the total 

economy it was largely positive between 1995 and 2007, mostly thanks to non-ICT tangible 

components, and kept supporting activity up to the sovereign debt crisis. The lagged effects of the 

fall in investment started in 2008, combined with the more severe contraction that began three 

years later, imply that capital input has remained negative since 2014, to a larger extent in 

industry than in the total economy, despite investment spending having returned to growth (up by 

11 per cent in the whole period for machinery, equipment and transport equipment). The 

contribution to output growth coming from the labour input, markedly negative at the peak of the 

global crisis in 2009 and of the sovereign debt crisis in 2012-13, turned on average positive in the 

following three years, supported initially by skill adjustment in the labour force and later by 

employment creation.  

In private services, activity has been more buoyant than in the total economy since 1995, and fell 

less during the crisis mostly owing to the larger contribution coming from capital input in the first 

period and the lower drag on TFP in the second (Table 4). Differently from industry, however, TFP 

kept declining in the latest years, despite the cyclical recovery in output, which was driven by 

labour and, to a lower extent, by capital inputs.  

For mixed services, which include some activities run by the public sector, TFP trends became 

significantly negative as early as in the period 1999-2007,  i.e. before this occurred for the other 
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services. However, during the crisis the fall in value added was much more limited, mostly due to a 

lower drag from the labour input, and TFP suffered a milder deterioration. Remarkably, the latter 

performed the worst in the last three years (-1.6 per cent on average), despite the moderate 

recovery in economic activity: the high contribution of the labour input (1.8 percentage points per 

year) and, to a much lesser extent, that of the capital input, implied dismal dynamics in the 

residual of the growth equation. These readings are subject to the usual caveat concerning the 

difficulty of measuring value added in the service sector. 

Table 4 

The sources of growth in services 

(percentage changes; percentage points for the contributions; average values in any period) 

4.2  Estimates of technical depreciation 

Using the data previously described we are able to estimate the technical depreciation rate, with 

2014 as the reference year. We estimate the model sketched in Section 2.2 by using a Nonlinear 

Least Square procedure (NLLS) and under different assumptions regarding: a) capital being or not

being corrected for the utilization rate; b) the initial stock being modelled as “new capital” (i.e. as

the first vintage for firms entering our data set for the first time ) or estimated under the same 

average life officially adopted by Istat (about 11 years, considering the average life of machinery, 

equipment and transport equipment).  

Our evidence suggests that the technical depreciation rate for Italian firms is around 5 per cent per 

year if we correct for the capacity utilization rate (Table 4), with a negligible impact from the 

different assumptions on the initial value of the capital stock. By contrast, when remove the 

control for utilized capacity, we find a substantial impact, as the ensuing depreciation rate is 

almost double than in the case in which capacity utilization in considered. These results appear to 

Periods

Private Mixed Private Mixed Private Mixed Private Mixed

1995-1999 2.48 1.66 1.24 0.11 1.33 1.25 -0.09 0.30

1999-2007 2.22 0.53 1.02 0.12 1.15 0.96 0.06 -0.54

2007-2013 -1.16 -0.18 -0.12 0.01 -0.63 0.00 -0.41 -0.19

2013-2016 1.01 0.34 0.47 0.12 0.89 1.83 -0.36 -1.61

2006 1.90 0.06 0.71 0.05 1.64 3.04 -0.45 -3.04

2007 3.02 0.08 0.80 0.04 1.58 0.44 0.64 -0.40

2008 -0.82 0.35 0.40 0.02 0.22 0.81 -1.44 -0.48

2009 -5.12 0.49 -0.18 0.04 -1.99 0.97 -2.95 -0.52

2010 2.40 0.13 -0.07 0.00 0.18 -0.54 2.28 0.66

2011 0.93 0.90 -0.10 -0.01 0.64 0.60 0.39 0.31

2012 -2.85 -2.25 -0.36 0.00 -0.92 -0.75 -1.57 -1.50

2013 -1.51 -0.68 -0.45 -0.01 -1.88 -1.09 0.81 0.42

2014 0.99 1.45 -0.32 -0.03 -0.03 1.54 1.33 -0.06

2015 1.17 -0.36 0.90 0.22 0.74 1.00 -0.47 -1.58

2016 0.87 -0.08 0.84 0.17 1.98 2.94 -1.95 -3.19

Growth in value added Contribution of labour TFPContribution of capital
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be reasonable, as the changes in capital stock prove sensibly more pronounced when we ignore 

the fact that only part of the installed capital is actually used in production.  

Table 5 

Empirical estimates of capital obsolescence due to technical progress
11

 

Parameters 

Initial stock with imputed vintage Initial stock considered as new 

adjusted for CU Not adjusted 

for CU 

adjusted for CU Not adjusted 

for CU 


 0.8203
***

 0.8316
***

 0.8199
***

 0.8306
***

 

I 0.0563
***

 0.0361
***

 0.0513
***

 0.0327
***

 

> 0.0505
***

0.0942
***

0.0496
***

0.0874
***

N 503.102 503.102 503.102 503.102 

R
2
 0.5522 0.5507 0.5526 0.5512 

 Note: *** significant at 1 per cent 

Due to the computational complexity of the NLLS estimation, we assume that the 

technical depreciation rate is constant over time. We are aware that this assumption 

could be very restrictive: technical innovation is mostly likely not characterized by a 

linear increase over time, especially when major innovations occur (i.e. the diffusion 

of IT determined an acceleration in technical improvements).  

5. The effects  of   embodied            technical progress

5.1  Adjusting the measure of capital stock 

As argued in the previous sections, in our analysis estimates of the technical 

depreciation rate deliver information about an additional source of depreciation of the capital 

stock compared with the national account standards, in which only the decay of 

productive services due to the consumption of the installed capital is considered.  

In this section we adjust the measure of capital input (net of residential constructions) taking into 

account the evolution of technical efficiency along the sequence of vintages installed (and 

still operating) for a given asset.  

First, for computational simplicity we take that the technical depreciation rate is constant over 

time, and it stands around 5 per cent per year. We decide to use this relatively low value for the 

11
 As argued by Sakellaris and Wilson (2004), since the deflators used for the different variables are not the standard 

ones, the parameters related to labour and capital cannot been considered as the “standard” parameters of a Cobb-

Douglas function.  
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depreciation rate, which is consistent with changes in capacity utilization (Table 5), because it 

entails a more conservative adjustment in the standard data of capital stock than under the 

alternatively higher rates (see Figure A1 in the Appendix). Moreover, we apply the technical 

depreciation rate only to the machinery, equipment and transport equipment as it is reasonable to 

assume that they are influenced the most by changes in the embodied technology.
12

 

Second, we produce new estimates of the net capital stock following the same methodology as 

Istat (Lupi and Mantegazza, 1994) and using the updated parameters adopted in the latest 

releases of the annual national accounts. Accordingly, for every capital assets we first compute the 

gross capital stock by applying a retirement function (a truncated normal density over minimum 

and maximum values centred around the length of the service’s life) to any vintage of investment 

and we then sum the value of the surviving vintages at each point in time (see Giordano and 

Zollino, 2017). The net capital stock is then obtained by subtracting the standard linear 

depreciation (due to economic consumption) over the service life of any vintage (conditional on 

survival as implied in the computation of the gross capital); the resulting amount is then reduced 

according to our estimates for technical depreciation; finally, we sum the “efficient” vintages still 

surviving at each point in time to compute our adjusted net capital stock.  

As Figure 3 shows, when we take into account the technical depreciation rate for the different 

vintages of instrumental assets (namely non-construction capital goods), even under our prudent 

assumption that it is constant at a relatively low level compared with international evidence, the 

value of the net capital stock installed in the Italian economy turns out to be significantly lower 

than that measured in the national accounts (which consider only the physical consumption in line 

with the current international standards).
13

 In times of rapid technical progress, this finding signals 

the risk of a substantial overvaluation of the capital input when we disregard the upgraded 

technical efficiency of later versus earlier vintages of a given capital good. 

More interestingly, we find a widening gap between the efficiency-adjusted measure and the 

standard measure of the Italian capital stock during the protracted crisis. Indeed, the ratio 

between the two measures was steadily but moderately declining even before the crisis, as it was 

reasonable to expect on the basis of technical progress (see the green histogram in Figure 3). 

Importantly, as the crisis deepened the gap became wider and wider: at the end of 2016 the 

efficiency-adjusted capital stock in the whole Italian economy (net of housing) stood at less than 

90 per cent of the standard value (compared with around 95 per cent prior to the crisis). Indeed, 

between 2007 and 2016 the total net capital stock (net of housing) declined by about 6 per cent 

when we take account of the changing efficiency along the different vintages, or five times more 

than in the standard measures.  

12
 According to footnote 8, in our measure we are not able to distinguish investment in construction. For this reason,

in this exercise we use the traditional measure for this kind of capital. 
13

 Although we estimate the depreciation rate using only data on manufacturing firms, we apply this correction to all 

the economy. We implicitly assume that the technological depreciation rate in the service and construction sectors is 

similar to that in manufacturing for any given capital good we consider. However, this assumption should have a 

negligible effect on our final results since machinery, equipment and transport equipment represent around 10 per 

cent of the total stock of capital (compared with 60% in manufacturing). 
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Figure 3 

Capital stock in the total economy 

 (Total assets net of dwellings, chained values in millions of euros; for the ratio, percentage values, right-hand scale) 

Focusing on non-construction assets − the sole components for which we have expanded 

depreciation to include technical obsolescence − the cumulative fall in the efficiency-adjusted 

capital stock was 19 per cent, or 11 points more pronounced than in the standard measure of 

capital. Accordingly, the fall in the total adjusted capital stock was even more pronounced in 

manufacturing than in the rest of the economy, as in industry the share of capital assets more 

influenced by technical progress (equipment and machinery) is higher.  

Our findings are strictly related to the severe drop in investment registered during the double-dip 

recession that hit the Italian economy starting in 2007, and unveil an additional unpleasant effect 

on potential output: the drop in investment (-29.5 per cent between 2007 and 2013; -22,4 per 

cent excluding construction) dramatically limited the room for manoeuvre for the turnover 

between new and old capital vintages, with the result that the installed equipment not only shrank 

in volume but also became older and older, entailing an important loss in the overall capital 

efficiency.  

In other words, when we consider the role of embodied technical progress, the drag on the Italian 

economy’s growth, which during the crisis came from the lower accumulation, would prove even 

more pronounced than shown in previous sections of this paper based on the standard measure of 

capital stock. On a positive tone, we find that following a three-year recovery in instrumental good 

investments (11.1 per cent according to the latest national accounts), which would continue in 

2017 according to the latest projections (Banca d’Italia, 2017), the gap between the efficiency–

adjusted measure and the standard measure of capital is broadly stabilising. This may comfortably 

signal that the replacement of old vintages of capital with new ones is gradually picking up in the 
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Italian economy, though it needs to strengthen further to fully offset the lagged effects of the 

previous drop in investment.  

 5.2  The impact on TFP 

In view of the efficiency-adjusted capital stock calculated based on our estimate of technical 

obsolescence, in this section we perform the growth accounting exercise as per equation (3) by 

replacing the national account capital stock with our experimental measure.
14

 An important caveat 

is that, under the maintained assumptions of perfect competition and constant returns to scale, 

we did not impute any revision for value added or factor shares. Accordingly, in the last 20 years 

on average, the lower contribution of the capital input that we found following the downward 

correction in capital stock due to technical obsolescence translates almost automatically into 

significantly higher values of the residual by which we proxy TFP (Figure 4). 

Interestingly, the positive gap between the TFP adjusted for capital efficiency (“embodied” in the 

figure) and the standard one, which prior to the crisis was modest though widening, became 

increasingly larger until the recovery in capital formation started in 2014. This reinforces the 

positive signal, already mentioned, that the loss in efficiency of installed capital has gradually 

mitigated as the flow of new vintages has gained momentum following the exit from the most 

severe recession in Italian history.  

Focusing on the trends recorded since the inception of the crisis, when we control for technical 

obsolescence of the capital stock we find that TFP in the total economy decreased by 0.7 per cent 

overall in the period 2007-13, or 1 percentage points less than implied by the standard measure; 

since the start of the recovery, it increased by 0.6 per cent, or around half a percentage point 

more than implied by the standard measure.
15

 

The improvement appears to be even more pronounced in industry, where again instrumental 

goods claim the highest share of total capital. In this case we find that the “embodied” TFP 

appears to have recorded a slight increase of 0.2 per cent between 2007 and 2013, rather than a 

2.1 per cent decline; during the subsequent recovery, overall growth appears to have been equal 

to 3.3 per cent, largely in line with the standard measure.  

14
 At this stage we believe that it is more reliable to test the impact of capital efficiency on TFP within the standard 

growth accounting model as per equation (1), rather than as per equation (4), and this for two reasons: i) controlling 

for the composition effects in the productive services of capital requires capital stocks to be available for a reasonably 

detailed list of assets (in national accounts we can retrieve data for nine different capital goods useful for our 

analysis), whereas we are able to estimate technical obsolescence only for three assets taken together; ii) the 

imputation of user costs is not neutral under the assumption we maintained regarding the magnitude of the capital 

depreciation as well as the dynamics of deflators, and both statistics need to be revised to incorporate our estimates 

of technical obsolescence; the task is easy for the depreciation rate while it is challenging for the deflators, for which 

the national accounts data should be adjusted to control for the uncertain impact on the market price of a given 

capital good arising from changes in its relative technical content. 
15

 As a direct result of TFP being a residual in the growth accounting, the overall impact on TFP would have been 

significantly stronger, all other things being equal, if we had maintained a higher rate of technical obsolescence 

(Figure A2 in the Appendix)  
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Figure 4 

TFP developments under different assumptions on embodied technical progress 

(percentage changes; percentage points for differences, right-hand scale) 

  
      

 

Table 6 

TFP developments under different assumptions on embodied technical progress 

(cumulated percentage changes in the given periods)  

 

 

Looking ahead, based on the macroeconomic scenario presented in Banca d’Italia (2017) we 

simulate developments in TFP for the years 2017-19 under the standard approach and using our 

experimental measure of net capital. The strong acceleration projected in gross fixed capital 

formation, especially in machinery, equipment and transport equipment, entails that the gap 

between the two measures of capital is expected to narrow rapidly in the next few years; 

accordingly, developments in TFP would also be similar regardless of whether we control for 

technical obsolescence of capital (Figure 5). It is worth mentioning that, by using standard 

statistical tools to filter out the cyclical components, we find that under the standard measure of 

capital input the underlying trend of TFP has only returned to very moderate positive values since 

2013, with a gradual improvement in the following years. 

 

 

(B)-(A)

1995-1999 1.83 1.97 0.13 -0.92 -0.78 0.14

1999-2007 1.76 2.18 0.42 3.08 3.68 0.59

2007-2013 -1.71 -0.74 0.96 -2.15 0.22 2.37

2013-2016 0.21 0.62 0.41 3.18 3.30 0.12

Periods 
(B)-(A) "Standard" 

(A)

"Embodied" 

(B)

TFP IN TOTAL ECONOMY TFP IN MANUFACTURING

"Standard" 

(A)

"Embodied" 

(B)
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Figure 5 

Underlying components of TFP under different assumptions on capital stock 

(total and de-trended percentage changes or points for difference) 

However, in our efficiency-adjusted capital stock the same components of TFP started to turn 

positive again as early as in 2011 and since 2016 have returned to the same pace as in the early 

2000s. Since the start of the cyclical recovery in 2014, the overall gain in trend TFP appears to have 

been close to 2 per cent, or half a percentage point higher than under the standard measure of 

capital. Accordingly, when we introduce our experimental results in the production function we 

adopted to measure potential growth (Bassanetti et al., 2010), we obtain a persistently more 

positive contribution of TFP than usually assumed, even more so if the cyclical recovery continues 

in the following years as currently projected by most forecasters. 

Should the business cycle recovery, together with capital formation, firm up in line with 

expectations, potential output would benefit not only from a higher trend in TFP but also form 

larger gains in the technical efficiency of the installed capital, as the replacement of older vintages 

with new (and technically more advanced) ones would steadily resume following the halt we 

suspect occurred during the crisis.  

6. Conclusions 

In this paper we present evidence on TFP trends in Italy for the years 1995-2016 that confirms 

previous results suggesting the existence of a significant drag on potential growth stemming from 

dismal TFP performance. This appears to have happened to an even greater extent during the 

deep recession that began in 2007. If we exclude the dramatic fluctuations observed in 2009-11, 
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TFP performance has been more positive in industry than in services, where it has been declining 

in recent years despite the recovery in the business cycle.  

As a novel contribution, in this paper we control for the technical progress embodied in 

instrumental capital, using a vintage model for single assets estimated with firm level data on the 

Italian industrial sector. By adding our estimate of the technical depreciation rate to the more 

standard economic consumption rate of productive assets, we find that during the crisis our 

adjusted stock of capital fell more severely than that estimated in the national accounts. The 

result is coherent with a more limited turnover of old and new (more technically advanced) 

vintages of capital goods as the investment expenditure dropped during the crisis. Based on our 

experimental measure of the capital stock, we find that TFP performance was less disappointing 

then otherwise estimated. Focusing on the years since 2007, we find that the cumulative fall of 

TFP in the total economy during the crisis was almost completely offset by its steady increase 

during the subsequent recovery; this compares with the overall figure of 1.5 per cent obtained 

from national account measures of capital. Focusing on manufacturing, since 2007 TFP has 

increased by about 3 per cent, almost 2.5 points more than in standard estimates. Finally, the 

estimated underlying components of TFP gradually improved as well and, according to our 

simulations, the trend will continue to be positive in the years 2017-19. This sheds a somewhat 

more positive light as regards future TFP developments in Italy, entailing a more rapid increase in 

potential output than usually estimated. In addition, the efficiency of installed capital might soon 

begin to grow again, as the expected recovery of investment results in the replacement of old 

vintages with new and more technically advanced ones.  
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APPENDIX 

In this appendix we estimate the stock of capital and the related TFP considering three different 

values of the proposed technical depreciation parameter. In particular, U = V. VX when we don’t

consider capacity utilization in production function estimation (U = V. VY  otherwise). The

standard measure of capital doesn’t take into account technical depreciation (U = V. VV). As we

expected, the effect on capital and, obviously, on TFP is greater when a higher depreciation rate is 

used. 

Figure A1 

Capital stock in the total economy using different rates of technical obsolescence 

(total assets net of dwellings; chained values in millions of euros) 

Figure A2 

TFP in the total economy using different rates of technical obsolescence 

(percentage changes) 
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