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POTENTIAL OUTPUT AND MICROECONOMIC HETEROGENEITY 
 

by Davide Fantino* 
 

Abstract 

I estimate potential output growth using a production function approach applied to 
individual firm-level data for Italy. The dataset includes 360,000 non-financial corporations 
over the period 2004-15. I compare these estimates with those obtained from aggregate data, 
with a view to extracting additional information on the drivers of potential output in recent 
years. The approach based on individual firm-level data suggests a more sluggish potential 
growth before the crisis and a stronger recovery afterwards; the main reason is that estimates 
based on aggregate data are likely to suffer from aggregation biases and endogeneity 
problems. I find that the contributions of labour and capital to potential output growth 
decline over time and that unobserved firms’ productivity explains most of the recovery after 
2009; turnover has a substantial negative impact during the crisis, but a positive one 
afterwards. All the main economic sectors are affected by the financial crisis; potential 
growth in manufacturing is less damaged during the crisis and recovers afterwards; the 
service sector is recovering slowly, while construction firms are still not recovering.  
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1. Introduction
1
 

The recent double-dip recession strongly damaged the economic activity of Italy. Ac-

cording to the estimates of Caivano et al. (2010) and Busetti and Cova (2013), the two reces-

sions reduced Italian output by about 13% compared to a counterfactual (model based) no cri-

sis scenario. The economy is now showing a gradual strengthening of the recovery, but at the 

end of 2016 the level of GDP was still about 7 percentage points lower than its pre-crisis 

peak. Many firms left the market (Mistretta et al., 2016) and the remaining ones lost part of 

their (human and physical) capital and invested less in their productive inputs, with relevant 

effects on the structure of the Italian economic system (Monteforte and Zevi, 2016). Quantify-

ing the impact of this prolonged crisis on potential output, and hence computing the output 

gap, is particularly important in order to correctly calibrate economic policies according to the 

degree of structural vs cyclical developments. 

A common strategy to achieve this aim is the decomposition of the output in a low fre-

quency, more structural component (potential output) and a high frequency, more volatile one 

(business cycle). There is currently no full agreement in the literature on either the definition 

of potential output or the methodologies to estimate it. Several methods are currently used at 

the Bank of Italy (Bassanetti et al., 2010): a Bayesian unobserved component model, a uni-

variate time-varying autoregressive model, an aggregate production function and a structural 

VAR. Among them, the method based on the aggregate production function has a sounder 

grounding based on economic theory and also has a firm level analogue; the other approaches 

are mainly based on statistical tools. 

In general, all the traditional methodologies are based on aggregate information, result-

ing in a loss of potentially crucial information on heterogeneity of firms. On the other hand, 

accounting for heterogeneities in the characteristics of firms, including sectors of activity, can 

be quite relevant when there are strong differences in their evolution (Fernald, 2015, Bartels-

man and Wolf, 2014). For example, more dynamic sectors increase their weight over time and 

therefore their contribution to growth can be understated using average estimates based on the 

whole sample period.  

Moreover, one should take into account the so-called aggregation bias. In fact, the rela-

tionships between inputs and output existing at firm level are preserved under aggregation on-

                                                           
1
 I’m grateful to Lorenzo Burlon, Fabio Busetti, Davide Delle Monache, Libero Monteforte and two anonymous 

referees for useful discussions and comments. The views expressed in the paper are those of the author and do 

not necessarily reflect those of the Bank of Italy. 
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ly if quite restrictive conditions hold (e.g. when a production function is homogeneous of de-

gree one and there are no frictions in the accumulation and disposal of inputs); in absence of 

these conditions, the standard methodologies based on aggregate data fail to capture phenom-

ena such as misallocation of inputs, whose impact on the unobserved productivity has been 

shown to be relevant by the recent literature (Hsieh and Klenow, 2009, Adamopoulou et al., 

2016, Gamberoni et al., 2016, Linarello and Petrella, 2016, Calligaris et al., 2017).  

Besides, microeconometric techniques allow for a better correction of several problems 

in estimation, such as the endogeneity of regressors due to simultaneity and measurement er-

rors (Olley and Pakes, 1996, Levinsohn and Petrin, 2003, Woolridge, 2009, Akerberg et al., 

2015, Collard-Wexler and De Loecker, 2016, Kim et al., 2016). 

In this work I estimate potential output growth using a production function approach 

applied to Italian individual firm level data, with the purpose of uncovering possible biases 

related to the use of aggregate data and of extracting additional information on the drivers of 

potential output growth in the last ten years
2
. 

The main source of information is the Company Accounts Data System managed by 

Cerved; the final dataset includes the balance sheets of about 360 thousand non-financial cor-

porations with positive value added and production factors, while smaller firms such as part-

nerships are not included. The dataset shows a fairly good overall representativeness of the 

Italian economy, as the aggregate evolution of value added is qualitatively similar to the Na-

tional accounts. The accuracy is particularly good when restricting the attention to the manu-

facturing sector. 

The main findings are that, when compared with the standard methodology based on 

aggregate data, the use of a production function approach on individual firm level data sug-

gests more sluggish dynamics of potential output before the recent crisis and a stronger recov-

ery afterwards. The statistical significance of the difference between the estimates, of a mag-

nitude of about 0.3-0.4 percentage points, cannot be evaluated, as we are not able to calculate 

the standard errors of the estimates based on individual firm level data, but it seems to be rel-

evant on a historical comparison; it is about one third of the growth rate of Italian potential 

                                                           
2
 Another related firm level approach is Locatelli et al. (2016). While that work is based on a sample of about 

2000 manufacturing firms with more than 50 employees from the Invind survey, the dataset here used is based 

on the Cerved database, which includes virtually all the Italian corporations. Moreover, Locatelli et al. (2016) 

exploit in their analysis the answers to a survey question regarding the actual used productive capacity of physi-

cal capital, given the current state of employment and technology of the firm, while the analysis of this work 

wants to capture the potential output growth, depurated of the cyclical components and taking into account the 

trend evolution of all the inputs (labour, capital and unobserved productivity). 



7 

 

output in 2015. The main reason behind this difference is related to the aggregation bias; the 

correction for endogeneity is relevant, but relatively less important, while the impact of secto-

rial heterogeneity appears overall small. 

The firm level data estimates presented here show that the contribution of labour and 

capital to potential output growth declined over time, while most of the recovery after 2009 is 

explained by unobserved productivity of firms. All main sectors of activity were affected by a 

contraction of potential growth around 2009; while manufacturing firms recovered relatively 

soon, the services sector is recovering slowly and construction firms did not yet. Finally, 

firms’ turnover had a substantial negative impact on potential output growth during the crisis, 

but its contribution became positive in more recent years. 

The remaining of the paper is organized as follows: sections 2 and 3 present respective-

ly the dataset and the empirical strategy; I show the main results of the paper, based on a bal-

anced panel of firms, in section 4 and some robustness checks, with small changes in method-

ology and variables used, in section 5; section 6 enlarges the analysis to the more representa-

tive full panel, which takes into account entry and exit of firms; section 7 concludes. 

2. Data 

The main source of data is the Company Accounts Data System managed by Cerved, 

which includes yearly information about the balance sheets and the income statements of al-

most all the Italian non-financial corporations; smaller firms such as partnerships are not in-

cluded in the dataset. 

For each firm, I extracted from Cerved: all the available identifiers, including the fiscal 

one, the book value amount of physical and immaterial capital, value added, revenues, depre-

ciation, investments and disinvestments, the expenditure in intermediate goods and services, 

the sector of economic activity according to the Ateco classification (2 digits; Istat, 2009)
3
. 

All the balance sheet variables from Cerved have been deflated using the relevant National 

accounts deflators for each economic sector from the National Institute of Statistics (Istat); I 

also recovered from this source the sector level statistics regarding depreciation of capital. 

Unfortunately, Cerved does not include reliable information about firm employment; 

this additional information was collected from the archives of the National Social Security In-

stitute (INPS), which include details regarding the employment structure of the universe of 

                                                           
3
 Few sectors with too few observations have been merged together; 62 different sectors of economic activity are 

represented in the dataset. 
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Italian firms. Moreover, information regarding birth, death and extraordinary transactions 

such as mergers and acquisitions of firms have been recovered from the Infocamere database, 

based on the register of firms of the Italian Chamber of Commerce; firms born after 1995 or 

dead before 2015 have been included in the dataset only if respectively their first or last bal-

ance sheet is near the birth or death date declared in Infocamere.  

Real physical capital was constructed using the permanent inventory methodology 

(OECD, 2009); for each firm, I cumulated real investments, at the net of disinvestments and 

of depreciation of the already accumulated capital: 

 ����� = �1 − 
��� ∗ �1 − ���� ∗ ������� + ���       (1) 

where, for firm i active in sector s in period t, ����� is the amount of real physical capital, ��� 
are real investments in physical capital of the firm, ��� is the share of disinvested capital and 
�� is the sector level depreciation rate from the National accounts.

4
 The permanent inventory 

methodology is usually preferred to the direct use of the book value amount of capital de-

clared in the balance sheet as it is not plagued by biases deriving from the depreciation poli-

cies of each firm
5
. In the robustness checks I alternatively use the book value real amount of 

net physical capital. 

The analysis is restricted to the time window 2004-2015, with additional information 

about 1995-2003 when helpful to construct capital and to improve estimates and the quality of 

filtering. I winsorized the first and the last 5 per cent of the distribution of each continuous 

variable for each year and economic sector to take care of outliers; firms with gaps and miss-

ing observations were also removed. Moreover, I checked that the start and the end of the 

time series of balance sheets of each firm in Cerved was reasonably near to the birth and death 

date reported by Infocamere as a criterion of inclusion in the dataset. Last, I used the Cobb-

Douglas functional form for the production function, which requires a positive value for all 

the inputs and the output, so observations with non-positive value added or null amount for 

one or more inputs in the production function were not included in the sample. The final da-

taset includes about 2.1 million observations regarding 360 thousand Italian firms. A subset of 

about 40 thousand firms reported their balance sheet each year for the whole time window; 

                                                           
4
 In general, the construction of a reliable capital time series is a complex problem and must be tackled with care, 

because of the difficulty of correctly taking into account all the extraordinary transactions, particularly when 

considering big firms in some sectors of economic activity. 
5
 Unless the whole history of investments of a firm is available, the initial amount of capital when using the per-

manent inventory methodology is anyway approximated by the deflated book value of capital; to eliminate pos-

sible biases in the initial years of the dataset I used all the available investment data from 1995 to construct capi-

tal, but I only observe potential output in the time window between 2004 and 2015. 
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most of the analysis is based on this balanced panel, as a longer time series dimension allows 

to improve quality of potential output estimates. 

Table 1 shows the descriptive statistics of the main variables used in the analysis for 

both the full and the balanced panel. The firms included in the balanced panel have broadly 

similar characteristics to those in the full sample, but they are on average slightly bigger in 

size, reflecting the fact that bigger firms are more likely to survive for prolonged periods. In 

the full sample, the entry rate is about 10% while the exit rate is slightly smaller, implying 

that the number of firms increases over time
6
. The amount of both material and immaterial net 

assets stated in the balance sheets are generally smaller than those built using the permanent 

inventory method, implying that the average depreciation rates deduced from the balance 

sheets are bigger than those reported in the National accounts.  

Table 1: Descriptive statistics 

 Full sample Balanced sample 

Variable Mean Std. dev. Min Median Max Mean Std. dev. Min Median Max 

Value added 1.064 7.825 0.001 0.238 1138 2.421 11.937 0.001 0.675 1026 

Revenues 4.749 43.901 0.001 0.906 13400 10.900 63.066 0.006 2.566 5645 

Material assets (BV) 0.880 20.397 0.001 0.055 10900 1.834 12.445 0.001 0.263 1698 

Material assets (PI) 1.530 27.302 0.001 0.130 11000 3.638 25.409 0.001 0.677 3355 

Immaterial assets (BV) 0.217 9.589 0 0.004 2586 0.136 1.805 0 0.005 288 

Immaterial assets (PI) 0.388 11.600 0 0.014 2805 0.484 4.501 0 0.040 524 

Material investments 0.158 3.605 0 0.008 1321 0.341 3.206 0 0.026 600 

Immaterial investments 0.038 1.406 0 0 780 0.056 0.952 0 0 333 

Overall net investments 0.171 3.836 -881 0.011 1660 0.354 3.578 -338 0.032 609 

Employees 20.06 150.03 1 6 48391 39.36 180.70 1 13 13363 

Intermediate goods  

and services purchases 
3.668 39.892 0.001 0.585 12600 8.567 57.975 0.001 1.729 7748 

Entry rate 0.107 0.309         

Exit rate 0.077 0.266         

Real million euros, chain linked values with basis 2010, except for employees (units), entry and exit rates (dummy vari-

able). BV: book value; PI: permanent inventory methodology. The full sample includes 2148000 observations about 

362130 firms; the balanced sample includes 483876 observations about 40323 firms. 

Figure 1 compares the aggregate growth rates of real value added in the National ac-

counts and in the dataset here used, either considering the whole sample of firms or just re-

stricting the attention to the balanced panel. The left panel shows the comparison for the 

                                                           
6
 The entry and exit rates here reported and the corresponding dummy variables in the dataset used in the analy-

sis of section 7 are corrected for mergers and acquisitions and other extraordinary transactions reported in Info-

camere. 
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whole economy, while the right panel only considers the manufacturing sector. The dataset 

shows a fairly good overall representativeness of the Italian economy, as the evolution is 

qualitatively similar. Even if changes in the growth rates are usually more noticeable in 

Cerved than in the National accounts for the whole economy, the correlation in the evolution 

of aggregate value added respectively in the National accounts for the whole economy and in 

the firm level dataset here used is greater than 95%. The accuracy of the dataset in represent-

ing the dynamics of value added shown in the National accounts increases even more when 

restricting the attention to the manufacturing sector. Both for the whole economy and just for 

the manufacturing sector, the dynamics of the balanced panel are substantially the same of 

those of the full dataset. 

Figure 1: Real value added growth in the National accounts and Cerved 

3. Empirical strategy

The firm level production function approach to the estimate of the potential output here 

implemented is based on the relationship linking the production inputs to the output for a ge-

neric firm i active in the sector of economic activity s in a period t, which, assuming a Cobb-

Douglas specification and the most basic inputs, can be written in logarithmic terms as: 

������� = ������� + �� ������� + �� ������� (2) 

where ��� is the unobserved (for the econometrician, not for the firm) productivity of the firm,��� is physical capital and ��� is the amount of labour employed in production. This relation-

ship has been estimated at firm level on the whole time window 1995-2015, recovering the 

unobserved productivity as a residual, assuming that the production function is the same for 

all the firms in each Ateco (2 digits) sector of economic activity and that parameters do not 

change over time. 
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Several additional complications arise in the estimation, the main one being that inputs 

and output are chosen by the firm after knowing its own productivity and therefore there 

could be some issues of endogeneity between regressors and error term of the equation. Olley 

and Pakes (1996; OP), Levinsohn and Petrin (2003; LP) and Ackerberg et al. (2015; ACF) 

proposed different methodologies to tackle this issue, mainly based on control function ap-

proaches which use the lags of some partially adjustable inputs as instrumental variables to 

correct the endogeneity bias
7
.  

OP proposed the use of investments in their original paper, but the following literature 

(see also Woolridge, 2009, and Collard-Wexler and De Loecker, 2016) showed that interme-

diate goods expenditure, used by LP, is a better instrument as firms do not necessarily contin-

uously invest over time. Afterwards, ACF showed that also the labour input coefficient may 

suffer from identification problems in the first stage of the estimation due to functional de-

pendence and proposed an alternative estimation procedure, based on different hypotheses. I 

used in the second stage ACF estimation procedure the unconditional moments described by 

ACF in their equation (28), which implies that firms may modify their labour input in the cur-

rent period. The estimation of value added with the ACF procedure requires the hypothesis 

that the gross output production function is Leontief in the expenditure in intermediate goods 

and services. 

I used as my main procedure the LP methodology with the real expenditure in interme-

diate goods and services as instrument and then checked the robustness of the results to the 

other methods
8
. The estimates of the production function with the LP method, sector by sec-

tor, are reported in the Appendix.  

After estimating equation (2), I used the standard filtering methodology based on Ho-

drick and Prescott (1997; HP) to isolate the trend components of the firm level time series: la-

bour, net investments and the unobserved productivity recovered in the previous step from the 

production function estimates. In the implementation of their filter, HP suggested the use of a 

smoothness parameter of 100 with yearly data, which I use as a benchmark. To improve 

                                                           
7
 Other possible kinds of endogeneity such as those due to the unobservability of firm level prices of inputs (De 

Loecker and Goldberg, 2014) and output (Klette and Griliches, 1996 and De Loecker, 2011) may still exist, not 

corrected by the OP, LP and ACF methodologies. The methodology here used may be modified to take into ac-

count the endogeneity due to the unobservability of the prices of outputs, following Klette and Griliches (1996), 

under stronger hypotheses on the demand function. 
8
 I estimated the parameters of the production function with the Stata routines developed by Yasar et al. (2008; 

for OP), Petrin et al. (2004; for LP), Manjon and Manez (2016; for ACF). 
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quality of filtering I enlarged the time window of the filtered time series including also the 

available observations for 1995-2003. 

After recovering trend capital from filtered net investments according to equation (1), I 

applied the estimated production function relationship (2) to the low frequency components of 

inputs to construct the potential output of the firm. As a final step, I summed up the potential 

output across firms (���� ) to create the aggregate time series: ��� = ∑ ����� .  

I plot the results based on individual firm level data together with benchmark estimates 

based on the data deriving from the aggregation of the dataset at the level of whole economy. 

The procedure applied for these benchmark estimates is the following one: I estimated using 

OLS the production function relationship based on aggregate data: 

 ���∑ ���� � = ������ + � ���∑ ���� � + � ���∑ ���� � (3) 

where �� is the unobserved productivity for the whole economy. Afterwards, I filtered the ag-

gregate inputs using the HP method with smoothness parameter equal to 100, to isolate the 

trend components; after recovering trend aggregate capital from filtered net investments ac-

cording to the aggregate version of equation (1), I applied the estimated production function 

relationship (3) to the low frequency components of inputs to construct potential output esti-

mates for the whole economy. 

The procedure here applied for the benchmark estimates is similar to the aggregate pro-

duction function approach described in Bassanetti et al. (2010), with two main differences: 

the procedure is applied to the aggregate data of the dataset instead of to those from the Na-

tional accounts. Moreover, in Bassanetti et al. (2010) the coefficients of labour and capital in 

the production function are calibrated under the assumption of perfect competition and con-

stant returns to scale, using the shares of the income produced by the inputs in the National 

accounts; here the coefficients are estimated, hence disposing of the assumption of perfect 

competition. 

Estimates based on individual firm level data has several advantages when compared 

with the benchmark procedure applied to aggregate data. First, the estimation of a production 

function suffers from problems of simultaneity in the choice of inputs and outputs, which 

cannot be effectively addressed at an aggregate level. 

Moreover, the use of disaggregated information allows to better take into account heter-

ogeneity of agents in the estimates, splitting the sample in different blocks having more ho-

mogeneous characteristics, such as the sector of activity.  
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Then, even within homogeneous blocks of firms, the non-linearity of the general Cobb-

Douglas specification implies that aggregating production functions of different firms pre-

serves the relationship existing between inputs and output only under very specific conditions: 

the production function must be homogeneous of degree one, which implies constant returns 

to scale, and frictions in the accumulation and disposal of inputs must be absent; without these 

conditions, the aggregate level estimates of the production function can be misleading, as 

there can be firms and sectors misallocation of inputs, with negative effects on aggregate 

productivity (Hsieh and Klenow, 2009, Gamberoni et al., 2016, Adamopoulou et al., 2016, 

Linarello and Petrella, 2016, Calligaris et al., 2017). 

On the other hand, there are two main drawbacks in the use of a production function 

methodology based on firm level data in the way here described. As a first point, the proce-

dure requires several steps, computationally intensive, and does not allow to calculate the 

standard errors of the estimates. For this reason, we cannot statistically evaluate the signifi-

cance of a comparison with other estimates. 

Moreover, one word of caution in the interpretation of the estimates based on individual 

firm level data regards their quality for the firms whose time series are short, usually because 

of late entry or early exit from the market: both the effectiveness of the filtering procedure to 

isolate the trend component and the quality of the estimates of the capital with the permanent 

inventory methodology can be damaged if the time series is too short. There is therefore a 

trade-off between quality of the potential output estimates, which suggests to restrict the sam-

ple only to the firms with long time series, and representativeness of the dataset, which sug-

gests to include as many firms as possible. In next section and in most of the remaining of the 

paper I want to privilege the methodological robustness of the estimates; hence, I will choose 

the former solution, restricting the sample to the firms observed for the whole length of the 

time window. Instead, in the last section I will choose the latter solution, considering the 

whole sample of firms, as I want to analyze the impact on potential output estimates of entry 

and exit of firms. 

4. The evolution of potential output growth: balanced panel 

In the first exercise, I restrict the sample to the balanced dataset of about 40 thousand 

firms reporting their balance sheets in each year of the time window; firms in this sample do 

not exit or enter in the market and the evolution of potential output is just due to the accumu-

lation of inputs and the evolution of the unobserved efficiency. Firms included in this panel 
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are relatively more mature: they are among the most resilient to shocks and they have proba-

bly already developed most of their potential; I expect therefore their potential output growth 

to be relatively less volatile. 

I plot the estimates of potential output growth resulting from different methodologies, 

all applied to the same balanced sample: the estimates derived applying the firm level based 

methodology here presented, estimating the production function parameters with either the 

LP, the OP or the ACF methods; those deriving from the application of the production func-

tion methodology to the aggregate time series of the balanced dataset; the trend component 

resulting from directly applying the HP filter to the aggregate actual value added time series 

of the sample. 

Figure 2: Comparison of estimates of potential output growth, balanced panel 

 

Figure 2 shows the main results. According to production function methods based on 

individual firm level data and the LP estimation methodology, after aggregating the firm level 

estimates at the whole economy level, the estimated growth of potential output in the bal-

anced dataset was about 1.8% in 2005, then it decreased until reaching about 0.8% in 2009 

and afterwards improved back, up to 1.4%. 

The profile resulting from the production function methodology applied to the aggregate 

data of the dataset is more sluggish, 0.3% higher until 2009 and 0.4% lower afterwards. This 

profile of potential output growth is higher than what would be expected applying the aggre-

gate level production function methodology to the National accounts data, as in the dataset 

only private corporations are included, excluding therefore smaller and public firms. In ab-

sence of the standard errors in the estimates based on individual firm level data, we cannot de-

termine the statistical significance of the difference between estimates based on aggregate and 

on individual firm level data; anyway, it seems to be relevant on a historical comparison and 
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it is about one third of the growth rate of Italian potential output in 2015 based on aggregate 

level data. 

The estimates based on individual firm level data using the ACF and the OP methods 

are qualitatively similar to those using the LP method, but slightly lower after 2012; they 

qualitatively confirm the results when compared with the methodology based on aggregate 

data. 

Comparing the methodological aspects, there are three possible reasons explaining the 

difference between the firm level and aggregate level estimates: potential output estimates 

based on individual firm level data (i) use production function parameters estimated for more 

disentangled sectors of economic activity, taking also into account the possible change of 

weight of sectors over time, (ii) include a correction for endogeneity in the estimate of param-

eters and (iii) take into account possible aggregation biases such as those due to misallocation 

of inputs and non-linearity in the relationship between inputs and output.  

The right panel of Figure 2 quantifies the impact of each methodological innovation on 

the estimates, modifying the methodology step by step; the contribution of sector heterogenei-

ty is calculated as the difference between the main estimates based on individual firm level 

data and similar ones where the parameters are common to all sectors; the contribution of the 

correction for endogeneity is the difference between these last estimates and OLS ones based 

on individual firm level data with common parameters to all sectors; finally, the contribution 

coming from the correction of the aggregation bias is the difference between these last esti-

mates and those based on aggregate data.  

Figure 3: Contribution of inputs to potential output growth 
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The main driver of the differences between firm level and aggregate level estimates is 

the aggregation bias; the correction for endogeneity is relevant even if less important, while 

the impact of sector heterogeneity is very small. 

Figure 3 shows the decomposition of the contributions of capital, labour and unobserved 

productivity to potential output growth. The trend in the accumulation of labour and capital 

constantly declined over time, explaining the fall in the growth rate of potential output be-

tween 2005 and 2009. The contribution of unobserved productivity was substantially negligi-

ble until 2009, while it gradually became the main driver afterwards. 

The results of Figures 2 and 3 are coherent with the conclusions of Gamberoni et al. 

(2016), which found that misallocation of productive inputs, undetected in the aggregate esti-

mates and whose effects on unobserved productivity are negative, increased in the years im-

mediately preceding the recent crisis and decreased afterwards. 

Figure 4 aggregates the firm level estimates of potential output growth, based on 2 digit 

Ateco sector LP estimation of equation (1), in some selected more aggregate sectors of eco-

nomic activity: manufacturing, construction and services. Manufacturing firms were less 

damaged by the crisis than the other sectors and they quickly improved after 2009; the ser-

vices sector is slowly recovering, while potential output of construction firms is still stagnat-

ing. 

Figure 4: Potential output growth, selected sectors 

5. Robustness checks

The results shown in the previous section are qualitatively confirmed when using either 

alternative filtering procedures or alternative definitions of capital and output. Baxter and 

King (1999) suggested an alternative value of 10 for the smoothness parameter of the HP fil-
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ter to capture a definition of trend component coherent with the business cycle literature, 

where it includes the low frequencies with longer period than 8 years.  

Figure 5: Potential output growth, alternative filters, HP and UC 

 

Applying the HP filter is equivalent to split the trend and cycle components using a un-

observed component model with smooth trend, whose signal to noise ratio is calibrated ac-

cording to the smoothness parameter of the HP filter; this unobserved component model is de-

scribed by the following equations: 

 ���� = ��� + ������ = ����� + �������� = ����� +  ��  

where ��� is the time series to be filtered, ��� is the trend component, ��� is the parameter con-

trolling the stochastic evolution of the trend, ��� and  �� are uncorrelated error terms. Applying 

this framework, discussed in Harvey (1989; UC), the smoothness parameter can instead be 

endogenously chosen within the model to optimize the likelihood function. 

Figure 6: Potential output growth, alternative filters, CF and BW 

 

Christiano and Fitzgerald (2003; CF) proposed an alternative asymmetric band-pass fil-

ter, here calibrated to pass only frequencies with period greater than 8 years; the asymmetry 
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of the CF filter should allow to increase the amount of information exploited and therefore the 

quality of the filter. Last, Butterworth (1930; BW) presented another popular filtering proce-

dure, mainly used in engineering because of its regularity properties, but also in some eco-

nomic applications (e.g. Pollock, 2000). 

Figures 5 and 6 show the potential output growth estimates using all these different fil-

ters. The HP filter applied in the benchmark case selects a shorter range of frequencies and its 

dynamics is therefore flatter, but the qualitative evolution is very similar in all cases. In the 

UC model, the degree of smoothness implied by the data is even smaller than the one pro-

posed by Baxter and King (1999), in particular when directly applying the model to aggregate 

data. The growth rate becomes negative around 2009 with all the alternative filters. Both the 

slowdown and the recovery are slightly stronger with the CF and the BW filters. In all cases, 

the estimates of potential output growth when the potential output growth rate is increasing 

and in particular in the last few years of the sample are almost always higher when using in-

dividual firm level data than with aggregate ones. 

Figure 7: Potential output growth, alternative definitions of capital 

 

Figure 7 shows additional robustness checks using alternative definitions of capital. In 

the left box the book value of net physical capital is used instead of the one resulting from the 

permanent inventory method; in this case the estimates of potential growth are slightly higher 

in whole time window, but the overall dynamics are the same as in the benchmark case. In-

stead, estimates shown in the right box also include the amount of net immaterial assets of the 

firm as input, in addition to physical capital and labour; the sample used in this case is differ-

ent from the previous one, as only the firms with strictly positive net immaterial assets are in-

cluded; the estimates are essentially the same as with the main methodology. 

Figure 8 shows the estimates when using revenues as output variable instead of value 

added. There are small methodological differences in the steps of the estimation, as described 
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in LP, but the main procedure remains substantially the same as in the case of value added. 

The overall resulting dynamics are less favourable in this case, as potential output growth is 

still stagnating at the end of the time window, both when using the methodology based on in-

dividual firm level data and the one based on aggregate data. The results from the comparison 

between estimates using firm level and aggregate level methodology are essentially the same 

as before. 

Figure 8: Potential output growth, alternative definition of output 

6. The evolution of potential output growth: full sample

In this exercise I use the full sample of firms, thus allowing entry and exit over time. 

Firms’ turnover is a cyclical phenomenon: more firms enter the market in the upturns, while 

exit is more prevalent in the downturns. Turnover of firms can be quite relevant in explaining 

the dynamics of potential output, as it amplifies and propagates the impact of aggregate 

shocks (Clementi and Palazzo, 2016), with a long term possible impact on the structural char-

acteristics of the economy and the potential output. According to the analysis of Mistretta et 

al. (2016) based on a sample of large manufacturing firms, turnover explained about 5% of 

the loss of potential output of the sector during the recent crisis. 

Cyclicality of turnover has been taken into account in the estimates of this section: I 

used the HP filter on the aggregate statistics regarding the share of firms respectively entering 

or leaving the market to capture their trend. A constant weight, different from 1, was then as-

signed to all the observations of the firms respectively entering or leaving the market in one 

given year, such that their weighted share in the overall economy was equal to the trend val-

ue
9,10

.

9
 Alternatively, I used as a benchmark the unconditional average of the share of firms entering (exiting) the mar-

ket instead of the HP filtered trend value; the results are very similar to those here presented. 
10

 In the case a firm both entered and left the market in the time window and therefore there were two candidate 

weights, I choose the minimum weight between the two to minimize its impact on the overall dynamics. 
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Figure 9 shows potential output growth in the full sample, split in the contributions to 

growth respectively coming from the firms either entering or leaving the market in that year 

and from those stable within the market
11

. The dynamics of the estimates with firm level data

methodology applied to the full sample were less smooth than those presented in Figure 2, as, 

because of entry and exit, the full panel includes firms with a shorter time series, more diffi-

cult to be filtered. 

Figure 9: Potential output growth, full dataset 

The conclusions when plotting together the results from the aggregate level and the in-

dividual firm level methodologies are broadly similar to those from the balanced sample: 

when using the methodology based on individual firm level data, potential output was more 

sluggish in the time window between 2007 and 2012 and grew faster afterwards; as before, 

this difference cannot be statistically evaluated. The contribution of the turnover of firms is 

negative in most years, in particular during both the crises, and became positive in the last 

years of the time window. The estimates of potential output growth rate of the firms not enter-

ing or leaving the market was damaged mainly in 2008-2009 and improved afterwards. 

7. Conclusions

This work proposes estimating aggregate potential output growth through a production 

function approach applied to Italian individual firm level data (as opposed to aggregate data, 

as in the standard approach), with the purpose of uncovering possible biases related to the use 

of aggregate data and of extracting additional information on the drivers of potential output 

11
 The potential output growth implied by contribution of the stable firms in the full sample, while conceptually 

similar to that one of the balanced sample, is different as in the former the contribution of all the firms not enter-

ing or leaving the market in that single year is included, while in the latter, more restrictive, the contribution of 

all the firms continuously existing for the whole length of the time window is included. 
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growth in the last ten years. The use of a production function approach on individual firm lev-

el data is found to suggest a more sluggish dynamics of potential output before the recent cri-

sis and a stronger recovery afterwards, when plotted together with the estimates from the 

standard production function methodology based on aggregate data; the difference cannot be 

evaluated on a statistical basis because of the absence of standard errors, but it is relevant in 

the historical comparison.  

The main reason behind this difference is related to the aggregation bias; the correction 

for endogeneity is relevant, but relatively less important, while the impact of sectorial hetero-

geneity appears overall small.  

Estimates based on individual firm level data reveal that the contribution of labour and 

capital to the potential output growth declined over time, while most of the recovery after 

2009 is explained by unobserved productivity of firms. The comparison of the aggregate and 

firm level estimates and this path for unobserved productivity are coherent with the results 

shown in the literature about misallocation of inputs for Italy, which increased in the years 

preceding the crisis and decreased afterwards. 

All main sectors of activity were affected by a contraction of potential growth around 

2009, but, while manufacturing firms recovered relatively soon, the services sector is recover-

ing slowly and construction firms has not recovered yet. 

Finally, when including in the sample firms entering and leaving the market, firms’ 

turnover is found to have had a substantial negative impact on potential output growth during 

the crisis; however, its contribution became positive in more recent years. 
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Appendix: sectorial estimates of production function 

Table A1: sectorial estimates of production function (LP method) 

Sector L coeff. s.e. K coeff. s.e. CRS test (1) obs. 

Crop & animal production, hunting, related service activi-

ties 
0.39*** 0.014 0.48*** 0.015 58.42*** 78385 

Fishing & aquaculture 0.36*** 0.033 0.29*** 0.067 22.00*** 12576 

Mining & quarrying 0.67*** 0.045 0.31*** 0.046 0.30 23542 

Manufacture of food products 0.61*** 0.014 0.12*** 0.016 207.91*** 119942 

Manufacture of beverages 0.57*** 0.046 0.16** 0.065 10.41*** 15558 

Manufacture of textiles 0.71*** 0.024 0.28*** 0.029 0.06 78857 

Manufacture of wearing apparel 0.72*** 0.011 0.13*** 0.02 39.34*** 98427 

Manufacture of leather & related products 0.70*** 0.025 0.077*** 0.024 38.31*** 68610 

Manufacture of wood & of products of wood & cork, ex-

cept furniture; manufacture of articles of straw & plaiting 

materials; manufacture of paper & paper products 

0.64*** 0.04 0.12* 0.074 8.05*** 86391 

Printing & reproduction of recorded media 0.65*** 0.032 0.15*** 0.039 15.42*** 63595 

Manufacture of coke & refined petroleum products; manu-

facture of chemicals & chemical products; manufacture of 

basic pharmaceutical products & pharmaceutical prepara-

tions 

0.56*** 0.042 0.17** 0.081 7.42*** 62480 

Manufacture of rubber & plastic products 0.72*** 0.026 0.33*** 0.025 3.61* 83412 

Manufacture of other non-metallic mineral products 0.60*** 0.022 0.15*** 0.045 25.43*** 102458 

Manufacture of basic metals 0.68*** 0.029 0.22*** 0.047 3.15* 31137 

Manufacture of metal products, except machinery & 

equipment 
0.68*** 0.0062 0.19*** 0.0074 250.32*** 328635 

Manufacture of computer, electronic & optical products 0.75*** 0.023 0.16*** 0.018 17.03*** 61327 

Manufacture of electrical equipment 0.72*** 0.026 0.13*** 0.034 17.01*** 72154 

Manufacture of machinery & equipment n.e.c. 0.70*** 0.018 0.22*** 0.028 5.49** 208016 

Manufacture of motor vehicles, trailers & semi-trailers; 

manufacture of other transport equipment 
0.68*** 0.042 0.085* 0.053 22.21*** 44936 

Manufacture of furniture 0.70*** 0.022 0.23*** 0.034 2.36 81896 

Other manufacturing 0.73*** 0.022 0.29*** 0.029 0.67 60004 

Repair & installation of machinery and equipment 0.79*** 0.025 0.14*** 0.043 1.99 56581 

Electricity, gas, steam & air conditioning supply; water col-

lection, treatment and supply; sewerage 
0.40*** 0.028 0.18*** 0.033 97.38*** 26222 

Waste collection, treatment, disposal; materials recovery; 

remediation activities, other waste management services 
0.64*** 0.023 0.38*** 0.021 0.33 44238 

Construction of buildings 0.53*** 0.0051 0.14*** 0.0057 1693.93*** 455812 

Civil engineering 0.51*** 0.019 0.20*** 0.031 66.62*** 44926 

Specialised construction activities 0.69*** 0.011 0.14*** 0.0096 145.87*** 356234 

Wholesale & retail trade & repair of motor vehicles & cy-

cles 
0.74*** 0.0099 0.19*** 0.011 20.77*** 191050 
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Wholesale trade, except of motor vehicles & cycles 0.59*** 0.0048 0.22*** 0.0054 722.63*** 848620 

Retail trade, except of motor vehicles & cycles 0.50*** 0.0051 0.20*** 0.0052 1803.97*** 554340 

Land transport & transport via pipelines; water transport; 

postal & courier activities 
0.66*** 0.015 0.20*** 0.014 54.99*** 184320 

Warehousing & support activities for transportation 0.82*** 0.01 0.060*** 0.018 34.48*** 119256 

Accommodation 0.14*** 0.015 0.41*** 0.077 32.64*** 102697 

Food & beverage service activities 0.38*** 0.0094 0.22*** 0.013 660.52*** 244499 

Publishing activities 0.55*** 0.031 0.28*** 0.026 23.99*** 32450 

Motion picture, video & television programme production, 

sound recording & music publishing activities; program-

ming & broadcasting activities 

0.32*** 0.042 0.34*** 0.035 111.61*** 33946 

Telecommunications 0.60*** 0.034 0.13*** 0.036 35.11*** 9204 

Computer programming, consultancy & related activities 0.76*** 0.014 0.099*** 0.009 93.88*** 128851 

Information service activities 0.80*** 0.015 0.073*** 0.016 34.10*** 130921 

Financial service activities, except insurance & pension 

funding 
0.55*** 0.051 0.21*** 0.063 12.94*** 9060 

Activities auxiliary to financial services & insurance activi-

ties 
0.65*** 0.03 0.20*** 0.018 17.33*** 45118 

Real estate activities 0.61*** 0.0078 0.29*** 0.0099 71.03*** 167527 

Legal & accounting activities 0.81*** 0.021 0.20*** 0.048 0.03 43391 

Activities of head offices; management consultancy activi-

ties 
0.67*** 0.014 0.21*** 0.017 32.59*** 97727 

Architectural, engineering activities; technical testing, 

analysis 
0.69*** 0.017 0.24*** 0.017 9.94*** 87611 

Scientific research & development  0.58*** 0.034 0.30*** 0.048 7.27*** 13752 

Advertising & market research 0.62*** 0.013 0.27*** 0.02 23.98*** 61557 

Other professional, scientific & technical activities 0.71*** 0.011 0.24*** 0.025 3.80* 66150 

Rental & leasing activities 0.45*** 0.031 0.37*** 0.03 28.32*** 30692 

Employment activities 0.59*** 0.041 0.27*** 0.084 2.07 4466 

Travel agency, tour operator, reservation services & related 0.70*** 0.028 0.29*** 0.024 0.11 49460 

Services to buildings & landscape activities 0.68*** 0.019 0.088*** 0.025 76.53*** 90562 

Office administrative & support, other business support  0.69*** 0.0096 0.23*** 0.017 21.80*** 100305 

Education 0.61*** 0.012 0.25*** 0.017 45.98*** 48142 

Human health activities 0.73*** 0.023 0.35*** 0.017 11.48*** 92192 

Residential care activities 0.73*** 0.039 0.23*** 0.086 0.19 24914 

Social work activities without accommodation 0.94*** 0.019 0.11*** 0.022 3.00* 55610 

Creative, arts & entertainment activities 0.50*** 0.022 0.26*** 0.028 65.49*** 21742 

Gambling & betting activities 0.37*** 0.036 0.27*** 0.061 29.17*** 7531 

Sports activities & amusement & recreation activities 0.36*** 0.017 0.40*** 0.028 67.40*** 49892 

Repair of computers & personal & household goods 0.77*** 0.04 0.13*** 0.041 3.52* 19075 

Other personal service activities 0.65*** 0.013 0.22*** 0.042 8.74*** 57120 

(1) χ
2
 test of Constant Returns to Scale (CRS). 
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