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Firm Dynamics in Manufacturing and Services: a Broken Mirror?∗ Francesca Lotti Bank of Italy, Research Department January 15, 2007



Abstract This paper represents a first attempt in exploring firm dynamics in the service industry as a whole. A huge body of empirical literature is focussed on manufacturing firms, while only recent contributions shed some light in selected services sectors. Using a unique data set from the Italian National Institute for Social Security (INPS), we compare the patterns of entry, growth and survival performance of firms belonging to the manufacturing and to the service industry. It turns out that industry dynamics in services, in terms of stylized facts, seem to mirror the one in manufacturing. Moreover, the positive impact of firm size on survival is reduced when age is controlled for, suggesting the existence of a learning mechanism, more pronounced in manufacturing than in services. Keywords: Services, manufacturing, growth, survival, Italy. JEL Classification: L11, L60, L80.
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Introduction



The increasing relevance of the service industry is the result of a long term production reorganization, pointed out by its growing weight in terms of employment, number of firms and value added. This phenomenon can be explained on one hand by an increase in the households’ demand for services, driven by demographic factors and the changing life-styles; on the other, technological and organizational change (ICT technologies, for instance) within the firms, can boost the birth of new business opportunities, along with an increased demand for services by incumbent firms. This expansion becomes more and more relevant in explaining the employment dynamics, since the service industry represents a huge self-employment area. At the beginning of the Seventies, Italy was still suffering a delay in the service industry development; now the gap with respect to the U.S. and other European Countries is nearly filled (OECD 2003). The share of services’ value added increased by more than 17 percentage points in twenty years (from around 51 % in 1970 to around 69% in 2000); in the same period, its share of employment rose of nearly 23 percentage points (from 50 to 63%). In Table 1 some figures from the 2001 Census are reported. In 2001, nearly 65% of the workers is employed in the service industry, while 35% in manufacturing, which witnessed a drop both in employment and in the number of firms during the period 1991-2001. In the same time span, the service industry grew both in terms of employment and in the number of firms, even if not at the same pace, giving rise to a highly fragmented productive system.1 Most of the work force in the service industry is self-employed: besides the transport and the financial intermediation industries - where the share of self-employed is around 17% for the other service sub-sectors, the share ranges from 42 to 55%. In general, one should keep in mind that self-employment only occasionally exhibit positive post-entry employment growth rates. The main hindrance to empirical analysis of industry dynamics in services has been the lack of longitudinal data sets tracking the evolution for an appreciable time span. In this paper, using a unique data set from the Italian National Institute for Social Security (INPS), we follow the patterns of entry, growth and survival performance of firms belonging to the service industry, with a constant comparison to manufacturing. Our objective is twofold: firstly, we try to shed some light on the industry dynamics in both sectors from a descriptive point of 2



view; secondly we aim at verifying whether those stylized facts which emerged in nearly all the previous manufacturing studies, still hold for the service industry. The paper is organized as follows: Section 2 contains a brief summary of the empirical studies on manufacturing and services; in Section 3 the data used are described, along with an outline of the testing strategy. Section 4 contains empirical evidence about the relationships between firm size and age on both growth and survival; Section 5 concludes.
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Previous Studies on Firms’ Growth: Manufacturing vs. Services



In his work on firm entry, Paul Geroski (Geroski 1995) draws a complete picture of what “[...] empirically-minded economists know about entry”, summing up almost fifty years of empirical research. In his survey, he collapses a series of results in what he calls stylized facts, coming from simple data description and case studies, and stylized results, which derive from econometric analysis, reported in Table 2. Those facts should not be interpreted as theory, but just as a collection of observations which can be useful for a research agenda. In the present paper, mainly due to data availability, we focus on a few stylized facts and results, hoping to get a sharp picture of industry dynamics in services, underlining, if any, the differences from manufacturing. Despite the growing economic relevance of the so-called “tertiary” sector, the lack of reliable data on the service industry has prevented I.O. practitioners from deepening their knowledge on this sector. A huge body of empirical literature is focussed on manufacturing firms, while only recent contributions shed some light in selected service sectors. In their 2004 paper, Audretsch et al. (Audretsch, Santarelli and Thurik 2004) focus their attention on a sample of Dutch firms in the hospitality industry, finding that Gibrat’s law (Gibrat 1931) holds, i.e. growth rates are independent of firm size. They suggest that the validation of Gibrat’s law in the small scale services highlights an industry dynamic which may not simply mirror the one in manufacturing, because firm size does not affect growth rate. Nearly all the empirical manufacturing studies, with different time frames, in various 3



countries, share some results (for a detailed survey of the previous studies concerning manufacturing, see Lotti et al. 2003 and Audretsch et al. 2004). First of all, small-scale entry is very common in most industries, as much short is life expectancy; in other words, entry is easy, but survival it’s not (stylized fact 1 ). Secondly, entry and exit rates are highly correlated, and net entry rates are usually much lower than gross entry rates (stylized fact 3 ). Moreover, conditional on survival, most entrants usually need a few years to be able to compete under at par with their competitors. We expect that the service industry would respect this outline too, especially in those sub-sectors where scale economies do not play an essential role (stylized fact 4 ). As pointed out also by Sutton (Sutton 1997), every study about the post-entry performance of manufacturing firms has detected a positive relationship between the likelihood of survival and firm size and age, while a negative one between growth and firm size and age (Evans 1987, Hall 1987, Dunne, Robertson and Samuelson 1988 and 1989 ). This is what Geroski summarizes in the stylized result 8. In the following of the paper, we try to verify empirically if the results described above still hold for the service industry, using results from manufacturing as a benchmark for the analysis.



3 3.1



Data and Testing Strategy Data



In this paper we use a data set from the Italian National Institute for Social Security (INPS). This data set identifies all firms with at least one paid employee for the period 1993-1998. More precisely, the data set contains information about incumbent firms still active in 1993, regardless their incorporation year, and the newborn firms in the period 1993-1998. Accordingly, in every year, we observe incumbent, newborn and exiting firms. The source is the same as Bartelsman et al. 2005, but the time frame available is more recent (1993-1998 vs 1986-1994). No information on firms with zero paid employees is obtainable from the INPS file; however, these firms usually identify self-employment and only occasionally become true entrants with positive post-entry employment growth rates. All private Italian firms are compelled to pay national security contributions for their employees to INPS. Consequently, the registration of a new firm as “active” signals an entry into the market, while the cancellation of a firm denotes an exit from it (this happens when a firm finally stops 4



paying national security contributions). For administrative reasons - delays in payment, for instance, or uncertainty about the actual status of the firm - cancellation may sometimes be preceded by a period during which the firm is “suspended”. In the present paper we consider these suspended firms as exiting from the market at the moment of their transition from the status of “active” to that of “suspended”, while firms which have halted operations only temporarily (for one or a few months) during the examined period, were still considered as “active”, and therefore treated as survivors. In addition to the procedure described above, the original INPS file was subject to a further control, in order to identify entry and failure times correctly and to detect inconsistencies in individual tracks due to administrative factors. Large, public incumbents, firms acquisitions and outliers were excluded from the sample. This cleaning procedure reduced the total number of firms in the database to 1,392,208 (of these, nearly 70% are in the service industry).2 To sum up, we observe those firms at each month of January for the six-year period: the sample is made up by those firms active in 1993, surviving or exiting in the subsequent years, and those entering in the same period; no information is available for those firms exited prior to 1993.3



3.2



Testing Strategy



According to stylized fact 1, in manufacturing, entry is common. This is true for the service industry also. Looking at Table 3, one can immediately see that every year there is a sizeable flow on entry, both in the services and manufacturing. Gross entry rates are higher for services (Table 4), in every year under exam. In a more disaggregate basis, they range from 4% of the health & social works sector to 14% of the hotels, restaurants & catering industry; the corresponding figures for manufacturing range from 2% of the coke, refined petroleum & nuclear fuel, to 9% of the leather & footwear sector. Moreover, entry rates are much higher than market penetration rates: the firsts are defined as the number of firms entering the market at time t, divided by the total number of firms at time t − 1 (Dunne, Robertson and Samuelson, 1988). Market penetration rates are the share of newborn firms employment, i.e. the ratio between the employment carried by newborn firms and the total employment in the same industry, both measured at time t. From Table 4, one can see that entry rates are much higher than market penetration rates, in every time interval, underlining the presence of small scale entry, both in manufacturing and in services. This is even more clear in Table 5



5, where average sizes are reported. Average firm size is higher in manufacturing than in services, but the relative size of entering firms is higher in services, indicating the prevalence of small scale operation in services. Stylized fact 3 postulates that entry and exit rates are highly positively correlated. In our data set, this correlation is 0.54 for manufacturing and 0.97 in services, a figure remarkably high. Also in a more disaggregated basis, correlation rates across time are sizeable: in services, they range from 0.12 in the transport, storage and communication industry, to 0.99 in the hotel and restaurants sector, while in manufacturing from 0.26 of the textile & clothing industry to 0.94 of food products, beverages & tobacco. Even if at a higher level of industry aggregation, similar results are found by Bartelsman et al. (2005) for a group of OECD countries. Net entry rates are much lower than gross entry rates both in manufacturing and in services, indicating a high degree of turbulence (see Table 4). Stylized fact 4 claims that the survival rates of most entrants are low. At the aggregate level, this is true both for manufacturing and services: a share of newborn manufacturing firms which ranges between 4 and 7% exits from the market within a year, between 5 and 13% exit after two years, between 8 and 17% after three years. Surprisingly, exactly the same pattern emerges for firms in the service sector. In Table 6, average size by age class is reported. With a few exceptions (coke & refined petroleum and financial intermediation), conditional on survival, size is monotonically increasing in age, and this is true both for manufacturing and for services. This amounts to saying that young firms are smaller than their older counterparts and that survivors increase their production capacity over time. In Table 7 average growth rates by age class are reported. Not only growth rates are significantly different across classes, but they are monotonically decreasing with firm age, both at an aggregate level and at the industry level. Younger firms are smaller, but they seem to grow faster, and this empirical fact is common to manufacturing and service industry. Repeating the same exercise by size class (Table 8), it can be noticed that not only growth rates are significantly different across size classes, but the resulting distribution of the growth rates is reverse-U shaped. For manufacturing, the profile is a little flatter (average growth rates in the central size classes ranges between 5 and 6) reaching a maximum in the 6 to 9 6



employees class. The distribution of growth rates is more peaked for the service industry, that reaches a maximum in the 50-99 class. Both these results suggest that the potential growth lies in the medium-size classes. This is worth to be further investigated in the next section.
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Empirical Analysis



In this section we try to evaluate empirically the relationships between firm’s survival and growth, and its size and age. We measure firm size in terms of employees: we preferred this measure instead of total assets or sales because it is not affected by price changes over time. Survival is captured through a dummy variable, d, which takes value 1 if the firm is still alive at the end of the period, 0 otherwise. We assume that survival depends on firm size and age at time t − 1, respectively St−1 and Aget−1 , in a second order polynomial expansion (in logs). Accordingly, we estimate the following survival equation:



£ P r (d = 1|S, Age) =Φ β0 + β1 lnSt−1 + β2 (lnSt−1 )2 + β3 lnAget−1 + ¤ β4 (lnAget−1 )2 + β5 (lnSt−1 × lnAget−1 )



(1)



which has been estimated by means of a probit model in a pooled-sample framework. Results for manufacturing and services are reported in Tables 9 and 10. Table 9 contains a basic specification: survival is linked to firm size and its square only, using year, cohort and industry dummies. For both manufacturing and services the results indicate a positive coefficient between firm size and the likelihood of survival4 and a negative one with the squared term. In other words, the probability of surviving is increasing with size, but up to a certain point. Once the firm has reached its optimal size, marginal increases of its size have virtually no impact on its likelihood of survival. As a robustness check, the specification of Table 9 was extended to take into account the effects of firm age on its survival.5 The coefficients of size (and its square) remain significant, but the impact of size on survival is lower for manufacturing than for services (0.7 and 1.2 respectively). Age positively affects the likelihood of survival, with a negative coefficient for the squared term. To sum up, these results 7



seem to confirm that the impact of firm size and age on survival is similar in manufacturing and in services, with a lower coefficient for size in manufacturing when age is controlled for, emphasizing the presence of a learning mechanism (as suggested by Jovanovic, 1982 and Pakes and Ericson, 1998). Many different methodologies were used to test the relationship between growth, firm size and age in manufacturing: we rely on the framework proposed by Evans (1987a and 1987b). Firm growth at time t,6 is assumed to be determined by firm size and age at time t − 1, respectively St−1 and Aget−1 , in a second order polynomial expansion (in logs). This specification allows us to test, at the same time, the effects of firm’s characteristics on its growth and to provide a direct test of Gibrat’s law. The model specification is:



Gt = α0 + α1 lnSt−1 + α2 (lnSt−1 )2 + α3 lnAget−1 + α4 (lnAget−1 )2 + α5 (lnSt−1 × lnAget−1 ) + εt which was estimated by OLS in pooled-sample framework.
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(2)



The basic specification with



size and its square as regressors is reported in Table 11. The result, common to manufacturing and services, is a negative coefficient for firm size, lnSt−1 , combined with a positive 2 coefficient of the quadratic term lnSt−1 . This suggests that the growth rates are declining



as firm size increases, but up to a certain point, to become increasing afterwards. The same result holds considering the variable age (Table 12): it has a negative impact on growth for smaller firms, but a positive one for their larger counterparts. Consequently, those preliminary estimates may suggest that the relationships between firm growth and size on one hand, and growth and age on the other, are similar to those previously found in the literature focussed on manufacturing, leading to a rejection of Gibrat’s law at such a level of aggregation. The results might uncover the existence of different firms’ behavior within more narrowly defined industries, i.e. sub-industries (Sutton 1997). This is particularly true for services, where, in some sub-industries, the presence of small firms operating at the optimal scale is predominant. As Audretsch et al. (2004) point out, in those industries, like some sub-sector 8



of the hospitality industry, small firm survival bias does not play a role in shaping the firm size distribution and, accordingly, Gibrat’s law is validated. Nevertheless, at the aggregation level we are currently working, these industry-specific patterns of growth and survival are not observable. To further explore the linkages between firm age and growth, a transition analysis is carried out. As a first approximation, we assume that firm size has a simple Markovian structure of order 1, i.e. S t = M · S t−1



(3)



where S t (S t−1 ) represents firm size distribution at any observable year (one year before). The transition matrix M has dimension (8 × 8), plus an absorbing state (exit). Each element in a row represents the probability of moving from that class size to the other represented in column.8 We estimate the entries of the matrix M with a multinomial logit, so that we could directly link the probability of moving from one size class to another to firm age. More precisely, if we denote the variable class size by C, which comprises 8 categories (or states, labelled by j = 1 . . . J), the model allows us to estimate: exi βm P r (Ci = m|xi , Ci,t−1 ) = PJ xi βm j=1 e



(4)



In order to condition the outcome to the size class in the previous period, we estimate a different multinomial logit as in equation (4) for each size class j, using lnAge and lnAge2 as regressors. The estimates are reported in Tables 13 and 14 for manufacturing and services respectively. As a general impression, one can infer that younger firms tend to be more dynamic, in the sense that they tend to have a higher likelihood of changing class.9 More interestingly, we used the estimated coefficients in equation (4) to compute the predicted probabilities to fill the matrix M . With respect to the matrix M in equation (3) we have an additional state, 0-exit, which is an absorbing state. Looking close to these predicted probabilities reported in Tables 15 for manufacturing and Table 16 for services, one can immediately notice the high degree of persistence of firm size. If we exclude the absorbing state (exit), the figures in the main diagonal range from 0.69 to 0.91 for manufacturing and



9



from 0.71 to 0.93 in services. Moreover, both in manufacturing and services, the probabilities in the cells close to the diagonal are always larger than the others, indicating that big jumps in the firm size distribution are less likely than small ones. In other words, as Schivardi and Torrini (2004) point out, transition matrix analysis confirms that firm size tends to evolve smoothly. More interestingly, the upper-right part of both matrixes is full of zeros, meaning that all the states are not connected. For a firm in the smaller size classes there is a zero probability to be in the upper classes at the end of the period, while sudden shrinks in firm size, even if rare, are still possible events. In particular, the probability of exiting (first column of Tables 15 and 16) is decreasing with firm size, pointing out that smaller firms both in manufacturing and services - are more likely to exit. This result corroborates our findings about survival.



5



Conclusions and Further Research



The overall picture that emerges from this very preliminary analysis is enough to convey a few impressions. First of all, the stylized facts presented in the previous section have been largely confirmed, both in manufacturing and services. Entry is a common phenomenon, more pronounced in the service industry, underlining the absence of entry barriers especially in small scale business.10 The turbulence degree is also high, since entry rates are highly correlated with exit rates. Secondly, entrants’ average size is less than the average size prevailing in the industry, suggesting that entry occurs at a small scale. Also, exit occurs at high rates, and the average size of exiting firms is higher than entrants’ average size, but most of the times, lower than incumbents’ average size. This can suggest that the firms which exit could not reach industry average size and, consequently, entrants are very likely to take their place. A remarkable share of newborn firms leaves the market within 3-5 years and the survivors take time to reach the incumbents’ scale of production, both in manufacturing and in services. Thirdly, concerning the stylized results analyzed, it turns out that growth and survival are determined by firm size in a non linear fashion. More in detail, both growth and survival seem to depend on firm size, leading to a rejection of Gibrat’s law at our level of aggregation. Firm’s age turned out to have an impact on growth and survival, emphasizing the existence of a learning mechanism which takes place once firms are active: the more they are in the market, the more they learn about how staying in business and how to increase 10



their efficiency level. Through the transition analysis, we infer that firms size distribution is very persistent over time, and tends to evolve smoothly. Jumps from the bottom of the distribution to the top are unlikely to happen, while shrinks from the left tail to the left one are still possible. From this first attempt to compare industry dynamics in manufacturing and in services as a whole, it seems that the service industry mimics manufacturing in following the stylized facts and stylized results. Firm growth is negatively related to firm size and age and firm survival is positively related to size and age. In other words, to use the metaphor in the title, industry dynamics in services seem to mirror manufacturing: maybe with the help of a magnifying glass we will be able to discover some heterogeneity, with different patterns of firm growth and survival between more narrowly defined industries.
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Notes 1



While reading these figures, it should be pointed out that the National Institute of Statistics changed



the survey methodology, supplementing the Census information with the one stemming from their archives. This improved the coverage degree of the Census, yet causing some problems in comparing the 2001 Census with the previous ones. The information from the archives is mainly about very small firms or self-employed, concentrated in the service industry. For this reason, caution is needed to interpret the dynamic effects. 2



This figure represents the number of records, which includes incumbent, newborn and exiting firms



during the whole period. 3



From a methodological point of view, the sample is right-censored, meaning that we do not observe



growth/survival of those firms after 1998. This is unlikely to affect our results, since we are not carrying out a “classical” survival analysis. 4



Even if the coefficients (and marginal effects) are of the same magnitude, they are significantly different,



with a higher impact for services. 5



To this end, cohort fixed effects were not included in the regression.



6



We preferred to express the growth rate as Gt = lnSt − lnSt−1 versus the most common G∗t =



St −St−1 St−1



because the distribution of the second one has a lower bound (-1) and is highly asymmetrical. 7



The same specification was adopted by Cefis et al. (2004) who apply a bayesian approach to a panel



of pharmaceutical firms. As a robustness check, a tobit model was estimated, but the results were virtually unchanged. 8



We preferred to pool together all the years to keep track also of firms’ entry and exit.



9



At this stage, due to the heavy computational burden, it is not possible to compute marginal effects, so



that comparing the impact of age on the different size classes would be misleading. 10



In this context, we refer to entry barrier as an endogenous fact, like the presence of high sunk cost,



capital irreversibility, scale economies, etc. and not to institutional barriers.
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542,876 -1.7



2,985,177 25.5



3,528,053 7.7



Manufacturing



Services



Total



13,920,377 20.4



9,025,581 17.9



4,894,796 -7.0



4,758,839 4.5



3,934,459 8.9



821,929 -12.6



3.95 -10.5



3.02 -6.1



9.02 -5.4



N. of firms N. of employees Self-employment Average of firm size and % change and % change and % change and % change



Table 1: Number of firms, employees, self-employment and average firm size. 2001 Census and percentage change (in italics) with respect to the 1991 Census.



Table 2: Geroski’s stylized facts and results for manufacturing. Stylized Facts 1



Entry is common. Large numbers of firms enter most markets in most year,but entry rates are far higher than market penetration rates.



2



Although there is a very large cross-section variation in entry, differences in entry between industries do not persist for very long. In fact, most of the total variation in entry across industries and over time is within industry variation rather than between industry variation.



3



Entry and exit rates are highly positively correlated, and net entry rates and penetration are modest fraction of gross entry rates and penetration.



4



The survival rate of most entrants is low, and even successful entrants may take more than a decade to achieve a size comparable to average incumbents.



5



De novo entry is more common, but less successful than entry by diversification.



6



Entry rates vary over time, coming in waves which often peak early in the life of many markets. Different waves tend to contain different types of entrant.



7



Cost of adjustment seems to penalize large-scale initial entry and very rapid post-entry penetration rates.



Stylized Results 1



Entry seems to be slow to react to high profits.



2



Econometric estimates of the height of entry barriers suggest that they are high.



3



Entry rates are hard to explain using conventional measures of profitability and entry barriers.



4



Entry seems to have only modest effects on average industry price-cost margins.



5



High rates of entry are often associated with high rates of innovation and increases in efficiency.



6



The response by incumbents to entry is selective.



7



Prices are not usually used by incumbents to block entry.



8



Both firm size and age are correlated with the survival and growth of entrants.
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Table 3: Number of incumbents, entering and exiting firms, by year and by industry.



Manufacturing



Services



Total



1993



1994



1995



1996



1997



1998



Incumbents Exiting Newborn



290,677



292,030 21,238 20,340



297,624 14,746 20,895



304,919 13,600 21,880



313,521 13,278 21,052



323,587 10,986 19,999



Incumbents Exiting Newborn



593,193



611,301 41,868 55,002



633,669 32,634 54,155



658,386 29,438 55,314



686,906 26,794 54,416



720,239 21,083 53,302



Incumbents Exiting Newborn



883,870



903,331 63,106 75,342



931,293 47,380 75,050



963,305 43,038 77,194



1,000,427 40,072 75,468



1,043,826 32,069 73,301



22,591



59,976



82,567



Source: author’s calculation on INPS data.
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Table 4: Measures of entry, exit and their market shares.



1993



1994



1995



1996



1997



1998



7.77



Manufacturing



Entry rate Exit rate Net entry rate Share of newborn firms’ empl. Share of exiting firms’ empl.



6.97 7.27 -0.31 2.61 3.52



7.02 4.95 2.07 2.38 2.75



7.18 4.46 2.72 2.29 2.80



6.71 4.24 2.48 2.30 2.68



6.18 3.40 2.79 2.29 1.50



10.11



Services



Entry rate Exit rate Net entry rate Share of newborn firms’ empl. Share of exiting firms’ empl.



9.00 6.85 2.15 3.55 3.20



8.55 5.15 3.40 3.20 3.05



8.40 4.47 3.93 3.16 2.31



7.92 3.90 4.02 3.12 2.42



7.40 2.93 4.47 3.17 1.13



9.34



Total



Entry rate Exit rate Net entry rate Share of newborn firms’ empl. Share of exiting firms’ empl.



8.34 6.99 1.35 3.06 3.37



8.06 5.09 2.97 2.78 2.89



8.01 4.47 3.55 2.71 2.56



7.54 4.01 3.54 2.70 2.55



7.02 3.07 3.95 2.72 1.32



Source: author’s calculation on INPS data.
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7.77 2.57



10.11 3.66



9.34 3.09



Table 5: Average and relative firm size: incumbents, entrants and exiting firms.



Manufacturing



Services



Total



1993 1994



1995 1996 1997 1998



Incumbents Newborn Exiting Relative size, newborn Relative size, exiting



13.52 4.47



12.92 4.84 6.26 0.37 0.48



12.77 4.33 7.08 0.34 0.55



12.85 4.09 8.07 0.32 0.63



12.32 4.22 7.79 0.34 0.63



12.13 4.49 5.38 0.37 0.44



Incumbents Newborn Exiting Relative size, newborn Relative size, exiting



5.93 2.15



5.71 2.25 2.67 0.39 0.47



5.60 2.10 3.31 0.37 0.59



5.54 2.08 2.86 0.38 0.52



5.37 2.11 3.33 0.39 0.62



5.27 2.25 2.03 0.43 0.38



Incumbents Newborn Exiting Relative size, newborn Relative size, exiting



8.42 2.78



8.04 2.95 3.88 0.37 0.48



7.89 2.72 4.49 0.34 0.57



7.85 2.65 4.51 0.34 0.57



7.55 2.70 4.81 0.36 0.64



7.40 2.86 3.17 0.39 0.43



0.33



0.36



0.33



Source: author’s calculation on INPS data.
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Table 6: Average size, by age class and industry.



Age class



≤3



4-6



7-9



10-15



≥ 15



Total



3.36



4.74



5.75



6.72



12.88



Manufacturing



5.51



8.05



9.41



10.46



20.05



Food products, beverages & tobacco 3.36 Textiles & clothing 6.64 Leather & footwear 6.70 Wood & wooden products 3.16 Paper & paper products, printing & publishing 4.65 Coke, refined petroleum products & nuclear fuel 35.99 Chemicals products 19.16 Rubber & plastics products 6.55 Other non-metallic mineral products 5.87 Basic metals 5.30 Machinery & equipment, n.e.c. 7.46 Electrical & optical instruments 4.62 Motor vehicles, trailers & semi-trailers 13.79 Other manufacturing 4.55



5.07 8.89 9.43 3.98 6.92 84.13 28.39 9.69 8.40 7.48 11.18 7.78 20.95 6.86



5.84 10.17 11.39 4.62 8.21 26.35 32.50 11.83 9.51 8.48 12.72 9.36 34.28 8.38



2.53



3.36



4.08



4.79



9.27



2.22 2.45 4.89 3.22 2.94 4.27 1.42 2.08



3.05 2.97 6.56 4.24 4.02 6.76 1.76 2.53



3.76 3.53 7.63 4.03 5.11 9.18 2.18 2.89



4.40 4.17 9.07 4.10 6.71 11.63 2.56 3.06



6.55 7.21 30.02 81.35 9.45 15.84 4.03 4.96



Services Wholesale & retail trade, repairs etc. Hotels & restaurants Transport, storage & communications Financial intermediation Real estate, renting & business activities Education Health & social work Other services Source: author’s calculation on INPS data.
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5.97 12.39 10.89 20.05 11.99 16.19 4.92 7.40 8.85 19.07 31.59 98.19 30.72 61.21 13.44 24.19 11.19 20.21 8.92 15.72 14.25 31.23 11.27 26.55 80.04 155.77 9.41 14.14



Table 7: Average growth rates by age class and industry.



Age class



≤3



4-6



7-9 10-15



≥ 15



Anova test1



Total



6.15



1.47



0.47



-0.25



-1.14



9047.04***



Manufacturing



9.79



2.33



0.84



-0.20



-1.51



5402.57***



5.48 8.97 11.64 6.35 8.69 14.55 12.56 13.41 7.99 11.77 14.64 10.77 11.87 8.37



1.90 0.75 2.58 1.56 1.86 1.65 2.79 4.33 1.16 3.43 4.49 2.40 1.81 1.78



0.66 -0.79 1.18 0.39 0.19 -0.90 2.67 3.06 -0.41 1.83 2.10 1.13 -0.10 -0.27



0.35 -1.99 -0.12 -0.58 -1.08 2.45 1.23 1.41 -1.61 0.73 1.22 -0.16 -0.94 -1.05



-0.78 222.76*** -2.98 755.12*** -1.56 333.24*** -2.02 238.01*** -2.33 326.10*** -0.71 9.11*** -1.53 125.41*** -0.38 285.19*** -2.55 226.14*** -0.50 1332.99*** -0.74 588.69*** -1.65 771.13*** -2.40 64.45*** -2.72 343.45***



4.74



1.11



0.30



-0.28



-0.96



4.90 2.07 9.47 2.58 6.63 7.37 2.52 2.91



1.00 0.25 0.24 -0.40 3.12 1.92 1.05 0.88 1.49 0.35 2.35 1.06 1.05 0.65 0.85 -0.16



-0.41 -0.70 0.59 0.80 -0.27 0.34 0.11 -0.39



-1.46 2373.68*** -0.92 98.45*** -0.71 435.56*** -0.37 36.81*** -1.18 1183.32*** 0.35 152.43*** -0.16 215.41*** -0.98 153.76***



Food products, beverages & tobacco Textiles & clothing Leather & footwear Wood & wooden products Paper & paper products, printing & publ. Coke, refined petroleum prod. & nucl. fuel Chemicals products Rubber & plastics products Other non-metallic mineral products Basic metals Machinery & equipment, n.e.c. Electrical & optical instruments Motor vehicles, trailers & semi-trail. Other manufacturing



Services Wholesale & retail trade, repairs etc. Hotels & restaurants Transport, storage & communications Financial intermediation Real estate, renting & business act. Education Health & social work Other services Source: author’s calculation on INPS data. 1 Anova test for mean equality across classes.
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4256.43***



22



-10.41



Manufacturing



-6.17 -9.29 -7.94 -5.74 -6.10 -7.70 -1.91 -5.16



-5.65



Source: author’s calculation on INPS data. 1 Anova test for mean equality across classes.



Wholesale & retail trade, repairs etc. Hotels & restaurants Transport, storage & comm. Financial intermediation Real estate, renting & business act. Education Health & social work Other services



Services



-8.59 -13.02 -15.67 -8.62 -10.00 -15.26 -12.87 -10.78 -12.33 -10.98 -11.46 -8.70 -17.83 -10.51



-6.56



Total



Food prod., beverages & tobacco Textiles &clothing Leather & footwear Wood & wooden products Paper & paper prod., printing & publ. Coke, refined petroleum prod. & nucl. fuel Chemicals products Rubber & plastics products Other non-metallic mineral prod. Basic metals Machinery & equipment, n.e.c. Electrical & optical instruments Motor vehicles, trailers & semi-trailers Other manufacturing



=1



Size class, in terms of employees



6.29 6.52 7.98 6.01 6.94 4.31 8.02 8.38



6.68



6.95 1.84 3.23 4.95 3.37 4.78 2.45 5.36 2.50 5.64 6.02 5.90 1.41 3.46



4.74



6.07



2-5



6.52 10.20 8.13 5.75 8.86 7.25 7.56 7.90



7.61



8.06 5.11 6.82 5.48 4.38 4.09 7.23 6.96 4.15 7.28 7.54 7.70 6.91 5.24



6.45



7.06



6-9



6.26 11.52 7.29 5.72 10.90 7.96 9.53 9.78



8.01



6.81 4.12 6.61 5.50 4.13 5.09 6.12 6.98 3.92 6.94 6.94 8.11 6.29 4.98



5.99



6.83



10-19



6.76 15.94 8.40 4.91 14.74 8.92 8.10 13.91



9.64



5.63 4.82 6.20 5.21 3.67 0.17 4.83 6.77 3.15 6.94 5.89 8.00 6.79 5.18



5.84



7.27



20-49



7.61 18.96 10.87 4.72 13.36 9.08 5.87 13.34



10.09



2.57 3.78 6.21 4.38 4.51 0.94 2.86 6.31 3.21 6.91 4.72 6.95 8.11 6.76



5.35



7.11



50-99



6.69 13.53 8.37 3.09 10.56 9.29 5.32 18.27



8.52



3.42 2.05 2.53 4.91 3.36 -4.83 0.91 5.92 4.26 5.20 3.66 7.14 4.71 10.96



4.36



5.93



100-249



Table 8: Average growth rates by size class and industry.



8.58 10.89 2.09 1.90 9.26 8.88 5.39 10.42



6.16



8.69 3.22 3.34 9.59 1.90 -1.65 2.72 4.94 4.05 4.87 7.06 4.99 2.02 12.66



4.84



5.42



≥ 250



12558.37*** 3856.57*** 1262.33*** 744.50*** 4834.16*** 600.77*** 3380.66*** 2467.73***



28010.94***



1819.17*** 1327.14*** 617.14*** 935.68*** 578.09*** 12.30*** 143.42*** 427.91*** 539.79*** 2948.27*** 758.14*** 1439.49*** 118.24*** 688.28***



11893.46***



37786.58***



Anova test1



23 1.226 -0.125 -



dF/dx ∗ 100



S.E.



294905.28***



0.154*** 0.003 -0.016*** 0.001 0.913*** 0.002



Coeff.



Manufacturing



1.310 -0.151 -



dF/dx ∗ 100



S.E.



40751.56***



0.175*** 0.003 -0.020*** 0.001 1.389*** 0.060



Coeff.



Services



Probit estimates on the pooled sample, including year, industry and cohort effects. Robust standard errors in brackets. ***, **, * mean statistically significant at α = 0.01, α = 0.05 and α = 0.10 respectively.



W ald χ2



ln (empl) ln (empl)2 Constant



All firms



Survival equation



Table 9: Survival equation, all firms: probit estimates (the dependent variable assumes value 1 if the firm is still alive at the end of the period, 0 otherwise).
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0.728 -0.181 1.444 -0.405 0.317 -



dF/dx ∗ 100



20451.51***



0.091*** -0.023*** 0.180*** -0.051*** 0.040*** 1.353***



Coeff.



Manufacturing



0.004 0.001 0.006 0.002 0.002 0.018



S.E. 1.164 -0.166 1.569 -0.296 0.086 -



dF/dx ∗ 100



44574.26***



0.154*** -0.022*** 0.208*** -0.039*** 0.011*** 1.437***



Coeff.



Services



0.004 0.001 0.004 0.001 0.001 0.009



S.E.



Probit estimates on the pooled sample, including year and industry effects. Robust standard errors in brackets. ***, **, * mean statistically significant at α = 0.01, α = 0.05 and α = 0.10 respectively.



W ald χ2



ln (empl) ln (empl)2 ln (age) ln (age)2 ln (empl) ln (age) Constant



All firms



Survival equation



Table 10: Survival equation, all firms: probit estimates (the dependent variable assumes value 1 if the firm is still alive at the end of the period, 0 otherwise).
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S.E.



4253.59***



-0.099*** 0.001 0.018*** 0.000 0.096*** 5.422



Coeff.



Services



OLS estimates on the pooled sample, including year, cohort, and industry effects. Robust standard errors in brackets. ***, **, * mean statistically significant at α = 0.01, α = 0.05 and α = 0.10 respectively.



767.89***



F − test



S.E.



-0.083*** 0.001 0.014*** 0.000 0.116*** 0.013



Coeff.



Manufacturing



ln (empl) ln (empl)2 Constant



All firms



Growth equation



Table 11: Growth equation, all firms: OLS regression (the dependent variable is the growth rate, computed as Gt = lnSt − lnSt−1 ).
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0.001 0.000 0.001 0.000 0.000 0.003



S.E.



5438.58***



-0.107*** 0.017*** -0.031*** 0.005*** 0.005*** 0.124***



Coeff.



S.E. 0.001 0.000 0.001 0.000 0.000 0.001



Services



OLS estimates on the pooled sample, including year and industry effects. Robust standard errors in brackets. ***, **, * mean statistically significant at α = 0.01, α = 0.05 and α = 0.10 respectively.



2186.71***



-0.093*** 0.012*** -0.067*** 0.009*** 0.008*** 0.150



ln (empl) ln (empl)2 ln (age) ln (age)2 ln (empl) ln (age) Constant F − test



Coeff.



Manufacturing



All firms



Growth equation



Table 12: Growth equation, all firms: OLS regression (the dependent variable is the growth rate, computed as Gt = lnSt − lnSt−1 ).



Table 13: Transition from a size class to another in manufacturing: multinomial logit estimates. t



t−1 ln (age) =1



ln (age)2 Const. ln (age)



2-5



ln (age)



2



Const. ln (age) 6-9



ln (age)2 Const. ln (age)



10-19



ln (age)2 Const. ln (age)



20-49



ln (age)2 Const. ln (age)



50-99



ln (age)



2



Const. ln (age) 100-249



ln (age)2 Const. ln (age)



≥ 250



ln (age)2 Const.



0-exit



=1



-0.585*** (0.020) 0.159*** (0.006) -2.071*** (0.020) -0.545*** (0.022) 0.116*** (0.006) -2.443*** (0.023) -0.495*** (0.041) 0.052*** (0.011) -2.089*** (0.042) -0.350*** (0.044) 0.010 (0.012) -1.970*** (0.042) -0.267*** (0.067) -0.022 (0.018) -2.464*** (0.069) -0.190 (0.211) -0.031 (0.048) -2.635*** (0.232) -0.264 (0.295) -0.014 (0.065) -2.511*** (0.331) 1.023* (0.597) -0.341*** (0.130) -3.999*** (0.689)



··· ··· ··· -0.071*** (0.017) -0.021*** (0.005) -2.042*** (0.018) -0.375*** (0.092) 0.012 (0.026) -3.870*** (0.095) -0.002 (0.148) -0.072* (0.040) -4.871*** (0.149) -0.381* (0.230) 0.019 (0.060) -4.990*** (0.237) -0.842 (0.555) 0.086 (0.135) -4.174*** (0.584) -2.283*** (0.831) 0.433** (0.211) -3.534*** (0.835) 3.783 (9.090) -0.426 (1.539) -13.894 (13.458)



2-5 -0.473*** (0.015) 0.065*** (0.005) -1.231*** (0.014) ··· ··· ··· -0.058*** (0.025) -0.012* (0.007) -1.350*** (0.027) -0.246*** (0.067) -0.031* (0.019) -3.030*** (0.066) -0.430*** (0.152) 0.015 (0.040) -4.185*** (0.158) -0.102 (0.544) -0.054 (0.124) -4.688*** (0.605) 1.909 (1.734) -0.402 (0.350) -7.186*** (2.090) 13.971 (8.242) -2.567 (1.495) -24.293** (11.208)



6-9 -1.269*** (0.084) 0.196*** (0.029) -4.275*** (0.074) -0.292*** (0.018) 0.010* (0.005) -1.823*** (0.018) ··· ··· ··· -0.013 (0.031) -0.014* (0.008) -1.817*** (0.033) -0.170 (0.165) -0.069 (0.044) -4.331*** (0.169) -1.353*** (0.461) 0.180 (0.118) -3.575*** (0.473) 0.807 (1.825) -0.244 (0.392) -6.352*** (2.059) 10.017 (6.222) -2.295* (1.290) -37.179 (35.512)



10-19 -1.608*** (0.138) 0.311*** (0.047) -5.057*** (0.115) -1.059*** (0.051) 0.070*** (0.017) -3.270*** (0.045) -0.239*** (0.024) -0.028*** (0.007) -0.840*** (0.025) ··· ··· ··· 0.125*** (0.047) -0.075*** (0.012) -2.113*** (0.051) 0.404 (0.596) -0.181 (0.135) -4.938*** (0.656) -0.949 (0.827) 0.118 (0.191) -5.542*** (1.091) 16.056 ** (8.155) -3.201 ** (1.551) -46.385 (41.265)



20-49



50-99



100-249



≥ 250



-2.010 *** (0.302) 0.394 *** (0.107) -6.676 *** (0.271) -1.544 *** (0.146) 0.198 *** (0.051) -4.987 *** (0.117) -1.350 *** (0.115) 0.079 ** (0.040) -3.322 *** (0.105) -0.280 *** (0.033) -0.008 (0.009) -2.034 *** (0.035) ···



-1.057 (0.715) 0.194 (0.235) -8.263*** (0.558) -1.022** (0.477) 0.094 (0.158) -7.913*** (0.437) -1.864*** (0.446) 0.292** (0.148) -5.800*** (0.378) -0.533* (0.312) -0.047 (0.095) -6.017*** (0.300) -0.019 (0.070) -0.046*** (0.017) -2.779*** (0.074) ···



-0.399 (1.031) 0.124 (0.299) -10.172*** (1.032) -1.054 (0.756) 0.171 (0.235) -8.819*** (0.678) -1.087 (1.142) 0.227 (0.326) -8.029*** (1.020) -1.093 (0.723) 0.221 (0.204) -8.552*** (0.888) -1.738*** (0.302) 0.313*** (0.089) -4.646*** (0.272) -0.247 (0.158) 0.010 (0.035) -2.185*** (0.179) ···



-2.360 (1.559) 0.509 (0.545) -31.466*** (1.108) -0.551 (1.086) 0.082 (0.318) -32.224*** (1.266) 0.607 (1.475) -0.297 (0.411) -32.611*** (1.574) 27.845 (36.837) -4.170 (6.032) -76.838 (0.000) -0.710 (0.952) 0.007 (0.277) -7.659*** (0.977) -1.900*** (0.711) 0.332* (0.186) -4.086*** (0.702) -0.524* (0.292) 0.056 (0.065) -2.226*** (0.330) ···



··· ··· -0.250 ** (0.123) 0.003 (0.028) -1.634 *** (0.139) 0.232 (0.751) -0.162 (0.166) -4.857 *** (0.854) 3.364 (3.281) -0.654 (0.641) -11.123*** (4.183)



··· ··· -0.284 (0.228) 0.044 (0.049) -2.059*** (0.264) -0.314 (1.629) 0.038 (0.345) -5.788*** (1.969)



··· ··· -1.046*** (0.342) 0.203*** (0.073) -1.587*** (0.401)



Multinomial logit estimates. Robust standard errors in brackets. ***, **, * mean statistically significant at α = 0.01, α = 0.05 and α = 0.10 respectively.
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··· ···



Table 14: Transition from a size class to another in services: multinomial logit estimates. t



t−1 ln (age) =1



ln (age)



2



Const. ln (age) 2-5



ln (age)2 Const. ln (age)



6-9



ln (age)



2



Const. ln (age) 10-19



ln (age)2 Const. ln (age)



20-49



ln (age)2 Const. ln (age)



50-99



ln (age)



2



Const. ln (age) 100-249



ln (age)



2



Const. ln (age) ≥ 250



ln (age)2 Const.



0-exit



=1



2-5



6-9



10-19



20-49



50-99



100-249



-0.340*** (0.010) 0.024*** (0.003) -2.182*** (0.010) -0.563*** (0.016) 0.100*** (0.005) -2.087*** (0.015) -0.479*** (0.043) 0.051*** (0.012) -2.290*** (0.043) -0.311*** (0.057) -0.003 (0.015) -2.290*** (0.056) -0.408*** (0.101) 0.003 (0.026) -2.464*** (0.106) -0.585* (0.306) 0.049 (0.068) -2.235*** (0.337) -1.145** (0.563) 0.151 (0.119) -1.498** (0.641) -1.803** (0.827) 0.276* (0.163) -1.087 (1.038)



···



-0.143*** (0.009) -0.038*** (0.003) -2.046*** (0.009) ···



-0.924*** (0.065) 0.148*** (0.020) -5.661*** (0.062) -0.316*** (0.016) 0.033*** (0.005) -2.739*** (0.017) ···



-0.947*** (0.101) 0.216*** (0.030) -6.618*** (0.097) -0.969*** (0.047) 0.107*** (0.015) -4.361*** (0.047) -0.259*** (0.026) -0.016 ** (0.007) -1.373 (0.027) ···



-1.095 *** (0.206) 0.250 *** (0.062) -7.945 *** (0.194) -1.333 *** (0.105) 0.242 *** (0.033) -5.599 *** (0.095) -1.212 *** (0.096) 0.124 *** (0.031) -3.337 *** (0.089) -0.463 *** (0.037) 0.025 ** (0.010) -1.830 *** (0.040) ···



-0.808 (0.564) 0.208 (0.161) -9.936*** (0.516) -0.892** (0.358) 0.098 (0.113) -8.061*** (0.316) -1.228*** (0.333) 0.170* (0.102) -6.053*** (0.325) -1.077*** (0.198) 0.078 (0.062) -4.568*** (0.193) -0.178** (0.078) -0.059*** (0.019) -2.142*** (0.083) ···



-1.048 (0.943) 0.259 (0.277) -11.124*** (0.915) -1.467* (0.787) 0.253 (0.250) -10.628*** (1.078) -2.544*** (0.704) 0.614*** (0.207) -6.851*** (0.577) -2.058*** (0.468) 0.413*** (0.141) -6.085*** (0.451) -1.084*** (0.276) 0.061 (0.080) -4.023*** (0.272) -0.105** (0.185) -0.089 (0.041) -1.924*** (0.210) ···



··· ··· -0.147*** (0.011) -0.019*** (0.003) -1.546*** (0.011) -0.320*** (0.074) -0.029 (0.021) -3.431*** (0.074) -0.390*** (0.109) 0.023 (0.029) -3.975*** (0.114) -0.269 (0.233) 0.004 (0.057) -4.672*** (0.261) 0.549 (0.912) -0.247 (0.202) -5.680*** (1.036) -1.848 (1.569) 0.294 (0.324) -3.956** (1.904) -3.996 (3.244) 0.850 (0.606) -3.974 (5.172)



··· ··· -0.006 (0.022) -0.041*** (0.006) -1.146*** (0.023) -0.263*** (0.058) -0.041 (0.016) -2.390*** (0.058) -0.257* (0.145) -0.053 (0.037) -3.352*** (0.153) -0.343 (0.436) -0.127 (0.105) -3.566*** (0.485) -1.410 (1.070) 0.129 (0.238) -2.079* (1.140) -0.993 (2.093) -0.024 (0.450) -1.999 (2.350)



··· ··· 0.015 (0.033) -0.035*** (0.008) -1.484*** (0.034) -0.081 (0.161) -0.082** (0.040) -3.579*** (0.169) -0.564 (0.573) -0.025 (0.135) -3.824*** (0.628) -0.289 (1.542) -0.153 (0.335) -4.473 (1.744) 1.981 (3.659) -0.623 (0.748) -6.136 (4.361)



··· ··· 0.045 (0.061) -0.053*** (0.014) -1.803*** (0.067) -0.238 (0.457) -0.087 (0.105) -3.434*** (0.499) -1.569 (0.992) 0.148 (0.221) -2.601 ** (1.101) 0.192 (3.064) -0.255 (0.635) -4.516 (3.599)



··· ··· -0.265 * (0.153) -0.012 (0.033) -1.107 *** (0.174) -0.762 (0.851) -0.001 (0.183) -2.424 ** (0.947) 0.166 (1.874) -0.255 (0.398) -3.198 (2.150)



··· ··· 0.243 (0.360) -0.123* (0.074) -2.114*** (0.427) -0.181 (1.824) -0.216 (0.403) -4.521 (2.203)



··· ··· 1.408* (0.747) -0.376 (0.146) -4.153*** (0.946)



≥ 250 · · · -0.432 (1.343) -0.211 (0.491) -32.955*** (1.210) · · · -3.153*** (1.185) 0.701* (0.363) -6.449*** (0.714) 0.522 (1.394) -0.252 (0.346) -8.292*** (1.484) -0.085 (1.146) -0.162 (0.269) -6.701*** (1.508) -0.115 (0.479) -0.066 (0.098) -2.374*** (0.569) ··· ··· ···



Multinomial logit estimates. Robust standard errors in brackets. ***, **, * mean statistically significant at α = 0.01, α = 0.05 and α = 0.10 respectively.
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29 0.035 0.033 0.028 0.023 0.028 0.025



10-19 20-49 50-99 100-249 ≥ 250



0.040



2-5 6-9



0.055



=1



0.001



0.001



0.002



0.002



0.003



0.007



0.078



0.831



0.000



=1



0.002



0.003



0.004



0.005



0.013



0.138



0.812



0.110



0.000



2-5



6-9



0.001



0.001



0.002



0.004



0.092



0.694



0.064



0.002



0.000



Predicted values from multinomial logit estimates.



Class size at time t−1



1.000



0-exit



0-exit



0.001



0.002



0.004



0.083



0.796



0.123



0.005



0.001



0.000



10-19



0.003



0.005



0.077



0.845



0.063



0.003



0.001



0.000



0.000



20-49



Class size at time t



0.003



0.058



0.842



0.032



0.000



0.000



0.000



0.000



0.000



50-99



0.052



0.877



0.046



0.001



0.000



0.000



0.000



0.000



0.000



100-249



0.912



0.027



0.001



0.000



0.000



0.000



0.000



0.000



0.000



≥ 250



Table 15: Transition matrix: each entry represents the probability of moving from size class in row to size class in column. In bold the persistence rates.



30 0.027 0.025 0.021 0.019 0.019 0.018



10-19 20-49 50-99 100-249 ≥ 250



0.034



2-5 6-9



0.046



=1



0.001



0.002



0.003



0.005



0.006



0.009



0.092



0.886



0.000



=1



0.002



0.004



0.007



0.010



0.023



0.159



0.835



0.067



0.000



2-5



6-9



0.002



0.003



0.004



0.009



0.108



0.712



0.035



0.001



0.000



Predicted values from multinomial logit estimates.



Class size at time t−1



1.000



0-exit



0-exit



0.002



0.005



0.008



0.091



0.777



0.089



0.003



0.000



0.000



10-19



0.003



0.008



0.098



0.822



0.059



0.004



0.001



0.000



0.000



20-49



Class size at time t



0.003



0.067



0.801



0.040



0.001



0.000



0.000



0.000



0.000



50-99



0.041



0.855



0.060



0.002



0.000



0.000



0.000



0.000



0.000



100-249



0.928



0.037



0.001



0.000



0.000



0.000



0.000



0.000



0.000



≥ 250



Table 16: Transition matrix: each entry represents the probability of moving from size class in row to size class in column. In bold the persistence rates.
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