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Abstract

Making use of a firm-level dataset for the universe of Italian exporting firms collected by ISTAT, we identify
the minimum combinations of size and productivity that Italian manufacturing firms need to achieve (in
their own industry) in order to access international markets. These “export thresholds” are estimated by
applying for the first time in economics the ROC (Receiver Operating Characteristics) methodology, so far
widely used in other disciplines (e.g. medicine, machine learning, natural sciences).

The results of the analysis allow us to provide, for each industry: (1) a mapping of the upper and lower-side
of the distribution of firms with respect to the export threshold, stressing the size-productivity combination
choices of exporting and non-exporting units; (2) the relative weight of productivity and size in determining
the export threshold in a given industry; 3) the best lever of policy to be used in order to increase firms’
intensive margin (the share of exported turnover) as well as the extensive margin for the Italian economy
(the share of exporting firms).

The methodology proposed in this paper can also open the field to further important developments. In
particular, our empirical model could be augmented to point out other determinants of the thresholds than
size and productivity, especially those related to the industry structure or regulation. Such “exogenous”
dimensions of the export thresholds would help better detect effective policy interventions to reduce
barriers to trade
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1. Introduction

In the last decade, the recovery of international trade after the sharp fall in 2009 largely benefited those
Countries most ready to exploit opportunities provided by foreign demand, in a framework where domestic
demand was sluggish or decreasing and export activity stood out as a key factor for firm survival.

This was all the more relevant for Italy. Especially during the “second dip” of the crisis (2011-2014), Italian
firms’ ability to operate in foreign markets was crucial to the evolution of the business cycle (see, among
others, Accetturo et al., 2013; ISTAT, 2017). Italy, in fact, is characterized by a high number of exporting
firms (more than 177 thousands in 2014), with a significant weight in economic terms (they account for
about half of Italian total value added). However, their share on total number of firms is still small (less than
6%). In manufacturing, which accounts for some 85% of Italian export, in 2014 exporting firms were about
86 thousands, representing more than 80% of the sector's value added. Moreover, their share of exported
turnover was particularly low (5.1% in median), so that even exporting firms largely depend on domestic
demand (Istat, 2017).

These peculiar characteristics of the Italian manufacturing system have fueled the debate about the
identification of the most appropriate policy measures to support and increase firms’ internationalization:
is it more effective to aim at boosting the export-to-turnover ratio (i.e. feeding the intensive margin) or at
enlarging the number of exporters (i.e. increasing extensive margin)? To answer such questions, we need to
know something more about what are the necessary and sufficient conditions to undertake the export
activity in Italy.

In this vein, the purpose of this work is threefold: a) providing for each business sector an (estimated)
“export threshold”, that quantifies the combination of firm’s size and productivity (namely the widely
known main determinants of the probability of export) corresponding to the transition between the non-
exporter to exporter status; b) providing a “map” of the positioning of firms with respect to these threshold
values, which also allows to depict the distribution of the exporting firms according their size-productivity
combination values and intensive margins; c) providing, based on such results, a guidance for evidence-
based policies aimed at fostering the internationalization of Italian firms.

For the purposes of this paper, we rely on the literature focusing on firm heterogeneity, which refers both
to firms’ characteristics (e.g., size, location, business sector, exporting status) and performance (e.g.,
revenues, profitability, productivity).

Firms ability to trade is strictly linked to firm’s productivity and size. On the theoretical ground, differences
in firms’ productivity are at the heart of several models (see Melitz and Ottaviano, 2008; Chaney, 2008;
Bernard et al., 2011) developed since the seminal work of Melitz (2003), according to which only more
productive firms can cover the trade costs (sunk or entry costs) required to profitably operate in
international markets (see Redding, 2010 for a survey on this literature). There are two different kinds of
trade costs: variable trade costs and fixed trade costs. A fall in the variable cost induces an endogenous
shift in the productivity cut-off for exporting. A reduction in the fixed export costs has the same qualitative
effect on the cut-off. This implies that following reductions of both types of trade costs will lead to new
firms, which would not have exported under higher cost conditions, to enter foreign markets.

In Melitz (2003), exporting from country j to a foreign market i involves a fixed cost for market entry and
variable iceberg trading costs. With CES preferences, it is the presence of fixed cost that ensures that only
the most productive firms export, because only the capability of reaching high levels of productivity allows
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firms to generate enough variable profits to cover the fixed cost. Otherwise, in the presence of only
variable trade costs, all firms would export, since CES preferences imply that the marginal utility of
consuming any given variety approaches infinity as consumption of that variety approaches zero. A fall in
variable costs induces an adjustment of the value of exports by firms which are already exporting (intensive
margin) and a rise in the number of exporters, while a fixed cost reduction only gives rise to the latter
adjustment. In contrast, Melitz and Ottaviano (2008) assume quadratic preferences, which give rise to
variable mark-ups and thus to competition effects arising from trade cost reductions. Under this
assumption, it follows that intensive margin can also be affected by a reduction in fixed entry costs.

On the empirical ground, in their influential works Bernard and Jensen (1995) showed that firm
heterogeneity is systematically related to trade participation. Within an industry, some firms export while
many others do not and, even among exporters, the fraction of shipments exported is often small.
Exporters are larger, more productive, and pay higher wages than other firms within the same industry.

Besides productivity, trade participation is also strictly linked to firm size. Most studies have found
exporters to be larger in size than non-exporters (Wagner, 2007). This raises important questions about the
sources of productivity gains related to exporting and more specifically, whether such sources are related
to firm size. Internal sources of productivity growth include managerial talent, quality of factor inputs,
information technology, R&D, learning by doing, and innovation (Syverson, 2011). Small and large firms
could differ in terms of access to these sources of productivity growth (Leung et al., 2008). External factors
such as regulations and access to financing could also be responsible for productivity differentials between
small and large firms (Tybout, 2000).

Causal relationship among productivity, size and export activity has been largely analyzed. Several empirical
works found evidence of self-selection hypothesis: firms able to export are more productive because
foreign markets entry costs represent a barrier that less productive firms are not able to overcome. This
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hypothesis implies that a firm should reach a “minimum level” of productivity before starting to export.
However, the learning-by-exporting hypothesis points out the role of international competition as a key
element to improve firm productivity: knowledge flows from international buyers and competitors help
improve the post-entry performance of exporters. Empirical evidence of self-selection is clear and wide
while evidence regarding the learning-by-exporting hypothesis is somewhat more mixed (see Wagner, 2007

and Singh, 2010 for a survey). These two hypotheses are alternative but not mutually exclusive.

To sum up, productivity and size have been identified as the main drivers of firm’s ability to export.
However, to the best of our knowledge, so far there are no attempts to calculate the “minimum level” of
the combination of these determinants, i.e. the threshold between the firm ability to export and not to
export. We fill this gap making use of a unique firm-level dataset which collects information about the main
structural features of Italian firms, their export performance, and the structure of their involvement in
international trade. These thresholds are calculated applying for the first time in economics a technique
widely used in medicine: the ROC curve.

The rest of the paper is organized as follows. Section 2 presents a description of the dataset and
methodology. Section 3 discusses the estimation results and some important policy implications raised by
our approach. Section 4 summarizes and concludes.



2. Data and methodological strategy: the use of the ROC analysis in the “export threshold” identification
2.1 Data

The reference statistical source is the firm-level dataset “Frame-Sbs”. Developed by ISTAT in the last years,
it relies on administrative data source to provide information on the structure (number of employees,
business sector, location, age) and main Profit and Loss account variables (value of production, turnover,
value added, labour cost) of all the about 4.4 million of Italian firms (Luzi and Monducci, 2014).

To our purposes, this database is firstly integrated with other firm-level information drawn from custom
trade statistics (COE), which is a census-type statistics (based on administrative data) reporting imports,
exports and trade balance values. For each firm operating in Italy and time period, it tracks the value of
goods traded with both EU (intra-EU trade) and non-EU operators (extra-EU trade) by destination market.

Finally, the firm-level estimates of Total factor productivity (Tfp) are added to this integrated dataset."

However, to our aims some further restrictions are needed. In particular, bearing in mind the peculiar
structure of the Italian business system, characterised by an overwhelming presence of very small firms (in
2014 the enterprises with just one person employed accounted for over 50% of total firms and 12% of total
employment), we choose to focus on firms with “economic relevance” for the analysis of export strategies.
To do so, we imposed some restrictions for each productive units, considering only firms that: 1) operate in
manufacturing industries (excluding Tobacco, Refined petroleum products, Maintenance and repair, Other
manufacturing); 2) have positive value added; 3) have at least 1 employee; 4) have positive consumption of
fixed capital. This choice, moreover, is also consistent with the requirements necessary for the estimates of
Tfp (availability of full information for every firm).

Table 1: Italy: Industry classification and firms characteristics, 2014

Industry Nace code Number of Share of firms share of value Share of Share of

included firms added empolyees exports
Food and beverage 10,11 37439 17.8 16.2 16.0 8.2
Textile 13 8705 4.1 4.1 4.2 2.9
Wearing apparel 14 12673 6.0 5.6 6.0 4.1
Leather 15 8931 4.3 4.2 4.7 4.8
Wood 16 16620 7.9 7.4 54 0.5
Paper and print 17,18 12777 6.1 6.1 5.4 24
Chemicals and pharmaceutics 20,21 3491 1.7 2.0 2.5 8.4
Rubber and plastic 22 7635 3.6 4.0 4.7 5.4
Non metalic minerals 23 12107 5.8 5.6 5.5 2.9
Metals 24,25 47580 22,6 234 22.0 14.7
Electronics 26,27 9315 4.4 4.8 5.3 8.8
Machinery 28 18251 8.7 9.9 11.4 21.7
Automotive 29,30 2880 1.4 1.5 2.0 12.7
Furniture 31 11705 5.6 5.4 5.1 2.6

Source: Authors’ calculation on Istat data.

! The estimation of TFP involves the use of some measure of capital at individual level, which is not included in Frame-Sbs. In order to overcome this
lack of information, consumption of fixed capital (used as a proxy for capital endowment) is taken, for incorporated companies, from balance sheets
provided by Italian Chamber of Commerce. Estimates of TFP are obtained following the Woolridge (2009) methodology as applied in Di Mauro and
Ronchi (2015). In this case, a panel dataset is built (starting from Frame-Sbs and balance sheet) taking into account the period 2010-2014.
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Referring to 2014, we finally obtain an operative database of 210.109 observations. With refer to
manufacturing industry, it includes about 50% of firms, but accounts for 80% of employees, 82% of value
added, and 87% of exports. Industry composition and main information about strata of analysis are
reported in Table 1.

As far as industry composition is concerned, our dataset closely reflects the specialization model of the
Italian economy with respect to its participation in international trade: machinery, automotive, metals and
food and beverage account for over half of the total manufacturing export.

2.2 Methods

The definition of the “export threshold” is mainly based on an application of the Receiving Operating
Characteristics analysis (hereinafter ROC, see Fawcett, 2005), which permits to define a cut-off point over a
dependent variable in a logit model so as to efficiently cluster observations with respect to the dependent
binomial variable.

This application of the ROC analysis is widely used in medicine (Kumar and Indrayan, 2011 ), machine
learning (Majnik and Bosnic, 2013) and natural sciences (Warnock and Peck, 2010). To the best of our
knowledge, this is the first attempt to apply it in economic analysis.

Taking a logit model, the ROC curve (in Figure 1) represents the position of each observation in the space of
“sensitivity” and “reciprocal of specificity”. Sensitivity is the probability of individuating true positives, while
the reciprocal of specificity is the probability of individuating false positives.

Figure 1 — The ROC curve
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For each industry ROC analysis allows us to identify the “threshold firm”, namely the unit with the value of

the composite indicator —the size-productivity combination — which discriminates between non exporting
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firms (i.e. units with values of composite indicator lower than the threshold) and exporting firms (whose
values of composite indicator are higher than the threshold). This combination is the industry “export
threshold”. At the same time, the firm-level composite indicator will also provide a measure of the distance
of each firm from the threshold.

The whole procedure to define the “export threshold” is composed by three stages.
In the first one, a logit model is estimated where the condition of exporter is the dependent variable:
Prob (Export = 1|S,m, A, G, 1) = A( oS+ a,m+ azA+ a,G + ogl) [1]

where A is the cumulative distribution function of the logistic distribution, Q; are estimated parameters, S is
the size of firms (proxied by the number of persons employed), T is the estimated individual Total Factor
Productivityz, A is the age (in terms of number of years of activity), G is a set of dummy variables indicating
the location of firms® and I is a set of dummy variables related to NACE 3 digit level of economic activity.

In the second phase, the estimated coefficients of productivity and size in the linear component of the logit
model of equation [1] are used to obtain the composite indicator Z for each firm. In particular, estimated
parameters for covariates are used as weights, while size and productivity are taken at individual level®.
Dummy variables for location and industries are taken at firm level too, while age is included as industry-
by-location average:

Finally, in the third stage, in order to carry out the ROC analysis and identify the size-productivity
combination that discriminates between exporters and non exporters, the composite indicator is used as
explicative variable in another logit model still having the condition of exporter as dependent variable. The
“export threshold” is defined by using Youden’s (1950) J statistics.

In our case, the value of specificity is set equal to 0.5, thus giving the same weight to errors connected with
the detection of false positives (i.e. identifying a firm as an exporter when it does not actually export) or
false negatives (i.e. naming a firm as a non exporter when it actually exports). This choice is meant to
preserve the “neutrality” of the procedure with respect to the outcome of the model. In fact, setting a
value lower than 0.5 would reflect a more “conservative” orientation, as it makes positive classifications
only in presence of a strong evidence. Conversely, setting a value higher than 0.5 would reflect a more
“liberal” orientation, as it makes positive classification also in presence of a weaker evidence (Fawcett,
2005).

Once the threshold observation is selected, the relative value of the composite indicator represents the
“export threshold” Z; = Z, that is the “minimal” size-productivity combination to access international
markets.

This analysis provides a relevant set of information about the positioning of firms of an industry with
respect to the access to international markets. Indeed, the value of composite indicator for each productive
unit can be compared with the threshold value Z, and it can be interpreted as the positive (or negative) gap

? See note 1 for details.

3 We refer to five geographical areas: North-West, North-East, Centre, South, Islands.

* For the indicator Z other functional forms have been tested, including different combinations of our control variables. In all cases, the explicative
power of the indicator (in terms of area under the ROC curve, precision and accuracy) worsens. Results are available on request.
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of the firm with respect to the threshold depending on the firm’s own combination of size and productivity.
At the same time, it is also possible to determine the amount of productivity and/or size a firm has to
recover in order to reach the export threshold, thus opening the room to fine policy analysis.

Given the results of the ROC analysis at the third stage, there are four possible outcomes: 1) if the
procedure classify a firm as an exporter and this latter is a real exporter, we have a true positive (TP) case;
2) if the firm is classified as a non-exporter but it actually exports, it is counted as a false positive (FP); 3) if
the firm is non-exporter and it is classified as non-exporter, then it is counted as a true negative (TN); 4) if a
non-exporter is erroneously classified as exporter, it is counted as false negative (FN).

In table 3 a set of performance metrics are reported. The “area under the ROC” is a measure of the overall
performance of the composite indicator in classifying exporters, while the other metrics represent the
ability of the estimated export threshold to correctly classify the units as exporters or non-exporters. In this
context, the “precision” measures the share of true positives (i.e. real exporters) among all the firms the
model classify as exporters:

TP
TP+FP

3]

Precision =
In turn, “accuracy” shows the share of the correct classifications (true positive and true negative) with
respect to all sampled observations:

TP+TN
Total observations

[4]

Accuracy =

Finally, the share of false positives and false negatives with respect to the whole set of observations are the
“accuracy” 100’s complement.

Overall, all the metrics reported in Table 3 point out a great ability of the model to capture the actual
presence of foreign activity for Italian firms.

Table 3 — Fitting tests of the ROC estimates

Share of
Areaunder . False False total export
Industry Precision Accuracy . .
ROC curve positives negatives for true

positives

Food and beverage 0.88 85.0 82.3 14.6 3.2 98.8
Textile 0.81 88.7 76.9 9.8 13.3 97.5
Wearing apparel 0.72 77.0 67.2 20.1 12.7 97.9
Leather 0.67 86.2 69.3 11.1 19.7 94.6
Wood 0.74 82.0 77.2 16.9 5.8 96.7
Paper and print 0.80 88.3 77.7 10.3 12.0 99.2
Chemicals and pharmacet 0.75 92.8 71.5 5.5 22.9 99.2
Rubber and plastic 0.79 93.1 70.7 5.2 24.1 98.0
Non metalic minerals 0.78 83.3 74.9 15.0 10.1 98.2
Metals 0.82 78.5 73.4 20.1 6.5 99.1
Electronics 0.74 83.1 67.2 13.7 19.1 98.3
Machinery 0.77 91.3 67.2 6.4 26.4 97.5
Automotive 0.75 86.9 71.1 10.7 18.1 99.0
Furniture 0.78 86.7 75.9 11.6 12.5 98.2

Source: Authors’ calculation on Istat data.



More specifically, the “area under the ROC curve” shows that our composite indicator has high ability to
correctly classify firms with respect to their export status, ranging from 0.67 in Leather to 0.88 in Food and
beverage. Moreover, the precision ranges from 77.0% in Wearing Apparel to 93.1% in Rubber and Plastic.
Finally, the share of total export covered by the true positive classification ranges between 94.6% and
99.0%, meaning that real exporters that the model is not able to identify (i.e. false negatives) are truly
marginal exporters.

3. Results: A “map” of the firms over and below the export threshold

The procedure illustrated in previous paragraph allows to obtain a “map” of the distribution of Italian
manufacturing firms across the export threshold in each industry, thus providing some useful indications on
the linkages between size, productivity and access to export both from a positive and normative point of
view. As far as the positive analysis is concerned, for example, the possibility to pinpoint every single firm’s
combination of size and productivity on the basis of its distance from the threshold helps clarify the
“requirements” of the participation in international trade, (e.g. pointing out in what industries the capacity
to successfully sell abroad implies a “jump” in productivity, in size, some form of compensation between
size and productivity and so on). At the same time, this has also important consequences for a normative
analysis, as it means that we are able to identify what aspect of Italian firms performance needs to be
stimulated (again: size, productivity, a combination of these two factors) in order to foster the
competitiveness of the Italian business system in international markets. What is more, our framework also
offers a measure of the extent to which, for each industry, the incidence of exporting firms would be
increased if the export threshold could be somehow reduced by some type of policy intervention.

On such bases, the “map” of the industries’ position across the thresholds is reported in Figure 2.

Figure 2. Firms distribution above and below the export threshold (quartiles of distance, in terms of
differences between firm’s values of Z; and Z)
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Our estimates show that in 13 sectors out of 14 (with the exception of Food and beverages) the values of
the composite indicator Z related to the “below-threshold” units are more dispersed than the ones for
“above-threshold” firms. In other terms, the firms that crossed the export threshold tend to be more
similar to each other, in terms of the combination of size and productivity, with respect to the “below-
threshold” (i.e. non exporting) ones. This happens to a larger extent in industries where the international
competition, for Italian firms, is particularly strong, such as Textiles, non metallic minerals and Furniture.

This picture of exporting and non-exporting firms also helps point out other significant heterogeneities
between industries. On the one hand, comparing the distance between the quartiles of the Z indicator of
firms above and below the thresholds makes it possible to evaluate the differences in the size-productivity
profiles between exporting and non-exporting firms. In this vein, for example, in some relevant industries
of the Italian specialization model — e.g. Wearing apparel and Leather — the firms laying below the export
threshold appear quite similar to the exporting ones. On the contrary, in industries characterized by high
entry barriers and intense inter-firm relationships (value chains) such as Chemical and pharmaceutics and
Metals (but also Food and beverage), the combinations of size and productivity of exporting firms are very
different (with higher values of Z indicator) from the ones of units below the threshold. In such industries,
moreover, also the distances between the exporting and non exporting firms that are closer to the
thresholds (i.e. first quartiles of the two distributions) are larger, suggesting that the “threshold step”, in
such cases, may be quite high.”

More in general, our classification of Italian firms above and below the export thresholds confirms the main
empirical evidence on exporting and non-exporting firms. As reported in Table 2, on average exporting
firms are larger and more productive than non-exporting ones, and account for a much higher share of
value added. However, we also can see that among the below-threshold firms, in every industry the units
farthest from the threshold (4th quartile) are characterized by very poor levels of TFP, incidentally revealing
conditions of severe inefficiency for one quarter of Italian domestic firms. As far as the above-threshold
units are concerned, it is worth noticing that the firms most distant from the threshold account by far for
the lion’s share of total export (85% for whole manufacturing, with percentages ranging from 77% in
Electronics to over 93% in Automotive, and Paper and print). Such a substantial gap between exporters
laying in 4™ quartile from the threshold and all other exporting firms also emerges with regard to firms’
size: in every industry the average size of 4" quartile above the threshold is a multiple of that of 3" quartile
(ranging from 2.6 in Leather to 4.4 in Machinery and 11 in Automotive).

*It has to be borne in mind that, at this stage of the analysis, the possible closeness of domestic firms to the threshold, in itself, does not imply that
the access to international markets is within easy reach. In principle, actually, thresholds cannot be properly compared with each other, because
they strictly depend on the size-productivity conditions prevailing in their own sectors. Moreover, a number of other factors, other than a firm’s
size-productivity combination, might affect the capacity to venture into exporting: the level of the international demand for its goods, entry
barriers, domestic relations of sub-contracting and so on. In other terms, also the business structural and demand characteristics are to be taken
into account in order to adequately detect where a possible policy incentive to firm’s growth in terms of size and/or productivity would be more
effective in increasing Italian extensive margin of export.
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Table 2 — Characteristics of firms above and below the export threshold, by industry and distance from

the thresholds (quartiles of the values of Z composite indicator) - 2014

Food and beverage Textile Wearing apparel
Above threshold Above threshold Above threshold
Quarties e?rlsoonesd TFP  Share of value Share of persons Share:i Quarties eF;:rlsool';s(j TFP  Share of value  Share of persons  Share of Quartles eF:r;olsd TFP  Share of value  Share of persons  Share of
(n?eayn) (mean)  added (%) employed (%) E:/JOO) (n?eayn) (mean)  added (%) employed (%)  export (%) (rr?ea{\) (mean)  added (%) employed (%)  export (%)
ql 8.1 0.4 4.6 6.0 3.8 ql 121 0.4 6.1 75 21 ql 8.4 0.3 4.9 7.6 16
q2 9.5 0.7 6.3 7.1 39 q2 155 0.5 8.8 9.6 45 q2 112 0.4 7.3 101 29
q3 159 11 129 118 9.9 q3 20.1 0.7 127 12.4 11.0 q3 145 0.6 117 131 6.4
q4 57.1 16 63.1 42.4 82.4 q4 68.9 0.8 56.6 425 825 q4 50.6 0.9 66.2 458 89.0
Total 226 10 87.0 67.3 100.0 Total 29.2 0.6 84.2 720 100.0 Total 21.2 0.6 90.0 76.7 100.0
Below threshold Below threshold Below threshold
ql 8.1 0.5 75 143 - ql 8.6 0.2 8.6 118 - ql 6.6 0.2 4.6 8.6
q2 4.9 0.3 31 8.6 - q2 5.4 0.0 4.1 7.4 - q2 5.0 0.0 29 6.4
Ji&] 33 0.1 16 58 - [i&] 37 0.2 21 5.1 - i€} 37 0.2 17 48
g4 22 -04 0.7 4.0 - g4 27 -0.7 0.9 3.7 - q4 27 -0.8 0.7 35
Total 4.6 0.1 13.0 32.7 - Total 5.1 -0.2 15.8 28.0 - Total 4.5 -0.2 10.0 23.3
Leather Wood Paper and print
Above threshold Above threshold Above threshold
Quartles e?ri)or:d TFP  Share of value Share of persons Share:! Quartles eF;:VISOOH:d TFP  Share of value  Share of persons  Share of Quartes eFr’:r‘soolsd TFP  Share of value  Share of persons ~ Share of
(ngeayn) (mean)  added (%) employed (%) ;:;S (n?eayn) (mean)  added (%) employed (%)  export (%) (rr?eayn) (mean)  added (%) employed (%)  export (%)
ql 149 0.5 5.6 8.4 38 ql 5.8 0.4 5.9 7.1 18 ql 10.8 0.4 53 6.8 0.8
q2 186 0.6 81 105 45 q2 7.6 0.5 8.6 9.4 35 q2 138 05 7.4 87 16
q3 222 0.8 121 12.6 10.1 q3 10.9 0.7 14.0 134 9.0 q3 19.3 0.6 116 12.2 5.1
g4 57.9 13 57.3 32.8 816 q4 29.5 10 52.4 36.5 85.7 q4 76.0 0.8 63.2 479 92.5
Total 28.4 0.8 83.0 64.4 100.0 Total 134 0.6 81.0 66.4 100.0 Total 30.0 0.6 87.4 75.6 100.0
Below threshold Below threshold Below threshold
ql 11.0 03 8.8 148 - ql 39 0.2 9.4 131 - ql 6.8 03 7.3 114
q2 7.1 0.1 4.7 9.6 - q2 26 0.0 5.0 85 - q2 3.8 0.1 31 6.3
q3 4.7 -0.1 2.4 6.3 - q3 19 -0.2 3.0 6.5 - q3 23 -0.2 15 39
q4 37 -0.7 1.0 5.0 - q4 17 -0.7 17 5.5 - q4 16 -0.7 0.7 27
Total 6.6 -0.1 17.0 35.6 - Total 25 -0.2 19.0 33.6 - Total 3.6 -0.1 12.6 24.4
Chemicals and pharmaceutics Rubber and plastic Non metalic minerals
Above threshold Above threshold Above threshold
Quarties Perlsonesd TFP  Share of value Share of persons Share ;)Y Quarties Perlsonsd TFP  Share of value  Share of persons  Share of Quartles Per‘sonsd TFP  Share of value  Share of persons  Share of
ez‘r‘:;ym (mean)  added (%) employed (%) e;cg;o‘r emﬂﬁ (mean)  added (%) employed (%)  export (%) e?:seoa{ﬁ (mean)  added (%) employed (%)  export (%)
2
ql 13.0 11 27 4.1 15 ql 136 0.6 4.9 6.1 19 ql 9.4 05 4.8 6.8 16
q2 219 12 53 6.9 37 q2 189 0.7 7.8 8.4 4.2 q2 126 0.6 77 9.1 39
q3 49.3 15 14.1 155 14.6 q3 333 0.8 14.8 149 10.8 q3 16.5 0.7 119 119 9.0
q4 2133 17 75.0 67.1 80.1 g4 1235 10 63.2 55.1 83.0 q4 64.8 0.9 60.6 46.9 85.5
Total 743 14 97.1 93.6 100.0 Total 473 0.8 90.6 84.5 100.0 Total 25.8 0.7 85.0 74.6 100.0
Below threshold Below threshold Below threshold
ql 9.1 0.9 15 28 B ql 96 05 29 70 B ql 6.1 03 5.7 8.2
q2 6.4 0.7 0.8 19 - q2 5.9 0.3 27 4.3 - q2 4.9 0.1 41 6.5
q3 39 0.4 0.4 12 - q3 3.6 0.1 13 26 - q3 4.8 0.0 3.6 6.4
@ 21 02 0.1 0.6 - a4 20 04 05 15 - g4 3.2 0.4 17 43
Total 5.4 0.4 29 6.4 - Total 53 0.1 9.4 155 - Total 47 0.0 15.0 25.4
Metals Electronics Machinery
Above threshold Above threshold Above threshold
Quartles E?rilmzj TFP  Share of value Share of persons S:ar;?i Quartles eF:rlsﬂor;sd TFP  Share of value ~ Share of persons  Share of Quartles ePn?rE)or;sd Share of value ~ Share of persons ~ Share of
m‘;ayn) (mean)  added (%)  employed (%) ZZ/’O) ("‘;ayr]) (mean)  added (%)  employed (%)  export (%) (rseaym (mean)  added (%)  employed (%) export (%)
ql 120 0.1 9.4 100 18 ql 135 0.3 5.4 6.2 22 ql 133 0.5 4.4 5.7 21
q2 125 0.1 10.2 10.4 35 q2 18.1 0.4 77 8.3 5.7 q2 18.2 0.6 6.7 7.8 37
q3 156 0.2 13.6 13.0 75 q3 29.9 0.5 137 137 15.1 q3 313 07 126 13.4 9.5
q4 52.9 0.4 52.0 44.0 87.3 q4 130.0 0.7 65.2 59.8 77.0 q4 139.0 0.9 67.9 59.6 84.8
Total 232 0.2 85.3 773 100.0 Total 479 0.5 92.0 88.1 100.0 Total 50.4 07 91.7 86.6 100.0
Below threshold Below threshold Below threshold
ql 8.6 0.2 8.8 1.2 - ql 9.9 0.2 4.0 5.2 - ql 9.4 0.4 4.3 6.0
q2 4.7 0.0 37 6.2 - q2 6.7 0.1 24 36 - q2 6.2 03 24 39
q3 26 -0.2 16 3.4 - q3 4.1 0.0 12 22 - q3 3.7 0.1 12 23
g4 14 -0.5 0.6 18 - g4 19 -04 0.4 10 - q4 18 -0.3 0.4 11
Total 4.4 -0.1 147 227 - Total 5.6 0.0 8.0 119 - Total 53 0.1 83 13.4
Automotive Furniture Total
Above threshold Above threshold Above threshold
Quartles ;:rilon; TFP  Share of value Share of persons S:ar;? Quartes eF:rlsuor;sd TFP  Share of value  Share of persons ~ Share of Quartles e':ion:d TFP  Share of value ~ Share of persons ~ Share of
("feayn) (mean)  added (%)  employed (%) 2/:) ("‘)’eayn) (mean)  added (%)  employed (%)  export (%) (n“]eaym (mean) added (%)  employed (%) export (%)
ql 18.0 0.3 26 29 0.9 ql 79 0.4 4.9 6.3 14 ql 10.9 0.4 5.4 6.8 20
q2 24.9 0.4 35 4.0 23 q2 109 0.5 7.4 8.8 27 q2 13.6 0.5 7.4 8.4 3.7
q3 458 05 8.6 73 45 q3 16.4 0.7 127 132 6.5 q3 20.4 0.6 128 127 9.3
q4 504.9 0.8 80.7 80.8 923 g4 63.6 0.9 63.6 50.9 89.3 q4 83.1 0.9 63.6 516 85.0
Total 148.3 0.5 95.4 95.0 100.0 Total 24.7 0.6 88.6 79.2 100.0 Total 320 0.6 89.2 79.5 100.0
Below threshold Below threshold Below threshold
ql 105 0.1 17 19 - ql 55 03 5.9 9.2 - ql 7.8 03 5.8 9.0
q2 7.9 0.0 11 14 - q2 33 0.1 31 5.6 - q2 4.9 01 29 5.6
q3 6.2 -0.2 0.8 11 - q3 21 -0.1 16 35 - q3 3.2 -0.1 15 3.7
g4 3.6 -0.7 10 0.6 - 94 15 -0.6 0.7 25 - q4 21 -0.5 0.7 23
Total 7.1 -0.2 4.6 5.0 - Total 31 -0.1 114 20.8 - Total 45 0.0 10.8 20.5

Source: Authors’ calculation on Istat data.
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The analysis of the export propensity of “above-threshold” firms offers some further insights on this. As
Figure 3 shows, accordingly with the stylized fact that Italian business system is characterized by a relatively
low intensive margin (see Istat 2017), in almost all industries the export-to-turnover ratio barely reaches
30% for half of firms (2nd quartile); actually, in all industries the most open firms are those more distant
from the threshold (4th quartile). Moreover, in 10 sectors out of 14, the largest increase in such “intensive
margin” occurs only between the 3™ and 4™ quartiles, independently from their distance from the
threshold. This is particularly evident in some typical industries of the Italian specialization model (Textiles,
Wearing, Leather, Machinery, Wood and Furniture). In other terms, apart from a limited set of export-
oriented firms deeply involved in international trade, Italian enterprises generally depend to a very large
extent on the domestic demand to survive.

Figure 3. Export propensity of firms above the threshold, by industry (average of export-to-turnover ratio
by quartiles of distance from the threshold)
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Nonmetalic minerals

Chericals and pharmaceutics

Source: Authors’ calculation on Istat data.

This approach also allows to evaluate the role of size and productivity as possible policy targets aimed at
increasing the degree of internationalization of the Italian production system. In fact, a measure aimed at
stimulating firms’ productivity or growth may have a very different effect from industry to industry. A
measure of the relative importance of these two factors is given by the ratio between the respective
estimated coefficients @; and @, in equation [1] and may be read as an "exchange value" between size and
productivity in each industry. This is shown in Figure 4: in most sectors, to reach the export threshold an
increase of productivity would turn out to be more effective than a dimensional growth. This is especially
the case in the sectors more exposed to international competition where the profile of firms above and
below the threshold is more homogeneous (Leather, Clothing, and Wood, see Figure 2). On the contrary, a
size increase would be more effective in increasing the number of exporters in advanced technology or
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capital intensive industries such as Chemistry and pharmaceuticals, Metallurgy and metal Products,
Machinery and Electronics.

Figure 4. Relative Importance of productivity and size in determining the "export thresholds" by
industries — 2014 (effect of productivity / effect of size)
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Source: Authors’ calculation on Istat data.

4. Conclusions

In this paper, we determine export thresholds for Italian manufacturing industries by applying for the first
time in economics a technique widely used in other disciplines such as medicine and natural sciences: the
ROC curve. Export threshold is here defined as the minimum combination of levels of size and productivity
corresponding to the transition from the non-exporter to exporter status. We calculate export thresholds
making use of a unique firm level dataset collecting information about the structural features of Italian
firms, their economic results and export performance.

Basing on our model we classify firms as exporters or non exporters depending on whether their value of
size-productivity combination lays above or below the export threshold, also giving a measure of their
distance from the threshold itself. Fitting tests reveal a high ability of the model in capturing firms actually
exporting (true positive cases) or not-exporting (true negative cases). Moreover, our “estimated exporters”
account for almost 100% of the total value of export.

Applying this methodology, we are able to obtain a “map” of how Italian manufacturing firms are
distributed across the export threshold in each industry, which may be helpful both from an analytical and
normative point of view. The most clear and useful evidence to policymakers is that Italian industrial
system is characterized (in 2014) by a relatively low intensive margin: the most remote firms from the
threshold (4™ quartile) are those with the highest propensity to export, covering much part of export value
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for the manufacturing sector as a whole. In other words, it emerges a substantial gap between a quarter of
exporters (firms with the highest combination of productivity and size) and the rest of Italian exporters. In

particular, a large segment of Italian exporting firms is “marginal” in terms of share of value added and
total export, even though they have productivity and size levels sufficient to export; it follows that the

capacity of these firms to survive generally depends to a very large extent on the domestic demand.

As far as the Italian extensive margin is concerned (i.e. the share of exporters), the economic relevance (in
terms of value added) of firms below the export threshold appears to be marginal. However, especially in
the so-called "traditional industries" (Food and beverage, textiles, leather, wood), characterized by a higher
labour intensity, non-exporting firms account for a significant share of overall employment (between 28%
and 35%). Furthermore, among the “below-threshold” firms the ones closest to the threshold are those
with the greatest economic relevance in terms of value added and employment. It follows that in some
important industries of the Italian specialization model, a policy aimed at increasing the extensive margin
could be focused on this group of firms with beneficial effect both on firms’ performance and total
employment. Finally, for each sector our “map” allows to find out which factor (between productivity and
size) would be more effective for a firm to overcome the export threshold, so providing some more insights
to the debate on the “productivity-vs-size” recovery need for Italian business system to successfully face
international competition.

Finally, besides these results, the methodology proposed in this paper can open the field to further
developments. In particular, an in-depth study of how the structural peculiarities of each industry interact
with the export thresholds could help better qualify the role of size and productivity from a policy-oriented
point of view. Indeed, it would allow to assess the effectiveness of an increase in size or productivity as well
as its “feasibility” given the conditions prevailing in the industry. This in turn paves the way to the
“exogenous” dimensions of export thresholds.

In this vein, our empirical model could be augmented to take into account policy variables related to
different kinds of trade costs highlighted by theoretical and empirical literature, both behind the border
(such as transport costs, tariff and non-tariff regulatory measures, market access restrictions, trade finance
availability) and crossing the border (such as documentation and customs compliance requirements,
lengthy administrative procedures and other delays, transport infrastructure and logistics).

In other words, while in this paper we basically highlighted the role of main “endogenous” factors (i.e.
factors directly depending on firm strategy and management, like productivity and size) related to the
probability of being an exporter, we are currently extending this approach to consider also “exogenous”
barriers to trade that could be somehow reduced by some type of policy intervention. In this case, it would
be possible to calculate how much a reduction in these trade barriers would increase the number of “new”
exporting firms by lowering the export threshold.

In addition, several other topics regarding export thresholds can be explored. Some of the questions that
can be addressed are the following: how and to what extent do the thresholds move over time? How and in
what direction does the business cycle impact on the thresholds? What is the impact of the recession of
2011-2014 on export capacity and thresholds? How, and to what extent, geographic diversification of
exports affects the threshold values?

This approach seems to open interesting prospects for policy makers: there is still a lot of work to be done,
but it is worth exploring these possibilities.
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