
 

Productivity and the extensive margins of trade in German manufacturing firms:
Evidence from a non-parametric test
Wagner, Joachim

Publication date:
2012

Document Version
Publisher's PDF, also known as Version of record

Link to publication

Citation for pulished version (APA):
Wagner, J. (2012). Productivity and the extensive margins of trade in German manufacturing firms: Evidence
from a non-parametric test. (Working Paper Series in Economics; No. 250). Institut für Volkswirtschaftslehre der
Universität Lüneburg.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 24. Apr.. 2024

http://fox.leuphana.de/portal/en/publications/productivity-and-the-extensive-margins-of-trade-in-german-manufacturing-firms-evidence-from-a-nonparametric-test(677de1a4-2f11-49cb-98bf-4d18635401ee).html
http://fox.leuphana.de/portal/de/persons/joachim-wagner(40a3fa03-07aa-4a18-ab8d-897ce67d8a92).html
http://fox.leuphana.de/portal/de/publications/productivity-and-the-extensive-margins-of-trade-in-german-manufacturing-firms-evidence-from-a-nonparametric-test(677de1a4-2f11-49cb-98bf-4d18635401ee).html
http://fox.leuphana.de/portal/de/publications/productivity-and-the-extensive-margins-of-trade-in-german-manufacturing-firms-evidence-from-a-nonparametric-test(677de1a4-2f11-49cb-98bf-4d18635401ee).html


 

 

 

Productivity and the extensive margins of trade in 

German manufacturing firms: Evidence from a  

non-parametric test 

University of Lüneburg 
Working Paper Series in Economics  

 
No. 250 

 
September 2012 

 
www.leuphana.de/institute/ivwl/publikationen/working-papers.html 

 

ISSN 1860 - 5508 

 
by 

Joachim  Wagner 



1 

 

Productivity and the extensive margins of trade in German 

manufacturing firms: Evidence from a non-parametric test* 

Joachim Wagner 

Leuphana University Lueneburg and IZA, Bonn 

[This version: September 17, 2012] 

Abstract: 

This paper contributes to the literature by comparing the productivity distribution for 

firms with various numbers of goods traded and various numbers of countries traded 

with from Germany, one of the leading actors on the world market for goods. It 

applies a non-parametric test for first-order stochastic dominance of one productivity 

distribution over another. We find that the larger the number of goods exported or 

imported, and the larger the number of countries exported to or imported from, the 

higher is the productivity of the firms – not only on average, but over the whole 

productivity distribution. This is in line with implications of recent theoretical models of 

multi-product multi-country trading firms. 
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1. Motivation 

Firms that are engaged in international trade are more productive than firms that do 

not export or import. This stylized fact has been documented over the past 15 years 

in a large number of micro-econometric studies that use firm-level data from 

countries all over the world (see Wagner (2007, 2012a) for surveys). The theoretical 

rational behind this empirical regularity is that there are extra cost of exporting and 

importing (including the cost of market studies and finding reliable trading partners, of 

adopting products for a market in a country they are not produced in, and of 

acquisition of customs procedures). Most of these extra costs are fixed costs and 

sunk costs. Only the more productive firms can cover these extra costs of trade and 

produce profitably (see Melitz (2003) for exports and Castellani et a. (2010) for 

imports).  

While this positive relationship between participation in international trade and 

productivity has been documented for a long time, only recently researchers used 

transaction level data that report not only the sum of exports or imports for a firm but 

that have information on the goods traded and on the countries of the trading 

partners, too, to look at two extensive margins of trade, namely the number of goods 

traded and the number of countries traded with. With these data new stylized facts 

have been uncovered. It is shown that international trade is dominated by a small 

number of firms that trade many goods with many countries (see Bernard et al. 

(2007) for the United States and Wagner (2012b) for Germany). Furthermore, there 

is a positive link between firm productivity and both the number of goods traded and 

the number of countries traded with. The theoretical rational for this link is similar to 

the one discussed above for exporting and importing per se: Many costs associated 

with exports or imports recur when a new country is added as a destination of 
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exports or source of imports of a firm, and many costs recur when a new product is 

added to the portfolio of products a firm exports or imports. Bernard et al. (2011) 

present a theoretical model of this link between productivity and both the number of 

goods exported and the number of export destinations. In their empirical investigation 

they find that, on average, productivity of firms from the United States increases with 

the number of exported goods and destination countries. Wagner (2012c) reports a 

strikingly similar result for Germany; similar findings from empirical studies for firms 

from other countries are surveyed in Wagner (2012a). 

However, it is well known that firms are highly heterogeneous. Results that 

point to productivity differences at the (unconditional or conditional) mean might not 

tell the whole story. As Moshe Buchinsky (1994, p.453) put it: “’On the average’ has 

never been a satisfactory statement with which to conclude a study of heterogeneous 

populations.” An empirical study of heterogeneous firms should look at differences in 

the whole distribution of the variable under investigation between groups of firms, not 

only at differences at the mean. 

This paper contributes to the literature by comparing the productivity 

distribution for firms with various numbers of goods traded and numbers of countries 

traded with from Germany, one of the leading actors on the world market for goods. It 

applies a non-parametric test for first-order stochastic dominance of one productivity 

distribution over another. To anticipate the most important result, the larger the 

number of goods exported or imported, and the larger the number of countries 

exported to or imported from, the higher is the productivity of the firms – not only on 

average, but over the whole productivity distribution.  
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2. Data and descriptive evidence 

The empirical investigation uses a newly constructed data set that is based on 

customs’ records about goods traded by German firms with countries outside the 

European Union and on information delivered by firms about goods traded with EU 

member countries.1 These transaction-level data were aggregated at the level of the 

exporting enterprise by the German Statistical Office for the first time for the reporting 

year 2009; data for more recent years are not yet available. The data have, among 

others, information at the firm level about the number of different goods traded2 and 

the number of countries traded with. These firm level data on transactions in foreign 

trade were linked to the enterprise register system. By linking the aggregated 

transaction-level data to the enterprise register system it was possible to match these 

data with information on the number of employees in the firm and total turnover of the 

firm taken from the regular survey of manufacturing firms. 

Productivity is measured as labor productivity (defined as total turnover per 

employee) because information on the capital stock of a firm is not available, so more 

elaborate measures of total factor productivity cannot be used in this study. 

Bartelsman and Doms (2000, p. 575) point to the fact that heterogeneity in labor 

productivity has been found to be accompanied by similar heterogeneity in total 

factor productivity in the reviewed research where both concepts are measured. In a 

recent comprehensive survey Syverson (2011) argues that high-productivity 

                                                            
1 Note that firms with a value of exports to and imports from EU-countries that does not exceed 

400,000 Euro in 2009 do not have to report to the statistic on intra-EU trade. Small exporters and 

importers that trade with EU-countries only are therefore underrepresented in the sample. For trade 

with firms from non-member countries all transactions that exceed 1,000 Euro are registered. For 

details see Statistisches Bundesamt, Qualitätsbericht Außenhandel, Januar 2011. 
2 A good is an eight-digit number from the official nomenclature for the statistics of foreign trade. 
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producers will tend to look efficient regardless of the specific way that their 

productivity is measured. Furthermore, Foster, Haltiwanger and Syverson (2008) 

show that productivity measures that use sales (i.e. quantities multiplied by prices) 

and measures that use quantities only are highly positively correlated. Therefore, we 

argue that labor productivity is a suitable measure for productivity at the firm level. 

Furthermore, to control for differences in capital intensity between firms productivity 

is measured in percentage of the 5digit-industry mean value. 

In the empirical investigation four groups of firms are distinguished according 

to either the number of goods exported or imported and according to either the 

number of countries exported from or imported to, namely firms with only 1 good 

traded or country traded with, firms with 2 – 5 goods traded or countries traded with, 

firms with 6 – 9 goods traded or countries traded with, and firms with 10 or more 

goods traded or countries traded with. The sample has information on 13,004 firms 

from West Germany and 2,273 firms from East Germany that traded internationally in 

2009.3 Table I reports the number of firms by number of goods traded and by number 

of countries traded with and the share of each group of firms in all firms by trade 

activity. While there are many firms that trade only some goods with some countries, 

a large number of firms trades 10 or more goods and with 10 or more countries. 

 

3. Productivity distribution and the extensive margins of foreign trade     

Table II reports means and selected percentiles of the productivity distribution of the 

firms in our sample by the number of goods traded and by the number of countries 

                                                            
3 The economy still differs considerably between West Germany and the former communist East Germany even 

many  years  after  the  unification  in  1990,  and  this  is  especially  true with  regard  to  international  trade  and 

productivity (see Wagner (2008)). Therefore, the analysis is carried out separately for both parts of Germany. 
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traded with. With a few exceptions that are mainly found at 99th percentile the big 

picture is in line with the theoretical hypothesis that there is a positive link between 

firm productivity and both the number of goods traded and the number of countries 

traded with. The empirical strategy used here to test this hypothesis                     

applies a non-parametric test for first order stochastic dominance of one distribution 

over another that was introduced into the empirical literature on exports by Delgado 

et al. (2002).4 Let F and G denote the cumulative distribution functions of productivity 

for two groups of firms (say, firms that export 1 good and firms that export 2 - 5 

goods). Fist order stochastic dominance of F relative to G is given if F(z) – G(z) is 

less or equal zero for all z with strict inequality for some z. Given two independent 

random samples of plants from each group, the hypothesis that F is to the right of G 

can be tested by the Kolmogorov-Smirnov test based on the empirical distribution 

functions for F and G in the samples (for details, see Conover 1999, p. 456ff.). Note 

that this tests not only for differences in the mean productivity of both groups but for 

differences in all moments of the distribution. 

Results for the 48 tests that compare the productivity distributions of two 

groups of firms each are reported in Table III. Results for West Germany are fully in 

line with the theoretical hypothesis. The hypothesis that the two distributions do not 

differ is rejected at an error level of less than one percent, and the results clearly 

indicate that the productivity distribution of firms with a smaller number of goods 

traded or with a smaller number of trading partners is dominated by the productivity 

distribution of firms with a larger number of products traded or with a larger number 

of trading partners in all 24 cases investigated. The big picture for East Germany is 

                                                            
4 Results of t-tests for differences in means of productivity between the groups of firms by the number 

of products traded and by the number of countries traded with are available on request. 
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the same, although the hypothesis of no difference in the productivity distribution 

cannot be rejected at an error level of five percent in three out of 24 cases (2 - 5 vs. 6 

– 9 goods exported; 1 vs. 2 – 5 and 2 – 5 vs. 6 – 9 countries exported to). 

The bottom line, then, is that there are statistically significant differences in the 

productivity distribution as a whole – and not only at the mean – between firms by 

their extensive margins of trade. The more goods firms trade, and the more countries 

firms trade with, the higher is the productivity of the firms. This is in line with 

implications of recent theoretical models of multi-product multi-country traders. 
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Table I: Number of firms by number of goods traded and number of countries traded with, German manufacturing firms, 2009 
 
 
    Number of goods traded      Number of countries traded with 
   Exports    Imports     Exports    Imports 
   No. of firms  Share (%) No. of firms Share (%)  No. of firms Share (%) No. of firms Share (%) 
 
West Germany   
 
1   1,698  14.14     903    7.91      975    8.22  1,223  10.93 
 
2 – 5   3,426  28.54  2,301  20.15   1,830  15.42  3,152  28.18 
 
6 – 9   1,595  13.29  1,524  13.35   1,332  11.23  2,289  20.46 
 
10 and more  5,287  44.04  6,689  58.59   7,727  65.13  4,522  40.43 

 
East Germany   
 
1   384  19.55  242  12.43   250  12.94  283  14.93 
 
2 – 5   707  36.00  434  22.29   479  24.79  571  30.13 
 
6 – 9   297  15.12  281  14.43   257  13.30  444  23.43 
 
10 and more  576  29.33  990  50.85   946  48.96  597  31.50 

 

Source: Research Data Center of the German Statistical Office, Foreign Trade Statistics 2009, own calculations 
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Table II: Labor productivity by number of goods traded and number of countries traded with 
 
 
     West Germany       East Germany 
     
     Mean sd p1 p10 p50 p90 p99  Mean sd p1 p10 p50 p90 p99 
Number of goods exported 
 
1     86.2 56.8 18.7 38.2 73.9 144.5 286.4  86.2 48.0 12.1 35.7 74.4 155.5 233.6 
2 – 5     93.8 69.0 21.2 41.3 79.3 157.6 320.1  96.8 59.6 19.1 42.7 86.1 156.2 341.9 
6 – 9     97.2 63.3 22.0 44.0 83.4 157.1 371.0  100.6 71.3 13.3 40.9 87.1 168.6 394.9 
10 and more    111.8 85.5 26.3 50.8 95.6 182.5 372.0  115.9 74.8 20.3 51.5 100.0 198.3 364.1 
 
Number of goods imported 
 
1     82.6 81.7 17.1 37.5 68.8 130.5 298.6  87.9 75.7 19.1 37.0 75.4 138.5 289.2 
2 – 5     90.4 73.5 18.2 39.5 74.4 152.1 361.4  91.3 53.9 19.7 42.0 80.2 144.4 293.0 
6 – 9     96.7 59.9 18.8 43.1 82.9 158.1 315.8  101.7 64.6 15.5 40.2 91.4 167.4 353.7 
10 and more    111.8 83.2 24.4 51.0 95.6 184.2 373.8  113.1 71.9 18.1 48.1 100.0 190.4 339.0 
 
Number of countries exported to 
 
1     79.1 47.5 18.0 36.7 69.5 129.4 254.4  82.5 49.1 13.9 33.6 70.8 143.2 243.1 
2 – 5     92.4 101.2 15.4 37.4 75.5 151.5 362.9  93.6 67.3 16.3 36.6 79.8 163.4 291.0 
6 – 9     98.8 74.2 22.8 40.7 82.0 166.5 407.3  99.9 74.9 17.8 42.0 86.5 154.8 468.5 
10 and more    106.7 70.6 26.5 49.2 91.7 177.0 349.8  110.5 64.0 21.8 49.4 100.0 183.2 334.2 
 
Number of countries imported from 
 
1     78.5 71.4 18.0 37.0 66.8 124.2 272.8  78.3 40.9 20.1 36.8 73.1 126.9 228.6 
2 – 5     92.6 70.5 19.5 40.7 77.4 154.3 344.1  96.9 59.3 16.3 41.1 86.3 158.3 353.7 
6 – 9     105.2 69.9 19.5 47.5 88.7 178.7 350.7  104.7 55.8 12.6 42.3 98.9 176.3 288.6 
10 and more    117.8 89.0 29.1 54.9 100.0 190.3 418.9  121.5 81.3 21.8 52.3 100.5 208.7 409.1 
 

 
Note: Labor productivity is calculated as total sales per employee and is in percentage of the 5digit-industry mean value 
Source: Research Data Center of the German Statistical Office, Foreign Trade Statistics 2009, own calculations 
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Table III: Test for difference in distribution of labor productivity by number of products traded and number of countries traded with 
      (p-value of Kolmogorov-Smirnov test) 
 
 
    Number of goods   Number of goods  Number of countries  Number of countries 
    exported   imported   exported to   imported from 
     
    H1         H2        H3  H1       H2         H3  H1        H2         H3  H1        H2 H3 
West Germany 
 
1 vs. 2 – 5   0.000 0.981 0.000  0.001 0.998 0.000  0.000 0.963 0.000  0.000 0.998 0.000 
1 vs. 6 – 9   0.000 0.995 0.000  0.000 0.989 0.000  0.000 0.997 0.000  0.000 0.999 0.000 
1 vs. 10 and more  0.000 0.999 0.000  0.000 0.999 0.000  0.000 1.000 0.000  0.000 0.999 0.000 
 
2 – 5 vs. 6 – 9   0.004 0.970 0.002  0.000 0.940 0.000  0.000 0.996 0.000  0.000 0.995 0.000 
2 – 5 vs. 10 and more  0.000 1.000 0.000  0.000 0.999 0.000  0.000 0.997 0.000  0.000 0.999 0.000 
   
6 – 9 vs. 10 and more  0.000 1.000 0.000  0.000 1.000 0.000  0.000 0.959 0.000  0.000 0.999 0.000 
 
East Germany 
 
1 vs. 2 – 5   0.006 0.999 0.003  0.041 0.916 0.020  0.056 0.964 0.028  0.000 0.848 0.000 
1 vs. 6 – 9   0.011 1.000 0.005  0.000 0.894 0.000  0.001 1.000 0.001  0.000 0.930 0.000 
1 vs. 10 and more  0.000 0.999 0.000  0.000 0.986 0.000  0.000 1.000 0.000  0.000 0.997 0.000 
 
2 – 5 vs. 6 – 9   0.700 0.511 0.368  0.006 0.879 0.003  0.167 0.747 0.084  0.001 0.830 0.001 
2 – 5 vs. 10 and more  0.000 0.992 0.000  0.000 0.986 0.000  0.000 0.997 0.000  0.000 0.999 0.000 
   
6 – 9 vs. 10 and more  0.001 0.996 0.000  0.026 0.993 0.013  0.000 0.894 0.000  0.029 1.000 0.014 
 

Note: Labor productivity is calculated as total sales per employee and is in percentage of the 5digit-industry mean value. The hypotheses tested are: 
 H1: The productivity distributions of the two groups of firms do not differ 
 H2: The productivity distribution of the first group is first-order stochastically dominated by the productivity distribution of the second group 
 H3: The productivity distribution of the second group is first-order stochastically dominated by the productivity distribution of the first group 
  
Source: Research Data Center of the German Statistical Office, Foreign Trade Statistics 2009, own calculations 
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