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Die FDZ-Methodenreporte befassen sich mit den methodischen Aspekten der Daten des FDZ und hel-
fen somit Nutzerinnen und Nutzern bei der Analyse der Daten. Nutzerinnen und Nutzer können hierzu 
in dieser Reihe zitationsfähig publizieren und stellen sich der öffentlichen Diskussion.  

FDZ-Methodenreporte (FDZ method reports) deal with methodical aspects of FDZ data and help users 
in the analysis of these data. In addition, users can publish their results in a citable manner and present 
them for public discussion. 
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Abstract 
This document provides a brief overview on the construction of skill-relatedness matrices for 
Germany. The datasets for these matrices are available for free online download on the 
homepage of the Research Data Centre at the IAB. We explain the statistical procedure to 
derive the skill-relatedness measure and describe the resulting skill-relatedness matrices with 
network graphs. The downloadable datasets contain estimates of skill-relatedness between all 
pairs of industries using four different industrial classification systems and among all pairs of 
occupations (KldB88). More detailed information on these issues is to be found in the compan-
ion paper by Neffke et al. (2016). 

 

Zusammenfassung 
In diesem Dokument wird ein kurzer Überblick über die Erstellung von Skill-relatedness-Matri-
zen gegeben. Die Datensätze, welche diese Matrizen enthalten, können auf der Homepage 
des Forschungsdatenzentrums am IAB frei heruntergeladen werden. Wir erläutern die statis-
tische Vorgehensweise zur Berechnung des Maßes der Skill-relatedness und beschreiben 
diese Matrizen mit Hilfe von Netzwerkgraphen. Die zum Download verfügbaren Dateien ent-
halten für vier verschiedene Wirtschaftszweigklassifikationen jeweils das berechnete Maß der 
Skill-relatedness zwischen allen Paarkombinationen unter den Wirtschaftszweigen (WZ73, 
WZ93, WZ03 und WZ08). Dieses Maß wurde ebenfalls zwischen den verschiedenen Paarun-
gen aus allen einzelnen Berufen (KldB88) ermittelt und steht als Matrize zur Verfügung. De-
tailliertere Informationen zu diesen Aspekten finden sich im Aufsatz von Neffke et al. (2016). 

 

 

Keywords: Labor flows, industry, occupations, skill-relatedness, matrices, network graphs. 
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1 Introduction 
This document provides a brief overview on the construction of skill-relatedness matrices for 
Germany. At the Research Data Centre of the IAB, the datasets for these matrices are availa-
ble for free online download under the following link: http://doku.iab.de/fdz/re-
porte/2017/MR_04-17_EN_data.zip. We explain the statistical procedure underlying these es-
timates and describe the resulting skill-relatedness matrices. The downloadable datasets con-
tain estimates of skill- relatedness between all pairs of industries using four different industrial 
classification systems and among all pairs of occupations. More detailed information on the 
methodology used to measure skill-relatedness and a description of empirical patterns can be 
found in the companion paper by Neffke et al. (2016). When using these data, please cite the 
companion paper with the following reference: 

Neffke, Frank; Otto, Anne; Weyh, Antje (2016): Inter-industry labor flows. (IAB-Discussion Pa-
per, 21/2016), Nürnberg. 

Skill-relatedness aims to provide a quantitative estimate of similarities between two industries 
or occupations in terms of their human capital requirements. Measuring the relatedness among 
industries in a direct way using skill-use information would require an exhaustive description 
of the human capital needs of each industry or occupation that would allow for a pairwise 
comparison of these human capital needs. Furthermore, a full set of weights for each item 
(e. g., skill) used to describe these human capital requirements would be needed. Due to these 
obvious difficulties to gather this information accurately and exhaustively for all industries in 
the economy, we approach the measurement of skill-relatedness in an indirect way. For this 
purpose, we rely on information on the ease of movement among industries or occupations 
revealed in job switches. 

2 Data 

2.1 Data source 
To measure skill-relatedness we use the Employee History (German: Beschäftigten-Historik – 
BeH)1, which is based on the social security records of Germany (see Bender/Möller 2010). 
This dataset contains anonymized sociodemographic and comprehensive employment infor-
mation (i.  e., workers’s daily wage, occupation, employment status) for every individual cov-
ered by Germany’s social security system. Furthermore, the industry and location of each in-
dividual’s work establishment are known. The Employee History includes information about 
each worker on 30th of June in every year between 1975 and 2014. 

2.2 Labor force definition 
From the Employee History database, we select workers who meet a set of conditions that 
ensure focusing on workers who have a regular full-time job. Workers are included if they are: 

• between 18 and 65 years of age on 30th of June; 

                                                
1  We denote the Employee History as Historic Employment and Establishment Statistics (HES) in 

our corresponding paper: Neffke et al. (2016). 

http://doku.iab.de/fdz/reporte/2017/MR_04-17_EN_data.zip
http://doku.iab.de/fdz/reporte/2017/MR_04-17_EN_data.zip
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• in a full-time employment;

• without missing information on industry, occupation or region of work;

• not coded in one of the following occupational categories (KldB88): family workers (agri-
cultural or non-agricultural), disabled, in re-employment programs (German: Rehabili-
tanden), caregivers (German: Pflegepersonen), in small employment relations (German:
mit Haushaltscheckverfahren gemeldete Arbeitnehmer), trainees with unspecified occupa-
tion, interns, job seekers, workers in early or partial retirement, and recipients of disability
payments (German: Ausgleichsgeldbezieher) (also see Table 1).

They are not included if the skill-content of workers in specific industries is unclear. There-
fore we exclude certain industries. These industries are listed in Table 1 for each of the
classification systems.

2.3 Inter-industry labor flows 
Using the above labor-force definition, we focus on workers who change jobs from one estab-
lishment to another between two consecutive years. Hence, we only use direct job-to-job flows 
and omit job switches where a worker has periods of non-employment between two jobs. Such 
periods of non-employment can only be observed between the 30th June of a given year and 
the 30th June of subsequent year(s).  

These job-to-job switches are tracked in the Employee History using an establishment identi-
fier. Establishments in the Employee History may refer to physical addresses or to a number 
of different work places that belong to the same firm, but that are located in the same munici-
pality. To prevent that spurious changes in establishment identifiers are mistaken for job 
switches, we drop all workers who move in larger blocks from one establishment to another. A 
detailed description of this procedure is described in Neffke et al. (2016, Appendix B) and also 
in Hethey-Maier/Schmieder (2013). 

Inter-industry labor flows are the sum of workers who switch between jobs in two different 
industries. Inter-occupational flows are defined in an analogous fashion. The Employee History 
contains two occupational classification systems. The KldB88 covers the period from 1975 to 
2010, whereas the new occupational classification (KldB2010) was introduced in 2012. In ad-
dition, the Employee History comprises four different industry classification systems. The Clas-
sification of Economic Activities 1973 (WZ73) existed from 1975 to 1998. This classification 
system has no clear correspondence to international classification systems. From 1998 to 
2003, the German Classification of Economic Activities 1993 (WZ93) is used. At the 4-digit 
level, this classification is harmonized with the European Union’s Nomenclature statistique des 
activités économiques dans la Communauté européenne, Revision 1.0 (NACE 1.0). The Ger-
man Classification of Economic Activities 2003 (WZ2003) covers the years from 2003 to 2008 
at the 5-digit level and is derived from the European NACE 1.1 classification. Finally, from 2008 
to the present year, the German Classification of Economic Activities 2008 (WZ08) at the 5-
digit level is available. This system is equivalent to the European NACE Revision 2.0 (NACE 
2.0) classification. 
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3 Method 
In order to infer how related two industries are in terms of their human capital requirements, 
we compare the observed labor flows between the industries to a null model. In this null model, 
workers switch industries at random. In particular, we take each industry’s labor inflow and 
outflow as given and assume that a worker that leaves an industry chooses a new industry 
with a probability equal to the observed inflow ratio of the destination industry. That is, F�ijt,t+1, 
the number of workers moving from industry 𝑖𝑖 to industry 𝑗𝑗 between the years 𝑡𝑡  and 𝑡𝑡 + 1 
expected under the null model, is given by: 

𝐹𝐹�𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1 = �𝐹𝐹𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1
𝑗𝑗

∑ 𝐹𝐹𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1𝑖𝑖

∑ ∑ 𝐹𝐹𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1𝑗𝑗𝑖𝑖
 

where 𝐹𝐹𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1 is the observed number of workers switching from 𝑖𝑖 to 𝑗𝑗. The first term represents 
the total outflows from industry 𝑖𝑖, whereas the second is the total inflow of workers into industry 
𝑗𝑗 as a ratio of the sum total of all inter-industry labor flows in the economy.   

We use these expected flows as a benchmark to which we compare observed flows. In partic-
ular, we calculate the following ratio of observed-to-expected flows: 

𝑆𝑆𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1 =
𝐹𝐹𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1

𝐹𝐹�𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1

Values of 𝑆𝑆𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1between 0 and 1 indicate that observed flows are below expected flows, 
whereas values from 1 to infinity indicate that observed flows are above expected flows. One 
disadvantage of the 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1 quantity is that it has a highly skewed distribution. As a conse-
quence, averages of this variable will be disproportionally affected by observations in the var-
iable’s right tail. Therefore, we transform the 𝑆𝑆𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1 variable as follows: 

𝑆𝑆𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1
∗ =

𝑆𝑆𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1 − 1
𝑆𝑆𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1 + 1

This transformation maps the 𝑆𝑆𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1 symmetrically around 0. As a consequence, a given 
degree of overrepresentation of labor flows has the same, yet opposite value as the same 
degree of underrepresentation of such flows.  Finally, we define that each industry (occupation) 
is perfectly related to itself: 

SRijt,t+1
* = SRijt,t+1-1

SRijt,t+1+1

𝑆𝑆𝑅𝑅𝑖𝑖𝑖𝑖∗ = 1 

We calculate 𝑆𝑆𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖,𝑡𝑡+1 for every pair of two consecutive years in the period 1975 to 2014. To 
improve the precision of the estimates, we average 𝑆𝑆𝑅𝑅𝑖𝑖𝑖𝑖𝑡𝑡,𝑡𝑡+1

∗  across all years in which a given 
classification system is in use. For confidentiality reasons, we only keep industries in which the 
inflow or outflow of workers summed across the entire period exceeds 10 industry switchers. 
Moreover, we round the average 𝑆𝑆𝑅𝑅𝑖𝑖𝑖𝑖𝑡𝑡,𝑡𝑡+1

∗  to the nearest fourth decimal. 
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4 Skill-relatedness matrices 
The downloadable files containing skill-relatedness matrices have the following naming con-
vention:  

<name_classification_system>.dta 

Classification system names correspond to the headers (WZ73, WZ93, WZ03, WZ08, KldB88) 
of Table 1. All files have the following structure: 

< name_classification_system>_1 – < name_classification_system>_2 – SRt:  

• <name_classification_system>_1: industry or occupation of origin

• <name_classification_system>_2: industry or occupation of destination

• SRt: transformed skill-relatedness estimate (𝑆𝑆𝑅𝑅∗)

The skill-relatedness matrices can be downloaded under the following link: 
http://doku.iab.de/fdz/reporte/2017/MR_04-17_EN_data.zip. Note that, because labor flows 
have a direction, typically, SR_ij^*≠SR_ji^*, that is, SR^* is not symmetric.  

Moreover, we provide additional information for the labor-flows and the skill-relatedness ma-
trices: 

• Table 2 provides an overview of the total inter-industry and inter-occupational flows, as well
as the time period covered for each classification system.

• Figures 1 to 5 depict the SR^* matrices graphically for each classification system. To con-
struct these figures, we first symmetrize the SR^* as follows:

𝑆𝑆𝑅𝑅𝑖𝑖𝑖𝑖
𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑆𝑆𝑅𝑅𝑖𝑖𝑖𝑖 + 𝑆𝑆𝑅𝑅𝑗𝑗𝑗𝑗
2

Next, we calculate the maximum spanning tree of the resulting graph and add the strongest 
3N links, where N represents the number of classes in a classification system. The resulting 
network connects industries (or occupations), the nodes in the network, whenever these in-
dustries (occupations) are connected over one of the strongest 3N links among industries (oc-
cupations) in the economy. Color codes represent higher-level sectoral aggregates in the clas-
sification systems. The size of a node is proportional to the industry’s average employment 
over the entire period. 

http://doku.iab.de/fdz/reporte/2017/MR_04-17_EN_data.zip
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Appendix 

Table 1: Dropped industry and occupation categories 

Classifications of Economic Activities Occupations 
WZ73 WZ93 (NACE 1.0) WZ03 (NACE 1.1) WZ08 (NACE 2.0) KldB88 
865: Labor recruitment and 
provision of personnel 

7450: Labor recruitment and 
provision of personnel 

7450: Labor recruitment and 
provision of personnel 

7810: Employment placement 
agencies  

43: Family workers 
(agricultural) 

900: Private household pro-
duction 

9500: Households as em-
ployers 

9500: Households as employ-
ers 

7820: Temporary employ-
ment agencies and job pools  

555: Disability 

921: Foreign armed forces 
stationed in the FRG 

9530: Re-employment agen-
cies 

9530: Re-employment agen-
cies 

7830: Payrolling 666: Re-employ-
ment trajectory 

940: Representation of for-
eign countries 

9540: Sheltered workshops 9540: Sheltered workshops 9530: Re-employment agen-
cies 

888: Caregivers 

950: Employment abroad 9900: Activities of extraterri-
torial organisations 

9900: Activities of extraterri-
torial organisations 

9540: Sheltered workshops 924: Simplified reg-
istration In 

951: Administrative backlog 1 
  

9700: Households as employ-
ers 

971: Family workers 
(non-agricultural) 

952: Administrative backlog 2 9810: Goods production for 
private use 

981: Trainees 

953: Re-employment agencies 9820: Services production for 
private use 

982: Interns 

954: Sheltered workshops 9900: Activities of extraterri-
torial organisations 

983: Job seekers 

995: In early retirement 
 

991: Unspecified oc-
cupation 

996: Vocational training in 
schools 

995: In early retire-
ment 

997: Other 996: In partial re-
tirement 

998: Disability payment recipi-
ents 

997: Disability pay-
ment recipients  

999: Unknown 999: Unknown 
Industries and occupations that have been dropped from the skill relatedness matrices. The header row provides the German name of each  classification system, 
with its European Union equivalent in parentheses where applicable.  
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Table 2: Descriptive statistics of labor flows in Germany 
 
 

 Classifications of Economic Activities Occupations 

 WZ73 WZ93 WZ03 WZ08 KLDB88 
 

KLDB88-SUF 

 3-digit-level 
(NACE 1.0) 

4-digit-level 
(NACE 1.1) 

4-digit-level 
(NACE 2.0) 

3-digit-level 3-digit-level 
 

3-digit-level 
Period 1975-1998 1998-2003 2003-2008 2007-2014 24,937,060 24,223,479 
Total number of 
flows per period 

20,397,609 4,982,365 3,418,760 5,529,890 712,487 692,099 

Average number of 
flows per year 

886,853 996,473 683,752 789,984 1975-2010 1975-2010 

Total number of 
years 

23 5 5 7 35 35 

Total number of 
classes 

288 499 506 597 329 120 
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Figure 1: Skill relatedness network – German Classification of Economic Activities WZ73, 
1975-1998 

 
Skill-relatedness network using inter-industry flows. The network depicts the strongest 3𝑁𝑁𝑖𝑖 
links, where 𝑁𝑁𝑖𝑖 represents the total number of industries. Colors represent the aggregate sec-
tors to which an industry belongs. Node sizes reflect the average yearly employment in the 
industry. 
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Figure 2: Skill relatedness network – German Classification of Economic Activities WZ93, 
1998-2003 

 
Skill-relatedness network using inter-industry flows. The network depicts the strongest 3𝑁𝑁𝑖𝑖 
links, where 𝑁𝑁𝑖𝑖 represents the total number of industries. Colors represent the aggregate sec-
tors to which an industry belongs. Node sizes reflect the average yearly employment in the 
industry. 
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Figure 3: Skill relatedness network – German Classification of Economic Activities 
 WZ03, 2003-2008 

 
Skill-relatedness network using inter-industry flows. The network depicts the strongest 3𝑁𝑁𝑖𝑖 
links, where 𝑁𝑁𝑖𝑖 represents the total number of industries. Colors represent the aggregate sec-
tors to which an industry belongs. Node sizes reflect the average yearly employment in the 
industry. 
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Figure 4: Skill relatedness network – German Classification of Economic Activities  
WZ73, 2007-2014 

 

 
Skill-relatedness network using inter-industry flows. The network depicts the strongest 3𝑁𝑁𝑖𝑖 
links, where 𝑁𝑁𝑖𝑖 represents the total number of industries. Colors represent the aggregate sec-
tors to which an industry belongs. Node sizes reflect the average yearly employment in the 
industry. 

  

2433

2432

2830

2391

2352

2434

893

2592

2899

2849

910

2825

2446

2320

2453

2445

2420

2821

2599

2651

2894

2451

2811

3099

2812

2751

2591

2814

2823

2410

2349

4519

891

2732

2891

2573

3040

2443

2311

2594

2530

2431
2593

2680

2444

2561

2312

2521

2512

5121

4669
4910

22221813 2711

2452

2813
2571

2511

2815

2454

2752

1812

1512

1629

2822
1729

2612

2017

4672

1624

45322562

2841
2895

2896

2893

4213

1610

2442

2829

2529

710

2572

3103

4332

4299
4211

4331

4311

2540

4652
3311

1722

3291

4674

28242343

4511

4761

2223

4664

4759
4764

2670 461847544649
4666

3312
4941

3109

3299

3102

2219

5224

4920

1081

4677

2892

4322
1621

2740

1820

5210

1623

3240

43128292
4399 4931

4663

4613

2550

4615

4661

4612

2611

1391

3101
2441

1419

2060

1431

4789

3092

3230

4665

1396

4662

4676

2720

4540

1712
26524641

4778

4730

2712

3220

1310

2053

9524

1394

3313

4690

3700

4623

3811

4647 9529

4391

2790

46511721

4671

4622

4614

4751

1711

4779

4721

2620
47294642

4724

4635
4776

4675

9525

2630

95232640

1413

2110 47824752

1392

1910

4624

1520
4763

4742 4743

4771
46442120

46464725
3212

4616

4765
4762

1330
1723

1414 1393

1320

2341

1395

2051

4722

2660
4774

4741

4777

3250

4648

4772

4775

4719

4645

2229
46214773

47264711 4619

2041

2042 2059

4631

2332

1412

4639

2221

811

1411

2014

2013

4673
4634

4632

2012

2016

1920

1399

2011

2030

4643

899

1724

2365

127

620

1082

2731
2399

2370

4617

1061

4638

4633

4637

2369 892
2319

4531

4781

812

2052

2342

4791

4723

322

2015

2211
2344

2314
2362

4799

2313

4611

2364

2351

2363

2361

4942

4636

1032

1106

1084

1105

1439

1062

1814

1102

1101

128610

210

129

220164

311

729

1073

1020

1039

1051

1072

1200

1031

3213

1092

1089
1091

10421052

161
130

163
146

113
147

121

142

1083

1013

1071

1085

1012

1011
1107

1086

1041

170

141

119

143

145

312

150

124

111

149

125

321

162

5030

5310 8413

8622

9521

5020

8621
8422

9491
9103

8790
8421

8810 8899

8610
8520

8412

8720

9319

8690 8551

9499 84248559

84119101

9312
5590 93113530

5520

87105530 8510
8891

1511
8552 8730

9412
8430

8423

8542
8532

9492

7220

8531
7211

9420

8560

9411

9511

8541

43343316

181171128425

5110

3832

9603
3822

8122

3812

3821

4520

990

2020 7735

4333

510
3900

4321 8553

3600

8121
7729

5913

9200
9609

5629
9604 7219

5621

7712

33198130

7739
4939

4932

8129

9602

5223
3012

4120
5229

9601

4313

5221

5222

4221
2932

4222 4212

4339
4753 4329

3011
3315

7731

2331

3020
240

7732
2733

2920

33177733

2910
3831

2931

7911

8010

8299

9321

6312

6203
9004

7420

1104

7320

7990

6020
63995911

9003
8230

7500

8030

5912

9001 9002

9104

58135819

77118110
5814

7722

7120

4110

8623
9313

5914

5510

9102

6120

56105630

7111

1622

3091

6411

3314

7734

9522

7721

5320

3523

1103

9512

3320
6612

6910

3030

69205829

7022
8219

7490

7430

8211

7740

6202
6311

3511

5821

6831

6420

7021

6209
8220

9329

8291

791262017311

74106110
5811

6010

6391

70106820
64196499

6190
5920

7312

6491

6621

3512

3211

1420

3514

3513

3522

5010

8020

6430

6619

6832

6810

6611

3521

5812

6492

6629

6622 6630

6530

6512

6130
6511

6520

4291 5040

520

4950

Constru ction

Finance

Wholesale, retail and repair

Other se rvices

Public administration

Information and communic ation

Real estate and rental

Manufacturing

Electricity, gas, steam and air conditioning supply

Hotels and restau rants

Transpo rt and storage

Education

Health care



FDZ-Methodenreport 04/2017 15 

Figure 5: Skill relatedness network of the KldB88 classification, 3-digit-level (1975-
2010) 

 
 
Skill-relatedness network using inter-occupational flows. The top skill-relatedness values in the 
occupational flows are dominated by somewhat generic occupation, such as foremen, or gen-
eral construction workers (“Bauhilfsarbeiter”). To prevent these nodes from dominating the 
network structure, the network depicts, unlike the inter-industry skill-relatedness networks, not 
the strongest links overall, but the strongest three links by node. Colors represent aggregate 
occupational segments. Node sizes reflect the average yearly employment in an occupation. 
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