
 

 

 University of Groningen

Effects of energy- and climate policy in Germany
Többen, Johannes

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

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

Publication date:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Többen, J. (2017). Effects of energy- and climate policy in Germany: A multiregional analysis. [Thesis fully
internal (DIV), University of Groningen]. University of Groningen, SOM research school.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

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.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/542145ab-d30c-4c8b-aa0d-e2d66c5c9497


 

 
 
 
 

Effects of energy- and climate 
policy in Germany 

 
A multiregional analysis 

 

Johannes Reinhard Többen 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Publisher: University of Groningen  

  Groningen 

  The Netherlands 

 

 

Printed by:  Ipskamp Drukkers B.V. 

 

ISBN:  978-90-367-9667-5 

  978-90-367-9666-8 (eBook) 

 

© 2017 Johannes Reinhard Többen 

No part of this publication may be reproduced, stored, in a retrieval system of any nature, or transmitted in any 

form or by any means, electronic, mechanical, now known or hereafter invented, including photocopying or 

recording, without prior written permission of the author.  

 



 

 
 
 
 

Effects of energy- and climate policy 
in Germany  

 
A multiregional analysis  

 
 
 
 
 

PhD thesis  
 
 
 

to obtain the degree of PhD at the 
University of Groningen 
on the authority of the 

Rector Magnificus Prof. E. Sterken 
and in accordance with 

the decision by the College of Deans. 
 

This thesis will be defended in public on  
 

Monday 29 May 2017 at 12.45 hours  
 
 
 
 

by  
 
 
 

Johannes Reinhard Többen  

born on 8 September 1985 
in Haselünne, Duitsland 

 



 

Supervisors 

Prof. J. Oosterhaven  

Prof. H.W.A. Dietzenbacher  
 

 

Assessment Committee 

Prof. A. Rose  

Prof. M. Lenzen  

Prof. B. Los 

 

 

 



 

 

iii 

Acknowledgements 
 

This dissertation is the outcome of a process that took about five years from drafting the first rough 

ideas to this final version. The journey towards it was rich of unexpected twists and turns, sometimes a 

bit stony, but most often turning out as great opportunities and experiences I don‘t want to miss. 

During my journey I was accompanied by many wonderful people to whom I would like to express 

my gratitude.       

First of all, I am particularly grateful to my supervisors Jan Oosterhaven and Erik Dietzenbacher, who 

invested a lot of time into teaching me how to develop interesting research questions, to conduct 

research rigorously and to present and communicate it in a clear and precise way. I always enjoyed our 

meetings and the challenging discussions we had in Groningen, where we spent most often half a day 

with discussing every detail of my work. Their constructive criticism greatly helped me improving my 

work and incited me to get the best out of my ideas. It was a pleasure for me to work with them and I 

feel honored being their PhD student. Also, I would like to emphasize that I am thankful that to Jan for 

accepting this engagement despite of his retirement, which meant sacrificing some of his leisure time.      

I would like express my appreciation to my friend and colleague Tobias Kronenberg. He hired me for 

a six-month stay at Forschungszentrum Jülich for a Diploma research project for assessing the regional 

employment effects of renewable energies in Nordrhein-Westfalen. This was the first time I came into 

contact with input-output analysis and many of the basics I learned from him. He played an important 

role for my development helping me to develop ideas for my PhD project, putting me into contact with 

Jan and Erik and encouraging me to present my work at national and international conferences from 

early on.     

I am grateful to Manfred Lenzen. I met him at my first international conference (IIOA 2012 in 

Bratislava) and after a short chat about my PhD project he invited me to come to Sydney for 

constructing my German MRIO using their computing facilities. This stay was extremely inspiring to 

me and strongly influenced my ideas about how future IO analysis could look like. I would also like to 

thank Arne Geschke and Yafei Wang, who helped me a lot to get into the software.   

Many thanks go to Wilhelm Kuckshinrichs. I worked for many years in his group at 

Forschungszentrum Jülich. He gave me a lot of freedom in the preparation of my thesis and had 

confidence in my work when I came up with unconventional ideas. I would also like to thank Jürgen-

Friedrich Hake especially for making my research stay in Sydney possible. During the years, I worked 

in Jülich I got to know and appreciate too many people to mention all of their names here. In 

particular, I want to thank Thomas Schröder, Klaus Biß, Bernard Bruns, Karin Schürrmann and Hawal 

Shamon for commuting with me, spending the breaks with me, providing me distraction from work 

and occasionally listening my complaints.     

I presented many parts of this dissertation on national and international conferences and workshops. I 

would to express my gratitude to all participants for their constructive criticism and encouraging 

suggestions. In particular, I would like to thank Kirsten Wiebe, Anne Owen, Maaike Bouwmeester, 

Daniel Moran, Richard Wood, Tony Flegg, Timo Tohmo and many others for making the IIOA 

conferences to an event I was always looking forward to. I am particularly happy to have the 

opportunity to work together with Kirsten, Dan and Richard at NTNU in Trondheim in the coming 

years.   



iv 

Carina, vielen Dank für deine Liebe und Unterstützung in all den Jahren. Du warst immer bereit dir 

meine Sorgen anzuhören, mich aufzumuntern und abzulenken und hast mir stets ehrlich deine 

Meinung gesagt. Ich weiß, dass ich Dir mit meiner Arbeit auch viel zugemutet habe und bin dir 

wirklich Dankbar, dass du mich trotzdem immer unterstützt hast.  

Zu guter letzt möchte ich mich bei meinen Freunden und meiner Familie für ihre Unterstützung bei all 

meinen Vorhaben bedanken. Besonderer Dank gilt dabei meinen Eltern Reinhard und Marita Többen. 

Ihr habt mir von klein auf gezeigt wie wichtig es ist etwas zu tun, woran man Spaß hat, für das man 

Leidenschaft empfindet und wie leicht einem harte Arbeit dann fallen kann.  

  



 

v 

Table of Contents 

Chapter 1 Introduction ....................................................................................... 1 

1.1 Background and Motivation ................................................................................... 1 

1.2 Outline of the following chapters ........................................................................... 2 

Chapter 2 Construction a Multiregional Input-Output Tables using the 

CHARM Method ....................................................................................... 7 

2.1 Introduction ............................................................................................................ 7 

2.2 The original CHARM formula ............................................................................... 9 

2.3 Limitations of the original CHARM .................................................................... 13 

2.4 The Modified CHARM formula ........................................................................... 18 

2.5 Conclusion ............................................................................................................ 31 

Chapter 3 On the simultaneous Estimation of Physical and Monetary 

Commodity Flows .................................................................................... 33 

3.1 Introduction .......................................................................................................... 33 

3.2 The classical maximum entropy model for estimating commodity flows ........... 36 

3.3 Estimating physical and monetary commodity flows simultaneously ................. 40 

3.4 Monte-Carlo Simulation ....................................................................................... 47 

3.5 Discussion and conclusion ................................................................................... 55 

Chapter 4 Constructing a Multiregional Supply-Use Table for 

Germany’s Federal States ...................................................................... 57 

4.1 Introduction .......................................................................................................... 57 

4.2 Format, resolution and construction strategy ....................................................... 59 

4.3 The construction of the prior MRSUT ................................................................. 62 

4.4 Data and constraints ............................................................................................. 72 

4.5 Data uncertainty.................................................................................................... 78 

4.6 Re-estimating interregional trade flows ............................................................... 79 

4.7 Illustrative application of the German MRSUT ................................................... 83 

4.8 Conclusion ............................................................................................................ 87 



 

vi 

Chapter 5 Regional economic impacts of heavy flooding in Germany: A 

non-linear programming approach ....................................................... 89 

5.1 Introduction .......................................................................................................... 89 

5.2 Modeling methodology ........................................................................................ 92 

5.3 Flooding Scenarios ............................................................................................... 96 

5.4 Modeling outcomes ............................................................................................ 100 

5.5 Testing assumptions of linear static MRIO models ........................................... 107 

5.6 Conclusion .......................................................................................................... 110 

Chapter 6 Regional Net-Impacts and Social Distribution Effects of 

Promoting Renewable Energies in Germany ..................................... 111 

6.1 Introduction ........................................................................................................ 111 

6.2 Data and methodology ........................................................................................ 113 

6.3 Results and discussion ........................................................................................ 124 

6.4 Conclusion .......................................................................................................... 140 

6.A Constructing of the labor input and labor income distribution matrices ..................... 142 

6.B Data sources and processing for deriving direct impacts ............................................ 143 

6.C The extended Multiregional Supply-Use Table and Models ....................................... 146 

Chapter 7 Conclusion ...................................................................................... 155 

7.1 Methodological contributions to compilation of subnational MRIOs ................ 155 

7.2 Contributions to assessment and management of economic disaster impacts ... 157 

7.3 Contribution to the assessment of the German energy policy ............................ 159 

References ........................................................................................................ 161 

Samenvatting ................................................................................................... 175 

Zusammenfassung ........................................................................................... 181 

 

 

 

  



 

vii 

List of Figures 

Figure 2.1 Comparison of CHARM estimates of total regional cross-hauling and national cross-

hauling .......................................................................................................................................... 27 

Figure 3.1 Illustration of the difference between micro- and macro-state descriptions of commodity 

flow systems ................................................................................................................................. 37 

Figure 3.2 Illustration of the relationship between physical and monetary commodity flows and the 

alignment of both dimensions through the auxiliary root classification ....................................... 41 

Figure 3.3 Shape of the entropy measure for two supports .................................................................. 44 

Figure 3.4 Distribution of quantities and prices in benchmark setups.................................................. 50 

Figure 4.1 Overview of the steps of constructing the prior MRSUT ................................................... 64 

Figure 4.2 Germany‘s 16 Federal States and percentage shares in national population and GDP ....... 84 

Figure 4.3 Contributions of final demands to gross regional product of Germany‘s federal states ..... 86 

Figure 5.1 Set-up of the German 2007 use-regionalized multiregional supply-use table. ................... 93 

Figure 5.2 Number of short-time employees in Germany. Top panel: Monthly time series from 

January 2008 to December 2014. Bottom Panel: Enlargement of top panel from February 2012 to 

December 2014. ............................................................................................................................ 97 

Figure 5.3 Germany‘s 16 Federal States and percentage shares in national population and GDP ....... 98 

Figure 6.1 Germany‘s federal states: geographical location and percentage of national population, 

GDP, feed-in tariffs and surcharge payments ............................................................................. 113 

Figure 6.2 Schematic block diagram of the modelling setup for the operation of RE power plants .. 118 

Figure 6.3 Schematic block diagram of the modelling setup for the production of RE power plants 119 

Figure 6.4 Total effects on regional disposable income (top panel) and value added (bottom panel) 

caused by the nationwide operation of RE plants (m €). ............................................................ 132 

Figure 6.5 Total effects on regional disposable income (top panel) and value added (bottom panel) 

caused by the nationwide production of RE power plants and crowded-out investments in fossil-

fuelled power plants (m€). .......................................................................................................... 136 

  



 

viii 

 

  



 

ix 

List of Tables 

Table 2.1 Regional total flow Input-Output Table................................................................................ 10 

Table 2.2 Number of inconsistent CHARM estimates for Germany's federal states ............................ 17 

Table 2.3 Bi-regional total flow input-output table .............................................................................. 21 

Table 2.4 Multiregional total flow accounting framework ................................................................... 23 

Table 2.5 Origin-Destination Matrix with CHARM estimated row and column sums ........................ 25 

Table 2.6 Comparison of cross-hauling estimates with benchmark data (m. DM) .............................. 28 

Table 3.1 Parameters of the joint distributions of quantities and prices of the commodity groups   

computed from German export data of machinery products in 2008 ........................................... 50 

Table 3.2 Deviations of estimated monetary flows from benchmark values ........................................ 53 

Table 3.3 Number of runs in which the simultaneous and step-wise approach performed best ........... 54 

Table 3.4 Deviations of estimated tons and prices from benchmark values ......................................... 55 

Table 4.1 Structure of a ‗use-regionalized‘ multiregional supply-use table ......................................... 61 

Table 4.2 Summary of constraints and data sources ............................................................................. 73 

Table 4.3 Estimated relationships between value, weight and distance of Germany‘s exports ............ 77 

Table 4.4 Weighted averages of the relative standard errors assigned to the constraints ..................... 79 

Table 4.5 Model specifications for the estimation of German interregional trade flows ..................... 81 

Table 5.1 Description of the industry- and products categories taken from the German MRSUT....... 94 

Table 5.2 Difference between aggregated pre- and post-disaster transactions (m€) in the Main scenario

 .................................................................................................................................................... 101 

Table 5.3 Impacts on Value Added (m€) by Region and Industry in the Main Scenario ................... 102 

Table 5.4 Deviation of indirect effects on regional value-added by industries (million €) and changes 

in regional final demand to value added ratios (percentage points) in the government aid scenario

 .................................................................................................................................................... 104 

Table 5.5 Deviation of indirect impacts on value added (m€) from the Main scenario in the Business 

cycle scenario ............................................................................................................................. 106 

Table 5.7 Comparison of national and regional disaster impact multipliers ...................................... 109 

Table 6.1 Equations of the extended multiregional quantity model used to estimate the total effects on 

value added and disposable income ............................................................................................ 121 



 

x 

Table 6.2 Equations of the extended multiregional price model used to estimate the total effects on 

production costs and on the cost of living .................................................................................. 123 

Table 6.3 Impacts of the surcharge on households by region and income bracket measured as 

percentage changes in gross income. .......................................................................................... 126 

Table 6.4 Direct changes in the demand for intermediate and labour inputs for regional industries and 

income of households due to the increased operation of renewables (million €). ...................... 129 

Table 6.5 Direct impacts on regional industries and households caused by investment in and export of 

RE plants and crowded-out investment in fossil-fuelled power plants (m€). ............................. 134 

Table 6.6 Total percentage net effects of the operation and production of RE power plants on 

disposable income of households by region and income bracket. .............................................. 138 

Table 6.7 Total net changes in an income bracket‘s share in total regional disposable income caused 

by the operation and production of RE power plants (percentage points). ................................. 140 

Table 6.C.1 Structure of the extended multiregional supply-use accounting framework... ............... 148 

Table 6.C.2 List of variables of the accounting framework shown in Table 6C.1.. ........................... 149 

Table 6.C.3 List of indices used in the accounting framework and in the I–O models. ..................... 150 

 

 

  



Chapter 1 

1 

Chapter 1 

Introduction 

1.1  Background and Motivation 

Economic interrelations are typically measured in terms of manifold transactions between various 

economic actors such as firms, households or governments located in certain regions through which a 

complex network of interactions results. A convenient approach, developed by Wassily Leontief 

(1941, 1973), for mapping such networks are so-called Input-Output (I–O) tables. Individual actors are 

grouped into sectors according to common characteristics such as their economic activity and 

geographical location, and their interrelatedness is recorded based on their mutual exchange of goods 

and services.  

Since their development, I–O tables and their analysis have not only become one of most widely used 

methodologies in economics, but it has also become an important concept to measure and analyse 

interrelations between the economy and the broader society (i.e., through extensions to Social 

Accounting Matrices, SAM) as well as the natural environment (i.e., through extensions mapping 

extraction of resources, the generation of waste and pollution, as well as metabolic processes within 

the environmental system). This makes I–O analysis a particularly useful tool for gaining insight into 

some of today‘s most urgent issues in the intersection of economic, social- and environmental systems 

(see, for example, United Nation‘s Sustainable Development Goals). Its success can be traced back to 

some key characteristics: 

Firstly, its versatility: I–O analysis can be applied to various spatial and temporal scales. It has been 

applied from the community to the global level and from considering interrelations within a single 

region to interrelation between many regions (i.e., Multiregional Input-Output, MRIO). It can be used 

to study developments in the past as well as for projections to the near (e.g., within a year) or to the 

distant future (e.g., several decades).        

Secondly, in the simplest case the model follows almost directly from the framework in which the data 

are presented. Assuming that the input requirements of an industry for producing a unit of output are 

fixed (at least in the short run), leads a model with which many practical and highly relevant questions 

can be answered. Furthermore, the framework is flexible enough to serve as a backbone for much 

more complex models, such a Computable General Equilibrium (CGE) or multisectoral econometric 

models.  

However, this versatility and flexibility comes at the cost of a major obstacle virtually all researchers 

are faced with: The empirical application requires masses of data. Although statistical agencies of 
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basically all developed and many developing nations collect, compile and publish I–O data at a regular 

basis, the increasing variety of I–O based applications leads to a gap between what users require and 

what compilers can deliver. Due to the high costs, conducting own surveys is not a feasible alternative 

in most cases. These circumstances have been giving rise to the development of a variety of methods 

to derive required data indirectly from partial information. However, results of these methods have 

often been found to be far from the quantities that surveys would deliver.       

Many of these aspects run like a red line through this thesis, which deals with the measurement of 

economic interrelations within and between Germany‘s federal states, and the examination of their 

role in spreading shocks related to national energy policy and climate change induced natural disasters 

throughout the country.  

Since there are no ready-made MRIO data available, the first part of this thesis deals with methods to 

estimate interregional trade linkages from partial information (Chapter 2 and Chapter 3). These are 

used (among other data) to depict spatial interdependencies in the German MRIO, which has the 

format of Multiregional Supply-Use Table (MRSUT; Chapter 4). In the second part, the MRSUT is 

used for two applications: In the first application, a non-linear programming model that mimics the 

behaviour of economic agents when faced with a supply-shock caused by a disaster is further 

developed. It is, then, used for examining the regional economic impacts of the heavy flooding in 

southern and southeastern Germany in 2013 (Chapter 5). For the second application, the MRSUT is 

extended with accounts depicting the generation, distribution and use of labour income, in order to 

examine the distributive effects of the promotion of renewable energies in Germany in terms of 

regions and income-brackets (Chapter 6).  

1.2  Outline of the following chapters 

Chapter 2 deals with further developing the Cross-Hauling Adjusted Regionalization Method 

(CHARM), which constitutes the most recent innovation in the field of so-called non-survey methods. 

Since ‗official‘ Input-Output (or Supply-Use) tables for subnational regions are almost always 

unavailable, non-survey methods have been developed in order to provide an alternative to costly full 

surveys for the generation of regional I–O data. The various available non-survey techniques have in 

common that regional tables are derived from national ones by means of simple indicators for 

measuring the regional concentration of certain economic activities compared to that in the nation 

(e.g., ratios of regional to national employment shares by industries) and proportionality assumptions. 

A common shortcoming of virtually all non-survey methods is the tendency to systematically 

underestimate interregional trade, which leads to systematically overstated intraregional multipliers. 

The main reason for this is their inability to sufficiently account for the simultaneous importation and 

exportation of one and the same type of commodity, called cross-hauling.  
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Like other non-survey methods, CHARM was originally developed for the construction of single-

regional I–O tables. In this chapter, we extend CHARM to the case of bi- and multiregional accounts. 

We find that the original CHARM formula has two limitations that are also of great importance for the 

single-regional case: Firstly, cross-hauling in interregional trade is implicitly set to zero and, secondly, 

accounting balances may be violated owing to structural differences between the regional and national 

economies. We present a modified formula that addresses these issues and examine its performance in 

terms of a case study using a benchmark table for the region of Baden-Württemberg. Although the 

modified CHARM version constitutes an improvement over the original version, it still tends to 

underestimate interregional cross-hauling. Because of this, the modified version is only used to 

estimate those parts of the German MRSUT, for which not even indirect information is available, i.e., 

interregional trade in services.  

Chapter 3 develops a novel non-linear programming model based on the principle of maximum 

entropy for the simultaneous estimation of physical and monetary commodity flows. The model is 

developed in the context of combining transportation data (measured in tons) with regional economic 

accounts (measured in currency) for the estimation of interregional trade flows. Typically, such a task 

requires overcoming various challenges: Firstly, combining data measured in physical and monetary 

units requires access to or the estimation of value to weight relations (i.e., prices per ton). Secondly, 

transportation data often contain suppressed data points that need to be recovered. Thirdly, 

transportation and economic data are often compiled using different, possibly mismatching product 

classifications, as well as differing levels of aggregation. All of these issues are usually addressed by a 

series of successive steps for the estimation of unobserved flows, their transformation from one unit 

into another, harmonizing differing levels of aggregation and mismatching classifications and, finally, 

reconciling estimates with mass- and financial balances. 

The model developed in this chapter addresses all these steps in a simultaneous manner. The model 

estimates physical commodity flows (measured in tons), as well as their corresponding prices per ton, 

such that joint data constraints in tons and currency are simultaneously satisfied. In addition, the 

model makes use of a detailed auxiliary product classification that allows for a one-to-one mapping on 

the classifications in which physical and monetary data are available. Due to this, the problems of 

different levels of aggregation and mismatching classifications are resolved at the same time. 

Although the model is described in the context of estimating interregional trade from transportation 

data, it is flexible enough to deal with basically any estimation problem under limited information that 

involves data measured in different units. Therefore, it is found to be highly useful for the estimation 

of accounts mapping commodity flows measured in various units, such as currency, tons or caloric 

values, which build the basis for many recent environmental-economic studies.  

The estimation of subnational commodity trade flows for the German MRSUT using a prototype 

version of the model developed here is described in the subsequent chapter. 
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Chapter 4 provides detailed information on the construction of the German MRSUT used for the 

applications presented in Chapter 5 and 6. Generally, the construction of large-scale MRIO databases 

is carried out in several subsequent steps on the basis of partial knowledge about sectoral and regional 

interrelations. It typically includes (1) the estimation of unavailable information from partial 

information (as in Chapter 2 and 3), (2) the harmonization, aggregation and/or disaggregation of 

available data to meet the required resolution of the target MRIO, (3) resolving potential information 

conflicts between data points and, finally, (4) the reconciliation, such that accounting balances are 

respected.  

For the construction of the German MRSUT a novel software package developed by Geschke et al. 

(2011) is used. The Automated Integration System for Harmonized Accounts (AISHA) treats the 

construction of MRIOs as a problem of constrained non-linear optimization and carries out the steps 

(2) to (4) in a highly automated manner. AISHA requires basically three ingredients: Firstly, it 

requires a prior MRSUT (i.e., step 1) that provides a ‗first guess‘ of the basic economic structures on 

the basis of partial knowledge about the regional economies and their interrelations. Secondly, it 

requires sets of constraints that represent accounting balances and data points to which the final table 

(single elements or aggregates thereof) should adhere. Finally, information about data uncertainty is 

required, in order to find compromise values for conflicting data points. Chapter 4 gives detailed 

account of how these ingredients are obtained and, afterwards, combined through AISHA. As partial 

information for the construction of subnational tables is much more limited compared to international 

ones, this Chapter puts special emphasis on the estimation of unavailable data for the generation of the 

prior table. This particularly concerns data about subnational trade flows, which constitutes key 

information when studying spatial economic interdependencies. For this task, the two methodologies 

developed in Chapter 2 and Chapter 3 and are used. 

Chapter 5 further develops a new methodology (Oosterhaven and Bouwmeester, 2016) to predict the 

wider interregional and interindustry impacts of major natural or manmade disasters, and applies it to 

the heavy flooding events of May and June 2013 in Eastern and Southern Germany. Major disasters, 

such as the flooding of 2013, have both short run and long run economic impacts and are expected to 

occur more frequently in the future, due to accelerating climate change (PIK, 2011). The model 

describes short-run impacts by the attempts of economic actors to continue their usual activities and 

established trade patterns as closely as possible. We model these behavioural reactions by minimizing 

the information gain between the pre- and the post-disaster pattern of economic transactions in the 

economy at hand. The basic non-linear program reproduces the short-run equilibrium described by a 

multiregional supply-use table (MRSUT). In addition to the major flooding scenario, we assess the 

potential impacts of governmental aid to stabilize post-disaster final demand levels, as well as the 

impact of the pre-disaster economic environment in terms of business-cycles, on the scale and regional 

spread of indirect business losses. Furthermore, we conduct a sensitivity analysis in which we examine 
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the impacts of fixed trade- and market-shares, which are typically assumed when demand-driven 

multiregional Input-Output models are used in disaster-impact studies.  

The outcomes suggest that indirect business losses in the main flooding scenario especially concern 

service industries which are heavily affected by disaster-induced drops of final demand, due to their 

dependency on local markets. Manufacturers, however, are generally less affected, as their greater 

spatial diversity of suppliers and demanders allows them to adjust more easily. Governmental aid to 

prevent such final demand drops is found to greatly reduce indirect business losses. Opposed to that, 

we find that economies are more vulnerable to disasters at phases of high growth, caused by the 

limited flexibility of regional economies hit by a disaster, because production capacities are already 

fully utilized. Finally, we find that the assumptions of fixed market and trade shares not only have 

faulty theoretical implications in the context of supply-side shocks, but also deliver implausibly high 

indirect impacts.   

Chapter 6 concerns the net effects of the German Renewable Energies Act (EEG) on value added and 

disposable income, as well as on their distribution across Germany‘s 16 federal states and ten income 

brackets per state (deciles). Since its entry into force, the German renewable energies act (EEG) had 

remarkable success in tremendously increasing the share of electricity from renewable sources. In 

order to incite investments into renewable energy capacities, investors receive a guaranteed price for 

their renewable electricity and preferred grid feed-in over electricity from conventional sources. The 

costs of the program are financed by a surcharge on electricity prices for all consumers.  

In recent years, a controversial debate arose about the unintended effects of the EEG on the 

distribution of value added and disposable income across regions and income brackets, respectively. 

However, previous studies only take the direct impacts into accounts, while higher-order indirect 

impacts are neglected. In order to study the distributive effects in a general equilibrium context, the 

German MRSUT is extended with detailed accounts depicting the generation, distribution and use of 

labour income.  The analysis is carried out by means extended (i.e., Type II) multiregional quantity 

and price I–O models, which allow for comprehensively tracing the broader economic impacts of the 

EEG‘s positive and negative direct effects on prices and wages, production and income levels through 

the network of spatially dispersed value chains.   

Our findings suggest that the generation of electricity from renewable sources leads to small positive 

impacts on industries, but to a significant negative impacts on household‘s disposable income. 

Furthermore, it is found that this negative impact on households has a regressive character, in that low 

income households bear the largest percentage losses, while households at the top of the distribution 

receive income gains. While previous studies have already shown that the direct impacts on 

households have a regressive character, our results indicate that the total (direct and indirect) impacts 

are even more regressive.   
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The production of RE power plants for domestic investments and exports, by contrast, has strongly 

positive impacts on both, value added and disposable income. These impacts are strong enough to turn 

negative impacts from the operation of RE power plants into a positive direction for the majority of 

households. However, due to their low labour market participation, households belonging to the 

bottom of the income distribution do not benefit significantly from these positive impacts.   

The concluding Chapter 7, finally, discusses general implications of the main findings of this 

dissertation and focuses on three major aspects. Firstly, Section 7.1 discusses the contribution of the 

Chapters 2 to 4 to the estimation interregional trade and the construction of subnational MRSUTs. 

Thereafter, Section 7.2 discusses the contribution of Chapter 5 to the assessment and management of 

economic impacts of disasters, whereas the final Section 7.3 deals with the contributions to the public 

debate on the unintended distributive effects of the promotion of renewable energies.   
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Chapter 2 

Construction of Multiregional Input-

Output Tables using the CHARM Method

 

 

2.1 Introduction 

Multiregional input-output (MRIO) analysis has a long tradition as an important tool for studying the 

interrelations of different economic structures and trade, as well as their implications for a broad range 

of societal, economic and ecological issues. The major drawback is that the required data are not 

readily available from national or supranational statistical agencies. In recent years, the development 

of global input-output databases such as Exiopol (Tukker et al., 2013), EORA (Lenzen et al., 2012a; 

Lenzen et al., 2012b; Lenzen et al., 2013) or the World Input-Output Database (WIOD) 

(Dietzenbacher et al., 2013) has led to a tremendous increase in MRIO applications. In global MRIO 

databases, the term ―region‖ usually refers to a large country (e.g., China, the United States) or to a 

group of smaller countries (e.g., the European Union).  

Nevertheless, MRIO analysis can also be used to study the interrelationships between sub-national 

regions within a country and, originally, the theoretical basis of the interregional input-output model 

was developed by Isard (1951) for the subnational level. Compared with recent developments of 

MRIOs at the international level, however, the number of up-to-date subnational MRIO tables and 

applications is much smaller. Examples of subnational MRIO tables and applications in various fields 

such as (transport) infrastructure planning, environmental accounting or energy use include the 

Netherlands (Eding et al., 1999; Oosterhaven, 2005), China (Liang et al., 2007), Japan (Yi et al., 

2007), Spain (Cazcarro et al., 2013) and Australia (Malik et al., 2014). 

The main reason for this discrepancy is that the availability of the required data is much more 

restricted at the subnational level. In the case of international MRIOs, the main task consists of 

connecting and harmonizing national input-output tables with international trade data, which are both 

regularly published for a large number of countries. By contrast, in the case of subnational MRIOs, 

neither regional I–O tables nor interregional trade data are available for most countries. Since full-

scale surveys tend to be prohibitively expensive, researchers often use a non-survey method to 

regionalize an existing national input-output table. These methods have primarily been designed for 

                                                           
 This chapter is based on ―Construction of Multi-Regional Input–Output Tables Using the Charm Method‖ 

written with Tobias Kronenberg and published in Economic Systems Research (2015, 27: 4). The authors would 

like to thank Jan Oosterhaven, Manfred Lenzen, Tony Flegg and Wilhelm Kuckshinrichs, as well as two 

anonymous referees for helpful comments and suggestions.  
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the task of deriving a holistically accurate (Jensen, 1980) I–O table for a single region from a national 

table at reasonable costs. A growing body of literature has discussed the various non-survey methods 

and assessed their strengths and weaknesses (Round, 1978; 1983; Tohmo, 2004; Bonfiglio and Chelli, 

2008; Bonfiglio, 2009; Lehtonen and Tykkyläinen, 2014; Flegg and Tohmo, 2016). This literature 

shows that cross-hauling plays an important role, and non-survey methods that ignore this problem 

yield unsatisfactory results.  The most recent methods are the Flegg et al. Location Quotient (FLQ) 

(Flegg et al., 1995; Flegg and Webber, 1997; 2000; Flegg and Tohmo, 2013b; Kowalewski, 2015) and 

the Cross-Hauling Adjusted Regionalization Method (CHARM) (Kronenberg, 2009; 2012; Flegg and 

Tohmo, 2013a; Kronenberg and Többen, 2013; Flegg et al., 2015).  

Based on theoretical considerations (Kronenberg, 2012) and empirical analyses (Flegg and Tohmo, 

2013a; Kronenberg and Többen, 2013) both methods should be used in the context of different IOT 

layouts regarding the treatment of imports: LQ methods should be used for the regionalization of  

intraregional flow tables (sometimes called ―type B‖ tables), whereas CHARM was explicitly 

designed for total flow tables (sometimes called ―type E‖ tables). The difference between both formats 

is that the former depict the intermediate and final demand for products from domestic production, 

whereas the latter tables depict total intermediate and final demand, i.e., from domestic production and 

imports (see, Kronenberg, 2012 for more details). The choice of the format should inter alia depend on 

the research question: In our experience, regional scientists often prefer intraregional flow tables 

because they are mainly interested in the regional value-added or employment effects of final demand. 

Ecological economists, by contrast, often prefer total flow tables, since they are mainly interested in 

the effects of final demand on world-wide production and related environmental pressure.    

If MRIO tables are to be constructed at the subnational level, non-survey methods are used to 

construct a set of single regional tables, which are afterwards linked to each other via interregional 

trade estimates (Madsen and Jensen-Butler, 1999; Jackson et al., 2006; Gallego and Lenzen, 2009). 

This includes the MRIO tables of the 16 German Länder (federal states) that have been developed by 

the first author of this chapter. In the Industrial Ecology Virtual Laboratory (IELab), a recently 

developed infrastructure for the construction of Australian subnational MRIOs (Lenzen et al., 2014) 

based on a high degree of automation and high-performance computing, non-survey methods are used 

to generate priors, which are subsequently aligned with additional raw data. CHARM, as well as its 

modified version, is implemented in this Lab.   

Hence, on the one hand, we have existing literature dealing with the construction of single-region 

input-output tables and, on the other hand, there is the increasing interest in MRIO tables. The aim of 

the present chapter is to relate these two issues and to discuss how CHARM, which was developed for 

the single-region case, can be applied in the multiregional case. In so doing, we also discuss 

experiences with CHARM over the past few years. Based on our findings, we argue that, with some 

minor adjustments, CHARM can be a useful tool for the development of MRIO tables. Nevertheless, 
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we would not suggest that a non-survey method like CHARM can dispense with the need for survey 

data; we would rather treat the use of a non-survey method as the first step in a ―hybrid‖ approach in 

the sense of Lahr (1993). 

The chapter proceeds as follows. In the next section, we discuss the original CHARM approach for the 

single-region case. We then consider the limitations of the original approach. After that, we move 

from the single-region case to a multiregional setting, develop a slightly modified CHARM formula, 

and explain how this modified formula can be used in a multiregional setting. Furthermore, we 

provide an empirical test for the modified CHARM formula, using an official input-output table for 

Baden-Württemberg as a benchmark. The final section presents our conclusions. 

2.2 The original CHARM formula 

The original CHARM formula, as presented by Kronenberg (2009), is used to estimate regional gross 

imports and exports, given a national total flow input-output table (i.e., ―type E‖). In addition, 

CHARM requires information
 
(estimates or survey-based) on regional intermediate and final demand 

of products from the same region, from other regions of the country and from abroad,    and   , as 

well as on regional gross output,   . Here,   denotes the region at hand and  indicates summation 

over the respective index. This initial situation is shown in Table 2.1.  

The crucial task is to come up with plausible estimates of regional trade (the vectors e and m). As in 

the classical commodity-balance (CB, see Isard 1953; Miller and Blair 2009) approach, these items are 

needed to calculate the regional trade balance for each commodity, which is identical to net exports: 

  
    

    
    

    
    

 ,        (2.1) 

where   
  denotes the trade balance (CB) or net exports of product   by region   and   

  and   
  denote 

 ‘s exports and imports. In the supply-demand pool or CB approach, it is assumed that a sector is 

either import- or export-orientated. Where   
    , regional output is insufficient to satisfy regional 

demand, then regional gross imports are set equal to the absolute value of regional net exports, 

whereas gross exports are set equal to zero. For   
   , by contrast, regional output exceeds regional 

intermediate and final demand, then imports are unnecessary (  
   ) and, thus, the remaining 

products are exported. 
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Table 2.1 Regional total flow Input-Output Table 

 Regional Sector Domestic Final 

Consumption 
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exports 
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Foreign and 

Domestic Imports 
  

    
      

  

Total Supply   
    

      
  

Source: Kronenberg, 2009. 
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For the estimation of regional gross imports and exports, however, information about the CB alone is 

insufficient. It is also necessary to have information about the amount of commodities that are 

simultaneously imported and exported, i.e., the amount of cross-hauling, qi. Generally, qi can be 

calculated as: 

   (     )  |     |     |  |,       (2.2) 

where           denotes the trade volume.  

The basic idea behind the CHARM approach is to calculate the shares of cross-hauling observed in 

national trade with the rest of the world and then apply these shares to regional data. The calculation of 

national cross-hauling shares,   
 , is carried out according to: 

  
  

  
  |  

 |

(  
    

    
 )

 
  
 

(  
    

    
 )

.        (2.3) 

It is then assumed that regional and national cross-hauling shares are equal for each commodity, such 

that setting   
    

  allows the estimation of regional cross-hauling with regional data: 

  
    

 (  
    

    
 ).         (2.4) 

From regional cross-hauling and CBs, gross exports and imports can, finally, be calculated as:  

  
  

  
    

 

 
 

  
  |  

 |   
 

 
         (2.5a) 

  
  

  
    

 

 
 

  
  |  

 |   
 

 
 .        (2.5b) 

Inserting these values into Table 2.1 completes the regional input-output table. The key assumption of 

CHARM is that    
    

 . Kronenberg (2009) justifies this assumption on the basis that product 

heterogeneity is the main cause of cross-hauling.
1
 This argument suggests that a large share of cross-

hauled commodities in output and consumption observed in national data indicates that the respective 

commodities are characterized by a high degree of heterogeneity, so that the parameter   
  may be 

interpreted as a measure of this heterogeneity. Where   
     products are held to be perfectly 

homogeneous, whereas   
  → ∞ for perfectly heterogeneous products. Kronenberg argues that 

  
    

  is a reasonable assumption, as heterogeneity should be seen as a characteristic of 

commodities rather than of a specific region.  

The assumption that   
    

  is not immune to criticism. Jackson (2014, p. 3) argues that the 

heterogeneity of a commodity group will depend on the regional product mix, which in turn ―will vary 

geographically for many reasons, including the simple fact that not all commodities within an 

aggregate commodity group will be produced everywhere‖. This problem arises whenever a non-

survey method is employed to estimate regional structures by using national averages, because all non-

                                                           
1
 See Leigh (1970), Isserman (1980), Norcliffe (1983), and Harris and Liu (1998), for studies of cross-hauling at 

the subnational level. 
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survey methods rely to some extent on the assumption of equal technology. This assumption is 

required to justify the use of national input-output coefficients for the estimation of regional 

interindustry transactions. In other words, if the product mix differs significantly, the equal technology 

assumption is violated, and non-survey methods (including CHARM and all others) will deliver 

unsatisfactory results. Therefore, the argument by Jackson (2014) should be seen as a challenge for the 

non-survey approach in general and not for CHARM in particular. This lends further support to a 

generally accepted recommendation: in order to achieve satisfactory results, researchers should never 

rely completely on non-survey methods and should always try to improve their estimates with 

―superior‖ data whenever possible. 

Another important limitation of the original CHARM formulation is that it does not make a distinction 

between trade flows with other countries and trade flows with other regions in the same country. This 

may lead to an underestimation of total imports, as will be shown below. Furthermore, if the goal is to 

construct a bi-regional or multiregional IOT, it is necessary to estimate the trade flows between all the 

individual regions. The original CHARM cannot do this. Therefore, we present an extended version of 

CHARM in the following section. 
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2.3 Limitations of the original CHARM 

2.3.1 CHARM in a bi-regional context: interregional and international trade 

Let us consider the case of two regions   and  , which form a nation  , with      . In the original 

CHARM approach, it is assumed that heterogeneity observed in national foreign trade is equal to 

heterogeneity in both regions (  
    

    
 ). Regional cross-hauling of both regions is then 

estimated via: 

  
    

 (  
    

    
 ),         (2.6a) 

  
    

 (  
    

    
 ).         (2.6b) 

Since the sum of both regions makes up the nation as a whole, it follows that (  
    

    
 )  

(  
    

    
 )  (  

    
    

 ). In conjunction with the assumption on heterogeneity (  
  

  
    

 ), it becomes obvious what CHARM is actually estimating, when the cross-hauling of both 

regions is added up:  

  
    

    
 (  

    
    

 )    
 (  

    
    

 )  

            
 [(  

    
    

 )  (  
    

    
 )]    

 (  
    

    
 )    

 .  (2.7) 

In effect, CHARM allocates the cross-hauling observed in national foreign trade to the two 

subnational regions. This allocation is made by means of a region‘s share of national output, and its 

share of intermediate and final consumption. Implicitly, CHARM assumes that no cross-hauling takes 

place between the two subnational regions. Thus, if there is substantial cross-hauling between the two 

regions, CHARM will tend to underestimate total trade flows. In order to produce more realistic 

estimates, CHARM should be further adjusted to reflect the fact that cross-hauling occurs not only 

between countries but also within countries. 

2.3.2 Valuation of exports and imports 

Since the core of CHARM consists of the estimation of product heterogeneity in national trade data, it 

is obvious that accounting practices used by statistical agencies for the generation of such data are 

transferred to regional trade estimates. Two cases appear to be especially important for the application 

of CHARM, namely the problems of import/export price differentials and re-exports. Both problems 

play a prominent role in the consolidation of multi-national input-output tables (Bouwmeester et al., 

2014), yet their consequences for the application of CHARM have not been discussed so far.  

First, for the estimation of regional trade, especially in trade and transport services, it is important to 

be aware of the difference between import and export prices. Exports are valued at ‗free-on-board‘ 

(fob) prices at the border of the exporting country. Imports, by contrast, are valued at ‗cost, insurance, 

freight‘ (cif) prices at the border of the importing country and include international transport and 
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insurance services (Eurostat, 2008). The effect of these different price concepts on estimates of 

product heterogeneity can be illustrated for the case of trade services with motor vehicles: the German 

input-output tables only report exports of such services but zero imports, which results in   
    and, 

thus, zero cross-hauling in regional trade. Personal communication with the staff of the federal 

statistical office revealed, however, that Germany does not import trade services with motor vehicles 

separately; instead the trade margin is included in the cif-price of imported cars.  

CHARM is based on the idea that the CB for each product can be computed from the national IOT. As 

accounting practices may well differ from country to country, the compiler of a regional input-output 

table should be aware of this problem. The best way to deal with it when using CHARM would be to 

use national imports and exports that have been valued by the same price concept. 

2.3.3 Treatment of re-exports 

The second and more important case is the accounting practice for re-exports and its consequence for 

the interpretation of   
  as a measure of product heterogeneity. Because the amounts of exports and 

imports match exactly in the case of re-exports, they are regarded as cross-hauling in the sense of the 

CHARM procedure. Here it is important to highlight the conceptual difference between re-exports and 

exports of domestically produced products. According to the Statistics Division of the UN (2008), re-

exports are imported products that are exported with a change in ownership (from resident to non-

resident and vice versa), but without any substantial transformation. It is recommended that these 

products be included in national foreign trade statistics, but the interpretation of   
  fails as a measure 

of heterogeneity for the re-export part in national cross-hauling. As re-exports are ultimately not 

consumed in the region under study, they cannot be subject to regional brand preferences or different 

consumer tastes. Re-exported commodities are, furthermore, not produced in the region.  

The consequences of re-exports for CHARM become obvious in the domain of definition for   
 . 

Kronenberg (2009) defines   
  ,   ), whereby   

  approaches infinity for perfectly heterogeneous 

commodities. However, according to Equation 2.3   
    is only possible if   

    
    

    
 , 

which means that a certain share of cross-hauled commodities is neither produced nor consumed in the 

country. In the German input-output tables, for example,   
    

    
    

  arises quite frequently. 

For regional input-output tables, the application of CHARM would result in regional imports that 

exceeded regional consumption, i.e.,   
    

    
 , and exports that exceeded regional output, 

i.e.,   
    

 .
2
 The reason is that the cross-hauling estimates produced by the original CHARM include 

re-exports. 

                                                           
2
 Note that, as                    implies                , both cases of   

    
  and   

  

  
    

  must occur simultaneously. 
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For applications of regional input-output tables, e.g., impact analysis or environmental analysis, this 

outcome cannot simply be ignored. When it comes to the estimation of intraregional purchases on the 

basis of such regional trade estimates, the resulting intermediate and final consumption of 

domestically produced products may be negative if re-exports included in cross-hauling are not 

deduced. Alternatively, regional purchase coefficients, which account for re-exports in regional trade 

explicitly (Lahr, 2001), can be used to derive intraregional purchases, assuming that national re-export 

shares apply to the region as well. However, if we are interested in trade in commodities that are 

produced or consumed in the respective region, re-exports should consequently be subtracted from 

trade data used to estimate   
 . In this case,   

  ,   -, where   
    would be interpreted as 

indicating perfectly heterogeneous products.  

2.3.4 Accounting balances 

The existence of re-exports is not the only source of regional trade estimates that exceed regional 

consumption and production. Owing to the presence of both output and consumption in the 

denominator of Equation 2.3, it is possible that   
    

  and   
    

    
  could occur. The 

problem may be illustrated by an example. 

Suppose that a product is either not produced or not consumed in a region (  
    or   

    
   ), 

yet cross-hauling is observed in national foreign trade (  
   ). Here CHARM would yield   

    in 

spite of   
     or   

     in spite of   
    

   . Therefore, it is required that   
    for 

   (  
    

    
 )   . This example is the most obvious case for which the problem arises, but 

such inconsistencies are still possible even if   
  is set to zero for    (  

    
    

 )   . The 

problem arises from the assumptions on which Equation 2.4 is based.  

Consider the case of a rise in regional production of good i while regional consumption remains 

constant. The additional production will be used for exports. Since most sectors use intrasectoral 

deliveries as inputs, some of those inputs will be imported. Therefore, one should expect the imports 

of good i to increase, but to a lesser extent than exports. If both exports and imports increase, this 

would amount to an increase in     Hence, an increase in production should cause a less than 

proportional increase in   . A similar argument can be made where there is a rise in regional 

consumption (cf. Kronenberg; 2009, pp. 50-51). 

Although these arguments appear plausible, it is the indirect linkage of domestic consumption to 

exports and output to imports in the current formula that results in inconsistencies. In order to verify 

this argument formally, it is necessary to distinguish the cases of positive and negative trade balances 

at the regional and national levels, as follows. 

If   
     (2.5a) becomes   

    
  ⁄ . In order to show in which cases exports exceed output, (2.4) is 

substituted into the relation   
    

  ⁄    
  and further solved for   

 : 
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(  
    

    
 )

.          (2.8a) 

Similarly, where   
   , (2.4) is substituted into the relation    

    
  ⁄    

    
  and solved for 

  
 , which yields: 

  
  

 (  
    

 )

(  
    

    
 )

.          (2.8b) 

Rearranging both inequalities and setting   
    

  yields the conditions for inconsistent estimates for 

positive and negative regional trade balances: 

  
 

(    
 )

 
  
 

  
    

  for   
           (2.9a) 

  
 

(    
 )

 
  
    

 

  
  for   

           (2.9b) 

Thus, whether or not an estimate of regional cross-hauling for a particular commodity is inconsistent 

with regional accounting balances solely depends on (i) the parameter   
  and (ii) the ratio of regional 

supply to regional demand for that commodity. As cross-hauling   
  consists of imports and exports in 

equal amounts, there must be sufficient regional supply to provide the required exports if the region is 

a net importer (condition 2.9a). If it is a net exporter (condition 2.9b), regional demand must be 

sufficiently high to absorb the import part of regional cross-hauling. In the extreme case of   
     

both conditions coincide and imply that   
    

    
 . For    

     it is required that regional 

output equals zero if the region is a net importer or that regional demand equals zero if the region is a 

net exporter of product  . The latter is the case discussed above. In other words, the use of the national 

cross-hauling shares requires the regional ratio of supply and demand to be sufficiently close to that of 

the national ratio, whereby the required degree of similarity of regional and national supply-to-demand 

ratios depends on   
 . 

Table 2.2 shows the number of inconsistencies per region that occurred in the construction of a MRIO 

for sixteen German states. The states are rank-ordered by their share in national GDP. Re-exports have 

been excluded from national trade data used for the estimation, so that these inconsistencies can be 

attributed solely to regional deviations from national supply-to-demand ratios. It can be seen that the 

number of inconsistencies tends to decrease as regional size increases. The reason is that the economic 

structure of small regions is likely to differ substantially from the national average. Bremen, for 

example, is the smallest German state in terms of GDP and population, yet it is a city state with 

Germany‘s second largest seaport. Therefore, Bremen‘s supply of shipping services, trade, 

gastronomy and cultural activities exceeds its regional demand to a large extent. On the other hand, its 

supply-to-demand ratio for sectors such as agriculture and mining is much lower than the national 

average.   
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Table 2.2 Number of inconsistent CHARM estimates for Germany's federal states 

 Source: Own calculation. 
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2.4 The Modified CHARM formula 

2.4.1 Modified CHARM for bi-regional tables 

Starting from the aforementioned limitations of the original CHARM, the development of a modified 

CHARM must address two aspects. First, accounting balances of the region at hand, as well as of the 

rest of the nation, must be taken into account. Second, regional trade with foreign countries and 

interregional trade need to be estimated individually, but in a consistent manner.  

The point of departure is a bi-regional accounting framework, as shown in Table 2.3, where the 

national table is split into two regions: the region of interest   and the rest of the country  , with 

     . Gray-shaded elements are those to be estimated with the modified CHARM, whereas non-

shaded elements are those assumed to be known or estimated on the basis of superior data. In this 

framework,   
   denotes exports from region   to region   and imports by region   from  , respectively. 

This is a framework in the spirit of single-regional total flow tables (i.e., type E), because regional 

intermediate and final consumption incorporates purchases from domestic output, as well as from 

interregional and foreign sources. Note that, for a researcher who wants to construct an input-output 

table for one region, the extension to such a bi-regional framework requires very little additional 

effort, since the table for region s can be calculated as the difference between the national table and the 

table for region r. As in the double-entry method of Boomsma and Oosterhaven (1992), the explicit 

treatment of the rest of the country can be used for consistency checks and thus facilitates a consistent 

estimation of interregional trade.  

With information as displayed in Table 2.3, the estimation of regional trade consists of two steps. 

In the first step, foreign imports and exports for both regions need to be estimated. As data about 

imports from and exports to foreign countries are often available at the regional level, such 

information can and should be used. A simple alternative would be to allocate foreign trade from the 

national input-output table to both regions, e.g., by assuming that imports from abroad are proportional 

to total domestic demand and exports are proportional to domestic output. Regional foreign trade can 

then be estimated as: 

  
    

   
    

 

  
    

   and   
    

   
 

  
 ,                  (2.10a) 

  
    

   
    

 

  
    

   and   
    

   
 

  
 .                  (2.10b) 

The second step consists of estimating cross-hauling in interregional trade in a similar manner as in the 

original CHARM procedure, but taking accounting balances of both regions explicitly into 

consideration. When incorporating these accounting balances, it is important to note that cross-hauling 

  consists, by definition, of equal amounts of imports and exports. If we are only interested in exports 
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and imports that are produced or consumed in the region (i.e., no re-exports), an upper limit for 

regional exports from or imports to each region involved in regional cross-hauling is given by: 

   (  
    

    
    

    
 )     ,  

  ⁄ -,                        (2.11a) 

   (  
    

    
    

    
 )     ,  

  ⁄ -.                 (2.11b) 

The left-hand side of each condition defines the remaining potential for cross-hauling in interregional 

trade for each region, after subtracting foreign imports and exports. These conditions alone do not, 

however, ensure that   
     

  , if trade flows are estimated for both regions individually. It is, 

therefore, necessary to define the maximum potential for cross-hauling in trade between the two 

regions as the minimum of cross-hauling potential of the two regions from conditions 2.11a and 2.11b: 

   , ̃  ⁄ -     (  
    

    
    

    
    

    
    

    
    

 ),    (2.12) 

where  ̃  denotes the cross-hauling in interregional trade between   and  . After having established the 

condition of consistency for regional cross-hauling estimates, the remaining task is to estimate the 

extent to which the regional cross-hauling potential is realized.  

Consequently, in the spirit of the original CHARM formula, the estimation of regional cross-hauling 

can be based on the relationship between observed cross-hauling and cross-hauling potential at the 

national level. Following from the definition of cross-hauling potential at the national level as 

   ,  
  ⁄ -      (  

    
    

 ), the share of observed national cross-hauling in national cross-

hauling potential  ̃ 
   is calculated as: 

 ̃ 
  

  
 

     (  
    

    
 )

.          (2.13) 

 ̃ 
  can be interpreted in the same manner as   

  in the original CHARM formula. As cross-hauling is 

caused by brand preferences and different consumer tastes, a large share of cross-hauling observed in 

national cross-hauling potential is an indication of a high degree of product heterogeneity. Assuming 

that  ̃ 
   ̃ 

 , regional cross-hauling can be estimated as: 

 ̃    ̃    (  
    

    
    

    
    

    
    

    
    

 ).     (2.14) 

The final calculation of interregional gross trade flows is carried out in conjunction with regional CBs 

 ̃ 
    ̃ 

  (  
    

 )  (  
    

    
 ) analogously to Equations 2.5a and 2.5b: 

  
   

 ̃  | ̃ 
 |  ̃ 

 

 
,                     (2.15a) 

  
   

 ̃  | ̃ 
 |  ̃ 

 

 
.                     (2.15b) 

One might argue that heterogeneity is not solely a characteristic of a product, but rather a characteristic 

of products specific to the output of both trading partners. This argument would suggest that individual 
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heterogeneity parameters should be estimated from the foreign trade of both regions. This, however, 

does not necessarily yield results different from the application of Equation 2.13 to the national table. 

If regional foreign trade were allocated to the regions according to 2.10a and 2.10b, this operation 

would yield exactly the same values, since foreign trade is allocated proportionally to the regions. On 

the other hand, if data on regional foreign trade were used, this operation will produce different values 

for  ̃ 
  and  ̃ 

 , leaving us with the question as to which one to use. Nevertheless, the weighted average 

of both is exactly equal to  ̃ 
 .  
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Table 2.3 Bi-regional total flow input-output table 
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2.4.2 The case of more than two regions 

We now consider the estimation of interregional trade for a multiregional input-output (MRIO) table, 

whereby, for simplicity, the application of CHARM in a MRIO context is illustrated for     regions, 

namely  ,   and  . The initial situation is shown in Table 2.4, where unshaded areas denote known 

data items and grey-shaded areas denote the items to be estimated. It is assumed that regional foreign 

trade is either given or has already been estimated, e.g., according to 2.11a and 2.11b.  

As in the bi-regional accounting framework presented in Table 2.3, intermediate and final 

consumption incorporates intraregional purchases, as well as imports from the rest of the world and 

the rest of the country. In order to balance total use with total supply, imports are accounted for twice: 

indirectly in intermediate and final consumption and directly as row vectors.  

In such a situation, it is crucial to understand that CHARM itself cannot deliver ad hoc estimates of 

interregional trade flows, but it can deliver information for a stepwise approach. That is, for each 

product, CHARM delivers row (total interregional exports) and column (total regional imports) sums 

of an origin-destination (OD) matrix, whose diagonal elements are zero. Such an OD matrix is 

presented in Table 2.5. The first step of such a stepwise approach consists of estimating total 

interregional imports and exports, as in the bi-regional case. From the perspective of region  , regional 

cross-hauling is estimated as in Equation 2.14, whereby the rest of the country now comprises the 

other two regions (       ). Total interregional imports and exports of region   can then be 

estimated analogously to Equations 2.15a and 2.15b. The regional gross trade estimates are consistent 

in the sense that the sum of regional exports to the rest of the country equals the sum of regional 

imports from the rest of the country for each product i: ∑   
     

  ∑   
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Table 2.4 Multiregional total flow accounting framework 
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The further estimation of the explicit interregional trade flows between the regions (the off-diagonal 

elements) can be carried out with different kinds of spatial interaction models, e.g., with the classical 

gravity model. This problem is discussed by Oosterhaven (2005), who describes how interregional (as 

opposed to intraregional) employment multipliers can be estimated if biregional input-output tables for 

all regions (but no multiregional input-output table) are available. His proposed solution includes the 

estimation of a lack of intraregional multipliers by means of regression analysis and the estimation of 

interregional spillover effects (owing to interregional trade) by means of ―distance decay formulas 

found in gravity, entropy, and spatial equilibrium model‖ (Oosterhaven, 2005, p. 70). Isard et al. 

(1998), Sargento (2009) and Sargento et al. (2012) give an overview of several methods suitable for a 

situation as shown in Table 2.5. Because of prior information on row and column sums, these methods 

are called doubly constrained and it is usually not the case that they are automatically consistent. Such 

methods are used to provide initial estimates of interregional trade flows, which are then adjusted to 

row and column sums with bi-proportional balancing methods such as RAS. 

A simple approach for generating initial values would be to allocate imports from the rest of the 

country to the regions of origin according to their market share in total interregional exports (except 

exports of the importing region). Assuming that the effect of trading distance can be ignored, initial 

interregional trade flows from region r to region s can be estimated as: 

  
     

       
     

∑   
     

   
     

 
.         (2.16) 

With this approach, interregional exports can be seen as a contribution of the regions to a pool of 

commodities available for interregional purchases. The shares which other regions contribute to this 

pool are then used to allocate total interregional imports of a specific region to their region of origin.  
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Table 2.5 Origin-Destination Matrix with CHARM estimated row and column sums 

   Region q   Region r   Region s            Total 

Region q 0   
  

   
  

   
     

 

Region r   
  

 0   
     

      

Region s   
  

   
   0   

      

 Total   
     

   
        

      ∑   
     

 
 ∑   

     

 
 

Source: Sargento et al., 2012.  

2.4.3 Case study of Baden-Württemberg 

In this case study of the German state of Baden-Württemberg, an official benchmark input-output table 

for 1991 is first used to illustrate that the original CHARM formula does not estimate cross-hauling in 

interregional trade. Thereafter, the performance of the modified CHARM formula in estimating cross-

hauling in interregional trade is evaluated. In order to isolate errors generated by the estimation 

procedure of the original CHARM formula and its modified bi-regional version, we use the ―official‖ 

values for regional output rather than estimating them with regional employment data or some other 

imprecise measure. The values for intermediate and final demand, as well as gross output for the rest 

of Germany, are calculated as the residual of national values and those of Baden-Württemberg. With 

this procedure, errors in the estimation of cross-hauling in interregional trade are not biased by errors 

made in the estimation of regional output, consumption and foreign trade, which is separate issue. 

Throughout this section, BW denotes Baden-Württemberg, D denotes Germany (Deutschland) and 

―roc‖ denotes ―rest of the country‖. 

The consequences of applying the original CHARM formula for the estimation of BW‘s imports are 

shown in Figure 2.1. The figure shows a comparison between CHARM‘s estimates of international 

(solid black) and interregional (solid white) imports, as well as international (dark hatched) and 

interregional (light hatched) imports from the benchmark table.  

In total, CHARM delivers positive regional imports even for those sectors with positive trade 

balances. With conventional non-survey methods that do not account for cross-hauling, such as the CB 

method, imports in these sectors would have been set to zero, since a positive trade balance indicates 

that the region is an exporter of the respective product. However, a consideration of individual 

international and interregional import estimates reveals that, in most sectors, total imports only come 

from international sources (30 out of 55 sectors with positive imports).  
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The remaining 25 sectors do indeed purchase a certain amount of products from the rest of country, 

but their interregional exports are assumed to be zero. The reason is that the original CHARM only 

allocates a certain share of national cross-hauling to the region at hand instead of estimating cross-

hauling in interregional trade, which is implicitly set to zero, as shown in Section 3.3. In the 

benchmark table, however, all sectors with positive total imports purchase a certain amount from the 

rest of the country, with an average share of 58% of interregional imports in total imports. 

Overall, total regional imports (interregional and foreign) are underestimated compared with the 

survey values. The weighted average percentage error (WAPE) is about -44%. Even so, there are 

substantial differences in the quality of the individual import estimates: for many sectors, estimates of 

international imports are close to the survey values, e.g., for sector 23 or sector 26, which is indicated 

by a WAPE of about 4%. The reason why the original CHARM underestimates total imports 

substantially for those sectors is its poor ability to estimate the interregional part, where the WAPE is 

about -78%. Thus, it can be concluded that the original CHARM delivers reasonable estimates only 

for products that are predominantly imported from international sources, e.g., sector 8. 

For the evaluation of the performance of the modified CHARM in estimating cross-hauling in 

interregional trade, a distinction is made between two cases. In the first case, it is assumed that 

regional foreign trade is known, so that the respective values are from the official benchmark table.  

Thus, regional cross-hauling potential is known as well and deviations of cross-hauling estimates from 

benchmark data can only result from the inappropriateness of the assumption that the heterogeneity 

observed in foreign trade of products is identical to that in interregional trade. In the second case, 

however, regional foreign trade is assumed to be unknown and has to be estimated according to 

Equations 2.10a and 2.10b. This is a situation with which compilers of regional input-output tables are 

often confronted, especially when the region is small. The resulting cross-hauling estimates for both 

cases, as well as their percentage deviation, are shown in Table 2.6.  
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Figure 2.1 Comparison of CHARM estimates of total regional cross-hauling and national cross-

hauling 

 

Source: Own calculations. 
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Table 2.6 Comparison of cross-hauling estimates with benchmark data (m. DM) 

Sector Description Benchmark 
Cross-Hauling estimates  deviation % 

Case 1 Case 2 Case 1 Case 2 

1 Agriculture 2,410 1,012 1,005 -58.0 -58.3 

2 Forestry, Fishing 558 357 352 -36.1 -36.9 

3 Electricity, District Heat 4,738 324 326 -93.2 -93.1 

4 Gas supply 1,540 0 0 -100.0 -100.0 

5 Water Supply 542 0 0 -100.0 -100.0 

6 Coal 0 0 0 0.0 0.0 

7 Metal Ores 324 93 91 -71.3 -71.8 

8 Crude Oil, Natural Gas 0 0 0 0.0 0.0 

9 Uranium Ores 11,826 7,107 6,936 -39.9 -41.3 

10 Refined Petroleum 7,666 1,655 1,571 -78.4 -79.5 

11 Rubber 9,742 2,985 2,921 -69.4 -70.0 

12 Plastic 1,308 755 780 -42.3 -40.4 

13 Building Materials 3,108 1,397 1,396 -55.1 -55.1 

14 Ceramic Products 354 201 178 -43.4 -49.9 

15 Glass and Glass Pr. 890 519 573 -41.7 -35.6 

16 Basic Iron and Steel 560 333 425 -40.6 -24.2 

17 Non-Ferrous Metals 2,958 2,349 2,085 -20.6 -29.5 

18 Casting 2,268 449 441 -80.2 -80.5 

19 Fabricated Metal Pr. 9,156 1,698 1,594 -81.5 -82.6 

20 Railway Locomotives 3,588 533 560 -85.2 -84.4 

21 Machinery 21,376 11,307 10,705 -47.1 -49.9 

22 Office and Telec. Equ.  4,432 2,441 2,485 -44.9 -43.9 

23 Motor Vehicles 19,338 15,771 15,218 -18.4 -21.3 

24 Ships and Boats 22 13 9 -41.6 -57.4 

25 Air- and Spacecraft 926 1,525 1,224 64.6 32.2 

26 Electronic Products 17,494 14,032 13,850 -19.8 -20.8 

27 Optical Instr., Clocks 2,924 2,527 2,377 -13.6 -18.7 

28 Other Metal Products 6,784 2,946 2,941 -56.6 -56.6 

29 Musical Instr., Toys 1,846 912 935 -50.6 -49.4 

30 Wood 1,108 553 559 -50.1 -49.5 

31 Wood Products 6,844 1,903 1,936 -72.2 -71.7 

32 Pulp and Paper 2,072 1,938 1,963 -6.5 -5.3 

33 Pulp and Paper Products 3,832 884 880 -76.9 -77.0 

34 Publishing and Printing 2,270 328 328 -85.5 -85.5 

35 Leather Products 1,542 708 668 -54.1 -56.7 

36 Textiles 5,438 3,572 3,541 -34.3 -34.9 

37 Wearing Apparel 5,944 1,465 1,353 -75.3 -77.2 

38 Food Products 10,636 6,308 5,910 -40.7 -44.4 

39 Beverages 3,034 527 515 -82.6 -83.0 

40 Tobacco 66 40 42 -39.4 -36.0 

41 Building 2,044 295 295 -85.6 -85.5 

42 Building Completion 620 0 0 -99.9 -99.9 

43 Wholesale Trade, Recyc. 4,052 1,258 1,293 -69.0 -68.1 

44 Retail Trade 478 0 0 -100.0 -100.0 
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45 Transport via Railways 460 126 125 -72.6 -72.9 

46 Water Transport 42 278 133 561.0 215.5 

47 Post and Telec. 366 752 752 105.6 105.5 

48 Other Transport services 4,696 2,092 2,088 -55.5 -55.5 

49 Financial Intermediation 2,374 33 33 -98.6 -98.6 

50 Insurance  496 82 82 -83.4 -83.4 

51 Real Estate Activities 218 159 159 -27.2 -27.2 

52 Hotels and Restaurants 152 837 836 450.7 450.2 

53 Science and Culture  964 1,106 1,105 14.8 14.7 

54 Health and Social Work 8 0 0 -100.0 -100.0 

55 Other Services 4,252 2,315 2,315 -45.6 -45.6 

56 Education 0 217 217 Inf Inf 

57 Social Security 568 0 0 -100.0 -100.0 

58 Non-Profit Org. 0 0 0 0.0 0.0 

Total  203,254 101,015 98,108 - - 

WAPE  - - - -50.4 -51.8 

Source: Own calculation. 

First it must be noted that, for most sectors, the differences between cross-hauling estimates in case 

one and case two are relatively small for most sectors, which indicates that the assumption of foreign 

imports and exports being proportional to domestic demand or output is appropriate for most products 

in this case study. Notable exceptions are sectors 14, 15, 16, 17, 24, 25 and 46. 

In the estimation of interregional cross-hauling, there are several sectors for which the application of 

national heterogeneity to interregional trade appears to yield inappropriate interregional cross-hauling 

shares. For five sectors, 4, 5, 44, 54, and 57, cross-hauling estimates are zero, although benchmark 

data indicate that there is cross-hauling in interregional trade. The explanation is that there is no cross-

hauling in foreign trade, which in turn results in  ̃ 
   ̃    for these sectors. In the case of retail 

trade, this outcome may be the result of different valuation concepts of foreign imports and exports, as 

described in Section 2.3. However, for the remaining cases, the reason is that water and gas supplies, 

as well as health care and social insurance services, are services provided by the public sector to 

residents, so that no foreign trade occurs. By contrast, the modified CHARM formula estimates non-

zero regional cross-hauling for sector 56, although no cross-hauling is reported in the benchmark data.  

Apart from cases where cross-hauling is estimated to be zero, despite a positive amount of cross-

hauling being reported in the data or vice versa, the modified CHARM tends to underestimate cross-

hauling to a large extent. The WAPE in both cases (50.4% and 51.8%, respectively) indicates that, on 

average, only half of the interregional cross-hauling reported in the benchmark data is captured with 

the modified CHARM version. In several sectors, cross-hauling is underestimated by more than 80%, 

e.g., 3, 19, and 20. In comparison, for two of the three most important sectors for BW‘s economy, 

namely 23 and 26, the degree of underestimation is rather low, whereas for 21, the degree of 

underestimation is moderate compared with the overall outcome. The only sector with an error of less 
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than 10% is 32. Exceptions are 46, 47, and 52, where cross-hauling is overestimated by more than 

100%. It should, however, be noted that these sectors are relatively unimportant in terms of 

interregional trade. 

2.4.4 Discussion 

The findings presented above suggest that the modified CHARM produces estimates that are 

consistent with accounting procedures and form a useful basis for the construction of MRIO tables. 

Nevertheless, the estimates are not as accurate as one might wish. One reason for this is the fact that 

CHARM attributes the existence of cross-hauling solely to the heterogeneity of products. In reality, 

cross-hauling is also caused by other factors. 

One of these factors is the aggregation of products into product groups. For example, if a region 

exports white wine and imports red wine, we would observe cross-hauling in the product group 

―wine‖. Theoretically, one could imagine an extremely disaggregated input-output table with very 

narrowly defined product groups. In the case of wine, this would mean that each vintage would be 

represented as a product group. In such an extremely disaggregated table, there would be very little 

cross-hauling. In reality, however, that level of disaggregation is simply not possible and cross-hauling 

will always be present. 

Another reason for cross-hauling is the fact that administrative borders and functional economic areas 

do not always coincide. This problem tends to occur more frequently in relatively small regions. 

Imagine, for example, a milk farmer and a cheese factory located in the same region. If both of them 

are located near the borders of the region (one in the East and one in the West), the closest suppliers 

and customers may be outside the region. The cheese factory may choose to buy milk from outside the 

region, and the milk farmer may choose to sell milk to a customer outside the region. Milk will be 

cross-hauled. In a similar fashion, consumers make shopping trips to stores and workers commute to 

workplaces outside their home region. 

Finally, the assumption that  ̃ 
   ̃  may not be entirely realistic if certain products are specific to 

certain regions. A possible alternative, in order to avoid the assumption of  ̃ 
   ̃ , would be to use 

superior proxy data. For example, regional freight transportation data could be used to estimate the 

share of cross-hauling in freight flows between a region and the rest of the country. Another potential 

proxy could be commuting data. Commuting and shopping trips across regional borders can be a 

substantial source of regional cross-hauling, especially for small regions. As long as  ̃  ,   -, the 

use of such proxy information in Equation 2.14 will generate consistent estimates of interregional 

trade. 

Although CHARM relies on the simplifying assumption mentioned above, its results are nevertheless 

useful. A recent case study for the Chinese province of Hubei by Flegg et al. (2015) found that 
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CHARM was unsuccessful when they attempted to estimate exports and imports of individual 

products (or product groups), but ―its estimates of supply multipliers were generally more realistic‖ (p. 

21). It was also found that the assumption   
    

  gave accurate results on average, which suggests 

that this assumption does not yield systematic errors, although the estimates for individual sectors 

were subject to considerable error.  

2.5 Conclusion 

Our objectives in this chapter were threefold. First, we examined the properties of the Cross-Hauling 

Adjusted Regionalization Method (CHARM), which was originally designed for deriving single-

regional input-output tables from national tables. It was demonstrated that the original formula 

requires modification in order to deliver estimates consistent with accounting balances. Furthermore, 

international and interregional trade must be estimated separately, otherwise cross-hauling in 

interregional trade is implicitly assumed to be zero. These properties are then addressed by developing 

a modified formula. This modification ensures consistency of trade estimates with accounting 

balances, as long as the heterogeneity parameter lies between zero and unity.  

In the second part, we demonstrated how CHARM can be used for the compilation of bi- and 

multiregional input-output tables. In this context, the ensured consistency of the modified CHARM 

formula greatly simplifies the compilation. In the bi-regional case, the need to balance the input-output 

table with methods such as RAS is obviated. If a multiregional table comprising three or more regions 

is compiled, CHARM will deliver consistent row and column sums of origin-destination matrices, 

which can be used as restrictions for doubly-constrained spatial interaction models. In this case, it is 

only necessary to adjust initial values of interregional trade flows to row and column sums, instead of 

having to balance the whole input-output table.   

Finally, the case study with the benchmark table of Baden-Württemberg showed that the application of 

cross-hauling shares observed in national trade data still underestimates cross-hauling in interregional 

trade. Even in the case of full information about regional cross-hauling potentials and the trade 

balances, CHARM was only able to capture roughly half of the actual cross-hauling. This outcome 

must be attributed to the assumption that the regional cross-hauling shares are equal to the national 

ones (cf. Flegg et al., 2015). Although the modified CHARM version constitutes an improvement in 

comparison to the original formulation, it does not completely solve the well-known problems of non-

survey methods in general, namely the systematic overestimation of intraregional deliveries and the 

resulting overestimation of regional multipliers.  

Our findings clearly underline the need for additional research efforts in the determination of regional 

cross-hauling shares in order to improve CHARM‘s performance. As the only requirement for 

consistency in terms of accounting balances of the modified CHARM version is that the heterogeneity 

parameter lies between zero and unity, CHARM allows the simple insertion of superior proxy 
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information on regional cross-hauling shares, e.g., information from transportation statistics. It can, 

more generally, be concluded that the advantage of CHARM compared with quotient-based non-

survey methods is its openness to the insertion of additional superior information at each step of the 

estimation procedure for a ―hybrid‖ approach. The modifications to the CHARM formula in this 

chapter form the basis for such improvements by ensuring consistency with accounting balances in 

single-, bi- and multiregional accounting frameworks. 

 

 

 



Chapter 3 

33 

Chapter 3 

On the simultaneous Estimation of Physical 

and Monetary Commodity Flows

 

 

3.1 Introduction 

This paper considers the simultaneous estimation of commodity flows measured in both monetary and 

physical units from incomplete and partial information. Such problems arise regularly in the context of 

linking multisectoral and/or multiregional economic data, e.g., in Multiregional Input-Output (MRIO) 

tables, with data such as freight transportation accounts, material flow data, emission statistics or 

energy accounts in order to create integrated environmental-economic databases. Such databases have 

been used for a wide range of applications.  

The consumption-based accounting of emissions, use of natural resources and the like (see inter alia 

Wiedmann, 2009; Lenzen et al., 2012a; Dietzenbacher et al., 2013; Lenzen et al., 2013; Tukker et al., 

2013; Wood et al., 2014; 2015; Wiedmann et al., 2015) requires the estimation and harmonization of 

satellite accounts measured in physical units with backbone MRIOs measured in currency units. 

Recent efforts aim at constructing fully linked monetary and physical I–O databases. Examples 

include global databases, for example EXIOBASE2 (Wood et al., 2015), as well as regional physical-

monetary I–O tables, for example for the city of Beijing (Zhang et al., 2014). In hybrid LCA 

applications, information about process requirements measured in physical units is frequently 

combined with monetary I–O accounts (see for example Joshi, 1999; Wiedmann et al., 2011; Arversen 

et al., 2013). MRIOs coupled with transportation models are employed for the prediction of future 

demand for passenger or freight transport and infrastructure planning (Zhao and Kockelmann, 2004; 

Ham et al., 2005; Kockelman et al., 2005; Caggiani et al., 2014).  

Generally, one and the same commodity flow can be viewed from different perspectives, for example 

as the amount of tons transported from one region or sector to another or as the monetary value of the 

corresponding trade relationship. Thus, even if one is only interested in estimating unobserved 

commodity flows for a single dimension, using data measured in different units may provide important 

additional information in order to support the estimation process and to improve the quality of the 

                                                           
 This chapter is based on ―On the simultanious estimation of physical and monetary commodity flows.‖ 

published in Economic Systems Research (2017, 29:1). The paper was presented at the 24
th

 International Input-

Output Conference held in Seoul, Korea. The author would like to thank Jan Oosterhaven, Erik Dietzenbacher 

and the participants of the IIOA as well as three anonymous referees for their valuable comments and 

suggestions.  
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results. For example, freight transportation data may serve as an indirect source of information for the 

estimation of unobserved interregional trade flows (see, for example Kim et al., 1983; Jackson et al., 

2006; Gallego and Lenzen, 2009; Park et al., 2009; Llano et al., 2010; Thissen et al., 2013). The other 

way round, monetary I–O tables may serve as an indirect source of information for the construction of 

physical I–O tables (Zhang et al., 2014; Wood et al., 2015).  

In any case, the integration of data measured in different units and originating from a variety of 

sources requires overcoming several challenges:  

 Combining data measured in monetary and physical units requires the access to or the estimation 

of price relationships.  

 Monetary and physical commodity flow data are often published in different and possibly 

mismatching commodity classifications as well as at different levels of aggregation. 

 Information is typically only available to a limited extent and/or is incomplete (e.g., due to 

suppressed data of low confidence or due to confidentiality), which leads to an underdetermined 

estimation problem, i.e., where the number of unknowns exceeds the number of data points. 

 Resulting commodity flow accounts must adhere to joint financial, mass and/or energy balances.  

In the applications cited above these challenges are addressed in a step-wise manner. Typically, these 

steps involve the imputation of missing data, the transformation into other units of measurement and 

the harmonization between different classifications and levels of aggregation.  

This paper proposes a novel model based on the principles of maximum entropy that allows for 

estimating monetary and physical commodity flows simultaneously and consistent with financial and 

mass balances under the restrictions of partial and incomplete information, different levels of 

aggregation and mismatching commodity classifications. The maximum entropy principle to statistical 

inference was originally proposed by Jaynes (1957) as the least biased estimator on the basis of partial 

knowledge about the system under study.  

Maximum entropy models and the closely related minimal cross-entropy (Kullback, 1959) approach 

have been applied to a wide variety of estimation problems under limited information. A general 

introduction to maximum entropy econometrics, including a large number of extensions and 

applications can be found in Golan et al. (1996). Further applications include the spatial distribution of 

commodity flows, passenger trips or agricultural production (see inter alia Wilson, 1967, 1970, 1971; 

Nijkamp, 1975; You and Wood, 2006; You et al., 2009), problems of efficient aggregation (Batty, 

1974), the parameterization of CGE or nonlinear I–O models (Arndt et al., 2001; Fernandez-Vazquez, 

2015) and stochastic properties of economic source data (Rodrigues, 2015).  

In the context of estimating and updating I–O Tables and Social Accounting Matrices (SAMs), 

especially the RAS method, which belongs to the minimal cross-entropy approaches, is widely used 
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and has been subject to a number of extensions and generalizations (see Batten, 1983; Golan et al., 

1994; Gilchrist and St. Louis, 1999; Robinson et al. 2001; Junius and Oosterhaven, 2003; Huang et al., 

2008; Lenzen et al., 2009; Temurshoev et al., 2011; Caggiani et al., 2014; Lenzen et al., 2014; 

Rodrigues, 2014 as well as the special issue from 2004 of this journal).  

However, in all of these applications the values to be estimated, as well as the partial information on 

which the estimation is based, are either measured in one and the same unit or the problem of different 

units is circumvented by employing step-wise procedures. 

The main innovation of the model developed in this paper is to handle partial information measured in 

two or more different units in an integrated manner. The key idea is the following: In addition to 

estimating the flows of aggregated groups of commodities between regions or sectors, the objective is 

to estimate its composition of individual commodities along with their corresponding prices or caloric 

contents per ton, such that mass-, financial- and/or energy-balances are simultaneously satisfied. As 

long as the individual commodities can be assigned to the commodity classifications for which partial 

information is available, problems of mismatches and different levels of aggregation are resolved at 

the same time.    

Although the model is described in the context of an estimation problem of interregional trade 

combining economic and transportation data, it offers the flexibility to be applied in any other task, 

where commodity flows in various units are to be estimated. Most notably, by discussing differences 

in using physical I–O tables versus environmentally extended monetary I–O tables for environmental 

impact assessment, Weisz and Duchin (2006) show that discrepancies in the outcomes can be 

attributed to an assumption implicitly made when monetary I–O data are used: the homogeneity of 

commodity prices across all uses. Merciai and Heijungs (2014) argue that using monetary I–O tables 

bears the danger of delivering biased results, due to the violation of mass balances, while Majeau-

Bettez et al. (2016) show that imbalances can also be the result of aggregating heterogeneous products 

consumed in different proportions by the various users. Therefore, the simultaneous estimation model 

presented here also constitutes a contribution to the reduction of such inconsistencies. 

The remainder of this paper is organized as follows. Section 3.2 revisits the classical maximum 

entropy model with an example for a spatial system of commodity flows. In this section we assume 

that data are measured in a single unit and available in a single classification. Based on this standard 

model Section 3.3 develops a maximum entropy model that is capable of estimating commodity flows 

measured in different units simultaneously, under the assumption of partial and incomplete data at 

different levels of aggregation and in mismatching classifications. In section 3.4, a Monte-Carlo 

analysis is conducted in order to assess the accuracy of estimates of the simultaneous estimation model 

and to compare its performance with a simple step-wise procedure. Section 3.5 discusses possible 

extensions of the model and concludes.   
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3.2 The classical maximum entropy model for estimating commodity 

flows 

As a basis for the model developed in the next section, the principle of maximum entropy estimation 

with its classical application to the estimation of interregional flows developed by Wilson (1971) is 

recapitulated here.  

Let us suppose a set of regions that trade distinguishable commodities        , whereby   

      denotes the suppliers (the region of origin) and         denotes the purchasers (the region 

of destination). The micro states    (   ) of the system describe the movement of each commodity 

  from region   to region  . By contrast, the macro state of the system counts the number of 

commodities shipped from region   to region   and can be written as    , while   ∑ ∑        

represents the total amount of bilateral transactions in the system.  

Now, our objective is to estimate the amount of the commodities shipped from   to  . In absence of 

any information other than the knowledge about the total number of commodities   shipped between 

all pairs of regions, Jaynes (1957) suggests a logical principle similar to the Laplacian principle of 

insufficient reason: All possible micro states of the system consistent with the partial information 

about the macro state have the same probability, while each micro state that is inconsistent with our 

knowledge about the macro state has zero probability. The important consequence of this principle is 

that the probability to observe any arbitrary macro state is proportional to the number of possible 

micro states that yield that macro state through aggregation (Snickars and Weibull, 1977). The 

number of micro states that yield a certain macro state - i.e., the number of ways in which   units can 

be distributed into (  ) groups of potential transactions - is given by the combinatorial formula 

  
  

∏ ∏       
.                (3.1) 

The most probable distribution of bilateral transactions between the regions (macro state) is then 

found through maximization of Equation 3.1, which yields the macro state that can be produced by the 

maximum number of different micro states and is, thus, the most probable one.  

A simplified example taken from Sargento (2009) is shown in Figure 3.1, to illustrate these basic 

ideas. In this example, there are     commodities traded between       regions. In addition, 

we know that        units of commodities are shipped from region 1 to region 2 and        unit is 

shipped from region 2 to region 1. Applying Equation 3.1 to this example shows that this macro state 

can be generated by   (    )⁄    different micro states, since each of the four commodities could be 

the one that is sold by region 2 to region 1.  The macro state that can be produced by the maximum 

number of different micro states (i.e., the solution that maximizes  ) is that of an even distribution of 

the four units available in the system (i.e.,                  ).  
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Figure 3.1 Illustration of the difference between micro- and macro-state descriptions of commodity 

flow systems 

 

Source: Own elaboration 
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Dividing the amount of commodities shipped from region   to region       by the total amount of 

commodities in the system,  , yields the corresponding expression in terms of frequencies     

    ⁄ , where ∑ ∑    
    . Taking logs of Equation 3.1 and using Stirling‘s Approximation

3
 

delivers Shannon‘s (1948) entropy measure of a discrete probability distribution written in matrix 

notation 

 ( )                  (3.2) 

where   is a column-vector of length (  ) whose generic element     denotes the fraction of the 

commodities totally available in the system that is sold from   to  . 

The entropy of a distribution is an inverse measure of the degree of information and reaches its 

maximum for                    . Under the principle of maximum entropy Jaynes 

argues that ―in making inferences on the basis of partial information we must use that probability 

distribution which has the maximum entropy subject to whatever we know. This is the only unbiased 

assignment we can make; to use any other would amount to arbitrary assumption of information, 

which by hypothesis we do not have‖ (Jaynes, 1957, p. 623).  

For the utilization of the principle of entropy maximization, additional information about the macro 

states may be added in terms of constraints on the entropy maximizing probability distribution 

    ( ). In the case of the estimation of commodity flows, this in particular concerns information 

about row and column totals, such as total tons loaded and unloaded in a region, total regional supply 

and demand or, in the case of intersectoral flows, total intermediate sales and purchases by sector. 

Generally,   available data points can be arranged as a stacked column vector  . In the case of a 

doubly constrained model of spatial commodity flows (see Wilson, 1967; Nijkamp, 1975), for 

example,   is of length       and contains the partial information about the macro state in terms 

of the   column totals,  ̅  ∑  ̅    ̅⁄ , and   row totals  ̅  ∑  ̅    ̅⁄ , where the bar indicates 

available data points.
4
 The entropy maximizing distribution subject to our information on row and 

column totals is found by solving the nonlinear program  

    ( )                  (3.3a) 

s.t.  

                  (3.3b) 

     
             (3.3c) 

and subject to the non-negativity constraint  

               (3.3d) 

                                                           
3
            , see Wilson (1967). 

4
 Note, that in doubly constraint settings   is actually of length    , as the (   )th

 constraint follows from 

the other     constraints and ,thus, becomes redundant.  
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where     is a concordance matrix of dimension (   )  (  ), whose elements take the values of   

or   and which relates the frequencies we would like to estimate with the available information in the 

form of adding up constraints. Hence, in this notation, Constraint 3.3b summarizes the more common 

notation of a double-constraint, where  ̅  ∑    
  and  ̅  ∑    

  represent consistency 

requirements on the target matrix with respect to known row and column totals. 

   
  is a unit vector of length (  ) used for summation.  

The solution of (3.3) is found by solving the first order conditions of the corresponding Lagrangian 

 ( ̄)    ̄     ̄  (       ̄)
  ̃  (     

  ̄)  ̃.       (3.4) 

where  ̃ and  ̃ are Lagrangian multipliers and ‗~‘ indicates estimates. The first order conditions are 

then 

  

  
      ̄       

  ̃   ̃           (3.5a) 

  

  
        ̄             (3.5b) 

  

  
      

  ̄             (3.5c) 

Solving system (3.5), with (  )  (   )    equations, for  ̄ in terms of  ̃  and  ̃ delivers the 

solution 

 ̄    ( ̃)
  

   (      ̃),         (3.6) 

where the normalization factor  ( ̃)     
    (      ̃) is used to convert relative probabilities into 

absolute ones. The Lagrangian multipliers  ̃ reflect the relative contribution of each data point to the 

optimal value of the objective function and can, hence, be interpreted as a measure of the information 

content of each data point (Golan et al., 1996). Since there are (  )  (   )    independent 

equations, but (  )  (   ) unknowns, an analytical solution of (3.5) can only be made up to a 

scalar.  

If prior information on the flows is available, it can be used for the estimation by modifying the 

objective. Instead of maximizing the entropy of unknown fractions of flows, the cross-entropy, i.e., the 

entropy distance also known as Kullback-Leibler divergence (Kullback and Leibler, 1951; Kullback, 

1959), between the target and the prior matrix is minimized. The principle of minimal cross-entropy is 

also known as the principle of minimal information gain, as the information gained when using the 

target instead of the prior distribution is minimized. Such prior information could, for example, be a 

table of a previous year or one constructed on the basis of non-survey methods (see Flegg et al., 1995; 

Miller and Blair, 2009; Többen and Kronenberg, 2015). Therefore, the maximum entropy problem can 

be considered as a special case of the more general minimal cross-entropy problem where priors are 

evenly distributed, i.e., in the absence of prior information (Golan et al., 1996).  
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In the doubly constrained maximum entropy or minimal cross-entropy models, the probability of a 

certain flow  ̃   depends on the Lagrangian multipliers of the sending and of the receiving region or 

sector,  ̃  and  ̃ , which can be given an economic interpretation: For example, as push- and pull-

effects in the context of interregional spillovers (Nijkamp, 1975), or as fabrication- and substitution 

effects in the case of interindustry transactions (Miller and Blair, 2009).  

Depending on the task, additional constraints can be added. In interregional trade applications, for 

example, additional restrictions on trade or transportation costs can be used to integrate information 

regarding the spatial dimension of flows. Wilson (1967) shows that the gravity trade model, originally 

suggested by Leontief and Strout (1963), can be derived from the doubly-constraint maximum entropy 

model with an additional transportation cost constraint. In the optimal solution, the flows between two 

regions are proportional to the level of supply of   and to the level of demand of  , and proportional to 

the reciprocal of the costs of trade between both regions. Batten (1983) estimates subnational MRIO 

tables with a maximum entropy model using accounting balances as well as data such as national I–O 

tables, transportation costs and regional aggregates as constraints.  

3.3 Estimating physical and monetary commodity flows simultaneously 

In the previous section, the units of measurement did not play any role for the formulation of the 

estimation problem, as it was implicitly assumed that both the values to be estimated and the row and 

column totals are measured in the same units. Furthermore, no distinction has been made between 

different types of commodities. For situations, however, where we want to estimate flows of a variety 

of different types of commodities on the basis of data in different product classifications and measured 

in different units, the above simple entropy model requires a number of extensions.  

3.3.1 A commodity flow system in mixed units of measurement 

Assume that we want to estimate spatial flows of different types of commodities under information 

about row and column sums measured in physical and monetary units, e.g., the amount of tons loaded 

and unloaded in a region from freight transportation data measured in tons and regional data of supply 

and demand measured in currency units. In addition it is assumed that row and column totals are 

available at different levels of aggregation and in mismatching commodity classifications.  

The row and column totals measured in tons are available for   different categories of commodities, 

with,         being a set of commodity groups corresponding to the classification used for freight 

transportation data. By contrast the row and column totals measured in currency units are available for 

  different categories, with         denoting commodity groups of the classification used for 

economic data. Further, it is assumed that    . Classification mismatches occur in this context, if 

one classification cannot be derived from the other by means of simple aggregation.  
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The set of row and column totals measured in physical units can then be posed as, respectively,   

  ̅
  ∑   

  
                    and   ̅

  ∑   
  

                   ,   (3.7) 

where   ̅
  are the total shipments of commodity   within and out of region   and   ̅

  are the total 

shipments within and to region  , both measured in tons.  

The set of row and column totals measured in currency units can be written as, respectively,  

  ̅
  ∑   

  
                    and   ̅

  ∑   
  

                   ,   (3.8) 

where   
   denotes the monetary value of the sales of commodities of type   from region   to region  , 

  ̅
  denotes total supply of   by region   (excluding sales to outside regions) and   ̅

  denotes total 

demand for commodities of type   by region   (excluding purchases from outside regions).  

Figure 3.2 Illustration of the relationship between physical and monetary commodity flows and the 

alignment of both dimensions through the auxiliary root classification 

 Source: Own elaboration 
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In order to align data from both sources, an auxiliary classification         from which both 

classifications of our data can be derived through simple aggregation needs to be defined. Note that 

this approach is similar to the ‗root-classification‘ used in the Australian IELab (see Lenzen et al., 

2014). The root classification   has to be constructed in such a way that each commodity of type   

belongs to exactly one commodity group of classification   and at the same time belongs to exactly 

one commodity group of classification  .  

The relationship between the three commodity-classifications and the general approach of linking data 

in different units of measurement and in different classifications is illustrated in Figure 3.2. In this 

example, row and column totals measured in physical units are available for two different types of 

commodities, while for the monetary dimension row and column totals comprise three commodity 

groups. Both classifications are mismatching, because both commodity groups of   comprise 

commodities that belong to two different groups of  :     consists of commodities belonging to 

      and     consists of commodities belonging to      . The mismatch is resolved through 

the introduction of the root classification   from which the other classifications can be derived through 

aggregation. 

Formally, the relationship of the root classification to the classifications in which data are available 

can be expressed in terms of the concordance matrices     and    , whose elements     and     are 

equal to one if a commodity   belongs to the commodity groups   or  , respectively, and are equal to 

zero otherwise.  

By making use of the root classification  , the consistency restrictions for the physical flows (3.7) can 

be rewritten as  

  ̅
  ∑ ∑      

  
                            (3.9a) 

and  

  ̅
  ∑ ∑      

  
                    .        (3.9b) 

where   
   denotes the amount of tons of commodities of the root classification   shipped from   to  .  

For expressing the consistency constraints for the monetary side in terms of the root classification, we 

utilize the property that the monetary value of transactions   
   can be expressed as the sum of the 

amount of tons of   belonging to   times the respective (unknown) price per ton   
   of that transaction. 

Therefore, (3.8) can be rewritten as 

  ̅
  ∑ ∑      

    
  

                                     (3.10a) 

and  

  ̅
  ∑ ∑      

    
  

                    .                 (3.10b) 



Chapter 3 

43 

Consequently our estimation problem here does not only deal with the flow of commodities from one 

region (or sector) to another, but needs to be extended to, firstly, the estimation of the composition of 

aggregate flows with distinct commodities and, secondly, the estimation of their respective prices per 

ton. Hence, the objective is to find a distribution of between    pairs of regions (or sectors), a 

composition of these flows of distinct commodities   and the corresponding prices of these 

commodities that are optimal in terms of the maximum entropy principle.  

3.3.2 Entropy measures for quantities and prices 

For aggregate commodity flows the entropy that measures the heterogeneity of flows between    pairs 

of regions has been introduced by means of Equation 3.2 in the previous section. In this section, the 

entropy measure for our commodity flow system has to be extended into two directions: First, an 

entropy measure for describing the heterogeneity of the composition of aggregate flows in terms of the 

root classification   is required. Second, we need an entropy measure describing the uncertainty of 

average prices at which commodities of type   are traded.  

The commodity composition of the interregional flows 

Let   
   be the fraction of commodity   in the fraction of total flows shipped between   and  ,    , 

such that ∑   
  

          ⁄ . Following Theil (1966), the entropy of the internal composition of 

flow     can be measured by    

   (  
  )   ∑

  
  

     
  
  

             (3.11) 

Equation 3.11 is equivalent to Theil‘s (1966) conception of the within-set entropy, which he uses to 

measure the internal heterogeneity of sets, e.g., in cases where observations have been aggregated to 

groups. Opposed to that, the between-set entropy is represented by the entropy measure of Equation 

3.2. 

Both, the within-set and the between-set entropy are connected through the following relationship that 

describes the total entropy in the commodity flow system 

  ( 
     

  )    (   )  ∑ ∑    
     (  

  )                 (3.12a) 

or  

  ( 
     

  )    ∑ ∑    
        ∑ ∑    

  ∑
  
  

     
  
  

    .               (3.12b) 

where the first term on the ride-hand side measures the between-set entropy of aggregate flows 

between each pair of regions and the second term measures the within-set entropy of each aggregate 

flow. 
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The total entropy of this commodity flow system can also be expressed in terms of   
   only. For a 

more convenient expression substitute ∑   
  

      into Equation 3.12b, which yields 

  (  
  )    ∑ ∑ ∑   

      
  

   .        (3.13) 

The uncertainty of prices 

In addition to the unknown fractions of commodity flows,   
  , we need to estimate their average 

prices per ton. Typically, information about prices may be gained through production or trade statistics 

from databases such as UN-COMTRADE or PRODCOM, which publish annual import, export and 

production data in tons and currency at high commodity resolution for virtually all countries in the 

world. It is important to note that the prices have to be understood as an unknown weighted average 

price of unobserved transactions of commodities of type   from   to  . Even at the highest resolution at 

which commodity specific data are usually published, each group comprises of a large variety of 

different types, variants and brands. In addition, even prices for one and the same commodity will be 

different due to heterogeneous seller-buyer relationships.  

Information from such databases can be used to construct so-called supports for the estimation of 

average prices of a commodity of type  . Supports can be upper or lower bounds, observations, 

distribution parameters or any other knowledge (or beliefs) that describe the distribution of prices 

within commodity group   (see Golan, 1996).  

Figure 3.3 Shape of the entropy measure for two supports 

 

Source: Own elaboration 
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Let us assume that the only information about prices we have are observations of the maximal and the 

minimal prices per ton at which commodities of type   are traded (e.g., from export statistics),  ̅ 
    

and  ̅ 
         , respectively. If we assume that a plausible range of the unknown price,   

    falls in 

the interval of [ ̅ 
     ̅ 

   ], then   
   can be expressed as a linear combination of its bounds and their 

respective weights   
    and   

   : 

  
     

    ̅ 
     ̅ 

     
   ,            (3.14) 

where   
      

      and   
      

      and supports are the lower and upper bounds [ ̅ 
     ̅ 

   ]. 

The estimates of the unknown prices are, then, gained through maximization of the entropy of their 

respective weights. Figure 3.3 shows the maximum entropy for different values of    between zero 

and one, subject to        . It can be seen that entropy of    and    has the shape of an inverse 

U and takes its maximum for          . Thus, in absence of any other constraints, price 

estimates resulting from the maximization of this entropy measure will be the arithmetic mean of the 

upper and the lower bound.  

In the more general case of   supports, the unknown average prices per ton,   
  , can be expressed as 

a convex combination of   supports  ̅  [ ̅ 
     ̅ 

     ̅ 
 ] and    weights 

  
   ,  

        
        

   - that sum up to one (see Golan, 1996; Chapter 6). The corresponding 

entropy measure of prices may, then, be written as 

  (  
   )    ∑ ∑ ∑ ∑   

       
   

           (3.15) 

3.3.3 The combined estimation model 

When combining the entropy measures for the unknown fractions of commodity flows and the 

unknown weights on price-supports, an important aspect to consider are the weightings of both 

objectives relative to each other. If no weights are explicitly assigned, implicit weightings are made 

based on the maximum entropies of the objectives in the unconstrained case, i.e., when all unknowns 

are evenly distributed.  

For example, if we want to estimate          unknown commodity flows and prices, whereby two 

price-supports are available for each bilateral transaction of  , then the entropy measure for the 

commodity flows approaches its maximum for   
       

        ⁄        . In the case of the 

unknown weights on the price-supports, however, the entropy measure approaches its maximum for 

  
      

            . While the unknown fractions of flows sum up to one, the unknown weights 

on the price-supports sum up to 1000. As a consequence, substituting   
       

        ⁄  into 

(3.13) yields 6.91, while substituting   
      

         into (3.15) yields 693. Hence, in such an 
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estimation problem, the objective for the estimation of prices receives roughly a hundred times as 

much weight as the estimation of the fractions of flows. For this reason, if one wants to assign equal 

weight on both objectives, each of them needs to be divided by their respective unconstrained 

maximum entropy.  

In general, the unconstrained maximum entropies in a system with     bilateral transactions and   

price-supports for each transaction are       and       , respectively. Dividing the entropy 

measures (3.13) and (3.15) by their unconstrained maximum entropies delivers their respective relative 

entropies (see Golan et al., 1996): 

  
 (  

  )    
∑ ∑ ∑   

      
  

   

     
                   (3.16a) 

and 

  
 (  

   )    
∑ ∑ ∑ ∑   

       
   

    

       
.                  (3.16b) 

Based on these relative entropy measures and on the data consistency constraints shown in Equations 

3.9a, 3.9b, 3.10a and 3.10b, the entropy maximization problem can, then, be posed as  

     (   )    
 ( )    

 ( )   
     

     
 

     

       
                (3.17a) 

subject to the data consistency constraints of the physical dimension 

   (       )                     (3.17b) 

and the re-parameterized constraints of the monetary dimension, which are gained through substituting 

     ̅ into the Equations 3.10a and 3.10b   

   (       ) 
  ̅ ,                   (3.17c) 

subject to the adding-up conditions 

      
                        (3.17d) 

and  

            
  ,                    (3.17e) 

as well as to the non-negativity constraint 

                          (3.17f) 

   ,                      (3.17g) 

where   [               ]  with     [  
       

  ]  is a vector length     of unknown 

fractions of tons and   [  
       

       
  ] with   

   [  
        

   ] is a vector of length      
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of unknown weights on the price-supports  ̅. The     unknown fractions of tons are connected to 

 (   ) physical row and column totals,   , via the concordance matrix        , where   is the 

Kronecker product. As in the previous section, the physical row and column total are scaled by the 

total amount of commodities available,  ̅. Therefore, the generic elements of    are  ̅ 
    ̅

  ̅⁄  and 

 ̅ 
    ̅

  ̅⁄  and denote the shares of commodities belonging to group   in the total amount of 

commodities  ̅ available in the system that are delivered to   or from  , respectively.  

The monetary row and column totals are scaled with  ̅, as well, such that the generic elements of    

are  ̅ 
    ̅

  ̅⁄  and  ̅ 
    ̅

  ̅⁄ . As a consequence, they are transformed into constraints on the 

weighted average prices   
    

     
  ∑   

    ̅ 
 

 , where the estimated fractions,   
  , represent the 

weights. The estimates of the weighted average prices are, then, mapped on the corresponding 

 (   ) row and column totals via        .  

3.4 Monte-Carlo Simulation 

In this section, the performance of the maximum entropy model developed above is assessed by means 

of a Monte Carlo simulation. For this purpose, we generate 500 random benchmark setups. Each of 

these setups, consist of         random commodity flows measured in tons and corresponding 

random prices per ton. Afterwards, we estimate these from the ―known‖ aggregate information about 

commodity flows and prices. In addition to assessing the quality of estimates gained from the 

simultaneous estimation model, we also compare its performance against a simplified step-wise 

procedure. 

In each benchmark setup, we distinguish        regions and     commodity groups. The     

commodity groups are assumed to add up to two classifications: viz.     for the physical and     

for the monetary dimension. The adding up rules and corresponding concordance matrices are taken 

from the example for mismatching classifications shown in Figure 3.2.  

In order to get benchmark setups that are close to a real commodity flow system, the spatial structure 

of aggregate commodity flows is taken from an origin-destination matrix depicting shipments of 

machinery products within and between ten out of Germany‘s 16 federal states. This spatial structure 

does not vary across the 500 benchmark setups. What varies in each benchmark setup are, firstly, the 

shares of the     commodity groups in each of the         aggregate flows and, secondly, the 

average prices of per ton of each of the         commodity flows. In the next subsection, we 

describe how these two are randomly drawn.  

Specification of the simultaneous estimation model 

The 500 benchmark setups we are estimated by means of (3.17), with a slight modification. As we 

want to focus on assessing the quality of estimates for monetary flows, it is assumed that the origin-
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destination matrices measured in tons are given for both commodity groups of classification  , i.e., 

  ̅
  . As a consequence, the data consistency constraints (3.17b) for the physical dimension are replaced 

by 

  ̅
   ∑      

  
     (   )  *(   )   (   )   (   )+                   (3.17b‘) 

For the monetary dimension, by contrast, row and column totals for the three commodity groups of   

are assumed to be known.  

Thus, we resemble a typical information context, when monetary trade flows for a subnational MRIO 

are to be estimated from transportation data measured in tons and published in different levels of 

aggregation and mismatching classifications. Often these origin-destination matrices are incomplete, 

in addition. However, in order to keep the setting as simple as possible, we assume that complete 

origin-destination matrices are available.   

With respect to the price-supports, we assume three different scenarios for the availability of 

information. In Scenario 1, it is assumed that only the average price of   at the national level can be 

observed and that the unknown prices may be up to 50% larger or smaller than that average. By 

contrast, in Scenario 2 it is assumed that only the minimal and maximal prices for  ,  ̅ 
    and  ̅ 

   ,  

in each of the 500 benchmark setups can be observed. Finally, in order to assess to what extend the 

results depend on the quality of the information on prices, it is assumed in Scenario 3 that the 

respective price of each flow of   from   to   is perfectly known.     

Specification of the step-wise estimation model 

The simultaneous estimation model described above is compared against a simplified step-wise 

estimation model; in order to verify to what extend improvements in the quality of estimates can be 

gained. Since the classifications of   and   are mismatching, it is not possible to use the full 

information provided by the two origin-destination matrices for  . Instead, we use an approach similar 

to that used in Thissen et al. (2013) and compute import- and export coefficients from the aggregates 

transported from   to   as: 

      ̅   ̅  ⁄                      (3.18a) 

and 

      ̅   ̅  ⁄  .                    (3.18b) 

The export coefficients are then multiplied with monetary row totals (i.e., total supply of   by region   

measured in currency) and import coefficients are multiplied with monetary column totals (i.e., total 

demand for   by region   measured in currency). Thus, we assume that all commodities traded 

between   and   have the same average import and export propensities. In this way, we avoid posing 
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explicit assumptions for the transition between the classifications   and  . Finally, priors of the 

monetary trade flows for each commodity group   are computed as  

  
    (      ̅

        ̅
 )  ⁄ .         (3.19) 

In the final step, these priors are adjusted to the monetary row and column totals for each commodity 

group   using RAS.  

3.4.1 Drawing random quantities and prices 

In order to ensure that flows and prices are of a realistic magnitude, they are randomly drawn from the 

distribution of tons and prices observed in German export data of machinery products from 2008 at 8-

diggit level. The disaggregated commodity groups reported in the export data are, at first, assigned to 

    categories distinguished in our setup. Thereafter, for each category   we compute means 

   ,   
     

- and (sample) variances   
  ,   

      
 - of quantities and prices, as well as the 

corresponding covariance        
 from the logarithmic values of the export data. These parameters are, 

then, used to define the joint (i.e., bivariate) distributions of quantities and prices from which the 

quantities and prices for the benchmark setups are randomly drawn. The distribution parameters, 

computed from the export data are shown in the table at the top of  

Table 3.1. 

For each commodity flow   between   and   in each of 500 benchmark setups, we draw   times from 

the respective bivariate normal distribution of (logarithmic) quantities and prices defined by    and    

using the Matlab‘s multivariate normal random numbers generator. Here,    is the     covariance 

matrix of commodity group  , which contains the respective variances of quantities and prices on the 

diagonal and their covariance on the off-diagonal. After applying the exponential transformation to the 

logarithmic values, the amounts of tons of each commodity flow   between   and  , then, results from 

summing over the   draws. Afterwards, these are adjusted, such that the total amount of tons shipped 

between   and   from aggregate origin-destination matrix for machinery products are met. The 

corresponding prices per ton are computed as (ton-) weighted averages over the   draws.  

The reason, why we draw   times, is that we want to mimic the characteristic of aggregated 

commodity groups as being comprised of many different commodities at various prices in different 

proportions. Due to the law of large numbers, the number of draws determines the average deviation 

of tons and prices from their respective means and, thus, the degree of uncertainty in each benchmark 

system. Therefore, we use the number of draws to create five different cases with 100 benchmark 

setups each, in order to assess the impact of varying degrees of uncertainty in the benchmark setups on 

the outcomes of the estimation.  
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Table 3.1 Parameters of the joint distributions of quantities and prices of the commodity groups   

computed from German export data of machinery products in 2008 

  No. 8-

diggit 

Tons    Prices    
      

 
 

  
    

 Min Max  
  
    

 Min Max 
1 130 8.455 1.577 3.967 11.513 2.796 0.621 1.378 4.302 -0.235 

2 111 7.635 1.496 2.862 10.437 2.975 0.673 1.116 4.449 -0.108 

3 45 8.281 2.082 3.718 12.128 2.999 0.612 1.677 4.473 -0.384 

4 73 7.450 1.801 2.660 11.027 3.074 0.646 0.011 4.689 -0.271 

Source: Own calculations. 

 

Figure 3.4 Distribution of quantities and prices in benchmark setups.  

      

Source: Own calculations. 
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The choice about the number of draws,  , is explained in the following:  

 Case 1 and Case 2: Here, each benchmark flow of   from region   to region   and its 

respective average price per ton are generated by a constant number of draws. In Case 1 the 

number of draws is     , whereas in Case 2 we use      . Comparing the scatter-plots 

for Case 1 and Case 2 in Figure 3.4, shows the impact of the different values of  . The lower 

the number of draws,  , is, the larger are the deviations of prices from their respective means. 

This holds true for quantities as well, but it becomes less apparent due to the scaling with the 

aggregate origin-destination matrix. As consequence, especially prices, are much more 

variable in Case 1 (    ) than in Case 2 (     ).    

 Case 3 and Case 4: Here, it is assumed that the degree of uncertainty increases with the size of 

aggregate flows between   and   from the origin-destination matrix,  ̅  . This assumption can 

be justified with the argument that relatively large flows are more likely to consist of a larger 

variety of different products traded at different prices compared to relatively small flows. As a 

consequence, larger flows are more likely to have average prices per ton that are closer to the 

mean compared to smaller ones. For Case 3 we set the (rounded) number of draws to   

√ ̅  
 

    and we set it to   √ ̅  
 

    for Case 4. Thus, the number of draws varies between 

      and      in the former case, and between      and     in the latter case. 

Comparing the scatter plots of Case 3 and Case 4 with those of Case 2 and Case 1 in Figure 

3.4, respectively, shows that the degree of uncertainty is smaller for relatively large flows, 

whereas it is larger for relatively small flows. 

 Case 5: Quantities and prices are drawn independently from two different distribution (i.e., 

zero covariance,        
  ). Here, tons are drawn from a uniform distribution taking values 

between one and 10,000, whereas prices are generated by a single draw from the univariate 

lognormal distribution defined by the means and variances of the prices of  . For this reason, 

the degree of uncertainty in Case 5 is by far the largest compared to the four previous cases, 

because the benchmark values as can be observed in Figure 3.4.   
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3.4.2 Monte-Carlo Simulation 

In this subsection, the performance of the simultaneous estimation model is assessed and its 

performance is compared against a simple step-wise approach. The outcomes are compared by means 

of three matrix-comparison statistics: WAPE (weighted absolute percentage deviation), MAPE (mean 

absolute percentage deviation) and Theil‘s    coefficient (see Bonfiglio and Chelli, 2008; Pavia et al., 

2009). As an example, the statistics for comparing the estimates of  ̃ 
   with its respective benchmark 

value   
   are computed as follows: 

        
∑ ∑ ∑ | ̃ 

     
  |   

∑ ∑ ∑   
  

   
         (3.20) 

         ∑ ∑ ∑
| ̃ 

     
  |

                 (3.21) 

      
√∑ ∑ ∑ . ̃ 

     
  /

 

   

√∑ ∑ ∑  ̃ 
   

    √∑ ∑ ∑   
   

   

.        (3.22) 

First, the performance of the simultaneous approach in estimating monetary commodity flows at the 

aggregate level of     commodity groups from     (mismatching) origin-destination matrices 

measured in tons is discussed and compared to the performance of a simplified stepwise procedure. 

Table 3.2 shows the outcomes of the simultaneous approach under the three different scenarios for the 

availability of information on prices (Scen. 1 – Scen. 3) and those of the step-wise procedure in terms 

of the matrix comparison statistics (3.20) – (3.22). For each of the five cases, the first column (‗total‘) 

reports the values of (3.20) – (3.22) across all 100 setups, whereas the second and the third column 

present the minimal and the maximal outcomes among the 100 setups. Table 3.3 shows the number of 

benchmark setups in which the respective procedures performed best. Since perfect knowledge of 

prices is unrealistic in real applications, Scenario 3 is excluded from Table 3.3.    

Regarding interregional monetary flows (  
  ), it can be observed that under the assumption that 

unknown prices may vary in a bandwidth of      around the observed national average (Scenario 

1), the simultaneous approach outperforms the stepwise procedure across all comparison statistics in 

all cases, except of Case 5. Across the 100 benchmark setups of Case 5, the simultaneous approach 

performs worse in terms of WAPE and   , but it performs better in terms of MAPE at the same time. 

These outcomes for Case 5 can be explained by the fact that large ton-flows with prices out of bounds 

occur far more often than in the other cases. However, the fact that the minimal values of all three 

matrix comparison statistics are lower indicates that the simultaneous estimation model may 

potentially outperform a simplified step-wise approach in this extreme case, too.  
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Table 3.2 Deviations of estimated monetary flows from benchmark values 

    Case 1 Case 2 Case 3 Case 4 Case 5 

    total min max total min max total min max total min max total min max 

S
ce

n
. 

1
 WAPE 17.16 12.60 22.42 6.49 4.69 9.10 7.85 5.73 10.93 8.37 5.71 11.86 39.99 25.19 64.05 

MAPE 35.76 25.32 52.32 9.78 7.62 11.24 17.75 14.30 23.88 13.93 11.36 16.63 109.30 60.88 225.98 

U1 5.05 3.07 8.47 2.14 1.37 3.71 2.18 1.35 3.36 2.61 1.65 4.89 11.00 4.69 27.20 

S
ce

n
. 

2
 WAPE 19.90 15.81 25.87 6.11 4.34 8.76 8.72 6.26 17.55 8.50 6.22 12.46 57.42 35.98 78.25 

MAPE 43.04 30.97 64.38 10.76 7.95 21.31 20.93 14.56 37.26 15.66 11.24 25.82 198.35 123.53 481.67 

U1 6.12 3.85 9.66 1.88 1.21 3.26 2.48 1.44 4.74 2.57 1.61 5.39 16.26 5.65 28.63 

S
ce

n
. 

3
 WAPE 12.71 9.15 20.70 4.52 3.03 6.76 5.81 4.19 7.67 6.23 4.17 8.22 14.43 9.40 22.29 

MAPE 30.80 23.20 45.25 8.52 6.38 11.00 15.46 11.59 22.16 12.20 9.93 15.28 51.04 31.81 81.72 

U1 3.48 2.18 6.97 1.34 0.71 2.66 1.48 1.01 2.28 1.80 1.03 2.72 3.18 1.07 7.60 

S
te

p
-w

is
e 

WAPE 20.72 15.60 28.61 7.19 5.07 10.65 8.81 6.33 11.31 9.78 7.05 14.22 38.64 26.37 52.23 

MAPE 40.80 31.07 52.33 10.94 8.88 13.44 20.00 16.79 24.33 15.67 12.49 19.52 124.47 80.04 305.36 

U1 6.07 4.02 10.24 2.28 1.31 3.84 2.32 1.46 3.22 2.98 1.71 5.57 10.04 5.09 19.52 

Source: Own calculations. 

Compared to Scenario 1, if only upper and lower bounds of prices are known (Scenario 2), the 

performance improves slightly in few cases with relatively low variation in prices, i.e., Case 2 in terms 

of WAPE and   , as well as in terms of    in Case 4. However, the performance becomes 

significantly worse across all comparison statistics, when prices are highly variable, i.e., in Case 1, 

Case 3 and especially in Case 5. If prices are perfectly known (Scenario 3), the performance increases 

significantly across all cases and comparison statistics. This increase in performance is particularly 

significant for those cases with high degree variation in prices.      

Considering the number of times where the simultaneous or the step-wise approach performed best, 

respectively, it can be observed from Table 3.3 that the former clearly outperforms the latter in all 

cases except of Case 5. With an exception of    in Case 3 and Case 4, the simultaneous approach 

performs better in more than 90 out of 100 setups in each of the first four cases. Even in Case 5, where 

the comparison statistics indicate a worse performance of the simultaneous approach, it performs 

better in slightly more case compared to the step-wise approach.       
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Table 3.3 Number of runs in which the simultaneous and step-wise approach performed best 

    Case 1 Case 2 Case 3 Case 4 Case 5 

S
ce

n
. 

1
 WAPE 6 66 29 45 0 

MAPE 0 30 7 19 0 

U1 3 68 25 54 1 

S
ce

n
. 

2
 WAPE 92 28 66 48 53 

MAPE 95 69 91 81 74 

U1 89 22 47 32 55 

S
te

p
-w

is
e 

WAPE 2 6 5 7 47 

MAPE 5 1 2 0 26 

U1 8 10 28 14 44 

Source: Own calculations. 

Finally, Table 3.4 shows the deviations of the estimates from benchmark tons and prices for the 

disaggregated commodity groups  . As the step-wise procedure does not generate estimates of tons and 

prices for the disaggregated commodity groups  , only outcomes of the simultaneous estimation model 

are shown. At the more disaggregated level the relative deviations from the benchmark values are 

much larger compared to the outcomes for the more aggregate flows shown in Table 3.2. Comparing 

Scenario 1 with Scenario 2 shows that the mean deviations (MAPE) of tons and prices in Scenario 1 

are larger than in Scenario 2 across almost all of the cases. The only exceptions can be observed for 

prices in Case 2. Opposed to that, the supports used in Scenario 1 deliver better results in terms of 

WAPE and    in the Cases 2 to 4, while they perform worse in Case 1 and Case 5 across all three 

comparison statistics. What makes these outcomes peculiar is that the supports in Scenario 1 deliver 

much better results on the more aggregate level across all cases (see Table 3.2 and Table 3.3). The 

only plausible explanation for this outcome is that individual tons and prices are estimated less 

accurate in Scenario 1, due to smaller bandwidth of possible prices, but that at the same time the 

composition of aggregate flows with products of type   and the proportions of prices are estimated 

more accurately.  As we have seen above, perfect knowledge about prices leads to a significant 

increase in accuracy. This is also the case on the more disaggregate level, whereby the increase in 

performance is less significant than on the more aggregate level.  
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Table 3.4 Deviations of estimated tons and prices from benchmark values 

    tons prices 

    Case 1 Case 2 Case 3 Case 4 Case 5 Case 1 Case 2 Case 3 Case 4 Case 5 

S
ce

n
. 

1
 WAPE 34.56 11.42 15.88 15.67 75.39 17.33 4.84 7.58 6.80 109.71 

MAPE 42.04 11.82 21.06 16.67 81.76 20.00 5.24 10.50 7.53 182.09 

U1 10.02 3.34 4.38 4.57 24.75 10.96 3.25 6.47 4.61 41.18 

S
ce

n
. 

2
 WAPE 32.85 15.46 17.68 18.28 57.16 15.23 6.48 7.63 7.99 62.03 

MAPE 39.51 11.41 18.76 15.66 69.64 16.33 5.31 8.90 7.30 75.37 

U1 9.97 6.22 6.08 6.79 15.70 10.33 3.40 5.86 4.64 32.05 

S
ce

n
. 

3
 WAPE 22.05 7.91 9.94 10.77 28.02 - - - - - 

MAPE 33.82 9.34 16.09 13.30 55.01 - - - - - 

U1 5.03 1.96 2.19 2.61 6.23 - - - - - 

Source: Own calculations. 

 

3.5 Discussion and conclusion 

The objective of this Chapter is the development of a model that is capable to estimate unobserved 

physical and monetary commodity flows simultaneously under the assumption of limited information. 

This objective is reached through a maximum entropy formulation, where unknown physical flows are 

estimated along with corresponding prices for transformation into monetary values, such that joint 

mass and financial balances are simultaneously satisfied. In addition, the model is capable to 

overcome typical challenges that arise when data from different sources are combined, including 

classification mismatches and different levels of aggregation.  

Usually, such challenges are addressed through combining different procedures for each task within a 

stepwise approach. In the case of spatial commodity flows, for example, a stepwise approach would 

typically include the estimation of flows measured tons and their reconciliation to mass balances, the 

transformation into monetary values, the aggregation or disaggregation and the dissolution of possible 

classification mismatches and, finally, a second reconciliation to financial balances. As there are many 

different approaches for each task, this has the disadvantage that outcomes from different applications 

are often hardly comparable with each other. Furthermore, combining several steps makes the whole 

procedure prone to errors and embodies the danger to not fully utilize the information available. 

In order to assess the accuracy of its estimates, a Monte-Carlo Simulation is conducted, where we use 

our model to estimate 500 randomly generated benchmark commodity flow systems from information 

about physical and monetary aggregates and bounds on prices. Furthermore, we also assess the relative 

performance of our model in comparison to a simple step-wise procedure. Our results show that the 

simultaneous approach performs significantly better than the step-wise procedure in the vast majority 

of cases. By contrast, in extreme cases of highly variable prices the simultaneous model may perform 
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slightly worse, if the bandwidths of prices used in the model do not sufficiently reflect that variability. 

In the other extreme case of perfectly known prices, the simultaneous model, again, performed 

substantially better than the simple step-wise approach, which clearly shows the need for a better 

representation of price uncertainties in such cases.        

For this, in particular two strategies appear promising: Firstly, the use of more information on prices 

than just lower and upper bounds allowing for a more complex representation of price differences. The 

second option consists in increasing the level of detail of the root classification, in order to treat 

subgroups with prices of very different magnitudes separately (e.g., paper clips and pressure vessels of 

nuclear power plants, which both belong to fabricated metal products).  

The extensive literature on maximum entropy models offers a wide variety of possible further 

extensions to the simultaneous estimation model. In this paper, external data used for the estimation of 

commodity flows and prices are treated as real numbers. However, they are themselves random 

variables, since any datum is the output of a series of surveys, projections and estimation procedures 

and, thus, always subject to uncertainty. This problem becomes particularly apparent in cases of 

information conflicts in external data. In such cases no feasible solution of the estimation problem 

exists. For such situations the concept of generalized entropy (see Golan et al., 1996, Robinson et al., 

2001 and Rodrigues, 2014) or the treatment of information conflicts in the KRAS (Lenzen et al., 2009) 

algorithm may offer conceptual solutions. 

The maximum entropy model developed in this chapter, offers the flexibility to be applied in any task, 

where flows measured in various units are to be estimated from partial information. Apart from the 

context of interregional commodity flows of this chapter, another important field of application 

constitutes combining monetary and physical I–O data. Several authors have shown that differences in 

the results of environmental impact assessments based on physical I–O tables versus environmentally 

extended monetary I–O can be attributed to issues that could be solved by the simultaneous estimation 

model developed here. These include the assumption of homogenous commodity prices across all uses 

(Weisz and Duchin, 2006), satisfying simultaneous financial, mass and/or energy balances (Merciai 

and Heijungs, 2014), as well as aggregating heterogeneous products consumed in different proportions 

by the various users (Majeau-Bettez et al., 2016).  
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Chapter 4 

Constructing a Multiregional Supply-Use 

Table for Germany’s Federal States

 

 

4.1  Introduction 

This chapter describes the construction of the German Multiregional Supply-Use table (MRSUT) that 

is used for the applications in the two subsequent chapters. The construction strategy for this database 

draws heavily on experiences and insights from the previous two chapters, where we discussed 

approaches to address the main obstacles faced with when constructing Multiregional Supply-Use or 

Input-Output tables at the subnational level, i.e., scarcity of regional data in general and the absence of 

information about interregional trade relationships, in particular.  

Non-survey methods, such as the Cross-Hauling Adjusted Regionalization Method (CHARM) 

discussed in Chapter 2, are intended to provide an alternative for prohibitively costly survey based 

approaches to construct I-O data for the subnational level. However, as in other assessments of the 

quality of such estimates, the case study of Chapter 2 shows that CHARM also tends to deliver 

unreliable and potentially systematically upwardly biased results for intraregional trade. Non-survey 

approaches are, nevertheless, also used for constructing the German MRSUT in cases where neither 

direct nor indirect information are available. However, because of the poor results non-survey methods 

usually tend to deliver, we opt to replace them with real data, whenever possible and reasonable.  

Such construction procedures are known as hybrid approaches (see Lahr, 1993) and typically consist 

of at least two steps: At first, non-survey methods are used to construct a prior table which delivers a 

basic representation of the table‘s structure and initial estimates of its elements. Afterwards, the 

quality of this prior is improved through the integration of survey-based information on table elements 

of particular importance. This approach can be justified by the concept of holistic accuracy developed 

by Jensen (1980), who found that the results of I–O models are driven by only a few large table 

elements. Therefore, the hybrid approach constitutes a compromise solution between simple non-

survey and costly full surveys. In the case of the German MRSUT, the decision about which parts of 

the table are especially important is made with regard to the main application planned at the time of 

                                                           
 This chapter was presented at the German Input-Output Workshop 2014 held in Osnabrück and at the 22

nd
 

International Input-Output Conference in Lisbon. The author would like to thank Jan Oosterhaven, Manfred 

Lenzen and Tobias Kronenberg for their helpful suggestions for the conception of the construction strategy, Arne 

Geschke and Yafei Wang for their help with the use of AISHA, as well as the participants of the conferences for 

interesting and fruitful discussions.  
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construction. This is the assessment of the impact of German energy policies on regional industries 

and households. For this reason, we focus on survey-based data on regional households and 

manufacturers.  

Since data are usually published at various levels of aggregation, in various classifications and may be 

subject to information conflicts, their integration into the prior table typically requires substantial 

effort to solve these issues manually. In the case of the German MRSUT, the harmonization and 

integration of survey-based data into the prior table was carried out by means of the Automated 

Integration System for Harmonized Accounts (AISHA, see Geschke et al., 2011) during a research 

stay in 2013 at The University of Sydney. AISHA was developed for the compilation of EORA and 

treats the compilation of MRIOs as a problem of constraint optimization, where the information 

distance to the prior table is minimized subject to constraints provided by the data to be integrated 

(Lenzen et al., 2013). The optimization problem is solved by means of the KRAS algorithm (Lenzen et 

al., 2009), which is capable to solve information conflicts between data points automatically on the 

basis of their relative reliability (see Chapter 3 for a discussion of RAS, its recent variants and their 

relation to the principle of minimal cross-entropy).  

In order to overcome the lack of reliability of interregional trade estimates of non-survey methods, 

freight transportation data are used as an indirect source of information for the interregional trade of 

commodities. However, their use for that purpose is far from being straightforward, as data are 

incomplete, measured in tons instead of currency and published at different levels of aggregation and 

in mismatching product classifications. The development of the maximum entropy model described in 

Chapter 3 has mainly been motivated by finding a procedure for solving these issues as efficient as 

possible. However, the method presented in Chapter 3 constitutes the outcome of a long development 

process with interdependencies between improvements to the method itself and the integration of these 

improvements to the MRSUT.  

At the same time, the work on the applications presented in Chapter 5 and Chapter 6 was done. As a 

consequence, the most recent version of the maximum entropy model for the simultaneous estimation 

of physical and monetary commodity flows from Chapter 3 could not be used, here. Instead, this 

chapter describes the stepwise procedure for this task, which has been the starting point for the 

development of the simultaneous estimation model. The interregional trade figures on which the 

applications in Chapter 5 and Chapter 6 are based, come from an intermediate version of the model 

developed in Chapter 3. Unfortunately, these estimates could not be integrated into the MRSUT by 

means of AISHA, because of the temporal distance between the development of the method and the 

research stay at USYD. For this reason, the re-estimation of interregional trade is described in a 

separate section after the main body of this chapter. For the applications in Chapter 5 and 6, the 

MRSUT including the re-estimated interregional trade flows is used.           
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The remainder of this chapter is organized as follows: Section 4.2 describes the general construction 

strategy, the format and the resolution of the German MRSUT. Afterwards, the following three 

sections describe the compilation of the ingredients required for using AISHA. First, the construction 

of the prior table is described Section 4.3. Thereafter, Section 4.4 describes how the right hand side 

values for the constraints are estimated from survey data on manufacturers and households, as well as 

the (first) estimation of interregional trade freight transportation data. Section 4.5, finally, describes 

how information on data reliability is derived. The re-estimation of interregional trade from freight 

transportation data with a prototype version of the model developed in Chapter 3 is described in 

Section 4.6. After that, we use the final MRSUT to perform an illustrative analysis of the spatial 

structure of Germany‘s economy (Section 4.7). In particular, we examine the contribution of final 

demand from the own state to gross regional product (GRP). Finally, Section 4.8 concludes.  

4.2  Format, resolution and construction strategy 

This section describes the major decisions taken for construction of the MRSUT regarding its format, 

its resolution and the general construction strategy.  

Format 

The format of a Supply-Use table is preferred over symmetric industry-by-industry or product-by-

product (multiregional) Input-Output tables, which have been the predominant formats for a long 

time.
5
 This has mainly two reasons.  

Firstly, for the setup of input-output models, Rueda-Cantuche (2011) and Lenzen and Rueda-Cantuche 

(2012) show that SUTs represent a superior accounting format. They show that symmetric formats 

require trade-offs whenever product and industry dimensions are related in the analysis, e.g., when 

estimating the employment (industry dimension) effects of changes final demand for products. 

Industry-by-industry and product-by-product tables are usually derived from Supply-Use tables by 

adding assumptions on either production technology or market-shares (Eurostat 2008).
6
 If models are 

directly formulated on the basis of Supply-Use tables instead of symmetric ones, such assumptions are 

made explicit and allow for a clearer interpretation of results.   

Secondly, Supply-Use tables allow for a much simpler integration of data, because they incorporate 

the industry and the product dimension. For example, trade, consumption and production data are 

usually classified by product, whereas value added or employment statistics are classified by industry. 

                                                           
5
e.g., Miller and Blair‘s (2009) comprehensive textbook only deals with single- and multiregional symmetric 

tables. 
6
The transformation of commodity-by-industry input-output tables to symmetric product-by-product or industry-

by-industry tables has been subject to an extensive debate, which is beyond the scope of this chapter. See van 

Rijckeghem, (1967),  Jansen and Ten Raa (1999), Viet (1994) Almon (2000); Ten Raa and Rueda-Cantuche 

(2003); De Mesnard (2004), Eurostat (2008), Miller and Blair (2009), Rueda-Cantuche and Ten Raa (2009) and 

United Nations et al. (2009) for advantages and shortcomings of  the different transformation models. 
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If symmetric table formats are used, some of the data must be transformed from products to industries 

or vice versa. Direct information for this task is often unavailable, such that the compiler is forced to 

pose possibly erroneous assumptions. As Supply-Use tables incorporate products and industries, data 

can be used directly for the compilation (Oosterhaven 1984; Madsen and Jensen-Butler 1999). 

Compared to symmetric tables, the compiler has a larger degree of freedom regarding the way in 

which trade interrelations between regions are depicted, because either the supply matrix or the use 

matrix or both matrices can be regionalized (Oosterhaven, 1984; Jackson and Schwarm, 2011). In the 

first case, the supply matrix is broken down in order to depict the regional destination of sales, 

whereas is the second case the use table is broken down, such that it depicts the regional origin of the 

products purchased. Since there is more information available on the structure of purchases of 

industries and households than on the structure of sales, the second option is used for the German 

MRSUT. In the literature this format is known as ‗purchase-only‘ (Oosterhaven, 1984) or ‗use-

regionalized‘ (Jackson and Schwarm, 2011) SUT. Its structure is shown in Table 4.1.  

Such a ‗use-regionalized’ MRSUT incorporates the following accounting balances: For the industry-

dimension, the accounting balances require that the sum of intermediate consumption of products   

from the own (   ) state and from other states (   ),    
  , as well as from the rest of the world, 

   
     , and value-added by category  ,    

 , of an industry   in state   has to be equal the total amount 

of products, ∑    
 

    
 , sold by that industry.: 

∑    
   

  ∑    
     

  ∑    
 

  ∑    
 

    
        (4.1) 

The index         denotes the region of supply, whereas         denotes the region of 

demand.  

For the product-dimension, by contrast, the total amount of a product supplied by various industries 

located in a state  , ∑    
 

 , has to be equal to the sales to industries ( ), ∑    
   

 , and to final demand 

sectors ( ), ∑    
   

 , in the own and in other states, as well as in the rest of the world,   
 ,:  

∑    
 

  ∑    
   

  ∑    
   

    
 ,         (4.2)  

The German MRSUT distinguishes        federal states, in which      industries and      

final demand sectors are located. The latter includes a heterogeneous households sector distinguishing 

ten income-brackets (deciles) by state. On the product-dimension, there are      products, while for 

value added     categories are distinguished.  
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Table 4.1 Structure of a ‗use-regionalized‘ multiregional supply-use table 

Source: Oosterhaven (1984), Jackson and Schwarm (2011) 

Construction strategy 

As Multiregional Input-Output or Supply-Use tables deliver a detailed picture of the whole economy, 

specific data from many different statistics may contain information relevant to the construction. The 

manual integration of such data requires serious amounts of time and labour, because issues of 

differences in the level of aggregation, classification mismatches, accounting imbalances and possibly 

conflicting information needs to be resolved. In addition, the estimation problem is typically 

underdetermined, as there are less data points available than unknowns to be estimated. In our case, we 

have in total           unknown elements of the MRSUT to be estimated, but only         

    data points are available.  

AISHA has been developed to solve these issues simultaneously in a highly automated manner and 

has, inter alia, been used for the construction of EORA (Lenzen et al., 2013) and of a time-series of 

subnational MRIOs for China (Wang et al., 2015). Its core constitutes the ―Konfliktfrei‖ (K) RAS 
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algorithm (Lenzen et al., 2009), which is capable to reconcile MRIOs under conflicting information. 

Information conflicts are resolved by the algorithm on the basis of the relative reliability of data 

points.  

The estimation of the MRSUT for Germany‘s federal states is stated as a problem of constraint 

optimization, where the cross-entropy between the prior (initial estimate),   , and the final MRSUT, 

 , is minimized:   

    (        
   )           (4.3a) 

s.t.     ,           (4.3b) 

     ,           (4.3c) 

where    
denotes the relative standard error of prior MRIO elements and    denotes the relative 

standard error of data points. As in Chapter 3, the     concordance matrix   (Geschke et al. 2011; 

Lenzen et al. 2013) is used to relate the   datapoints,  , to the   unknowns. The issues of different 

levels of aggregation and classification mismatches can be resolved through an appropriate 

specification of  . 

In addition, bounds on elements can be specified, in order to narrow the range of plausible values. For 

the majority of elements, the lower bound is     and the upper bound is    , whereas for rows 

and columns representing net values, such as net taxes on products and production or changes in 

inventories, elements are allowed to take any value.   

In summary, the items required to estimate the German MRSUT by means of AISHA are, (1) an initial 

estimate of the MRSUT serving as the prior,    , (2) data,  , for improving the quality of the final 

MRSUT, as well as (3) uncertainty information in terms of relative standard errors of the prior table, 

   
, and of data points,   . The compilation and processing of these items are described in the 

following Sections 4.3 to 4.5.    

4.3  The construction of the prior MRSUT 

Starting point is the national Supply-Use table for 2007 taken from WIOD (Dietzenbacher et al., 

2013). The WIOD table is preferred over the official German SUT because of the availability of use 

tables at basic prices, whereas the official German SUT is only available at purchaser prices. 

Furthermore, it makes a possible integration of the German MRSUT into WIOD‘s global MRIO, as 

well as its extensions with socio-economic, energy or environmental data much easier, since 

harmonized national data is available, which is not the case for the official German SUT.  

Compared to the resolution of the WIOD national SUTs, the German MRSUT features a larger 

number of industries (41 vs. 35), products (63 vs. 59), value added categories (5 versus 3) and final 

demand sectors (14 vs. 10). In order to provide better capabilities for energy applications, in particular, 
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WIOD‘s energy intensive industries and their respective primary products are broken down further. 

These industries are paper and printing, chemical and pharmaceutical products, glass and other mineral 

products, basic ferrous and non-ferrous metals, and foundry work services. On the product dimension 

a distinction is made between chemical and pharmaceutical products as well as between basic ferrous 

and non-ferrous metals and foundry work services. In addition, value added other than labour 

compensation is broken down into net taxes on production, depreciation and net operating surplus.  

For the disaggregation of these industries and products the official German Supply-Use tables are 

used, as these are available at the required resolution, such that the more aggregated rows and columns 

in the supply and use tables from WIOD can be broken down using the more disaggregated rows and 

columns from the official tables. The resulting estimates are then used as priors, which are adjusted to 

the aggregate rows and columns in the WIOD supply and use tables via RAS. The disaggregation of 

households into ten income brackets (deciles), by contrast, is based on microdata from the Income and 

Expenditure Survey and is described in the following subsection. The disaggregation of value-added 

categories is also described there.  

The construction procedure of the prior MRSUT from the disaggregated national SUT from WIOD is 

summarized in Figure 4.1. The national total flow use table depicts intermediate and final demand,   

and  , irrespective of the regional origin of purchases and, thus, includes imports (as opposed to 

intraregional flow tables, which depict intermediate and final use of products from domestic 

production). Here,  denotes summation over the respective regions of supply (German states   

      and the rest of the world, RoW) or regions of demand (German states        , with 

      ). Besides being indirectly embodied in the use-table, imports by product are additionally 

reported in a row vector below the supply-table. For this reason, the balance of the product dimension 

requires that total supply equals total use of products,    ∑    


        ∑    


  ∑    


    .  

In the first three steps, the national SUT is broken down into 16 single regional SUTs that depict the 

supplies of products by regional industries, as well as intermediate and final demands irrespective of 

the regional origin of the products. In the fourth step, estimates of regional foreign imports and exports 

and of total interregional imports and exports are added to the single regional tables. In the following 

we call them the intermediate total flow SUTs.  

In Step 1, for industry   in region   gross output,   
    , and value added by category  ,    

    , 

are estimated primarily based on information from regional accounts.  

In Step 2, the national supply table,  , and the intermediate use table are broken down into the 

corresponding regional tables assuming that product composition in industry output, as well as the 

shares of  intermediate demand of products in total input (i.e., the technology) are equal to national 

average. The resulting tables depict output of product   by industry,    
    , on the supply side, and 

intermediate use of commodity  ,    
    , on the demand-side.  
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  Figure 4.1 Overview of the steps of constructing the prior MRSUT 

 Source: Own elaboration. 
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In Step 3, regional final demand for products by final demand category  ,    
    , is estimated. For 

the application to the distributive effects of the German energy policy described in Chapter 6. The 

consumption of private households is additionally broken down by income-bracket (deciles). The 

estimation is based on microdata from the German income and expenditure survey (EVS, for 

Einkommens- und Verbrauchsstichprobe). Final demand of the other categories is estimated by 

assuming that their product composition is equal to the national average.  

In Step 4, total foreign and interregional imports and exports are estimated. Foreign imports,   
    , 

and exports,   
    , by product and region can be derived from the corresponding national values 

assuming proportionality of imports and exports to total regional demand,   
    

 , and supply,   
 , 

respectively. Afterwards, total interregional imports,   
 , and exports,   

 , are estimated using 

CHARM (as discussed in Section 2.4). After this step, the intermediate total flow SUTs are completed 

and can be transformed into the prior ―use-regionalized‖ MRSUT in the final step.  

In Step 5, total interregional imports,   
 , are disaggregated with respect to the regional origin of 

products, such that for each state we have information about interregional imports by region of origin, 

total foreign imports and total intraregional demand (computed by subtracting total foreign and total 

interregional imports from total regional demand). Some services are disaggregated by means of proxy 

interregional flow data, e.g., commuting data is used for the disaggregation of retail trade and 

gastronomy services. For commodities and those services for which no reasonable proxy flows are 

available, the simple approach described in Chapter 2.4 is used instead. Here, it is assumed that 

interregional imports of a product from another region are proportional to that region‘s interregional 

export-share in nationwide interregional exports (excluding the exports of the importing region).  

In Step 6, the regional total flow intermediate and final use tables are disaggregated by the regions of 

origin of the products from the own state,15 other states and foreign countries (    and        for 

intermediate, and     and        for final demand). This is done by constructing regional purchase 

coefficients (RPC) based on the estimates from Step 5. The RPCs indicate the shares to which regional 

total demand for products is satisfied from the own states, from other states and from the rest of the 

world. The RPCs are, then, applied along the rows of the intermediate total flow SUT, which yields the 

prior use-regionalized MRSUT.  

Next, we discuss the above steps in more detail.       
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4.3.1 Gross output and value added 

At first, regional gross output and value added by industry are estimated. The data sources used for 

this task are the gross output and value added vectors taken from the disaggregated national WIOD 

SUT for Germany in 2007 (41 NACE industries),    and   . Furthermore, employment data by 

region and industry at 3-diggit NACE level are used. In addition, regional data on gross output and 

value added were made available by the joint working group on regional accounts of the statistical 

offices of the federal states (VGR der Länder: www.vgrdl.de).  

However, the levels of aggregation made available vary from state to state: value added and labour 

compensation is available for at least 16 groups of industries for all states. Some delivered data at the 

required level of 41 industries, while the resolution of data delivered by others varies between 16 and 

41 industries. Gross output was made available for 16 groups of industries by 14 out of 16 states 

(Mecklenburg-Vorpommern and Thüringen refused to deliver data on gross output).  

The estimation is carried out in two steps: In Step 1, priors for gross output and value added are 

estimated for each of the 41 industries and the 16 states. Afterwards, in Step 2 these priors are adjusted 

to the available output and value added data.    

Step 1: For the generation of priors, it is assumed that regional output and value added by industry   

are proportional to the number of employees of that industry,      . Based on this proportionality 

assumption, output and value added of an industry at the national level are distributed to the 16 states 

according to their respective shares in national employment, (     
      

⁄ ), such that  

  
     

 (     
      

⁄ ),         (4.4) 

and 

  
  

   
 (     

      
⁄ ),         (4.5) 

where ‗ ‘ indicates that these values are priors.  

Step 2: In the second step, these priors,   
   and   

  
, are adjusted to the information about regional 

output and value added available in different levels of industry-resolution. Since known regional 

aggregates, as well as the totals of national output and value added have to be respected, the problem 

becomes problem of bi-proportional adjustment, which we address by means of RAS. After this step, 

gross output and value added by region   and industry   is available and will be split further into the 

supply,   , and intermediate use,   , of products as well as five different components of value added, 

  . 

http://www.vgrdl.de/
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4.3.2 Supply and use of products by industries 

In this subsection, it is described how regional product composition of supply and intermediate 

demand and the composition of value added are estimated.  

Supply: The national supply table,  , is regionalized by assuming that industries at the regional level 

produce the same product mix as the national average:  

   
     

 (  
   

⁄ ).          (4.6) 

Intermediate use: The estimation of intermediate demand of regional industries is based on the gross 

output and the value added estimates from the previous subsection. The difference between gross 

output and value added is equal to total intermediate consumption at purchaser prices,          
    

  

  
 .  Since our target MRSUT will be valued at basic prices, it is necessary to deduce net taxes on 

products, first. This is done by assuming that total net taxes on products of an industry are proportional 

to total intermediate consumption at purchaser prices, such that     
      

(       
        

⁄ ). The 

difference between intermediate consumption at purchaser prices and net taxes on products, then, 

delivers total intermediate consumption at basic prices by industry:        
         

      
 .  

For the disaggregation of these intermediate demand totals (at basic prices) into the different products 

purchased by regional industries, it is assumed that the same inputs are consumed in the same 

proportions as the national average of that industry, such that   

   
     

 (         
          

⁄ ).         (4.7) 

The use of ratios of total regional to total national intermediate consumption by industry is preferred 

over the use of the respective ratios of output or value-added, as they better reflect regional differences 

in productivity. In the literature this is known fabrication effect (Round, 1978). 

Value added: Total value added by industry and region is broken down into four components: labour 

compensation, taxes on production less subsidies, depreciation and net operating surplus. Data on 

regional labour compensation was made available at the same industry-resolution as value added data 

by VGR der Länder. For this reason, the same step-wise approach as for the estimation of total value 

added is employed. In Step 1 priors are estimated assuming that the share of labour compensation in 

value added is equal to that observed in the national SUT, 

   
  

   
 (   

   
⁄ ).              (4.8) 

In Step 2, these priors are made consistent with labour compensation by industry at the national level 

and the regional data delivered by VGR der Länder.  

Finally, in Step 3, remaining value added (excluding labour compensation),   
     

 , is split into 

taxes on production less subsidies, depreciation and net operating surplus. Since WIOD use tables only 
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report labour compensation and other value added, we use data from the official national use table. 

Again, we assume that the shares of the respective components in total other value added (excl. labor 

compensation) of regional industries are equal to the national average of that industry. 

   
     

  (  
     

 ) (  
     

 )⁄                (4.9) 

4.3.3 Regional final demand 

In the following, the estimation of final consumption expenditures of households by income bracket is 

described (        ). Afterwards, we deal with the remaining categories of domestic final demand, 

which includes final consumption of non-profit organizations serving households (NPISH,     ), 

consumption expenditures of the government(s) (    ), gross capital formation (    ) and 

changes in inventories (    ). 

Private Consumption of Households 

Private consumption expenditures for products by region and income-bracket are estimated combining 

data from the national use table, i.e., private consumption of product  , ∑    
   

   , regional total private 

consumption expenditures at purchaser prices, ∑        
   

   , and the income and expenditure survey 

(EVS for Einkommens- und Verbrauchsstichprobe) from 2008. The EVS is conducted every five years 

by the federal statistical office and is based on a sample of approx. 60,000 households. Besides gross 

incomes from various sources and deductions from income, participants report consumption 

expenditures made for 133 types of intended uses (COICOP categories) at purchaser prices within a 

quarter. The estimation procedure consists of four steps:  

Step 1: Each participant in the survey is assigned a weight that indicates the number of households in 

the population for which the participant is representative in terms of demographic characteristics. The 

consumption expenditures of each participant are multiplied with its respective weight and, afterwards, 

aggregated with respect to their region of residence and belonging to one of the ten income-brackets 

(deciles of monthly net income).  

Step 2: Participants report their expenditures for categories of intended use (COICOP), but for the 

MRSUT we require expenditures by product category (CPA). For this reason, it is necessary to 

reclassify the estimates from Step 1. This is done by means of a consumption interdependence table, 

which was published for 2006 by the federal statistical office (Kronenberg and Többen, 2011). The 

transformation delivers preliminary estimates of consumption expenditures by product, state and 

income-bracket at purchaser prices,        
  

. 

Step 3: In this step, the preliminary estimates from Step 2 are made consistent with total private 

consumption expenditures by state taken from regional accounts (i.e., the column totals) and with 

national private consumption expenditures by product at purchaser prices taken from the national use 
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table (i.e., the row totals). The adjustment is made via RAS using sums       
  

 as priors, since 

regional totals by income-brackets are not available. Afterwards, the resulting regional expenditures 

by product,       
 , are broken down to income-brackets, again, through multiplication with the 

respective shares of income-brackets in total regional consumption expenditures for a product (i.e., 

       
  

      
  

⁄ ).     

Step 4: Finally, the expenditures from the previous step,        
 , need to be transformed from 

purchaser prices to basic prices, for which the national margin tables from WIOD are used. These 

report net taxes and trade margins embodied in the purchaser prices of national private consumption 

by product.  At first, net taxes on products are deduced assuming that the share of net taxes in the 

purchaser price of product   is the same on the regional and the national level. Thereafter, trade 

margins are deduced by assuming that the shares of wholesale and retail trade margin in the purchaser 

price of product   in the region is equal to that of the nation. Finally, trade margins deduced from the 

purchaser prices are attributed to the private consumption of the respective trade services at basic 

prices. 

Remaining final demand:   

For consumption expenditures of the government(s) and for gross capital formation, regional totals at 

purchaser prices,         
  and         

 , are available from regional accounts. The respective national 

totals are available from the national use table.  

The required regional expenditures by product are estimated by assuming that the share of 

expenditures for a certain product   in the corresponding regional total is equal to that observed at the 

national level: 

   
         

 (   
        

⁄ )    *     +  .       (4.10) 

For consumption expenditures of NPISH, regional shares in national population are used to scale 

down national expenditures by product, as direct information about regional totals is unavailable.  

Changes in inventories by state and product are estimated by assuming that the respective national 

values are proportional to total regional output by products.     

4.3.4 Total interregional and foreign imports and exports 

Foreign imports and exports  

The prior vectors of regional imports and exports from/to foreign countries are generated using the 

approach described more detailed in Chapter 2. It is assumed that the shares of regional imports and 

exports by product in the respective national values are proportional to the regional shares in national 

total intermediate and final demand, and total output:  
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            (4.11) 

  
    

   
    

 

  
    

 .          (4.12) 

In the case study on Baden-Württemberg in Chapter 2, the impact of this assumption on interregional 

trade estimates generated by CHARM is assessed. It is found that this assumption causes only small 

differences in results compared to the use of official regional foreign import and export figures.
7
  

Total interregional imports and exports 

In order to complete our intermediate total flow table, estimates of the total interregional imports and 

exports by product  ,   
  and   

 , are required. The estimation is carried out by means of the modified 

CHARM procedure described in Chapter 2. However, since the description in Chapter 2 refers to 

symmetric I-O tables, we briefly describe how this method works for SUTs, here. Thus, for a detailed 

discussion of the reasoning behind the formulas, we refer to Chapter 2.  

The maximum potential for cross-hauling in trade between a region at hand and the rest of the country 

is computed as (compare to Equation 2.12): 

   [  
  ⁄ ]     (  

    
    

    
    

    
      

      
      

      
   ),  (4.13) 

where     stands for rest of the country and denotes the sum over all other states despite the state at 

hand,   or  . The respective values for the rest of the country are computed as the difference between 

the national values and those of the state under consideration. Thereafter, regional cross-hauling,   
 , 

is estimated by applying Equation 2.14 

  
     

    (  
    

    
    

    
    

      
      

      
      

   ),    (4.14) 

where the parameter   
  denotes the shares of actual cross-hauling in the maximum potential cross-

hauling of a region. It is estimated from national foreign trade data through 

  
    

    
      (  

     
    

)⁄ .  

From regional cross-hauling,   
 , and the trade balance   

    
    

    
    

    
  (including 

international imports and exports), total imports and exports from/to the rest of the country can be 

computed by 

  
   

  
  |  

 |   
 

 
                    (4.15a) 

                                                           
7 Re-exports are included in the export and import vectors of the German Supply-Use tables and have to be subtracted. Since 

the German WIOD SUT does not report re-exports separately, shares of re-exports in total imports and exports by product of 

the official German SUT are used for this task (see Chapter 2 for further discussion of the problem with re-exports).    
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  |  

 |   
 

 
.                    (4.15b) 

Total regional imports and exports from (4.15a) and (4.15b) complete the intermediate total flow 

table. 

4.3.5 Disaggregation of total interregional imports 

The disaggregation of total regional imports from the rest of the country by the regions of origin is 

carried out differently for commodities and services. In the final MRSUT, interregional trade of 

commodities is subject to constraints derived from freight transportation data (see Subsection 4.4.2 

and Section 4.6). In this way, the effect of distance as a trade barrier is taken into account. For the 

prior MRSUT, interregional trade flows of commodities from state   to state   are estimated by means 

of Equation 2.16.
8
  

For interregional trade in services, by contrast, the spatial structure is estimated on the basis of 

different kinds of proxy interregional flows, in cases where close a correlation between the spatial 

structure of proxy flows and of actual trade flows appears reasonable. In these cases, it is assumed that 

the shares of imports from a specific state in total imports are the same as the share of inflows from a 

specific state in total inflows as reported in the proxy data. For services, where no proxies are 

available, Equation 2.16 is used instead. For the spatial allocation of purchases in retail trade and 

gastronomy services commuting data is used, assuming that the spatial pattern of people undertaking 

shopping trips is close to that of commuter flows. The spatial structure of wholesale trade services is 

based on an origin-destination matrix depicting total amount tons transported between the states, 

whereas the spatial structure of trade in transportation services is based on the respective table 

measured in ton-kilometers.  

Since the estimates of interregional trade flows are derived by splitting up total regional imports from 

the rest of Germany, the sum of exports of the region to the rest of the country does not coincide with 

those values estimated in previous section,   
 . Consistency with total supply of products to German 

costumers (i.e., the row totals) and total demand of German products (i.e., the column totals) is 

reached through the use of RAS. 

4.3.6 Transformation into the ‘use-regionalized’ format 

In the final step of the construction procedure of the prior MRSUT, total purchases of products by 

regional industries    
  and final demand sectors    

  are split up according to their geographical origin 

into    
   and    

     , as well as into    
   and    

     . For this task, regional purchase coefficients (RPC) 

                                                           

8 Assuming that the effect of trading distance can be ignored, initial interregional trade flows from region r to region s can be 

estimated as   
     

       
     

∑   
        

     
 

.     
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are computed. As we decided to exclude re-exports from the MRSUT, the RPC-variants without re-

exports proposed by Lahr (2001) are used. These are  

    
   

.  
    

 /

.  
    

    
    

    
 /

,                   (4.16a) 

for purchases from the own state,  

    
   

  
  

.  
    

    
    

    
 /

                   (4.16b) 

for purchases from other German states and 

    
      

  
 

.  
    

    
    

    
 /

,                   (4.16c) 

for purchases from the rest of the world.  

The RPCs are used to split the intermediate and final purchases by product and regional industry or 

final demand category (excluding international exports) along the rows. This implies that all users of a 

certain product in state   share the same average import propensity. The consequences of this 

assumption on the reliability of results have been evaluated by Oosterhaven et al. (2008), concluding 

that the impact is rather small. This step completes the construction of the prior MRSUT.  

4.4  Data and constraints 

Next, we describe how the data are pre-processed to facilitate their integration into the final MRSUT 

table by means of right-hand side values,  , of the constraints.  

There are three types of constraint used for the construction of the MRSUT: Firstly, the accounting 

balances of Equation 4.1 and 4.2, secondly, data to which the final table should adhere in value terms 

and, thirdly, data to which the final table should adhere in terms of ratios. The second type of 

constraint is used for the national SUT from WIOD, as well as for data from regional and national 

accounts. In this case, value-constraints are chosen, because data refer directly to the respective 

element in the MRSUT. By contrast, ratio constraints are used for microdata from surveys on 

manufacturers and households (see Table 4.2) as well as for interregional trade derived from 

transportation data, as these data do not refer directly to the MRSUT elements, but require several 

steps of data processing.  

The processing steps for survey data on households have been outlined in the previous section. The 

following two subsections, therefore, describe the processing-steps involved in deriving constraints 

from survey data on manufacturers and from freight transportation data.   

file:///H:/Dissertation/2%20-%20CONSTRUCTION/Die%20Erstellung%20der%20deutschen%20MRIO-Tabelle.docx%23_ENREF_32
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Table 4.2 Summary of constraints and data sources 

Constraint  Data source/ 

Derived from 

Data processing Constraint 

type 

National supply-use 

table 

WIOD none value  

Regional value-added VGR der Länder none value 

Regional labor 

compensation  

VGR der Länder none value 

Regional output VGR der Länder none value 

Regional final demand 

totals 

   

Regional foreign trade Federal Statistical 

Office 

none  value 

Regional private 

consumption structure 

EVS Aggregation and revaluation from 

purchaser into basic prices. 

ratio 

Regional cost structure Industrial cost-

structure survey and 

annual report survey 

Regional allocation for multiregional 

enterprises. Aggregation and 

revaluation from purchaser into basic 

prices.  

ratio 

Regional turnover 

structure 

ratio 

Interregional trade Transportation data 

(measured in tons) 

Estimation of suppressed flows, 

transformation into monetary values 

ratio 

Source: Own elaboration. 

4.4.1 Survey data on industries 

For mining and manufacturing, two sets of survey data are used, namely the cost structure survey on 

enterprises and annual reports on establishments.  

In the costs-structure survey four types of value-added (wages, depreciation, net operating surplus and 

net taxes on production), intermediate consumption expenditures for five categories (material inputs, 

energy, renting of buildings and equipment, insurance services and other services) and three types of 

product output (commodities, trade services and other services) are distinguished.
 9
  

The major challenge when using these data for the MRSUT is that many enterprises consist of several 

establishments that are located in different regions, i.e., multiregional enterprises. Simple aggregation 

of data for industries and regions would, therefore, deliver biased results. Thus, the regional allocation 

of cost is achieved with help of annual reports, as both data sets can be linked via the enterprise IDs. 

For enterprises, all categories of value added, intermediate demand and output are allocated to 

establishments on the basis of an establishment‘s share in the turnover of the enterprise it belongs to. 

Afterwards, these estimates for establishments are aggregated with respect to the regional location and 

the belonging to the industry-category of its enterprise.   

                                                           
9
 Note, that for the computation of output, commodities purchased for re-sale need to be subtracted from 

turnover generated by trade activities, as output of trade services only consists of the trade margin (Reich et al., 

1995). 
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Similar to the purchases reported by households in the EVS, enterprises report their intermediate 

demands at purchaser prices, which makes a conversion into basic prices necessary. This is done 

analogously to the conversion of final consumption of households: We assume that industry-specific 

rates of net taxes and trade margins as reported in the WIOD valuation matrices also apply to 

respective industries at the regional level. The sums of net taxes deduced from the intermediate 

demands of industries are then used as constraints on net taxes on products, whereas the sums trade 

margins are used as a constraint on the intermediate consumption of these trade services.  

Finally, the resulting cost- and output structures are used for ratio constraints, as the surveys exclude 

enterprises with less than 20 employees, such that absolute values from regional accounts cannot be 

met. By doing so, we assume that small business firms have the same average cost- and output 

structure as the regional industry they belong to.   

4.4.2 Freight transportation data 

Constraints on interregional trade of commodities are estimated on the basis of Origin-Destination 

(OD) tables depicting the amount of tons shipped from one state to another. In addition, we use data 

about the total inflows and outflows of each state measured in tons and ton-kilometers.  

For road transportation, OD tables are available for nine commodity categories. The OD tables contain 

many suppressed entries, because of low confidence or confidentiality. However, this primarily 

concerns smaller flows, whereas shipments within and between the larger states are reported in most 

cases. Information on total inflows and outflows of the states are available for 20 different commodity 

categories. For inland navigation and rail transport complete OD tables are available for 58 categories.  

As opposed to the CPA classification used for products in the MRSUT, commodity categories 

distinguished in transportation statistics are classified according to NSTR. Both classifications contain 

several mismatches, such that interregional trade constraints can only be estimated for 15 aggregate 

commodity groups without conflicts. Data about road transport for 2007 are provided by the Federal 

Office for Motor Transport (KBA), while railroad and inland navigation data are provided by the 

Federal Statistical Office.     

For deriving interregional trade flows measured in monetary units from transportation data, a step-

wise approach used. In Step 1, the seven out of the nine OD tables for road transportation are 

completed, while the two remaining are additionally disaggregated, such that in complete OD tables 

for 15 types of commodities (consistent with CPA) result. For both task a modified version of 

Wilson‘s (1970) entropy maximizing model is used (see, Chapter 3 for a detailed discussion of 

maximum entropy models). Afterwards, shipments via railroad and inland navigation are added, since 

these are complete and available at the required level of commodity detail.  In Step 2, the estimates 

from Step 1 measured in tons are transformed into monetary units. From these, import coefficients are 
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computed. These are used as right-hand side values for the construction of the final MRSUT with 

AISHA in the form of ratio constraints.   

Step 1: The estimation of transport flows measured in tons 

For seven out of nine OD tables (agricultural products, food, metal wastes, mining and quarrying 

products (excl. fuels), chemical products, solid fuels, and basic metals), missing flows are estimated 

using the estimation model 3.3 from Chapter 3, extended by additional row and column totals 

measured in ton-kilometres as a proxy for transportation costs.
10

  

Two out of the nine OD tables are additionally disaggregated, since complete row and column totals 

are available at higher commodity resolution. The OD table for manufactured products is split into six 

commodity groups, namely machinery, fabricated metals, transport equipment, textile products, glass 

and ceramic products and other manufactured products. For liquid and gaseous fuels, the OD table is 

split into two types of commodities, namely crude oil and natural gas and refined petroleum.   

For manufactured products and liquid and gaseous fuels the entropy model is extended, in order to 

allow for a simultaneous disaggregation. In addition to the aggregated flows between   and  ,      , 

the respective fractions of subgroups of commodities in the aggregate,   
  , are estimated, where   

denotes such subgroups. The estimation problem may then be stated as: 

      ∑ ∑ ∑   
         (  

       )                    (4.17a) 

s.t. 

∑   
        

    
                     (4.17b) 

∑   
        

    
                     (4.17c) 

∑   
                    

                     (4.17d) 

∑   
                    

                             (4.17e) 

∑   
  

                        (4.17f) 

where   
  and   

  denote total inflows and outflows of subgroup   measured in tons and    
  and    

  

are the corresponding totals measured in ton-kilometres.  

Step 2: Transformation into monetary values 

The second step of the estimation procedure for interregional trade in commodities consists of the 

transformation of shipments from tons to monetary values. According to Llano et al. (2010) value to 

ton ratios (i.e., average prices per ton) computed from regional export data (which is usually published 

measured in tons and currency) constitute a reasonable proxy for this transformation.  

                                                           
10

 Tons are transformed into ton-kilometres through multiplication with the average trading distances between   

and  ,         These are estimated as population-weighted averages of inter-county distances following the 

approach proposed by Nitsch (2000).   
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However, by doing so it is implicitly assumed that average prices per ton of commodities from a 

certain region are equal across the different regions of destination. This may constitute a strong 

assumption, especially if commodity groups are highly aggregated and, therefore, consist of large 

varieties of different commodities at different prices. For example, paperclips and pressure vessels of 

nuclear power plants belong to the same 2-diggit CPA category ‗fabricated metals‘.  

Furthermore, in foreign trade statistics, flows over long distances are observed to have higher average 

prices per ton compared to flows over short distances (Baldwin and Harrigan, 2011). Baldwin and 

Harrigan (2011) argue that expensive high quality products are more competitive on distant markets 

and are, therefore, more likely to overcome distance-related trade barriers. Johnson (2012) interprets 

this outcome as Alchian-Allen Effect: In the case of two substitute goods (high and low quality), fixed 

transportation costs per ton decrease the relative prices of high quality compared to low quality 

products making them more competitive on distant markets.   

In order to avoid possibly overly strict assumptions about average prices, we estimate the relationship 

between the monetary values of shipments, their physical weight and the trading distance by means of 

a regression model. The model is applied to data on international exports of Germany‘s federal states 

to 41 European countries for the 15 commodity groups, for which interregional flows measured in tons 

have been estimated in Step 1. Thus for each commodity group, the sample consists of 656 export 

flows measured in tons and currency. Distances between German states and European countries are 

taken from Google maps, where distances are computed as distances between the geographical centres 

of exporting federal state,  , and the importing European country,  . For the relationship between 

monetary values, physical weight and distance, we assume the following functional form: 

        
  

           
  

                    (4.18) 

where    is an independent and identically distributed error term,   is an intercept,    captures the 

impact of the weight,     
  

, and    captures the impact of distance,       , on the corresponding 

monetary value,       
  

, of an export flow. The equation was estimated in a stepwise manner, testing 

all possible combinations of coefficients included and selecting those specifications with the highest 

explanatory power in term of R².  

The results of the most successful specifications for each type of product are shown in Table 4.3. It 

can be observed that    and    are significant at the 1% level across all commodity groups. The only 

exception is the effect of distance on the monetary value of exports of secondary raw materials. The 

intercept,  , by contrast, is only significant for five product groups (machines and transport 

equipment). The outcome for    shows that       . This means that large ton flows are 

associated with lower prices per ton, which can be explained with differences in the composition of 

aggregate commodity groups. Within an aggregated commodity group, exports with relatively low 
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average prices per ton are tend to consist to a larger extend of relatively cheap intermediate products, 

which are, however, sold in large quantities. 

Table 4.3 Estimated relationships between value, weight and distance of Germany‘s exports  

 Coefficients p-value   

Product                 Adj. R² VIF 

Agriculture/forestry - 0.7597 0.2475 - 0.0000 0.0000 0.8513 1.1077 

Coal - 0.7632 - - 0.0000 - 0.9583 1.1826 

Crude oil and gas - 0.8948 - - 0.0000 - 0.9941 1.0308 

Second. material 2.1383 0.8343 -0.2963 0.0877 0.0000 0.0991 0.8259 1.0009 

Other mining pr. - 0.7203 0.0358 - 0.0000 0.0026 0.8991 1.1472 

Food/tobacco - 0.8593 0.6326 - 0.0000 0.0000 0.2982 1.0855 

Textile products 0.9560 0.8947 0.2479 0.0927 0.0000 0.0012 0.8858 1.0947 

Refined petroleum - 0.8413 0.1837 - 0.0000 0.0000 0.9731 1.1167 

Chemical products - 0.8838 0.2856 - 0.0000 0.0000 0.9080 1.0916 

Glass and ceramic - 0.7600 0.2635 - 0.0000 0.0000 0.8912 1.1753 

Basic Metals - 0.8477 0.2912 - 0.0000 0.0000 0.9265 1.1111 

Fabricated Metals 1.2004 0.9031 0.1629 0.0058 0.0000 0.0045 0.9397 1.1298 

Machinery 2.6309 0.9133 0.1050 0.0000 0.0000 0.0426 0.9388 1.0777 

Transport Eqipment 1.5019 0.9975 0.0999 0.0006 0.0000 0.0809 0.9375 1.0794 

Other Manufact. - 0.8942 0.2213 - 0.0000 0.0000 0.9373 1.1342 

Source: Own calculations. 

In terms of the effect of distance on the monetary value of exports, all coefficients (with an exception 

for secondary raw materials) are       , indicating that prices per ton of shipments over longer 

distances tend to be higher than those over shorter distances. This result is in line with results from 

international trade literature and the interpretation that prices per ton of exports are subject to an 

Alchian-Allen Effect given Johnson (2012). Only in the cases of crude oil/natural gas and coal, 

distance has no significant effect on prices per ton.   

As distance between two trading partners is likely to have explanatory power for the amount of tons 

shipped between them, variance inflation factors (VIF) are estimated, in order to test for 

multicollinearity. VIFs are computed as:  

     
 

(   ̂ 
 )

             (4.19) 

In Equation 4.19,  ̂ 
  results from an auxiliary regression of distance on the weight of exports: 

      
  

                . The VIFs reported in Table 4.3 are far away from critical values 

indicating serious problems with multicollinearity (see O‘Brien, 2008). Surprisingly, distance is found 

to have only little explanatory power for the physical weight of exports. This outcome suggests that a 
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large share of deviations in monetary trade flows is caused by the effect of distance on prices per ton 

rather than on the physical weight.  

The monetary values of the shipments from one federal state to another required for the MRSUT are 

derived by applying the respective regression equations estimated from regional foreign export data to 

the ton-flows and interregional trading distances from Step 1. The resulting estimates of monetary 

trade flows are, afterwards, adjusted to the monetary row and column totals from the prior MRSUT by 

means of RAS.    

4.5  Data uncertainty 

In order to resolve conflicts between data points forming the right-hand side of constraints, 

information about their uncertainty is required. KRAS is designed to find a compromise solution 

between to data points in conflict on the basis of their relative uncertainty.  

For estimating uncertainties of the data used in the construction of the German MRSUT, we adopt the 

methodology used in Wiedmann et al. (2008). They argue that the size of an error,   , relative to the 

size of the respective data point,       ⁄ , decreases with increasing order of magnitude of that data 

point. The reasoning behind that argument is that data points results from accumulating many small 

observations, whereby larger data points tend to result from more observations than smaller ones. For 

this reason, measurement errors embodied in single observations are more likely to cancel each other 

out for larger data points, which make them more reliable.  

Based on this reasoning, it is assumed that the relative standard error of a data point is a function of 

the order of magnitude of its size, Wiedmann et al. (2008) assume a log-linear relationship: 

     (    )       | |   ,        (4.20) 

where   and   are coefficients to be estimated using ordinary least squares and   is an error term. As 

opposed to Wiedmann et al. (2008), who had access to relative standard errors of the data they used, 

no published information is available in our case. For this reason, we use the differences between 

values of the same element from different data sources as proxies for   . 

For the uncertainty inherent in the national supply-use tables, the differences between the values of the 

same element from WIOD‘s SUT and the official SUT are used. Since there is no benchmark for 

regional accounts available, coefficients estimated by (4.20) are applied to these constraints as well 

assuming that relative standard errors in national and regional accounts are of the same order of 

magnitude. In the case of regional foreign trade data, the amount of imports and exports by product 

that could not be attributed to one of 16 States. For the surveys on manufacturers and households, data 

points are aggregated to national values and compared with the corresponding values from the official 

SUT.  
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The weighted averages of the estimated relative standard errors assigned to the different types of 

constraints are reported in Table 4.4. It can be observed that the constraints from national and regional 

accounts are by far the most reliable constraints, followed by those derived from survey data with a 

big gap. Regional imports and exports are the least reliable compared to those other constraints for 

which relative standard errors could be estimated. The main reason for this outcome is that large 

shares of national exports and in particular imports could not be attributed to a specific German states 

of origin or destination, respectively. 

Table 4.4 Weighted averages of the relative standard errors assigned to the constraints  

Constraint  Data source Relative standard error (%) 

National supply-use table WIOD 0.17% 

Regional Accounts VGR der Länder 0.49% 

Regional foreign trade Federal Statistical Office 43.67% 

Regional private consumption Household survey 29.83% 

Regional cost and turnover Manufacturer surveys 27.79% 

Source: Own calculations. 

Since for interregional trade none of such benchmarks exist, a uniform distribution between manually 

set error bounds is used. These bounds are set, such that their uncertainty clearly exceeds those of 

other constraints. Similarly, for the relative standard deviations of the prior table, AISHA‘s default 

setting is used, in which relative standard errors of the prior elements are uniformly distributed. The 

elements of the final MRSUT are allowed to become up to one thousand times smaller or larger than 

the prior. In this way, a subjective ranking of the reliability of information on interregional trade and 

the elements in the prior table relative to each other and relative to the constraints based on direct 

information is established.  

4.6  Re-estimating interregional trade flows 

This section presents a re-estimation of interregional trade flows from transportation data using an 

improved methodology compared to the step-wise procedure in Subsection 4.4.2. The objective of the 

model presented here, is to address challenges that typically arise when physical and monetary data are 

to be combined more efficiently. These are, (1.) the transformation of tons into currency, (2.) the 

estimation of undisclosed values, (3.) dealing with mismatching classifications and different levels of 

aggregation.  

In Subsection 4.4.2, undisclosed values in transportation statistics are, first, estimated by means of a 

maximum entropy model and, afterwards, transformed into currency assuming that for a certain trade 

flow, the relationship between its value, its weight and the distance over which it is transported is the 

same as estimated from international export data. The resulting trade flows in currency for 15 
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aggregated product groups are then implemented as ratio constraints on the spatial distribution of the 

35 commodity groups distinguished in the MRSUT.  

The model presented here has the character of a prototype version of the maximum entropy model 

developed in Chapter 3. The difference between both models is how the connections between physical 

and monetary flows via prices are modelled. In the model from Chapter 3, average price per ton are 

estimated explicitly by means of an entropy measure for the uncertainty of prices (Equation 3.17b).  

Opposed to that, in the prototype version, differences in the unknown average prices per ton of flows 

from   to   at the more aggregate level (i.e., the level of aggregation used in the MRSUT) result 

implicitly from differences in their composition with more detailed commodity groups, at different 

(fixed) prices per ton.  

Starting point for the development of the model is the estimation problem 4.17a to 4.17f, where 

transportation data at different levels of aggregation are combined. The main idea for the further 

development is to estimate the aggregate flows from one region to another,      , as well as their 

composition with distinct commodity groups        . Thereby,   is an root classification, that 

allows for a one-on-one mapping on the classifications used for transportation statistics,        , 

and the MRSUT,        . If information about the average price per ton for each disaggregated 

commodity group  ,   , is additionally available, unknown flows of   between   and  ,     
  , can be 

estimated such that joint physical and monetary constraints are satisfied simultaneously.   

The problem of estimating interregional trade flows for 35 CPA commodity groups from freight 

transportation data is split 11 separate models, due to limited computational resources. The separation 

is done in such a way that no mismatches between the commodity classifications used for 

transportation (NSTR) and economic data (CPA) occur. These specifications are summarized in Table 

4.5.
11

 

For the monetary dimension, row and column totals are computed from the MRSUT, while for the 

physical dimension, transportation data measured in tons and ton-kilometres, as well as average 

trading distances from Subsection 4.4.2 are used. However, instead of using the original origin-

destination matrix for manufactured products, we use the disaggregated matrices for 91 – Transport 

Equipment, 92t93 – Machinery, Agricultural machines, 94 – Fabricated Metals, 95 – Glass, 

Glassware, Ceramic Products, 96 – Textiles, Clothing, Leather and 97 – Other manufactured Articles 

resulting from model 4.17. The reason for this decision is to keep the computational requirements at a 

reasonable level, as a consistent treatment of mismatches would have led to a very large estimation 

model comprising Model 6, as well as the Models 8 to 11 from Table 4.4.  

                                                           
11

 Note that, as opposed to the previous estimation, the OD-matrices for solid-, as well as liquid- and gaseous 

fuels are lumped together, due to a mismatch between the monetary and physical product groups that have not 

been taken into account before.   
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For connecting physical with monetary flows, prices per ton,   
 , are computed from foreign exports 

statistics by state, which are available at 8-diggit level (about 9,400 commodity groups). These are 

aggregated to about 1,150 commodity groups (see the rightmost column of Table 4.5) as a 

compromise between a high level of detail and computational restrictions. Regional export statistics 

are preferred over the use of national ones, because additional information about price differences 

between the same types of commodities produced in different states is gained. Furthermore, if no 

exports of certain a commodity group are reported, then it can be seen as an indication that the 

respective commodity group is produced not at all in that state. It, therefore, adds additional 

information about the diversity of regional economies.  

Table 4.5 Model specifications for the estimation of German interregional trade flows 

Model NSTR ( ) CPA ( ) # Products ( ) 

1 0 – Agricultural Products, 
Wood  

1 – Product of Agriculture 
2 – Products of Forestry  

56 

2 1 – Foodstuffs and Animal 
Fodder 

5 – Fishing Products 
15 – Food and Beverages 
16 – Tobacco Products 

130 

3 2 – Solid Mineral Fuels 
3 – Liquid fuels and Petroleum 
Products 

10 – Coal and Lignite 
11 – Crude Oil, Natural Gas 
23 – Coke and Refined Petroleum 

15 

4 4 – Metal Wastes  37 – Secondary Raw Material 18 

5 5 – Basic Metals  27.1-27.3 – Basic Ferrous Metals 
27.4 – Basic Precious Metals 
27-5 – Foundry Work Services 

90 

6 6 – Minerals and Building 
Materials 
95 – Glass, Glassware, 
Ceramic Products  

14 – Mining and Quarrying Products 
26.1 – Glass Products 
26.2-26.8 – Ceramics, Building Materials   

100 

7 7 – Fertilizers  
8 – Chemicals  

24 ex 24.4 - Chemicals 
24.4 Pharmaceuticals  

166 

8 91 – Transport Equipment 
92t93 – Machinery, 
Agricultural machines  

29 – Machinery and Equipment 
30 – Office Machinery and Computers 
31 – Electrical Machinery 
32 – Radio, TV and Communication 
33 – Medical, Optical, Precision   
34 – Motor Vehicles 
35 – Other Transport Equipment 

211 

9 94 – Fabricated Metals 28 – Fabricated Metals  79 

10 96 – Textiles, Clothing, 
Leather 

17 - Textiles 
18 – Wearing Apparel, Furs 
19 – Leather  

184 

11 97 – Other manufactured 
Articles 

20 – Wood Products ex Furniture 
21 – Pulp and Paper 
22 – Printed Matter 
25 – Rubber and Plastic Products 
36 – Furniture, other Manufactured 
Goods 

100 

Source: Own elaboration. 
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For each of the 11 estimation problems summarized in Table 4.5, the following maximum entropy 

models is used for the simultaneous estimation of physical and monetary interregional flows: 

    (  
  )   ∑ ∑ ∑   

  
     

  
                    (4.21a) 

subject to physical row and column totals measured in tons  

  
  ∑ ∑       

  
  ,                     (4.21b) 

  
  ∑ ∑       

  
  ,                    (4.21c) 

subject to monetary row and column totals computed from the MRSUT 

  
    

  ∑ ∑       
    

  
                      (4.21d) 

  
    

    
  ∑ ∑       

    
  

  ,                   (4.21e) 

to trade-capacity constraints measured in ton-kilometres 

   
  ∑ ∑         

     
  

                      (4.21f) 

   
  ∑ ∑         

     
  

                      (4.21g) 

and subject to the known elements of the OD tables,  ̅  , 

 ̅   ∑ ∑ ∑   
  

                       (4.21h) 

  
    ,                     (4.21i) 

where     and     denote elements of the respective concordance matrices,     and    , for relating 

the commodity groups of the root classification   to the commodity groups distinguished in 

transportation data and in the MRSUT,   and   respectively. 

Finally, for integrating the re-estimated interregional trade flows into the MRSUT, AISHA could not 

be used, because of gap of time between the development of the MRSUT and that of estimation model 

4.21. For this reason, updated intra- and interregional regional purchase coefficients are computed 

from the outcomes of (4.21). These are, then, used to redistribute total regional intermediate and final 

consumption of products from German suppliers,  ̅ 
    

    
    

 , according to the regions of 

origin.      
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4.7  Illustrative application of the German MRSUT 

From official statistics, such as regional accounts, basic information about the spatial distribution of 

policy relevant macro variables, such as value added (GRP) or employment, across the states can be 

gained. Often, policies aiming at fostering growth in these variables consider measures, such as 

infrastructure projects or schooling programs. As a side effect such measures often generate significant 

demand effects, which may lead to considerable positive indirect impacts on regional value added or 

employment. Therefore, these indirect impacts are often used as arguments for certain projects in the 

public debate. However, especially on the regional level, information provided by regional accounts 

do not offer a solid information base for the assessment of the total (direct and indirect) impacts to be 

expected for the regional economy. The main reason is that the smaller the region under consideration 

is the larger is the extent to which these variables depend on interregional interindustry relationships 

rather than being directly linked with local final demand. Therefore, from the perspective of a region, 

the content of GRP in final demand originating from the own region (intraregional deliveries to final 

demand,    
  ), from other regions (interregional exports to final demand, ∑    

     
 ) and from the rest 

for the world (international exports,   
 ) is more relevant (see Oosterhaven, 1981a; Chapter 4).  

However, estimating such figures is often considerably hampered by the absence of required 

information about interregional interindustry relationships at the subnational level. The construction of 

the MRSUT for Germany‘s federal states, described in the previous sections of this chapter, therefore, 

constitutes a considerable advancement in the information base for assessing regional economic 

policies. In the following, this database shall be used for an illustrative analysis that aims at estimating 

the shares of GRP depending of the own state‘s final demand in those figures reported by regional 

accounts.  

In the following subsection (4.7.1), Germany‘s federal states are introduced and the spatial distribution 

of GRP and GRP per capita is discussed. Afterwards, Subsection 4.7.2 shows how more informative 

figures can be derived from the multiregional Leontief model, first, and discusses the outcomes of the 

model, afterwards.         

4.7.1 Germany’s federal states and their direct contribution to national GDP  

The first panel of Figure 4.2 shows the geographical location of the 16 German states depicted in the 

MRSUT. The ordering runs from north to south and further distinguishes those states that were part of 

former western (excluding the western part of Berlin) Germany from those that constituted the 

territory of the former German Democratic Republic (12-16) before the re-unification. The colouring 

indicates the GDP per capita (the darker, the higher the GDP per capita). The second panel of Figure 

4.2 shows the shares of the 16 states in national population and their direct contribution to national 

GDP.  
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It can be observed that there is still a significant gap in GRP per capita between the former western 

and eastern Germanys. Generally, the highest GRPs per capita can be observed for the city states of 

Hamburg and Bremen. This can partly be explained by the large amounts of in-commuters, whose 

contribution to GDP is counted for the cities, but who do not count in the denominator.  

Figure 4.2 Germany‘s 16 Federal States and percentage shares in national population and GDP 

 

Source: VGR der Länder. 

Apart from the city states, the southern states of Hessen, Baden-Württemberg and Bayern show GRP 

per capita figures that are significantly above average, whereas that of Nordrhein-Westfalen exceeds 

the national average only slightly. For Bayern and Baden-Württemberg this can be explained by the 

very high concentration of export oriented firms belonging to machinery and automotive industries, 

which are primarily located in the metropolitan areas of Stuttgart (Baden-Württemberg), München and 

Nürnberg (both located in Bayern). In the case of Hessen, by contrast, in particular the concentration 

of banks and insurance companies, as well as of businesses consultancies in Frankfurt am Main 

contributes to its high GRP per capita figures. However, for Nordrhein-Westfalen, the GRP figure 

covers strong regional disparities within that state. There is, on the one hand, a high concentration of 

chemical and pharmaceutical industries, as well as of machinery industries in the Niederrhein area, 

while the Ruhr area, on the other hand, still suffers from the structural change caused by the decline of 

coal mining and steel production since the late 1950s.  

4.7.2 Contribution of own and other state’s final demand to gross regional product  

In the following, we discuss to what extend GRP of Germany‘s federal states depends on the own 

state‘s final demand compared to the contributions of demand from other states and from the rest of 

the world.     
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These figures are estimated by means of the multiregional Leontief model, which delivers the amount 

of output of each regional industry directly and indirectly required to satisfy final demand: 

  (    )   (    )         (4.27) 

where   is a block matrix of intermediate use coefficients, whose generic element    
   denotes the 

amount of product   from region   used provide one unit of ouput by industry   in region  .     ̂   

is a block-diagonal matrix of market-shares. Its generic element    
  denotes the market share of 

industry   in the total supply of product   by region  .  On the right-hand side, (    )  , is the 

multiregional industry-by-industry Leontief-Inverse, which is post-multiplied by  (    ), which 

denotes final demand directed to regional industries. The total effect on gross output by industry may, 

then, be translated into value added (GRP) by pre-multiplying (4.23) with   
    

   
 ⁄   , which 

denotes the amount of value added (GRP) generated per unit of gross output of industry   in region  .  

Figure 4.3 shows the sources of GRP of Germany‘s federal states. The solid bars show the percentage 

contributions of local final demand for products from the own state, where we distinguish between the 

contribution of private consumption of households including Non-Profit Institutions Serving 

Households (∑    
      

   , black solid bar), of local governmental consumption (     
  , dark grey) and of 

local capital formation (     
  , light grey). These contributions include intraregional direct and indirect 

effects. The dark hatched bars show the contribution of regional exports to the Rest of the Country 

(RoC), whereas the light hatched bars show the contribution of export to the Rest of the World (RoW) 

to GRP.  

Comparing the percentage contributions of final demands from the own state to GRP shows 

remarkable differences across the states. The figures vary in a bandwidth from about 38% and 40% in 

the city states of Bremen and Hamburg to more than 57% in Mecklenburg-Vorpommern. This 

outcome can be partly be explained by the tendency that relatively larger regions depend less on trade 

than smaller ones. Comparing the outcomes of Hamburg and Bremen to the much larger states of 

Nordrhein-Westfalen, Baden-Württemberg and Bayern, for example, shows that the former have the 

highest dependency on final demand from other regions and lowest dependency on demand from their 

own region. For the latter, by contrast, the opposite is true. However, these factors do apparently not 

explain patterns observed for many other states, since much smaller states such as Schleswig-Holstein 

or the eastern German states also show higher dependencies on their own final demand.     
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Figure 4.3 Contributions of final demands to gross regional product of Germany‘s federal states 

 

Source: Own calculations. 

One explanation for this outcome is the difference in the ratios of private consumption to 

governmental spending in regional final consumption. Compared to private consumption, the vast 

majority of governmental expenditures are devoted to public administration, social insurance, 

education and healthcare, which are typically produced in the same region and, furthermore, require 

only little intermediate inputs from other industries and regions. In the former eastern states, between 

34% and 37% of the GRP depending on final demand from the own state can be attributed to 

governmental consumption. The highest share can be observed in Berlin (39%), which is due to its 

role as Germany‘s capital city. Compared to that, in Nordrhein-Westfalen, Hessen, Baden-

Württemberg and Bayern shares varying between 25% and 27% can be observed.  

In addition to their relatively high shares of governmental expenditures compared to other western 

German states, the states of Niedersachsen and Schleswig-Holstein are the regions of residence for the 

majority of in-commuters to Hamburg and Bremen. For this reason, both states have relatively high 

ratios of private consumption compared to the incomes earned in these states leading to a relatively 

high dependency on their own region‘s final demand. This explanation also applies to Brandenburg, 

where many inhabitants work in Berlin.  

Finally, the degree of orientation on international exports delivers an additional explanation, especially 

for the differences observed between western and eastern states. The economies of Baden-

Württemberg, Bayern and Nordrhein-Westfalen are those with strongest orientation on international 
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trade, with 32% to 28% of regional GRP directly and indirectly linked with exports to foreign 

countries. Opposed to that, in particular in the northeastern states of Berlin, Brandenburg and 

Mecklenburg-Vorpommern only 15% to 16% of regional GRP can be attributed to international 

exports.   

4.8  Conclusion 

In this Chapter the construction of the multiregional Supply-Use table (MRSUT) for Germany‘s 

federal states using the Automated Integration System for Harmonized Accounts (AISHA, see 

Geschke et al., 2011) is presented. AISHA is designed for the construction large-scale MRIOs by 

harmonizing initial estimates (priors) of tables with possibly conflicting data from various sources 

using the KRAS algorithm (Lenzen et al., 2009). For the construction of the German MRSUT, these 

capabilities combined with high-performance computing made it possible to integrate large amounts of 

data at relatively low costs, including data from national and regional accounts, from surveys on 

households and manufacturers, as well as freight transportation data.  

In the following two chapters of this dissertation, the German MRSUT builds the base for two 

different applications. In Chapter 5, the table is used to assess the indirect economic impacts of the 

heavy flooding in 2013 in southern and south-eastern Germany transmitted through interregional 

interindustry linkages. For the analysis of the net impacts of promoting renewable energies on the 

regional and social distribution of value added and disposable income, the MRSUT is additionally 

extended (see Chapter 6): Firstly, compensation of employees is broken down in terms of region of 

residence of workers (reflecting commuting) as well as in terms of their education level. Secondly, an 

additional matrix depicting the distribution labour income across income brackets is constructed. This 

enables modelling the circular flow of income and expenditure at a highly detailed level.  

Because of the consistency of the German MRSUT with the national Supply-Use tables from the 

World Input-Output Database (WIOD), it can be integrated into WIOD‘s global MRIO at relatively 

low costs. This task requires splitting foreign imports and exports of Germany‘s federal states into 

their countries of origin and destination, respectively (see for example, Bachmann et al., 2015; Wang 

et al., 2015). This extension would greatly enlarge the range of possible applications to regional 

contributions to global phenomena, such as regionalized consumption based emissions, or, vice versa, 

applications to regional impacts of global developments, such as shifts in global value chains.  

 

 

 

 



Constructing a Multiregional Supply-Use Table for Germany‘s Federal States 

88 

 

  



Chapter 5 

89 

Chapter 5 

Regional economic impacts of heavy 

flooding in Germany: A non-linear 

programming approach

 

 

5.1  Introduction 

In this chapter we investigate the wider interindustry and interregional impacts of the heavy flooding 

events of May and June 2013 in Eastern and Southern Germany. Over the past two decades, the use of 

input-output (IO) models for the assessment of the indirect economic losses caused by man-made or 

natural disasters gained increasing recognition, as evidenced by two special issues in Economic 

Systems Research and several dozens of papers in scientific journals (cf. Okuyama & Santos 2014). 

Thereby, the inoperability IO model (IIM, Santos & Haimes 2004) constitutes the most widely used 

model in this field.  

Results from IO applications virtually always show economy-wide economic losses that are 

significantly larger than the direct economic losses of the disaster itself (i.e., the destruction of stocks 

of infrastructure, capital and labor), as can be observed from the ratios of the economy wide total 

losses to the direct losses, i.e., disaster impact multipliers. For example, a disaster multiplier of about 

2.2 is found for the 2003 blackout in the northwest of the US (Anderson et al. 2007). Santos and 

Haimes (2004) report results that suggest disaster multipliers varying between 2.5 and 3.6 (the latter 

including an endogenous workforce), due to a 10% drop of demand for air transport because of 

terrorist attacks, while the ratio of total to direct impacts of the attacks on September 11th is estimated 

to be about 2.0 (Santos 2006).  

For the interpretation of these outcomes, it is important to note that the IIM is equivalent to the 

standard demand-driven IO model expressed in relative changes (Dietzenbacher and Miller 2015). 

Consequently, the IIM suffers from the same limitations as the standard IO model. These limitations, 

in particular, include its rigid assumption of fixed coefficients and its restriction to estimating only the 

backward, demand-driven impacts of changes in exogenous final demand (Oosterhaven and Polenske 

2009).     

                                                           

 This chapter is based on ―Wider economic impact of heavy flooding in Germany: A non-linear programming 

approach.‖ written with Jan Oosterhaven (2017), which has been accepted for publication in Spatial Ecoomic 

Analysis. We thank Erik Dietzenbacher and two anonymous referees for constructive comments. 
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Natural and man-made disasters, however, cause shocks to both the demand side and the supply side 

of the regional economies at hand. The impacts of negative demand shocks may, in principle, be 

estimated by means of the standard IO model, since both consumers and producers will most likely 

react by proportionally reducing all their purchases, i.e., by using fixed ratios. Still, the use of the IO 

model, even to estimate those impacts, is not without problems (Oosterhaven 2015). Especially, 

double counting impacts needs to be avoided (see also Rose 2004), as disasters cause exogenous 

shocks to total output and labour income, both of which are endogenous in all IO models.  

Estimating the impacts of shocks to the supply of products and labour by means of the standard IO 

model, however, is impossible for several reasons. First and foremost, firms will not react to negative 

supply shocks by proportionally reducing all their purchases. Instead they will look for substitutes. 

Three broad types of replacements are possible. (1) Firms may look for different firms in the same 

region that produce the same product. This will lead the changes of the industry market shares in the 

supply of the product at hand. This fixed ratio assumption is hidden in the construction of most 

symmetric IO tables (Miller and Blair 2009). (2)  Firms may look for suppliers from different regions. 

This leads to changes in the self-sufficiency ratios and the imports ratios for the product at hand. This 

assumption is mostly made implicitly, but is well recognized in the IO literature (Oosterhaven and 

Polenske 2009, Miller and Blair, 2009). (3) Firms may look for different products that perform the 

same function, e.g., plastic subparts instead of metal subparts. This implies a change in the real 

technical coefficients, which is the least likely reaction, at least in the short run, as it implies changing 

the production process.  

Only if an input is truly irreplaceable, the lack of its supply may force purchasing firms to shut down 

part or all of their production. In that case processing coefficients (i.e., reciprocal real technical 

coefficients) need to be used (Oosterhaven 1987), and these may result in partial disaster multipliers 

that may be many times larger than even the large, above mentioned disaster multipliers. In all other 

cases, substitution of the lacking inputs will lead to positive impacts elsewhere in the economy, 

including other industries in the same and in other regions and countries.   

Up till now, these positive substitution effects can only be estimated by spatial computable general 

equilibrium (CGE) models (cf. Tsuchiya et al. 2007). In fact, different versions of such a model are 

needed to model the short run as opposed to the longer run impacts, because short run substitution 

elasticities are much closer to zero than their longer run equivalents (Rose and Guha 2004). Moreover, 

in longer run simulations, many more variables need to be modeled endogenously. Consequently, 

CGE models are difficult and rather costly to estimate, even if the essential data, such as interregional 

social accounting matrices and all kind of elasticities, are available (see Albala-Bertrand 2013, for 

further critique). 

The hypothetical extraction (HE) method, proposed by Dietzenbacher and Miller (2015) as an 

alternative to the IO model, circumvents assuming of fixed trade coefficients, because a well-defined 
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HE involves the assumption that the sales of the extracted industry are compensated by an equally 

large increase of imports (see Dietzenbacher & Lahr 2013, for extensions of the original HE method). 

However, contrary to what was originally suggested (Paelinck et al. 1965; Strassert 1968), the 

complete or partial extraction of a row from the IO matrix does not measure the forward, supply 

impacts of that HE on its customers. Instead it measures the backward, demand effects of a drop (or 

complete disappearance) of demand for the intermediate inputs of the extracted industry itself.   

The supply-driven IO model (see Bon 1988, for the multiregional version) does not constitute a 

plausible model for studying forward effects either (see Oosterhaven, 1996; 2012, and Dietzenbacher, 

1997, who additionally advocates a reinterpretation as a price model). Presently, a more or less 

plausible measurement of the economy-wide effects of an exogenous supply shock, requires many 

additional assumptions and/or information on the adaption behaviour of upstream and downstream 

industries indirectly affected, as in Oosterhaven (1988), Hallegate (2008)  and Rose and Wei (2013).  

As a simpler alternative to using fixed ratios, Batten (1982, chapter 5) shows how the principle of 

minimum information gain (cf. Theil 1967) may be used to flexibly estimate intra- and interregional 

trade flows in various multi-regional IO settings. This principle is also applicable to a situation when a 

shock to a MRIO system results in lower production capacities with an unknown new pattern of intra- 

and interregional trade. Oosterhaven and Bouwmeester (2016) combine this idea with processing 

coefficients and endogenous production levels in the indirectly impacted industries and regions. In this 

paper we follow their approach, but instead of using an interregional IO table, we use the nowadays 

more common multi-regional supply-use table (MRSUT) framework to describe the various 

equilibriums. In this way we are also able avoid the assumption of fixed industry market shares, which 

is still present in their MRIO approach.  

In Section 5.2, we present our new, more general non-linear programming (NLP) model. Section 5.3 

presents the specification of the main flooding scenario and two scenarios describing the flooding 

impacts under two alternative economic environments. First, we consider the case of extensive 

governmental aid and, second, we consider the case where all pre-disaster production capacities are 

fully utilized, as at the top of the business cycle. Our results in Section 5.4, show considerably lower 

disaster multipliers in the main and in both alternative scenarios compared to those found with 

standard demand-driven IO models. In Section 5.5, we further investigate the considerable 

overestimation of the impacts that results when our assumptions of flexible trade origin shares and 

flexible industry market shares are replaced with fixed shares, as in the standard MRIO model. Section 

5.6 concludes. 
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5.2  Modelling methodology 

Our simulation of the short run reaction of economic actors (firms, households and various 

governments) to a disaster is based on the assumption that all actors attempt to re-establish the size 

and pattern of their economic transactions of the pre-disaster situation as much as possible. We 

measure the distance between the situation before and after the disaster by means of the information 

gain measure of Kullback (1959) and Theil (1967). To mimic the adaptation strategies of economic 

actors, we minimize the information gain of the short run post-disaster equilibrium compared to pre-

disaster equilibrium of the economy at hand, i.e., the base scenario, as summarized by the 2007 

MRSUT of Germany (Többen, 2014).  

 

The set-up of this table is shown in Figure 5.1, where: 

   
      = supply of product   by industry   in region  , 

   
         = use of product   from region   by industry   in region  , 

   
        = use of product   from region   by final demand category   in  , 

  
       = foreign exports of product   by region  , 

   
      = value added type   by industry   in region  , 

  
      = total supply = total demand of product   by region r , 

  
      = total output = total input by industry   in region  ,  

   
              = foreign imports of product   by industry   in region  , 

   
             = foreign imports of product   by final demand category   in region  , 

*   = summation over the index concerned 
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Figure 5.1 Set-up of the German 2007 use-regionalized multiregional supply-use table. 
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Source: Own elaboration. 

The information measure of Kullback and Theil, however, needs to be adapted to incorporate the 

criticism that arose in the discussion that unrolled after the introduction of the GRAS algorithm for 

updating and regionalizing national I–O matrices with both positive and negative entries (Junius and 

Oosterhaven, 2003). Huang et al. (2008) summarize this discussion and propose an improved GRAS 

objective function (IGRAS). We use the IGRAS measure and not their comparably well performing 

improved normalized squared differences, as the latter concentrates on minimizing large percentage 

errors in small cells, while it treats positive and negative deviation equally, as opposed to IGRAS that 

weighs negative deviations (i.e., losses) more heavily than positive ones (i.e., gains) (cf. Oosterhaven 

and Bouwmeester, 2016). However, our actually used version of IGRAS is a little simpler than that of 

Huang et al., as we do not have negative entries.  

In summary, we thus minimize the information gain of the post-disaster MRSUT compared to the pre-

disaster MRSUT: 
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In (5.1), the summation over   in the terms with    
   and    

   (i.e., in the regionalized use table) 

includes the Rest of the World (RoW). The * indicate that we aggregate, respectively, the ten 

categories of final demand and the five categories of value added of the MRSUT, and the ex indicates 

exogenous data (i.e., the actual values from the MRSUT for Germany for 2007). For our application 

to the German floods we use an aggregated version of the original table, with 12 industries and 19 

products, in order to keep the computational requirements at a reasonable level.
12

 A description of the 

industry and product categories is shown in Table 5.1. 

The first restriction to minimizing (5.1) is that all transactions are semi-positive. This implies that 

changes in stocks are excluded from the model. This exclusion is justified by the fact that changes in 

stocks, as a rule, do not represent economic transactions for which we assume that economic actors try 

to maintain them as much as possible. The pre-disaster levels of stocks, however, do represent 

important ultra-short run adaptation possibilities (Hallegate, 2008; Mackenzie et al., 2012). Hence, 

these are ignored by our method; partly because they only delay the adjustments that are modelled by 

our method and partly because a MRSUT only gives information about the historic changes in these 

levels and not about the levels themselves.  

Table 5.1 Description of the industry- and products categories taken from the German MRSUT  

 

Source: Own elaboration. 

 

 

                                                           
12

 The model was implemented in GAMS and solved via CONOPT3. The computation time varied from scenario 

to scenario, but was generally less than one hour. 

Code Description
% value 

added Code Description

i1 Agriculture, Forestry, Fishery 1,2% j1 Agriculture, Forestry, Fishery

i2 Mining and Quarrying 0,4% j2 Mining and Quarrying

i3 Food, Textiles, Wood products, Paper, Printed Matter 4,1% j3 Food, Textiles

i4 Refined Petroleum, Chemicals, Plastics 4,2% j4 Wood products, Paper, Printed Matter

i5 Glass, Mineral Products, Basic and Fabricated Metals 4,1% j5 Refined Petroleum

i6 Machinery, Transport Equipment, other Manufacturing 12,0% j6 Chemical and Plastic Products

i7 Electricity, Gas and Water Supply 2,5% j7 Glass and Mineral Products

i8 Construction 4,1% j8 Basic and Fabricated Metals

i9 Trade Services, Hotels and Restaurants 11,4% j9 Machinery

i10 Transportation 5,9% j10 Electrical Apparatus and Equipment

i11 Financal Intermediation, Renting, Business-related Services 28,3% j11 Transport Equipment

i12 Public Administration, Education, Healthcare, Personal Services 21,9% j12 Furniture and other manufactured products

j13 Electricity, Gas and Water

j14 Construction

j15 Trade, Hotels and Restaurants

j16 Transport Services

j17 Telecommunication

j18 Financal Intermediation, Renting, Business-related Services

j19 Public Administration, Education, Healthcare, Personal Services

Industries Products
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Furthermore, in all scenarios we minimize (5.1) subject to the following additional constraints. 

First, and foremost, we assume that prices changes in such a fashion that the economy remains in short 

run equilibrium, i.e., we assume that demand equals supply, per product, per region: 

∑    
   

  ∑    
      

  ∑    
 

               (5.2) 

A great advantage of our approach, above that of, for example, a CGE model, is that we do not need to 

specify these price changes nor do we need to specify any supply or demand elasticities. Instead we 

concentrate on the volume changes, i.e., all variables are measured in Base scenario prices equal to 

unity. 

Second, and equally important, we assume that total output equals total input, by industry, per region: 

∑    
 

  ∑    
   

      
                (5.3) 

Third, we assume cost minimization under a Walras-Leontief production function, per input, per 

industry, per region, which results in (Oosterhaven, 1996): 

∑    
       

    
            , and    

    
   

                (5.4) 

In (5.4), additionally,    
   denote technical coefficients, i.e., intermediate inputs regardless of spatial 

origin per unit of output, and   
  denotes value added per unit of output, with the    

   and   
  being 

calculated from the base-year MRSUT as    
   ∑    

        
    ⁄  and   

     
      

    ⁄ . Note that 

∑    
  

    
         , by definition and, therefore, that r in (5.4) as well as the summation * includes 

foreign imports.  

Fourth, we use the same assumption to model a fixed product mix of final demand: 

∑    
      

                 (5.5) 

In (5.5), additionally,    denotes total regional final demand (i.e.,      ),   
  denote package 

coefficients (i.e., final demand regardless of spatial origin per unit of total regional final demand), with 

the p being calculated from the base-year MRSUT as   
  ∑   

           ⁄ , with ∑   
    .  Note that 

(5.5) may be derived from a cost minimizing assumption under a Walras-Leontief utility function and 

note again that r includes foreign imports. 
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5.3  Flooding Scenarios 

In May and June 2013 heavy rainfalls over Central Europe led to massive floods of the rivers of Elbe, 

Danube and their tributaries. For the particularly affected states of Sachsen and Sachsen-Anhalt it was 

already the third ―flooding of the century‖ since 1997. In the future, floods are expected to occur even 

more frequently due to climate change (IPCC, 2013; PIK 2011). According to annual reports of the re-

insurance company Munich Re (2014), the floods were the world‘s most costly natural disaster in 

2013, with economic damages estimated at about 10 b€ to German public infrastructure, rolling stock, 

factories and residential buildings.  

This figure, however, only accounts for insurance claims for direct damages to capital stocks. In 

addition, the floods also caused substantial damages by restricting economic activity (i.e., flows 

representing economic transactions). In the case of the 2013 floods such damages include, for 

example, business losses of manufacturers that had to shut down production because production 

facilities were damaged or because workers were unable to get to work as well as losses of business 

owners in the affected cities, who had to close their hotels, restaurants or stores (Wenkel, 2013). These 

direct business losses constitute the starting point for further indirect losses in upstream and 

downstream industries, which we try to estimate with our model. Since there is no direct information 

available, we use monthly data about the number of employees working less than planned as an 

indirect source of information for the estimation of business losses directly caused the floods. 

5.3.1 Main flooding scenario 

In the Main flooding scenario, we assume that the flooding imposes constraints on the production 

capacities of industries in the directly affected regions. This set of regions   comprises the four out of 

the sixteen German States whose economies have been directly hit by the floods. These are Bayern in 

southeast, whose economy was hit by a flood of the river of Danube, and the eastern German regions 

of Sachsen, Sachsen-Anhalt and Thüringen, whose economies have been hit by the flooding of the 

river of Elbe and its tributaries (see Figure 5.3 for the location of these regions). 

Direct damages to production capacities are modelled by  

  
 
 (    

 
)   

    
                (5.6) 

where   
 
 is the generic element of the diagonal       matrix   that contains the direct capacity loss 

rates (i.e., the inoperability) by region and industry on its main diagonal, for    , and zeros 

elsewhere.  
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Figure 5.2 Number of short-time employees in Germany. Top panel: Monthly time series from 

January 2008 to December 2014. Bottom Panel: Enlargement of top panel from February 2012 to 

December 2014. 

 

Source: Schulte in den Bäumen et al. 2015, Federal Labour Office.  

The direct losses of production capacities are taken from Schulte in den Bäumen et al. (2015) and are 

estimated by means of monthly data about the number of workers working less than planned by region 

and industry. 

Figure 5.2 shows the monthly time series of the number of employees working less than planned in 

Germany from January 2008 to December 2014. Due to the seasonal climate, this number usually 

increases from summer to winter and decreases from winter to summer, since the cold weather 

hampers many sectors, such as agriculture, construction and gastronomy. The data point marked by a 

grey arrow in the top panel refers to the maximum reached in 2009 in the course of the financial crisis. 

In that year the German GDP dropped by about 5.2%. The data points marked by white arrows in 2013 

and 2014 refer to increases of the number of employees working less than planned that appear to be 

caused by unusually wet springs. In the bottom panel, the strong increase from May to June 2013 

(marked by a black arrow) can be attributed to the flood of the Danube and Elbe. In the flooded 



Regional economic impacts of heavy flooding in Germany: A non-linear programming approach 

98 

regions of Bayern, Sachsen, Sachsen-Anhalt and Thüringen employees working less than planned 

make out about 0.263%, while in those regions unaffected by the flood only 0.006% of employees are 

working less than planned.  

In the short run we are studying, the labour-intensity of production may be assumed to be fixed. 

Consequently, the shares of employees working less than planned deliver our estimates of the direct 

loss of production capacity   
 
.  

Figure 5.3 Germany‘s 16 Federal States and percentage shares in national population and GDP and 

percentage inoperability of directly affected regional industry output. 

Source: VGR der Länder. 

For the interpretation of the spatial distribution of the flooding impacts, the first panel of Figure 5.3 

shows the geographical location of the 16 German states. The second panel shows the population and 

GDP shares of the German regions. From these numbers it can be concluded that there is still a 

significant gap in GDP per capita between the former western and eastern Germanys. In each case the 

highest GDP per capita can be observed for the city states, i.e., for Hamburg, Bremen. Berlin‘s GDP 

per capita is below the national average, but significantly higher than the GDP per capita of the other 

eastern states. These high scores, however, are misleading as an indicator for regional welfare, as they 

are partly explained by the large amounts of in-commuters that do not count in the denominator. Apart 

from the city states, the southern states of Bayern, Hessen and Baden-Württemberg have the highest 

GDP per capita. In both former parts of re-unified German, GDP per capita increases from north to 

south. Among the former western states, the most northern state of Schleswig-Holstein has the lowest 

GPD per capita, while among the former eastern states Sachsen in the south has the highest and 

Mecklenburg-Vorpommern in the north has the lowest GDP per capita.  
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Finally, the rightmost column shows the percentage inoperability, i.e., the direct loss of production 

capacity in the four directly affected regional economies. The percentage inoperability of Bavaria‘s 

economy turns out to be much lower compared to the eastern states that are hit by the Elbe floods. 

However, the size of Bavaria´s economy is more than twice as large as the economies of Sachsen, 

Sachsen-Anhalt and Thüringen taken together, which makes the absolute size of its inoperability, in 

fact, larger than that of the three Elbe regions. In a recent contribution, Thieken et al. (2016) present 

outcomes from a survey among 550 firms, of which 88% reported business losses. Their outcomes 

show sectoral differences regarding the nature of the business interruptions. Manufacturers mostly 

suffered from own delivery problems and delivery problems of suppliers, whereas service sectors were 

mostly affected by sales reductions.   

5.3.2 Alternative economic environment scenarios 

In the first alternative scenario, we assume that the German government reacts to the drop in income in 

the flooded regions by strong policy measures such that the level of final demand is maintained in all 

regions. This alternative Governmental Aid scenario implies adding the following constraint to the 

Main flooding scenario (5.1)-(5.6): 

            .            (5.7) 

In the Main flooding scenario, it is assumed that industries have spare capacities, which can be used to 

directly provide substitutes for the production shortages in the flooded regions. This under-utilization 

of capacity comes close to the situation of the regional economies in June 2013. As Figure 5.2 

suggests, Germany‘s economy was hit by the floods at the seasonal bottom of the business cycle, when 

GPD grew by only 0.1% in the first quarter due to a long winter and an unusually wet spring (Wenkel, 

2013).  

In the second alternative scenario, we investigate what the flooding impacts would have been if the 

German economy would have operated at full capacity in all industries, in all regions. This alternative 

Business Cycle scenario implies adding the following constraint to the Main flooding scenario (5.1)-

(5.6): 

  
    

          .           (5.8) 

This alternative thus assumes that there is no capacity to directly provide substitutes for the product 

shortages in the flooded regions. At the same time, however, industries in non-flooded regions will 

experience a drop of demand for their products from the flooded regions, which frees some of their 

capacities that can be used to compensate for these shortages to some extent. Besides, it may be 

expected that foreign imports will substitute for the lacking regional supply in a larger extent than in 

the case of spare capacity in all of Germany. 
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5.4  Modelling outcomes 

Before discussing the three flooding scenarios, we first summarize the properties of the short run pre-

disaster equilibrium, i.e., the Base scenario. It consists of the transactions shown in the MRSUT for 

the 16 German States for 2007 (Többen, 2014). However, from this table, the negatives have been 

removed, which means that the accounting identities (5.4) and (5.5) are no longer observed. Hence, 

with the base model (5.1)-(5.3) the MRSUT is re-balanced, and the technical coefficients used in (5.4) 

and (5.5) are re-calibrated. The removal of negative flows and the re-balancing of the MRSUT only 

lead to small differences between the original table and the Base scenario table. The mean absolute 

percentage deviation of MRSUT elements amounts to 1.31%, while the weighted absolute percentage 

deviation is only 0.67%, which indicates that the larger deviations tend to concentrate on the smaller 

elements. 

5.4.1 Outcomes of the Main flooding scenario 

The impact of the floods in the Main scenario is shown in Table 5.2 in terms of the difference between 

the aggregated pre-disaster and post-disaster multiregional Use tables. Nationwide, gross output drops 

on aggregate by b€ 3.27. With a loss of output in the flooded states directly caused by the disaster of 

about b€ 2.95, this outcome implies a national German disaster multiplier of 1.11. Formally, we define 

the national disaster multiplier as:  

   ∑ (  
    

    ) 
 ∑   

 
  
  

 ⁄ ,        (5.9) 

where the numerator represents the total national change in gross output and the denominator 

represents the change in output that can be directly attributed to the floods. Note that the national 

multiplier comprises both, negative and positive impacts on regional industries, such that it has to be 

interpreted as a net multiplier. In the Main flooding scenario, the total net effect comprises aggregate 

regional losses of about b€ 3.36 and aggregate regional gains of about m€ 90, which only occur in 

non-flooded regions, as their industries are not affected by the capacity loss.  

Regarding the four flooded states, regional multipliers vary from 1.139 for Bayern (r9) via 1.041 for 

Sachsen (r14), 1.046 for Thüringen (r16) to virtually 1.0 for Sachsen-Anhalt (r15). These regional 

disaster multipliers are defined as: 
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)

 
 ∑   

 
  
  

 ⁄ ,                  (5.10) 

where the numerator measures the total change in regional gross output of flooded states and the 

denominator measures the direct loss of gross output due to the floods in that state. The main reason 

for the difference in the regional multipliers is the relative size of Bayern‘s economy, which is more 

than twice as large as the economies of Sachsen, Sachsen-Anhalt and Thüringen taken together (see 

Figure 5.3). Larger regions tend to be less open and, hence, tend to be relatively more dependent on 
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intraregional transactions, which are shown on both the diagonals in the top-panel (intraregional 

industry-to-industry transactions) and in the bottom-panel (intraregional industry-to-final demand 

transactions) of Table 5.2. The elements of both off-diagonals, in contrast, refer to interregional 

transactions.  

Table 5.2 Difference between aggregated pre- and post-disaster transactions (m€) in the Main scenario 

 

Source: Own calculations 

In all four cases the regional disaster multipliers are small, definitely compared to standard impact 

multipliers derived from the demand-driven Leontief model (e.g., the weighted average output 

multipliers of the flooded regions run from 1.38 for Sachen-Anhalt to 1.45 for Bayern), but also 

compared to the disaster impact multipliers as can be deduced from the I–O papers cited in Section 

5.1. The main reason for this difference is that our model takes spatial substitution effects into 

account, whereas these I–O multipliers do not. Compared to the negative direct impacts and the 

negative first order indirect forward and backward impacts, these positive substitution effects are 

smaller and, thus, only mitigate the negative direct and first order indirect effects in the rows and 

columns of the flooding regions. In the off-diagonal cells of the non-flooded regions (apart from 

r1 r2 r3 r4 r5 r6 r7 r8 r9 r10 r11 r12 r13 r14 r15 r16

r1 2.1 -0.2 0.2 0.0 0.6 0.1 0.1 0.3 -1.6 0.0 0.1 0.1 0.1 -1.3 -1.3 -1.5

r2 0.7 2.0 1.4 0.1 0.7 0.2 0.4 0.7 -2.8 0.1 0.3 0.3 0.3 -4.0 -4.6 -2.9

r3 0.2 1.9 4.9 0.2 1.2 0.2 0.4 2.7 -6.1 0.1 0.2 0.2 0.1 -6.0 -7.1 -3.6

r4 0.0 0.0 0.2 0.3 0.4 0.1 0.1 0.2 -1.1 0.0 0.0 0.0 0.0 -2.1 -0.7 -0.7

r5 0.4 0.7 1.6 0.3 10.5 0.8 1.0 2.9 -24.7 0.2 0.6 0.4 0.3 -16.7 -14.8 -8.6

r6 0.1 0.2 0.3 0.1 0.7 0.5 0.3 1.7 -3.5 0.0 0.2 0.1 0.2 -2.6 -2.2 -1.5

r7 0.2 0.2 1.3 0.2 2.5 0.7 4.2 1.1 -10.4 0.1 0.1 0.1 0.1 -8.0 -6.8 -6.4

r8 0.3 1.2 1.2 0.0 1.9 0.6 0.8 9.1 -14.0 0.3 0.4 0.4 0.2 -9.5 -6.9 -4.3

r9 -1.5 -1.9 -6.4 -0.9 -16.6 -2.6 -5.7 -12.6 -439.7 -1.1 -1.2 -1.1 -0.9 -19.0 -11.9 -9.3

r10 0.1 0.2 0.1 0.0 0.7 0.1 0.1 0.2 -1.5 0.4 0.0 0.1 0.0 -1.1 -0.8 -0.6

r11 0.1 0.0 0.2 0.0 0.6 0.1 0.1 0.3 -2.2 0.0 1.5 0.1 0.1 -4.1 -4.5 -1.2

r12 0.1 0.5 0.2 0.0 0.4 0.1 0.2 0.8 -1.4 0.0 0.4 1.4 0.1 -3.2 -2.5 -0.7

r13 0.0 0.0 0.1 0.0 0.4 0.0 0.1 0.1 -0.8 0.0 0.0 0.0 -0.1 -1.1 -0.7 -0.5

r14 -1.9 -4.6 -4.6 -0.3 -9.9 -1.4 -4.2 -9.5 -15.3 -1.3 -2.5 -1.3 -0.7 -343.4 -7.8 -3.3

r15 -2.1 -5.4 -6.4 -1.3 -14.6 -3.0 -5.1 -10.2 -13.0 -1.3 -2.5 -1.7 -1.3 -9.2 -247.7 -5.1

r16 -0.8 -0.8 -2.5 -0.7 -6.5 -1.2 -2.9 -4.6 -8.1 -0.4 -0.7 -0.7 -0.4 -4.4 -2.8 -144.3

Imports 1.8 1.9 7.1 1.0 11.7 3.1 5.0 12.6 -121.8 1.0 1.4 1.3 0.9 -68.2 -77.0 -34.4
VA -4.5 -13.0 -7.0 -2.0 -22.4 -3.4 -14.3 -11.7 -483.0 -2.8 -7.7 -3.6 -2.3 -405.4 -288.9 -160.3

Total Output -4.9 -17.0 -8.2 -2.9 -37.8 -5.1 -19.5 -16.0 -1150.8 -4.5 -9.4 -3.8 -3.3 -909.3 -689.0 -389.3

r1 r2 r3 r4 r5 r6 r7 r8 r9 r10 r11 r12 r13 r14 r15 r16

r1 -1.3 -1.4 0.1 0.0 0.2 0.0 0.1 0.2 -0.7 0.1 0.1 0.1 0.1 -0.3 0.0 0.1 -0.1 -4.9

r2 0.5 -19.2 1.4 0.2 0.4 0.1 0.3 0.5 -0.3 0.8 0.2 0.5 0.4 1.0 0.6 0.2 2.7 -17.0

r3 0.3 8.3 -5.3 0.2 0.6 0.2 0.2 0.2 -0.6 0.3 0.1 0.4 0.2 -0.3 -0.4 0.0 -2.2 -8.2

r4 0.0 -0.2 0.4 -1.0 0.1 0.1 0.1 0.1 -0.1 0.1 0.1 0.1 0.0 0.2 0.2 0.2 -0.1 -2.9

r5 0.2 -0.9 0.8 0.1 0.4 0.5 0.3 0.5 -2.5 0.3 0.1 0.6 0.2 0.2 0.2 0.4 5.9 -37.8

r6 0.0 0.4 0.2 0.0 0.2 -1.5 0.1 0.0 -0.4 0.2 0.2 0.1 0.6 -0.2 0.0 0.0 0.4 -5.1

r7 0.1 -0.4 0.4 0.4 0.5 0.6 0.5 0.4 -2.1 0.1 0.0 0.2 0.1 -0.7 0.0 0.3 1.3 -19.5

r8 0.3 4.1 0.5 0.2 0.7 0.6 0.7 -8.3 5.9 0.4 0.2 0.6 0.2 -0.7 0.2 0.3 -3.5 -16.0

r9 -1.3 -2.7 -1.6 -0.5 -5.8 -1.8 -4.4 -3.7 -229.3 -0.3 -0.8 -0.6 -0.4 -7.0 -1.1 -1.9 -355.5 -1150.8

r10 0.1 -0.3 0.0 0.1 0.1 0.3 0.0 0.1 0.0 -3.1 0.0 0.4 0.1 -0.5 0.1 0.1 0.1 -4.5

r11 0.0 -0.2 0.1 0.1 0.3 0.1 0.1 0.2 -1.8 0.1 0.8 0.3 0.1 -0.8 -0.4 -0.1 0.4 -9.4

r12 0.1 2.0 0.1 0.0 0.1 0.0 0.0 0.1 -0.1 0.2 0.9 -1.8 0.2 -1.3 -0.4 0.1 -0.3 -3.8

r13 -0.1 -0.3 0.0 0.0 0.0 0.1 0.0 0.0 -0.5 0.0 0.0 0.2 0.5 -0.5 -0.1 0.0 -0.4 -3.3

r14 -4.4 -21.6 -3.4 -1.0 -10.8 -1.2 -5.9 -3.2 -21.0 -4.2 -6.0 -3.5 -1.1 -218.8 -6.5 -4.7 -179.7 -909.3

r15 -3.4 -20.3 -6.8 -1.6 -7.9 -1.8 -4.1 -3.2 -6.8 -3.8 -3.5 -3.7 -1.6 -9.3 -94.2 -7.1 -180.1 -689.0

r16 -2.7 -2.6 -1.8 -2.7 -4.7 -0.7 -6.1 -1.7 -6.7 -0.5 -1.1 -1.2 -0.4 -3.8 -1.7 -57.5 -111.7 -389.3

Imports 1.3 -17.7 5.4 1.0 10.3 2.5 5.1 5.7 -9.1 3.5 1.0 1.9 0.5 -0.1 -1.0 2.0 0.0 -240.3

Total -10.2 -72.9 -9.4 -4.6 -15.3 -1.9 -13.0 -12.1 -276.1 -5.9 -7.6 -5.2 -0.2 -243.1 -104.5 -67.6 -822.87 -3511.13

Final Use Exports Total Use

…

…

…

…

…

…

…

…

…

…

…
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…

…

…

…

Intermediate Use

…
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Hamburg, r2), however, no direct and first order indirect negative impacts are present. In fact, 

practically all of those cells in Table 5.2 appear to be positive, indicating that the positive substitution 

effects dominate the higher order negative effects for the non-flooded regions.  

With respect to the regions that only experience indirect effects, large impacts can, in particular, be 

found in Nordrhein-Westfalen (r5), Hessen (r7) and Baden-Württemberg (r8), which are ranked first to 

fourth in terms of their share in national GDP. Moreover, Baden-Württemberg and, especially, Hessen 

share long common borders with flooded states and have strong economic interrelations with, 

especially, Bayern. In addition, the city state of Hamburg (r2) shows remarkably large reductions of its 

gross output for the relatively small size of its economy and its rather long distance from those regions 

directly affected. This outcome can be attributed to the important role of Hamburg as a transportation 

hub for international trade, as Germany‘s largest sea harbour located here, while the Elbe directly 

connects Hamburg with the flooded eastern states. The fact that deliveries from Sachsen and Sachsen-

Anhalt that satisfy intermediate and final demand in Hamburg are affected in particular, provides 

further support for this interpretation. 

Table 5.3 Impacts on Value Added (m€) by Region and Industry in the Main Scenario  

 

Source: Own calculations 

 

i1 i2 i3 i4 i5 i6 i7 i8 i9 i10 i11 i12 Total

r9 0.00 0.00 -23.24 -28.50 -15.38 -178.07 -1.47 -33.31 -31.99 -44.98 -24.54 -6.20 -387.68

r14 -4.93 0.00 -38.81 -0.91 -18.80 -69.62 -1.18 -60.63 -58.95 -26.40 -74.93 -24.91 -380.07

r15 -10.87 -0.18 -17.76 -51.71 -7.00 -47.93 -3.66 -30.47 -36.97 -13.94 -41.05 -27.26 -288.80

r16 -1.02 0.00 -7.27 -35.00 -6.58 -32.81 -5.71 -12.45 -9.99 -1.37 -32.04 -4.03 -148.28

Total -Direct -16.83 -0.18 -63.85 -87.62 -32.38 -150.35 -10.55 -103.56 -105.91 -41.71 -148.02 -56.20 -817.15

r1 -0.11 0.00 0.05 -0.01 0.01 -0.11 0.01 2.59 -0.77 -0.05 -2.13 -4.03 -4.53

r2 -0.04 -0.01 0.06 -0.11 -0.02 -0.08 0.07 5.18 -2.00 -0.23 -7.29 -8.56 -13.02

r3 -0.56 -0.32 0.24 -0.16 -0.22 -0.50 0.03 4.84 -0.57 0.08 -4.25 -5.64 -7.02

r4 -0.01 0.00 0.05 0.01 -0.09 -0.09 -0.04 0.44 -0.19 0.00 -0.66 -1.41 -1.99

r5 -0.24 -0.30 0.11 -0.96 -2.41 -0.96 -0.39 4.99 -3.81 0.29 -10.96 -7.75 -22.39

r6 -0.11 -0.01 0.05 -0.40 -0.17 -0.07 -0.01 0.90 -0.19 0.07 -1.53 -1.88 -3.36

r7 -0.07 0.00 0.25 -0.24 -0.12 -0.26 0.03 4.02 -1.65 -0.06 -10.10 -6.05 -14.26

r8 -0.23 -0.01 -0.05 -0.15 -0.38 -2.42 0.13 6.99 -1.98 0.70 -7.30 -7.00 -11.70

r9 -1.43 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -39.98 -53.96 -95.34

r10 -0.01 -0.02 0.04 0.00 -0.20 -0.10 -0.07 -0.02 -0.22 0.00 -0.77 -1.41 -2.79

r11 -0.01 0.00 0.12 0.00 -0.01 -0.08 0.03 2.96 -0.28 -0.07 -5.03 -5.30 -7.67

r12 -0.16 -0.05 0.09 0.00 -0.10 0.04 -0.06 1.58 0.00 -0.06 -1.89 -2.93 -3.56

r13 -0.12 0.00 0.07 0.00 -0.02 -0.05 -0.10 0.30 -0.06 0.00 -0.67 -1.63 -2.28

r14 0.00 -0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -25.28 -25.32

r15 0.00 -0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.08

r16 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.27 0.00 -11.83 -12.07

Total - Indirect -3.11 -0.78 1.08 -2.02 -3.73 -4.69 -0.36 34.77 -11.72 0.39 -92.57 -144.65 -227.39

Industries

Elbe - Direct

Danube - Direct

Indirect
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Regarding the changes in final demand, shown in the lower part of Table 5.2, drops can be observed in 

all regions. The drops in the non-flooded states can be explained by the shortage of supply especially 

of manufactured products from flooded states. The purchases of these products from local suppliers, 

from other non-flooded states and from the rest of the world increase, but these increases are 

insufficient to fully compensate for disaster induced losses of supply. The drops in intraregional 

deliveries to final demand on the diagonal of the lower part of Table 5.2 stem from decreased final 

demand for personal services, which are predominantly non-tradable. This means that the suppliers of 

these services are unable to compensate for the drops of local demand by searching for new customers 

in other regions. 

Regarding the impacts on value added, Table 5.3 adds a breakdown by industry to the extensive 

breakdown by region shown in Table 5.2. In the Main disaster scenario, the total effect on value added 

amounts to a loss of about b€ 1.43, whereby about 84% or b€ 1.2 of the total effect on value added can 

be attributed to the direct loss of production capacities. The remainder of about m€ 227 constitutes the 

indirect effect of the disaster. This net impact to value added consists of a positive component of about 

m€ 38 (the sum of positive changes in value added by regional industry in Table 5.3) and of a negative 

component of about m€ 265. About 58% of the indirect net impacts (i.e., m€ 227) concentrate on those 

regions that are already directly affected by the disaster, whereby Bayern (r9) is particularly affected. 

Out of those regions that are only indirectly affected, the largest absolute impacts are felt in 

Nordrhein-Westfalen (r5), Hessen (r7), Baden-Württemberg (r9) and the city-state of Hamburg (r2).  

Regarding the impacts by industry it can be seen, that the construction sector (i8) in the non-flooded 

regions experiences an increase in its output and, thus, in its value added of about m€ 35. This 

outcome can be explained by an important peculiarity of this sector, as it sells its output almost 

exclusively to the capital formation part of regional final demand. As such the construction sector 

suffers from the indirect drop of final demand similar as personal service sectors do. However, unlike 

personal services (e.g., hair dressing), construction services are more mobile, since construction firms 

may send their workers to construction yards in other regions. Consequently, construction firms from 

non-flooded states step-in to compensate for the supply shortage in flooded states, which more than 

offsets the drop of demand from final consumers in the own regions.   

In terms of negative indirect impacts, a concentration on just three sectors can be observed, namely 

trade services and gastronomy (i9), financial and business related services (i11) and personal services 

(i12), which account for about 83% of all negative impacts. This outcome can be explained by the 

drop of final demand in the flooded regions, which predominantly hits industries with a high 

dependency on local demand.  
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5.4.2 Outcomes of the alternative economic environment scenarios 

Next, we discuss how the outcomes compared to the Main flooding scenario change under different 

economic environments.  

In the Governmental Aid scenario it is assumed that governments prevent regional final demand levels 

to drop compared to the pre-disaster situation. It can be observed from Table 5.4 that this scenario has 

a large positive effect on the indirect impacts on value added. In fact, the total increase in value added 

by m€ 320, compared to the Main flooding scenario, means that the total damage of the flood is 

reduced by about m€ 93. Consequently, the national net disaster multiplier is less than one (0.939), 

while regional net multipliers are close to one (i.e., the largest multiplier is that of Bayern (r9) with 

about 1.020).  

Table 5.4 Changes in indirect effects on value-added (m€) from the Main scenario in the Government 

Aid scenario  

Source: Own calculations 

The regional distribution of impacts shows that the positive effect of governmental aid on regional 

value added is substantial enough to offset the losses observed in the Main scenario in the states 

directly affected by floods. This result gives additional support for our interpretation that the majority 

of indirect losses are the result of drops in final demand levels as a reaction on the supply shortage, 

rather than being caused by the supply shock itself.  This particularly holds true for industries 

providing personal services primarily to local markets.  

In non-flooded states by contrast, the positive impact of Governmental Aid on value added offsets the 

indirect losses observed in the main scenario, as the national multiplier already suggests. However, 

there is a remarkable difference between the effect of Governmental Aid on manufacturers (i1 to i6) 

and on public utility (i7), construction and services industries (i7 to i12), indicating that in particular 

the industries that depend on local markets benefit from such a policy. Manufacturing industries are 
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already much smaller than the service industries (see Table 5.1), but even discounting this size effect, 

they also benefit less from preventing regional final demands to drop; some of them even suffer 

additional losses. This outcome suggests that supporting final demand may result in increased 

competition for already limited supply.         

The last column on the right of Table 5.4, finally, shows changes in regional and national final demand 

to value added ratios measured in percentage points. It can be observed that non-flooded states 

experience a decrease of this ratio, while states directly hit experience an increase of their shares of 

final demand in value added. This indicates that value added gains in non-flooded states are to some 

extend redistributed to states directly hit by the disaster. Nationwide, the ratio of final demand to value 

added increases by 0.045 percentage points, which suggest that the national government increases 

spending at the expanse of deficits in the national budget. 

In the Business Cycle scenario it is assumed that the regional economies are hit at the top of a business 

cycle, i.e., that all regional industries are operating at full capacity. Table 5.5 examines the impacts of 

this scenario. The limited ability to purchase substitutes from German firms has a substantial impact 

on the national net disaster multiplier, which increases from 1.139 to 1.183. About 93% of these 

additional business losses occur in non-flooded states that are now unable to compensate for the 

supply shortages in the flooded states. The regional multipliers of flooded states increase only slightly; 

in Bayern (r9) from 1.139 to 1.149, in Sachsen (r14) from 1.046 to 1.048, and in Thüringen (r16) from 

1.041 to 1.043. In Sachsen-Anhalt (r15) the net multiplier remains almost unchanged.  Our main 

outcome that economies in phases of high economic growth are more vulnerable to supply shocks is in 

line with results derived from an endogenous business cycle model reported by Hallegate and Ghil 

(2008).  

The distribution of indirect damages across industries is also different, compared to the Main flooding 

scenario. Intuitively, one would expect that manufacturers in non-flooded states are among those 

industries who suffer most from limited production capacities. Due to their typically higher share of 

intermediate inputs in total cost of production compared to service industries, manufacturers are more 

dependent on finding substitutes for supply lost from flooded states. Still, even discounting the much 

smaller size of the manufacturing industries compared to the service industries, about 98% of indirect 

losses of value added are felt by service industries delivering primarily to local final demand. This 

outcome suggests that limited production capacities in non-flooded states at the top of the business 

cycle amplify the indirect demands shock in the form of a drop of final demand, which were switched 

off in the Governmental Aid scenario, but not in the Business cycle scenario. From this general pattern 

some exceptions can be found among the industries from the primary sector, manufacturing and utility 

(i1-i7), which are mainly driven by exports.   
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Table 5.5 Deviation of indirect impacts on value added (m€) from the Main scenario in the Business 

cycle scenario 

 

Source: Own calculations 

  

i1 i2 i3 i4 i5 i6 i7 i8 i9 i10 i11 i12 Total

r1 0.02 0.00 -0.10 -0.01 -0.03 0.03 -0.01 -2.59 -0.70 0.02 -2.09 -2.52 -7.99

r2 0.00 -0.01 -0.07 -0.08 0.00 0.02 -0.07 -5.18 -0.88 0.04 -2.65 -2.60 -11.48

r3 0.00 -0.01 -0.24 -0.05 -0.07 0.04 -0.03 -4.84 -1.42 -0.08 -3.56 -5.46 -15.73

r4 0.00 0.00 -0.05 -0.01 0.00 -0.01 0.04 -0.44 -0.16 0.00 -0.38 -0.47 -1.49

r5 -0.03 0.00 -0.27 -0.04 -0.20 -0.03 0.39 -4.99 -2.38 -0.29 -5.19 -6.21 -19.24

r6 -0.02 0.00 -0.07 -0.01 -0.05 -0.06 0.01 -0.90 -0.38 -0.07 -0.96 -1.50 -4.00

r7 -0.02 0.00 -0.25 -0.04 -0.05 0.03 -0.03 -4.02 -1.42 -0.06 -4.18 -4.19 -14.23

r8 -0.03 0.01 -0.23 -0.10 -0.12 -0.03 -0.13 -6.99 -2.17 -0.70 -5.23 -6.92 -22.64

r9 -0.05 -0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -3.29 -3.52 -6.89

r10 0.00 0.00 -0.04 0.00 -0.01 -0.04 0.01 0.02 -0.04 0.00 -0.13 -0.15 -0.38

r11 0.00 0.00 -0.12 0.00 0.01 0.02 -0.03 -2.96 -0.58 -0.05 -2.46 -3.46 -9.65

r12 -0.01 0.00 -0.09 0.00 0.00 -0.04 0.06 -1.58 -0.32 -0.02 -1.20 -1.70 -4.89

r13 -0.02 0.00 -0.07 0.00 -0.01 0.00 0.03 -0.30 -0.13 0.00 -0.34 -0.52 -1.35

r14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -1.37 -1.36

r15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

r16 0.00 -0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 -0.67 -0.70

Total - Indirect -0.18 -0.08 -1.60 -0.35 -0.54 -0.06 0.22 -34.77 -10.57 -1.18 -31.66 -41.24 -122.02

Industries
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5.5  Testing assumptions of linear static MRIO models 

Next, we discuss how the results of the Main flooding scenario would change, if we would add the 

additional assumptions of the demand-driven multiregional I–O model, namely fixed trade origin 

shares and fixed industry market shares in regional product demand, to our NLP model (5.1)-(5.6). 

Investigating the impacts of adding these two assumptions alone and in combination enables us, 

firstly, to examine the scale of damages that are avoided because of the ability of industries and final 

consumers to search for different suppliers when faced with a supply shortage. Secondly, it enables us 

to assess the potential overestimation of disaster impact estimates when MRIO models are used that do 

not allow for these substitution possibilities.  

5.5.1 Fixed market shares and fixed trade coefficients 

Fixed market shares 

The assumption of fixed industry market shares is commonly used in I–O models based on industry-

by-industry transaction matrices, both in the case when such models are based on supply-use tables 

(SUTs) and when they are based on symmetric industry-by-industry I–O tables. In the first case the 

assumption needs to be made explicitly in order to derive an operational I–O model (Oosterhaven, 

1984), while, in the second case, the assumption is implicitly embodied in the symmetric I–O table 

itself, which nowadays are typically derived from supply-use accounts (see Miller and Blair, 2009).  

Formally, the assumption of fixed market shares is written as 

   
     

   
         .                    (5.11) 

where    
  = market share of industry i in the regional demand for product j, calculated from the 

MRSUT, with ∑    
 

      

While this assumption is plausible, to some extent, when used in the context of a positive demand 

shock, it is highly implausible when the economy is faced with a supply shock. This can be easily 

shown with an example. Assume the extreme case where a certain product is produced by two 

industries only. The first industry is assumed to provide 90% of the total supply, whereas the market 

share of the second industry is only 10%. If this second industry is forced to shut down its production 

because of a disaster while the first industry is unaffected, fixed market shares would imply that the 

first industry will also not be able to sell that product. Therefore, the assumption of fixed market 

shares can be expected to inflate the outcomes of our model artificially.  

The assumption of fixed trade origin shares is commonly used in all demand-driven MRIO and 

MRSUT models (cf. Oosterhaven, 1984). As the data are available, we use the cell-specific, so-called 

interregional version of this assumption (Isard, 1951), instead of the less data demanding row-specific, 
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so-called multiregional version (Chenery, 1953; Moses, 1955). Formally, the cell-specific version is 

written as 

    
      

     
                               (5.12) 

for intermediate demand, and 

   
      

     
 ,   r, s, j, f,                   (5.13) 

for final demand, where    
   and    

   = trade origin shares, i.e., output of product j from region r per 

unit of total use of product j by industry i in region s or by final demand category   in region s. These 

shares are calculated from the MRSUT, with ∑    
      and  ∑    

     . The row-specific version of 

(5.12)-(5.13) assumes that the trade origin shares for all purchasing industries j and all purchasing 

final demand categories   in region   are equal. 

In terms of intermediate demand, the assumption of fixed trade shares extends the fixed technology 

assumption to the geographical origin of intermediate inputs (cf. Oosterhaven and Polenske, 2009). In 

the context of negative demand shocks, it is more or less plausible to assume that firms proportionally 

purchase less inputs from all their established suppliers. In contrast, in the case of a negative supply 

shock firms will immediately search for different sources for their inputs. In an extreme case, 

assuming fixed trade shares implies that firms have to shut down their own production completely if 

only one of their suppliers is not able to deliver the required inputs. The same holds true for final 

consumption. Hence, this standard MRIO assumption also leads to overstating the impacts of disasters. 

5.5.2 Discussion of the impact of assuming fixed ratios 

In order to examine the impacts of these standard I–O assumptions on the scale and spread of indirect 

damages, national and regional impact multipliers of the main scenario under the three different sets of 

assumptions are shown in Table 5.6. These sets include, first, the assumption of fixed market shares, 

second, the assumption of fixed trade shares and, third, both assumptions taken together.  

It can be observed that all three sets of alternative assumptions have a significant impact on the scale 

of the projected indirect disaster impacts. Fixed market shares amplify indirect damages by more than 

75% compared to the Main flooding scenario. In particular the strong increase in Bayern (r9) is 

responsible for this result. In Bayern, the machinery and transport equipment sector (i6) experiences a 

direct loss of production capacity of about 0.27%. This industry produces 12 different types of 

secondary goods and services in addition to its primary products. As these secondary products 

constitute the primary product of 9 other industries, the strong shock to i6‘s production capacity is 

transferred onto these 9 other industries by forcing them to decrease their production in accordance to 

the pre-disaster market shares.  
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Table 5.6 Comparison of national and regional disaster impact multipliers 

    Disaster Impact Multipliers 

Assumptions   National r9 r14 r15 r16 

Main Scenario Eq. 5.1-5.6 1.110 1.139 1.041 1.000 1.046 

Fixed market shares Eq. 5.1-5.6, Eq. 5.11 1.193 1.306 1.083 1.010 1.057 

Fixed trade shares  Eq. 5.1-5.6, Eq. 5.12-5.13 1.334 1.207 1.176 1.070 1.125 

Both shares fixed Eq. 5.1-5.6, Eq. 5.11-5.13 1.966 1.588 1.832 1.586 1.420 

Source: Own calculations 

Under fixed trade origin shares the national disaster multiplier is amplified even more, i.e., with about 

140% compared to the Main flooding scenario. Compared to the assumption of fixed market shares, 

the regional multiplier of Bayern is significantly smaller, while those of the eastern states increase. 

The much smaller increase in the regional multipliers compared to the national one indicates that 

substantial fractions of the indirect losses are felt in non-flooded states. The main reason for the 

inflated national multiplier are the much smaller positive indirect impacts in non-flooded states, as 

spatial substitution has become impossible.  

Finally, combining both assumptions mimics the impacts, as estimated by the demand-driven industry-

by-industry I–O model. It can be seen that both assumptions in combination drastically amplify the 

scale of indirect damages. The national disaster multiplier becomes 1.966, which means that 

nationwide indirect damages are about six times larger compared to the Main scenario. This means 

that they are now of an order magnitude that is comparable order to the lower end of the bandwidth of 

multipliers reported in the literature on the I–O model cited in Section 5.1.  

Our outcomes of combing both assumptions also confirm the outcomes of Koks et al. (2015). They 

compare the regional and national disaster impacts of two flooding scenarios for the Italian Po river 

delta, as estimated with, respectively, the adaptive regional input-output (ARIO) model developed by 

Hallegate (2008), a regionalized version of the CGE model developed Standardi et al. (2014), as 

applied in Carerra et al. (2015), and the multiregional impact assessment (MRIA) model of Koks and 

Thissen (2016).The latter model most resembles our own approach. Both with a convex and with a 

linear recovery path, which phenomenon is absent in our approach, the fixed ratio ARIO approach 

predicts national economic losses that are 1.5 to 3 times larger than those of the more flexible ARIO 

and CGE models.
13

 With a concave recovery path, the ARIO model outcomes are 4.5 to 7 times larger 

than those of the MRIA model and almost 6 times larger than those of the CGE approach. Without the 

mitigating positive impact of the recovery path assumptions, the difference would be even larger.  

                                                           
13

 Estimates of the direct economic losses are lacking in Koks et al. (2015). Hence, we cannot compare our 

disaster multipliers with theirs. We can only compare the differences in the total economic losses´ estimates. 
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5.6  Conclusion 

This paper assesses the economic losses caused by supply chain interruptions induced by the heavy 

flooding in the south and south-east of Germany in 2013 by means of the novel non-linear 

programming (NLP) model originally proposed by Oosterhaven and Bouwmeester (2016). It 

constitutes the first empirical application of that method to a real disaster using a multiregional supply-

use table (MRSUT) framework, instead of a multiregional input-output table (MRIOT). We, 

furthermore, examine the sensitivity of the model under varying economic conditions, and show that 

government support of final demand greatly reduces these losses, while being at the top of the 

business cycle greatly increases them.  

Also, we investigate the implications of the fixed ratio assumptions commonly used in IO models. We 

theoretically conclude that the applying fixed trade shares and fixed industry market shares, in the 

presence of negative supply shocks, has implausible economic implications, while our empirical 

outcomes show that they artificially amplify the indirect disaster loss estimates by about 70% and 

140%, respectively. When both fixed ratios are used in combination, as in the standard IO model, 

nationwide indirect damages are amplified about six times.  

As regards the choice of modelling technique, we conclude that the NLP model addresses the huge 

gap between standard IO models of questionable plausibility and fully articulated spatial computable 

general equilibrium (SCGE) models that have extreme data requirements. The NLP model has the 

advantage of allowing for flexibility in trade origin shares and industry market shares, without needing 

to model prices and markets explicitly as in SCGE models.  

Finally, our much lower disaster multipliers than hitherto reported in the literature have important 

policy implications. They imply that the disaster literature emphasis on stimulating the resilience of 

the economic system as a whole is not justified. Instead, much more attention to preventing and 

mitigating the direct cost of natural disasters and climate change is justified. 
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Chapter 6 

Regional Net Impacts and Distributive 

Effects of Promoting Renewable Energies in 

Germany

 

 

6.1  Introduction 

This chapter has two objectives. Firstly, to examine the regional distribution of net impacts of the 

promotion of renewable energies on industries and households in Germany‘s 16 federal states. The 

second objective is to analyse the effect on the distribution of disposable income among the income 

brackets. The term ‗net‘ is used to indicate that this study goes beyond the assessment of impacts of 

demand expansions caused by the production and operation of RE power plants in Germany, which 

always delivers positive (‗gross‘) impacts. Instead, offsetting negative impacts due to the financing of 

the promotion and the crowding-out of fossil-based electricity and investment into conventional power 

plants are explicitly into account. Therefore, net impacts result from accounting for these opposing 

effects.
14

   

Since its entry into force in March 2000, the German Renewable Energy Sources Act (EEG) has 

stimulated tremendous investments in renewable energy (RE) generation capacities, which has led to 

an increase in the share of renewables in the total generation of electricity to more than 27% by 2014 

according to the federal statistical office of Germany (Destatis). The EEG encourages investments into 

RE capacities by guaranteeing a fixed price per kWh (so-called feed-in tariff) for 20 years, as well as 

preferred feed-in over electricity generated from non-renewable sources. The difference between the 

guaranteed price to suppliers and the actual spot market price constitutes a subsidy that is financed by 

a surcharge per kWh consumed. Companies who fulfil the legal criteria for being considered as 

energy-intensive pay a drastically reduced surcharge.  

In this paper, these policy measures are broken down into a number of positive and negative direct 

impacts on regional households and industries. Thereafter, we trace their wider economic impacts on 

                                                           

 This chapter is based on  ―Regional Net Impacts and Distributive Effects of Promoting Renewable Energies in 

Germany‖ published  in Ecological Economics (2017, 135). The paper was presented at the 24th International 

Input-Output Conference held in Seoul, Korea, where it was awarded with the Leontief Memorial Price for the 

best conference paper of young authors. The author would like to thank Jan Oosterhaven, Erik Dietzenbacher 

and the participants of the IIOA as well as two anonymous referees for their valuable comments and suggestions. 
14

 Net impacts should not be confused with ‗net-multipliers‘ (see Miller and Blair, 2009 for an overview). Here, 

the conventional gross multipliers are used, so that the term ‗net‘ only refers to accounting and comparing 

positive and negative impacts.   
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production and income levels, as well as on consumer prices and wage rates through the networks of 

spatially dispersed value chains. To this end, the analysis is carried out by means of extended (i.e., 

type-II) multiregional price and quantity input-output models, which are based on a novel 

multiregional input-output (MRIO) table for Germany‘s 16 federal states (Többen, 2014) extended 

with detailed labour force and household accounts depicting the generation, distribution and 

expenditure of private income among ten income brackets per region.  

This study is, to the best of our knowledge, the first to explore regional net impacts and social 

distribution effects of the EEG in a general equilibrium context. The existing literature on the 

economic evaluation of the EEG mainly concentrates on its effectiveness in encouraging investment in 

RE capacities and its long-term effects on national GDP and employment (Hillebrand et al., 2006; 

Butler and Neuhoff, 2008; Lehr et al., 2008; Lesser and Su, 2008; Frondel et al., 2010; Langniß et al., 

2009; Lehr et al., 2011; 2012). In recent years, however, attention in the public debate in Germany has 

focused on questions about the regional and social distribution of the costs and benefits of the 

surcharge and its recycling scheme.
15

 Because of different endowments, economic and demographic 

structures, and regional implementations of national energy policy objectives, the positive and 

negative effects of the EEG affect regions and sections of the population very differently. 

First attempts to study the unintentional effects of the EEG on the distribution of private income 

focused on the distribution of direct costs and benefits stemming from the surcharge and the 

distribution of revenues for private investors. It is commonly found that the highest financial burden 

(relative to income) of EEG surcharges is felt by the poorest households (Bardt and Niehues, 2013; 

Grösche and Schröder, 2014; Lehr and Drosdowski, 2015), which is in line with the general perception 

about the regressive effects of environmental taxes (Casler and Rafiqui, 1993; Hamilton and Cameron, 

1994; Speck, 1999; Wier et al., 2005). For the case of photovoltaics, Bardt and Niehues (2013) and 

Grösche and Schröder (2014) also show that the recycling scheme of the EEG increases the inequality 

among households even further, arguing that revenues concentrate on wealthier households, who can 

afford to invest.  

However, these studies do not take the economy-wide repercussion effects into account nor do they 

consider the regional dimension of economic activity and spillover effects. A notable exception is the 

work of Ulrich et al. (2012), who use a regional allocation model in conjunction with a national input-

output model to examine the regional distribution of gross employment effects linked to the 

manufacture and operation of RE power plants in Germany‘s federal states. However, their study does 

not account for potential offsetting effects caused by the increase in electricity prices, as well as the 

crowding out of fossil-based electricity and investment in conventional generation capacities. These 

include, in particular, the increases in the costs of living of households and the costs of production of 

industries due to the surcharge, as well as economy-wide effects resulting from the replacement of 

                                                           
15

 A collection of three different contributions to the discussion can be found in Techert et al. (2012).  
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electricity generated in fossil-fuelled power plants. On the other hand, potentially positive effects on 

private incomes resulting from labour incomes generated by the operation and production of RE power 

plants and revenues of the owners are also neglected.  

The remainder of this chapter is organized as follows: The following Section 6.2 explains the data and 

main assumptions used to break down the policy measures from promoting renewable energies into 

positive and negative direct impacts on regional industries and households. It also gives overview of 

the modelling setup through which the respective total (direct and indirect) impacts are estimated. A 

detailed discussion including the derivations of the extended price and quantity input-output models is 

given in the appendix of this chapter. In Section 6.3, the modelling results are presented and discussed, 

while Section 6.4 presents the conclusions.  

6.2  Data and methodology 

The study regions are Germany‘s 16 federal states. Figure 6.1 shows their geographical location and 

provides additional information about the regional shares in national GDP, population, as well as the 

proportion of the national total of surcharge payments and feed-in tariffs paid and received, 

respectively. The year of analysis is 2011.  

Figure 6.1 Germany‘s federal states: geographical location and percentage of national population, 

GDP, feed-in tariffs and surcharge payments 

 

Source: VGR der Länder, BdEW (2012). 

The ordering of the federal states in official statistics is used here: The first ten states are listed from 

north to south and constitute those states that were part of West-Germany before reunification 

(excluding the western part of Berlin). States twelve to sixteen constitute the territory of former 

eastern Germany (excluding the eastern part of Berlin).  

A comparison of the regional shares in national population with those in national revenues from feed-

in tariffs and surcharge payments reveals some remarkable regional differences. If the state‘s share of 
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national feed-in tariffs is much lower than its corresponding share of the national population this 

indicates that the installed capacities of renewables per capita are below the national average. This is 

in particular the case for the city states of Berlin, Hamburg and Bremen, where the required space for 

wind and biomass is scarce, as well as for the states of Nordrhein-Westfalen- and Hessen. On the other 

hand, the more rural states at the coast (SH, NI and MV), the eastern states of Brandenburg and 

Sachsen-Anhalt and especially Bayern in the southeast receive feed-in tariffs far above their shares of 

the national population. The states of Niedersachsen and Schleswig-Holstein in the north and 

northwest as well as the eastern states have large capacities for the generation of electricity from wind 

and biomass, whereas about 40% and 20% of the feed-in tariffs for photovoltaic and biomass facilities, 

respectively, are received by operators in Bayern.  

Regarding the shares of the states with respect to national surcharge payments, a share larger than the 

corresponding share of the national population is an indication that the economies of these states are 

based in particular on manufacturing. This is the case in Nordrhein-Westfalen, Rheinland-Pfalz, 

Baden-Württemberg, Bayern and Saarland located in the west and in the south of Germany, where the 

majority of Germany‘s industrial production is concentrated. Compared to that, the economies of 

Hessen, Hamburg and Berlin depend on services to a larger extent, which results in below average per 

capita surcharge payments. Below average shares can also be observed in Schleswig-Holstein, 

Mecklenburg-Vorpommern and Sachsen. 

The following subsections first describe how the policy measures of the EEG are broken down into 

direct impacts on industries and households. Thereafter, it is described how the total (direct and 

indirect) impacts on value added and disposable income are derived from the direct impacts by means 

of extended multiregional quantity and price input-output models.        

6.2.1 Direct Impacts 

The policy measures constituting the EEG have several direct impacts on industries and households. 

Two major channels are examined separately: Firstly, the operation of the existing stock of RE power 

plants and, secondly, the production of new RE power plants for domestic investment and export. Both 

channels are associated with different crowding-out effects on conventional power plants: In the first 

case, electricity generated from conventional power plants is crowded-out, because of the preferred 

feed-in of electricity from renewable sources. In the second case, by contrast, domestic investments 

into renewable capacities crowd-out investments into fossil fuelled power plants.  

The main reason for treating both channels separately is that domestic investments and, in particular, 

export demand are only indirectly linked to the measures of the EEG. The eligibility of the feed-in 

tariff does not depend on whether newly installed RE power plants are delivered from German 

producers or imported from abroad. For additional information on the main data sources, assumptions 

and processing steps for the derivation of direct impacts, see Appendix 6B.  
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Direct impacts of the operation of RE power plants  

For the derivation of impacts on industries and households directly linked to the operation of existing 

RE power plants, the impacts of the individual measures of the EEG are examined. These are, firstly, 

the direct impacts of the feed-in tariff, secondly, the impacts of the surcharge on electricity prices and, 

thirdly, the impacts of the preferred feed-in of renewable electricity, which leads to crowding-out of 

non-renewable electricity.  

The operation of RE power plants is promoted through feed-in tariffs. Data on region- and technology-

specific payments of feed-in tariffs for 2011 are taken from BdEW (2012). These are split into, firstly, 

direct impact through intermediate demand for maintenance and, in the case of biomass, fuel for the 

operation of RE power plants in Germany,     , secondly, the impact on labour compensation by 

income bracket and region of residence,     , and, thirdly, revenues received by private owners by 

region and income bracket,     .  

The surcharge is raised in order to finance the difference between the spot-market price of electricity 

and the feed-in tariff and constitutes a subsidy for promoting the expansion of renewable energies in 

Germany. In 2011, the regular surcharge was 3.53 ct/kWh. By contrast, companies of the mining and 

manufacturing sector, who consume more than 10 GWh per year and whose ratio of electricity costs to 

value added exceeds 15%, paid only 0.05 ct/kWh for each kWh exceeding 10 GWh in 2011. The 

direct impact of the surcharge is measured as surcharge payments relative to gross output for 

industries and relative to gross income for households. In the following,         denotes the percentage 

change in the costs of production of industries, where     represents the relative change in electricity 

prices due to the surcharge and    the electricity inputs per unit of gross output. Correspondingly, 

      denotes the percentage increase in the costs of living of households due to the surcharge.  

The crowding-out of electricity from conventional sources results from the preferred feed-in, which 

implies that each kWh generated from renewable sources replaces a kWh of electricity that would 

have been generated in fossil-fuelled or nuclear-fuelled power plants. Here, we consider the direct 

impact on their intermediate demand for fuel and maintenance,         . As these power plants are 

still required as back-up capacities, there is no direct link to possible reductions in power plant staff.  

Direct impacts of the production of RE power plants  

In addition to directly promoting the operation of renewables, the EEG supports firms who produce 

RE power plants as well as their suppliers along the supply chains. In the long run, the EEG aims to 

replace the installed capacity of conventional power plants with RE.  

The production of RE power plants for domestic investment and export in Germany generates direct 

impacts, firstly, due to intermediate and labor input requirements, which generate demand and labor 
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income. Here, we consider the region- and product-specific intermediate demand by producers of RE 

power plants,     , and the compensation of their workers by region and income-bracket,     .  

Crowding out of investments in fossil fuelled power plants: In order to determine the extent to which 

RE capacity installed in 2011 can replace conventional power plant capacity, we use the concept of 

assured capacity. This is a statistical figure that describes the fraction of the installed capacity that can 

be considered to be constantly available. The intermediate demand associated with investments in 

fossil-fuelled power plants is represented by           , while          denotes the compensation of 

staff operating the power plant by region and income bracket. 

Data sources  

The main data source for estimating the cost structures of the operation and production of RE power 

plants in Germany are region- and technology-specific survey-based data including intermediate 

demand for German products, demand for imports, gross output and, by definition, value added as a 

residual. These data have been used for a series of studies for the German Federal Ministry for 

Economic Affairs and Energy (Lehr et al., 2011; Lehr et al., 2012; Ulrich et al.,2012; Lehr and Ulrich, 

2014). Gross revenues from the operation of RE power plants are computed as the residual between 

the feed-in tariffs received and operation costs. The labour compensation associated with the 

production and operation of RE power plants is estimated by applying shares of labour compensation 

in value-added of comparable sectors from the MRSUT to the value added figures deduced from the 

survey data. For the production of photovoltaic panels, we use the respective shares of the electrical 

equipment industry as a proxy, whereas for the remaining RE technologies the shares of the machinery 

industry are used.  

The estimates of the direct impacts of the surcharge on regional income brackets is primarily based on 

microdata from the German income and expenditure survey (hereinafter, EVS for Einkommens- und 

Verbrauchsstichprobe), which also constitutes the main data source for the distribution of incomes 

over income brackets. The estimate of the direct impact on regional industries, by contrast, is mainly 

based on national and regional data on the amount of privileged electricity consumption (i.e., the 

amount of electricity to which the reduced surcharge applies) provided by the Federal Office for 

Economic Affairs and Export Control (BAFA).  

A detailed description of all data sources used, as well as of the methods and assumptions used to 

derive direct impacts from them, is given in Appendix 6.B.         
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6.2.2 The Model 

Extended multiregional quantity and price models are used to trace the wider economic impacts of the 

direct impacts derived in the previous section on regional industries and households by income 

bracket. The total impacts on industries are measured in terms of changes in value added (except of 

labour compensation, which is attributed to labour income of households), whereas impacts on 

households are measured as changes in disposable income. The designation ‗extended‘ indicates that 

both models incorporate endogenous consumption of households (see Miller and Blair, 2009). 

The modelling setup for tracing the total impacts of the operation of RE power plants is shown in 

Figure 6.2, and the setup for the impacts of the production of these facilities is shown in Figure 6.3. 

The structure of the MRSUT and the construction of its extensions, as well as a detailed derivation of 

the extended price and quantity models are described in Appendix 6C. In addition, modifications 

required to avoid double-counting in cases where direct impacts concern endogenous variables are 

discussed. In total, we distinguish 59 types of products and labour inputs at three education levels that 

are supplied and demanded by 35 industries and 10 income brackets per region. 
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Figure 6.2 Schematic block diagram of the modelling setup for the operation of RE power plants 

 

Source: Own elaboration. 
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Figure 6.3 Schematic block diagram of the modelling setup for the production of RE power plants 

 

Source: Own elaboration. 
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6.2.2.1 The quantity model 

The extended quantity model delivers the economy-wide impacts of an exogenous change in the 

demand for products and in income levels of households. It can, therefore, be characterized as a 

demand-pull input-output model (Oosterhaven, 1996). The quantity model used here is a multiregional 

version of the model developed by Cloutier and Thomassin (1994), which is directly formulated for 

supply-use tables rather than symmetric industry-by-industry input-output tables. The spatial 

dimension is incorporated by decomposing the use of products and labour inputs by regional industries 

and households with respect to their regional origin, which follows the conception of what 

Oosterhaven (1984) calls a ―purchase-only‖ and Jackson and Schwarm (2011) call a ―use-

regionalized‖ supply-use table.  

In this model, any change in product demand and income levels is assumed to be the starting point for 

a cascade of higher-order indirect impacts on industries and households through interindustry linkages 

and the circular flow of (labour) income and expenditure. Apart from the surcharge, all other direct 

impacts described in the previous subsection are directly fed into the quantity model, in order to 

estimate total impacts on industries and households. The direct impacts of the surcharge, however, are 

first fed into the price model which delivers percentage changes in the costs of living (measured 

relative to gross income). These percentage changes are, then, translated into corresponding monetary 

changes in exogenous income,       , and fed into the quantity model (as shown in Figure 6.2). A 

more detailed description is given in the next subsection. 

Table 6.1 summarizes the two-x-two types of impacts that can be distinguished in the extended 

quantity model. The first row measures the total impacts on value added (excl. labour compensation) 

of regional industries and incorporates the extended Leontief inverse  

  (         )  .         (1) 

The extended Leontief inverse consists of two components. The first,   , represents interregional 

interindustry relationships. The intermediate demand coefficients,  , are used to determine the change 

in intermediate input requirements of regional industries due to an exogenous change in the demand 

for their products, while industry market shares,  , translate these product-requirements into demand 

directed to industries. Here,    
     denotes intermediate demand for product   from region   per unit 

of output of industry   from region   and    
    denotes the market share of industry   in the total 

supply of product   by region  .   

The second component,     , represents the circular flow of income and expenditure. Changes in 

labour income resulting from changes in production levels are determined by means labour input 

coefficients,  . These are, then, distributed across households by income bracket via   and lead to 

changes in the demand for consumer products through  . These demand changes for products are, 
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finally, translated into changes in demand directed to industries via industry market shares,  . Here, 

   
       denotes the (fixed) compensation of workers with education level   living in region   per unit 

of output of industry   from region   and    
    denotes the (fixed) market share of income bracket 

  residing in   in the total supply of labour inputs at education level  . Finally,    
     denotes the 

(fixed) demand for product   from region   per unit of gross income of income bracket   in region  .  

Table 6.1 Equations of the extended multiregional quantity model used to estimate the total effects on 

value added and disposable income 

 Direct impact on… 

 Demand  Income 

Total effect on… 
Value added          ,     -            ,        - 

Disposable income          (    )   ,     -        ,        - 

Source: Own elaboration. 

In order to derive the total impacts on industries resulting from an exogenous change in the income of 

households, the extended Leontief inverse is post-multiplied by   , where   delivers the 

corresponding private consumption expenditures, which are directed to industries via  . Since the 

extended Leontief inverse delivers total impacts on gross output of industries rather than on value 

added (excl. labour compensation),   , it is premultiplied by exogenous value added per unit of 

output coefficients  .  

The second row, by contrast, measures impacts on households and incorporates the Miyazawa inverse 

(Miyazawa and Masegi, 1963; Miyazawa, 1968) 

  (    (    )    )
  

,         (2) 

which constitutes a generalization of the Keynesian income multiplier with heterogeneous households 

and income sources.
 16

 The Miyazawa inverse   delivers the interregional and interrelational income 

multipliers of households. Here,    represents the demand for consumer products directed to regional 

industries associated with an increase in exogenous income. Pre-multiplying these demands with the 

supply-use version of the simple Leontief inverse (    )   delivers the total (direct and indirect) 

output of regional industries required to satisfy private demand. Finally,   delivers the increased 

demand for labour associated with the change in production levels and   distributes the labour income 

across households by income bracket.  

                                                           
16

 Input-output applications dealing with interrelational income effects and interactions between economic and 

demographic aspects have a long tradition with a large body of literature. Summaries can be found in Batey and 

Madden (1999) and Sonis and Hewings (1999). 
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The total impacts of an exogenous change in product demand on the income levels of households is 

derived by post-multiplying the Miyazawa inverse by   (    )  , which translates outputs of 

regional industries required to satisfy the exogenous demand, (    )  , into changes in income 

levels via   . As the Miyazawa inverse delivers the total impacts on gross income, our target variable, 

disposable income, is obtained by pre-multiplying (2) with  , which denotes the shares of disposable 

income per unit of gross income by region and income bracket.   

6.2.2.2 The price model 

The price model (which is the dual of the quantity model) delivers the cost-push effects of an 

exogenous increase in primary input prices, by assuming that industries fully pass on increases in their 

cost of production to their customers by increasing the prices of their own outputs (Schumann, 1990; 

Oosterhaven, 1996). The impact assessment of changes in energy prices is one of its most frequent 

applications (Polenske, 1979; Valadkhani and Michell, 2002; Bazzazan and Batey, 2003; Neuwahl et 

al., 2008; Wu et al., 2013). A supply-use version is developed by Pyatt (1994a, b). In multiregional 

models, the spread of price shocks from one region to another through interregional supply chains is 

additionally incorporated. A study on interregional spillovers of energy price shocks in the USA can 

be found in Polenske (1979). As a second extension (besides interregional price effects), the model 

used here incorporates a price-wage multiplier, which mimics the interaction between industries and 

households in the formation of prices and wages. The formulation and application of the extended 

multiregional price model to a real import price shock in the Netherlands can be found in Oosterhaven 

(1981b).   

As in the quantity model, the two-x-two types of different relations between exogenous direct impacts 

and endogenous total impacts on industries and households are shown in Table 6.2. The impacts are 

referred to as impacts on the ‗costs of production‘ of industries and the ‗costs of living‘ of households. 

However, these terms have to be understood in a wider sense. The results of the price model for 

industries and households are weighted averages of price changes of intermediate and labour inputs 

(industries) and consumer products (households), whereby the weights are the shares of the respective 

inputs or consumer products in total outlays of industries (i.e., gross output) and households (i.e., gross 

income), respectively. Therefore, in the case of industries the denominator of the weights include 

outlays for taxes, imported intermediate inputs and operating surplus, whereas savings, imported 

consumer products and deductions from gross income (income taxes and contributions to social 

security) are included in the case of households.   

The equations that deliver the total impacts of an exogenous increase in primary input prices 

(excluding wages) involve the extended multiregional Leontief inverse,  , which comprises price 

effects rippling through the network of interregional supply chains, represented by   ,  as well as the 

representation of the wage price spiral     .  
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In order to estimate the total effect on households,   is post-multiplied by   , where market shares, 

 , deliver the average price increase of a certain product from a certain region, which is further 

translated into the associated increase in the costs of living via consumption coefficients,  .  

Table 6.2 Equations of the extended multiregional price model used to estimate the total effects on 

production costs and on the cost of living 

 Direct impact on… 

 Input prices  Consumer prices 

Total effect 

on… 

Costs of production       (     )          (     )   (    )   

Cost of living        (     )           (     ) 

Source: Own elaboration. 

By contrast, the computation of the total effects associated with an initial exogenous price shock on 

households involves the multiregional Miyazawa inverse  .    represents the increase in labour costs 

due to increased wage claims, which leads to increased intermediate input prices via (    )   and 

is, finally, translated into a corresponding increase in costs of living via   . The corresponding total 

effect on the costs of production by industry is, then, found through post-multiplying the total effect on 

households by   (    )  .       

Here, the extended price model is used to examine the impacts of the surcharge on the cost of living 

due to changes in consumer prices. In an extended price model, it is assumed that households fully 

pass-on increased cost of living on industries through increasing the prices of the primary inputs they 

deliver, i.e., labour and capital. In the extended input-output price model changes in the index price of 

the column totals of households (i.e., gross income on the demand side), also have to apply to the 

corresponding row total for the sake of consistency, i.e., to endogenous and exogenous income.   

However, in view of real-world relevance the pass-on behaviour is only realistic for labour income, 

where the formation of wage rates is the outcome of negotiations between labour unions and 

employers, where changes in consumer prices are an important determinant. For this reason we 

assume that the indices of exogenous income are fixed, such that households can pass-on increases in 

consumer prices on wage rates only.  

Multiplying the total impacts on the costs of living by the share of exogenous income in total gross 

income of households by region and income-bracket, then, delivers the fraction that households cannot 

pass on. The resulting percentage changes relative to gross income are, then, multiplied with gross 

income by region and income-bracket in 2011, in order to translate these percentage changes into 

monetary ones. These monetary changes are then used as direct impacts on exogenous income,   ̂   , 

in the quantity model. 
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6.3  Results and discussion 

In this section, the results of the analysis are presented and discussed along the following lines. 

Subsection 6.3.1 deals with the impacts of the surcharge on the costs of living of households. As 

shown in previous section, these results are used to derive further impacts through associated changes 

in the private consumption levels of households. Subsection 6.3.2 discusses the results of this change 

for the regional distribution of value added (other than labour compensation) and disposable income, 

as well as the results for the remaining impacts on value added associated with the operation and 

production of RE power plants. Finally, Subsection 6.3.3 discusses the impacts on income distribution 

among income brackets by region.  

6.3.1 Total impacts of the surcharge on the costs of living 

The effects of the EEG surcharge on regional households are shown in Table 6.3. For each state, the 

first row (‗direct‘) refers to the direct effect of the surcharge on households and the second row 

(‗total‘) refers to the total impact on households due to increases in consumer prices (see the second 

row of Table 6.2). The third row (‗wage‘) shows to what extends households pass-on increased costs 

of living through increased wage rates and the fourth row (‗net‘), finally, shows the net impact on 

households, i.e., the difference between the total increases in the costs of living and the amount they 

are able to pass-on.  

Considering the direct impacts on the cost of living of households, it can be observed from Table 6.3 

that the direct relative burden of the EEG surcharge decreases, the higher the income of a household is. 

This holds true for all regions and is in line with the findings reported by other authors (Bardt and 

Niehues, 2013; Grösche and Schröder, 2014; Lehr and Drosdowski, 2015): The highest direct burdens 

are predominantly felt by those households belonging to the lowest national decile, while households 

belonging to the top decile feel the lowest burden relative to their income. This regressive effect of the 

EEG surcharge can be explained by the high share of energy costs relative to gross income poorest 

households. Most remarkably, in Brandenburg and Hamburg the burden of the poorest households is 

up to three times greater than that of the wealthiest ones.  

The relative total impacts on the costs of living due to increased consumer prices are mainly 

determined by changes in two factors, which offset each other. Firstly, the share of private 

consumption in disposable income determines the extent to which increasing consumer prices are 

hurting. Wealthier households typically have much higher saving rates, so that the total impact relative 

to their disposable income is smaller, compared to low income households. The second factor is the 

average price increase of the consumption bundles purchased by the households. The more electricity 

is indirectly embodied in the consumption bundles, the larger the increase of average consumer prices 

is. Hessen, Baden-Württemberg and Bayern show a relatively even distribution of percentage impacts 

of increasing consumer prices, with the exception of the top decile. In the other states, by contrast, the 

file:///E:/EEG-Distribution/Paper/Price%20and%20Quantity.docx%23_ENREF_4
file:///E:/EEG-Distribution/Paper/Price%20and%20Quantity.docx%23_ENREF_4
file:///E:/EEG-Distribution/Paper/Price%20and%20Quantity.docx%23_ENREF_13
file:///E:/EEG-Distribution/Paper/Price%20and%20Quantity.docx%23_ENREF_18
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distribution of total increases in the cost of living is similar to that of the direct effect due to the 

surcharge payments by households. Particularly uneven distributions of the total burden at the expense 

of low income households can be observed in Saarland, Niedersachsen, Brandenburg, Sachsen-Anhalt 

and Thüringen.  

As regards to what is passed-on through changes in wage rates, it can be seen that households are 

never able to fully pass on their loss in costs of living, since labour compensation only accounts for a 

certain share of total income. The general pattern is that households with high shares of non-labour 

income receive the lowest compensation. This is generally the case for the deciles at the bottom, who 

receive large proportions of their income from public transfers, and for the households belonging to 

the top decile, where a large proportion of income consists of capital income.  

Taking both, the indirect impact on the costs of living and that what is passed-on, together does not 

alter the general pattern observed for the direct impact of the EEG surcharge, in the sense that the 

poorest households still experience the highest relative loss of income, while the wealthiest households 

suffer least. However, comparing the net impacts with the direct ones shows that for poorer 

households the burden tends to increase, while for wealthier households the burden decreases. The 

only exception is Hamburg, where the net impact is generally lower than the direct one across all 

income brackets. Therefore, from these results we can conclude taking indirect impacts into account 

makes the regressive direct effect of the surcharge even more regressive.    
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Table 6.3 Impacts of the surcharge on households by region and income bracket measured as 

percentage changes in gross income. 

State Impact 
0%-   
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70% 

70%-
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90% 
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100% 

SH 

Direct -0.469 -0.478 -0.420 -0.336 -0.353 -0.331 -0.330 -0.371 -0.287 -0.243 

Total -0.891 -1.179 -0.595 -0.568 -0.570 -0.535 -0.487 -0.554 -0.415 -0.315 

Wages 0.166 0.425 0.260 0.281 0.270 0.278 0.274 0.347 0.268 0.183 

Net -0.725 -0.754 -0.335 -0.287 -0.299 -0.257 -0.213 -0.207 -0.148 -0.131 

HA 

Direct -0.618 -0.414 -0.398 -0.374 -0.366 -0.271 -0.305 -0.265 -0.228 -0.151 

Total -0.795 -0.618 -0.557 -0.541 -0.543 -0.415 -0.411 -0.394 -0.323 -0.250 

Wages 0.185 0.221 0.274 0.300 0.336 0.227 0.230 0.245 0.189 0.125 

Net -0.610 -0.397 -0.283 -0.241 -0.207 -0.188 -0.181 -0.148 -0.134 -0.125 

NI 

Direct -0.529 -0.468 -0.439 -0.426 -0.413 -0.347 -0.327 -0.311 -0.286 -0.225 

Total -0.944 -0.778 -0.664 -0.695 -0.652 -0.577 -0.527 -0.534 -0.431 -0.317 

Wages 0.175 0.306 0.323 0.361 0.327 0.296 0.293 0.341 0.287 0.197 

Net -0.769 -0.472 -0.342 -0.333 -0.325 -0.281 -0.234 -0.193 -0.143 -0.120 

BR 

Direct -0.707 -0.525 -0.497 -0.398 -0.378 -0.347 -0.333 -0.338 -0.275 -0.219 

Total -0.997 -0.825 -0.759 -0.635 -0.657 -0.551 -0.532 -0.570 -0.455 -0.301 

Wages 0.236 0.303 0.355 0.270 0.297 0.249 0.303 0.383 0.324 0.168 

Net -0.761 -0.522 -0.403 -0.364 -0.361 -0.302 -0.229 -0.186 -0.131 -0.133 

NRW 

Direct -0.604 -0.603 -0.447 -0.427 -0.431 -0.365 -0.344 -0.324 -0.282 -0.233 

Total -0.929 -0.908 -0.708 -0.702 -0.711 -0.622 -0.549 -0.555 -0.450 -0.367 

Wages 0.163 0.294 0.315 0.357 0.371 0.323 0.304 0.336 0.280 0.219 

Net -0.766 -0.615 -0.393 -0.345 -0.340 -0.299 -0.245 -0.218 -0.170 -0.148 

RP 

Direct -0.738 -0.639 -0.450 -0.458 -0.398 -0.431 -0.356 -0.399 -0.268 -0.262 

Total -1.039 -0.973 -0.725 -0.745 -0.680 -0.694 -0.565 -0.651 -0.445 -0.406 

Wages 0.181 0.280 0.326 0.369 0.366 0.372 0.320 0.391 0.273 0.240 

Net -0.858 -0.693 -0.399 -0.376 -0.314 -0.321 -0.244 -0.260 -0.172 -0.166 

HE 

Direct -0.467 -0.439 -0.399 -0.348 -0.377 -0.358 -0.336 -0.300 -0.262 -0.216 

Total -0.694 -0.661 -0.609 -0.567 -0.604 -0.549 -0.485 -0.493 -0.373 -0.342 

Wages 0.118 0.194 0.297 0.322 0.340 0.285 0.255 0.295 0.212 0.176 

Net -0.576 -0.467 -0.312 -0.246 -0.263 -0.264 -0.230 -0.199 -0.162 -0.166 

BW 

Direct -0.570 -0.427 -0.361 -0.424 -0.372 -0.357 -0.357 -0.334 -0.276 -0.229 

Total -0.794 -0.682 -0.581 -0.657 -0.612 -0.587 -0.560 -0.552 -0.457 -0.361 

Wages 0.155 0.185 0.261 0.318 0.281 0.304 0.326 0.334 0.303 0.213 

Net -0.639 -0.497 -0.320 -0.339 -0.332 -0.283 -0.234 -0.218 -0.155 -0.148 

BY 

Direct -0.557 -0.445 -0.382 -0.385 -0.340 -0.331 -0.295 -0.315 -0.281 -0.212 

Total -0.784 -0.684 -0.624 -0.615 -0.591 -0.568 -0.477 -0.530 -0.442 -0.349 

Wages 0.173 0.209 0.293 0.318 0.331 0.324 0.277 0.316 0.265 0.189 

Net -0.611 -0.475 -0.331 -0.296 -0.260 -0.243 -0.200 -0.214 -0.177 -0.160 

SL 

Direct -0.642 -0.598 -0.435 -0.343 -0.446 -0.394 -0.380 -0.358 -0.343 -0.286 

Total -0.973 -0.936 -0.727 -0.640 -0.766 -0.699 -0.567 -0.624 -0.555 -0.431 

Wages 0.122 0.299 0.409 0.309 0.434 0.405 0.338 0.397 0.367 0.263 

Net -0.851 -0.637 -0.318 -0.331 -0.332 -0.294 -0.229 -0.227 -0.188 -0.168 

BE 

Direct -0.547 -0.406 -0.394 -0.342 -0.286 -0.219 -0.251 -0.223 -0.245 -0.205 

Total -0.870 -0.714 -0.625 -0.591 -0.555 -0.415 -0.434 -0.360 -0.396 -0.343 

Wages 0.139 0.292 0.320 0.307 0.291 0.211 0.250 0.210 0.269 0.228 

Net -0.731 -0.422 -0.305 -0.284 -0.263 -0.204 -0.183 -0.151 -0.128 -0.114 
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BB 

Direct -0.727 -0.405 -0.443 -0.411 -0.375 -0.372 -0.330 -0.318 -0.298 -0.230 

Total -1.129 -0.823 -0.717 -0.737 -0.703 -0.677 -0.597 -0.565 -0.454 -0.352 

Wages 0.221 0.325 0.352 0.341 0.304 0.321 0.353 0.378 0.321 0.209 

Net -0.908 -0.497 -0.365 -0.396 -0.399 -0.356 -0.244 -0.186 -0.133 -0.143 

MV 

Direct -0.556 -0.483 -0.424 -0.394 -0.371 -0.306 -0.363 -0.350 -0.281 -0.217 

Total -0.794 -0.760 -0.672 -0.681 -0.640 -0.548 -0.588 -0.601 -0.430 -0.359 

Wages 0.149 0.240 0.321 0.374 0.337 0.276 0.319 0.366 0.255 0.187 

Net -0.645 -0.520 -0.352 -0.307 -0.302 -0.272 -0.269 -0.235 -0.175 -0.172 

S 

Direct -0.528 -0.409 -0.341 -0.360 -0.344 -0.358 -0.301 -0.310 -0.300 -0.238 

Total -0.894 -0.774 -0.619 -0.689 -0.691 -0.665 -0.535 -0.588 -0.506 -0.346 

Wages 0.145 0.335 0.285 0.337 0.351 0.342 0.329 0.398 0.363 0.230 

Net -0.750 -0.439 -0.335 -0.353 -0.340 -0.323 -0.206 -0.190 -0.143 -0.115 

SA 

Direct -0.534 -0.443 -0.408 -0.447 -0.414 -0.369 -0.368 -0.356 -0.266 -0.245 

Total -0.970 -0.846 -0.664 -0.811 -0.763 -0.655 -0.652 -0.633 -0.435 -0.336 

Wages 0.177 0.346 0.301 0.390 0.378 0.335 0.403 0.439 0.316 0.227 

Net -0.793 -0.501 -0.364 -0.421 -0.384 -0.320 -0.249 -0.195 -0.119 -0.110 

TH 

Direct -0.681 -0.527 -0.438 -0.416 -0.372 -0.357 -0.314 -0.335 -0.273 -0.266 

Total -0.971 -1.192 -0.728 -0.771 -0.715 -0.696 -0.560 -0.591 -0.498 -0.413 

Wages 0.117 0.406 0.326 0.320 0.288 0.350 0.314 0.364 0.321 0.247 

Net -0.854 -0.786 -0.403 -0.451 -0.427 -0.345 -0.246 -0.226 -0.177 -0.166 

Source: Own calculations. Federal states: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. 

Nordrhein-Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 

11. Berlin (BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen 

(TH). Results: 1. Direct refers to the direct effect of surcharge paid by households, 2. Total refers to the total loss on the costs of living due 

to increases in consumer prices, 3. Wage refers increased cost of living that are passed-on through increased wage rates and 4. Total is the 

sum of 2. and 3. 

  



Regional Net Impacts and Distributive Effects of Promoting Renewable Energies in Germany 

128 

6.3.2 The effects on the regional distribution of value added and disposable income 

Effects of the operation of RE power plant 

The direct effects on regional industries and households due to the operation of renewable plants in 

2011 are summarized in Table 6.4. As regards to industries,     
  denotes changes in the demand for 

intermediate inputs for operating RE plants in the regions, while         
 

 denotes the respective 

change in intermediate demand of fossil-fired power plants, which is caused by crowding out of non-

renewable electricity. The direct impacts on the income of households include the labour 

compensation of firms operating RE power plants,     
  and revenues from feed-in tariffs to private 

investors     
 . These direct impacts are those, whose derivations are described in Section 6.2. The net 

loss of income due to the surcharge,      
 , results from the price model (see the ‗total‘ rows in Table 

6.3).    

It can be observed that the direct net impacts on industries and households strongly oppose each other. 

While the generation of electricity from renewable sources leads to a nationwide increase in effective 

demand of more than €1.4 billion, households experience a strong decrease in income of more than 

€1.8 billion. Except for Brandenburg (BB) and Mecklenburg-Vorpommern (MV), all states experience 

a negative direct impact on the real income of households. The most substantial burden is borne by 

households in Nordrhein-Westfalen (NRW), because of relatively small income gains from the 

operation of renewables. As opposed to the direct net impact on households, industries experience 

positive effects in almost all regions, with the exception of NRW and BB, since the majority of the 

German lignite mines and lignite-fired power plants are located in these regions. The conventional 

power plants in the other regions are mostly based on hard coal and natural gas, which are mainly 

imported from abroad.      
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Table 6.4 Direct changes in the demand for intermediate and labour inputs for regional industries and 

income of households due to the increased operation of renewables (million €). 

State 
Industries Households 

               Total                  Total 

SH 134 -23 111 15 112 -167 -40 

HA 70 -35 35 4 7 -97 -86 

NI 349 -86 263 51 298 -407 -57 

BR 22 -3 19 1 2 -39 -36 

NRW 374 -512 -138 92 210 -1,016 -713 

RP 97 -17 80 55 80 -253 -117 

HE 160 -20 140 52 72 -336 -213 

BW 308 -78 230 124 246 -614 -244 

BY 526 -88 438 245 495 -750 -10 

SL 17 -8 9 9 11 -56 -36 

BE 48 -7 41 5 6 -160 -149 

BB 156 -159 -2 14 130 -137 7 

MV 77 -2 76 7 73 -67 13 

S 101 -80 21 23 68 -187 -96 

SA 121 -61 60 12 97 -112 -3 

TH 69 -6 63 15 59 -115 -41 

Total 2,628 -1,183 1,445 723 1,966 -4,512 -1,823 

Source: Own calculations. Federal states: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. 

Nordrhein-Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 

11. Berlin (BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen 

(TH). Results: 1.   ̂   changes in the demand for intermediate inputs for operating and maintaining RE plants 2.          changes in 

intermediate demand for fossil-fired power plants. Direct effects on the income of households include the labour compensation of firms 

operating and maintaining RE power plants 3.      labour compensation of firms operating and maintaining RE power plants, 4.      

revenues from feed-in tariffs paid to private investors, 5.   ̂     net loss of income due to changes in consumer prices and wage rates.   
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From the direct impacts associated with the operation of RE plants shown in Table 6.4, total impacts 

on value added (other than labour compensation) and disposable income are computed using the 

formulas shown in Table 6.1. The outcomes are presented in Figure 6.4, where total impacts on 

regional disposable income of households are shown in the top panel and the respective total impacts 

on value added (other than labour compensation) are shown in the bottom panel. On the positive side, 

the solid bars represent the total impacts corresponding to     ,       and      (ordered from dark 

blue to light blue), while on the negative side the hatched bars represent total effects corresponding to 

the loss of demand from fossil-fueled power plants      and the impact of the surcharge (derived 

from the price model) on the cost of living (translated into exogenous monetary income losses), 

      , respectively. The black dots refer to the percentage total net impacts on value added (other 

than labour compensation) and disposable income of industries and households, respectively.  

Nationwide, households experience a net total loss of €1.6 billions of disposable income (top panel). 

On the positive side, about €3.5 billion of disposable income is related to the operation of renewables 

and can be subdivided into total effects generated by the revenues received by households owning RE 

plants (55%), labour income generated along the supply chains for the operation of RE plants (25%) 

and the total effects generated by the labour compensation of maintenance workers (20%). However, 

these gains are more than offset by the negative effects of the surcharge and the drop in effective 

demand due to the decreased generation of fossil-based electricity, which amounts to a total negative 

effect of about €5.1 billion, to which the surcharge contributes more than 91%.   

Only a few regions experience small positive effects, such as Bayern (BY, €61 m), Mecklenburg-

Vorpommern (MV, €33 m) and Sachsen-Anhalt (SA, €0.1 m). This outcome can be explained by two 

factors. On the one hand, the states of Bayern and Sachsen-Anhalt are among those states with the 

highest installed capacities of renewables per capita and therefore receive high revenues from the 

surcharges. Mecklenburg-Vorpommern, on the other hand, has the lowest per capita payments of 

surcharges of all regions, which are low enough not to offset the rather average gains compared to the 

size of the region. Although Brandenburg has the highest per capita capacities of renewables the total 

net effect on households is slightly negative. As one of the two regions with considerable resources of 

lignite, Brandenburg experiences relatively large negative impacts from the replacement of fossil-

based electricity.  

By contrast, in all other states the total net impacts on the disposable income of households are 

negative. Again, by far the most substantial negative impacts are felt in NRW (-792m) followed by 

Baden-Württemberg (BW, -178m) and Hessen (HE, -165m). In the case of NRW and BW, these 

outcomes can be explained by the above average energy intensity of their economies due to their 

specialization in manufacturing. The only states where the loss of demand related to the operation of 

fossil-based power plants leads to significant losses in disposable income are NRW and Brandenburg, 

due to their dependence on lignite from local mines.  
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Taking percentage total net impacts on disposable income with the respective data for 2011 delivers 

quite a different picture. Here in particular the city states of Berlin (BE, -0.24), Bremen (BR, -0.24) 

and Hamburg (HA, -0.17) are among the states that experience the largest relative net loss of 

disposable income. This can be explained by the very low per capita capacities of renewables, which 

leads to low inflows of feed-in tariffs, as well as low intraregional demands from operation costs of 

renewables. Apart from the city states, the largest relative net losses of disposable income can be 

observed in NRW (-0.22) and Saarland (SL, -0.19). One of the main reasons for this outcome is that 

renewable capacities are far below the national average. In the case of NRW and Saarland, above 

average negative impacts from the surcharge and, especially for NRW, the replacement of fossil-based 

electricity are also of great importance.   

The nationwide total effect on value added (other than labour compensation; bottom panel) of 

industries due to the operation of RE is only slightly positive with about €226 million, as opposed to 

the strong negative impact on households. Especially the loss of income due to the surcharge 

constitutes a significant burden for industries and offsets the positive effects to a large extent. In 10 out 

of 16 regions positive total net impacts can be observed, with Bayern (€186 million) at the top of the 

ranking in terms of absolute impacts followed by Niedersachsen (€72 million). The former is the 

centre of electricity generation from photovoltaics and biomass, while the latter has the largest 

capacity of wind power plants.  

If only the positive impacts on value added (other than labour compensation) are taken into account, 

Nordrhein-Westfalen would be ranked second, but the substantial negative impacts more than offset 

the positive ones. Consequently, NRW is again at the bottom of the ranking. On the one hand, the 

region has a very high market share of manufactured products and, therefore, benefits to a large extent 

from the operation of renewables in other German regions, which compensates the relatively low RE 

capacities in NRW itself to some extent. The large negative impacts, on the other hand, result from a 

combination of a large population, an energy-intensive economy and the dependence of the fossil-

fuelled power plant park on local lignite mining.  

Taking percentages to the size of the regional economies, states experiencing the largest negative total 

net impact are the city states of Berlin (-0.08), Hamburg and Bremen (both negative but almost zero) 

as well as the regions of NRW (-0.07), Saarland (-0.02) and Sachsen (-0.05). All of these regions have 

in common that their share of RE capacity is low compared to the size of their economies. At the top, 

in particular Mecklenburg-Vorpommern (0.18) experiences the largest positive percentage net gain, 

followed by Schleswig-Holstein (0.1) and Sachsen-Anhalt (0.08). In the case of the latter three states, 

the results can be explained by share of feed-in tariffs in combination with a below average gross 

regional product per capita.  
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Figure 6.4 Total effects on regional disposable income (top panel) and value added (bottom panel) 

caused by the nationwide operation of RE plants (m €).   

 

Source: Own calculations. Federal states: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. 

Nordrhein-Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 

11. Berlin (BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen 

(TH). 
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The effects of the production of RE plants 

The direct impacts of investment in and export of RE plants on regional industries and households are 

shown in Table 6.5. In column 1 and column, 4      and      respectively refer to the demand for 

intermediate and labour inputs directed to regional industries and households by companies, who 

produce RE power plants for capital formation in Germany and abroad. By contrast          and 

         refer to the drop in demand for products and labour inputs due to crowded-out investment in 

fossil-fuelled power plants that would deliver the same assured capacity as the newly installed RE 

power plants in 2011. Compared to the direct effects of the operation of renewables, which showed 

strongly opposing impacts on industries and households, the direct net impacts shown in Table 6.5 are 

completely positive and exceed the effects of operation by far. The main reason is that most renewable 

technologies have high fixed, but very low variable cost. At the same time, the whole effect of capital 

formation occurs at one point in time, while the costs of the subsidy to stimulate investments are 

spread over the following twenty years.  
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Table 6.5 Direct impacts on regional industries and households caused by investment in and export of 

RE plants and crowded-out investment in fossil-fuelled power plants (m€). 

State 
Industries Households 

  ̂     ̂       Total   ̂     ̂       Total 

SH 292 -8 284 86 0 86 

HA 373 -9 365 45 0 45 

NI 953 -52 902 278 -7 271 

BR 126 -7 119 26 0 26 

NRW 1,956 -245 1,711 303 -16 287 

RP 349 -18 331 80 -3 77 

HE 874 -36 837 175 -3 172 

BW 1,474 -69 1,405 266 -2 264 

BY 1,958 -59 1,900 360 -6 354 

SL 85 -18 67 11 0 11 

BE 368 -15 353 70 -2 68 

BB 485 -32 453 144 -2 142 

MV 177 -5 172 60 0 60 

S 755 -36 719 160 -1 159 

SA 634 -14 620 166 -2 164 

TH 573 -8 565 153 0 152 

Total 11,434 -631 10,803 2,382 -46 2,336 

Source: Own calculations. Federal: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. Nordrhein-

Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 11. Berlin 

(BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen (TH). Results: 

1.   ̂   intermediate demand of producers of RE power plants for capital formation in Germany and abroad, 2.   ̂       change in 

intermediate demand due to crowded-out investment in fossil-fuelled power plants 3.     labour compensation of producers of RE power 

plants, 4.   ̂       changes in labour compensation due to crowded-out investment in fossil fueled power plants.  
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The total impacts on regional households (top panel) and industries (bottom panel) corresponding to 

the direct impacts are shown in Figure 6.5. In Germany as a whole, domestic investment and exports 

of RE power plants generates a total net effect of about €4.2 billion of disposable income and about 

€7.5 billion of value added (other than labour compensation). Relative to the sizes of their regional 

economies the five eastern German states experience by far the largest positive net impacts, both in 

terms of disposable income and in terms of value added. This outcomes results mainly from the fact 

that the majority of Germany‘s photovoltaics industry and substantial shares of producers of wind 

energy converters are located here, which underline the great importance of these industries for the 

economically underdeveloped eastern states. About 50% to 60% of the total impacts on value added in 

these states are generated directly by companies who produce RE plants, while the remainder is 

generated along the supply chains to satisfy intermediate input requirements and private consumption 

caused by labour income generated directly and indirectly. In most other states, by contrast, less than 

30% of the effects on value added are directly related to producers of RE plants. In particular Bayern, 

Baden-Württemberg and Nordrhein-Westfalen have a high share of indirect impacts with only value 

added due to their substantial market shares in the supply of intermediates and consumer products in 

Germany. Steel producers in NRW, for example, strongly benefit from the production of wind energy 

converters in the neighbouring state of Niedersachsen.   
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Figure 6.5 Total effects on regional disposable income (top panel) and value added (bottom panel) 

caused by the nationwide production of RE power plants and crowded-out investments in fossil-

fuelled power plants (m€).   

 

 Source: Own calculations. Federal states: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. 

Nordrhein-Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 

11. Berlin (BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen 

(TH). 

  



Chapter 6 

137 

6.3.3 The effects on the distribution of income among households 

In this subsection, the total net impacts of the operation (see Figure 6.4) and production (see Figure 

6.5) of RE power plants on disposable income of regional households by income bracket are 

considered. These effects are summarized in Table 6.6.  

In terms of the impacts caused by the operation of RE power plants, it can be seen that particularly in 

those regions with relatively low capacities of renewables the vast majority of households are 

negatively affected. In the city states of Berlin (BE), Hamburg (HA) and Bremen (BR) and in the 

western and southwestern German states of Nordrhein-Westfalen (NRW), Rheinland-Pfalz (RP), 

Baden-Württemberg (BW) and Saarland (SL) hardly any income bracket experiences a positive total 

net impact. In the case of the city states, the installation of significant capacities of renewable 

electricity is considerably hampered by the scarcity of space, while in western and southwestern 

Germany a combination of low per capita capacities with large and relatively energy-intensive 

manufacturing sectors are responsible for the negative total net impacts. At the bottom of the income 

distribution, households are affected by a substantial loss of disposable income of between 0.47% and 

0.84%, depending on the importance of renewables for the regional economy. Despite the fact that 

these households cannot afford to invest in RE, the significant losses can additionally be explained by 

low employment rates, which results in low compensation by labour income generated along the 

supply chains.  

In contrast to this, in those regions with significant capacities of renewables such as Bayern (BY), 

Brandenburg (BB), Niedersachsen (NI), Sachsen-Anhalt (SA) and Schleswig-Holstein (SH), the 

revenues received by households owning RE facilities, as well as the labour income generated along 

the supply chains are sufficiently high to ensure a positive total net impact for those households 

belonging to the three to four income brackets at the top.  

Considering the total net impact on disposable income directly and indirectly linked to the production 

of new RE power plants follows a significantly different pattern, both in terms of scale as well as in 

terms of the distribution among income brackets. Most remarkably, with the exception of Berlin and 

Sachsen, households at the top of the income distribution do not receive the largest percentage of net 

benefit. The main reason for this outcome is that these households receive only relatively small 

fractions labour income, but relatively large fractions of capital income compared to lower income 

brackets. In addition, the spread between the relative gains in disposable income between the third and 

the top decile is substantially smaller compared to the effects of the operation of renewables.  
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Table 6.6 Total percentage net effects of the operation and production of RE power plants on 

disposable income of households by region and income bracket.   

State Impact 
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SH 

Operation -0.022 -0.036 -0.012 -0.009 -0.011 -0.008 0.003 0.008 0.021 0.067 

Production -0.008 -0.007 -0.004 -0.002 -0.004 -0.001 0.001 0.007 0.011 0.007 

Total -0.030 -0.043 -0.016 -0.011 -0.015 -0.009 0.004 0.015 0.033 0.073 

HA 

Operation -0.021 -0.011 -0.006 -0.003 -0.001 0.001 0.003 0.007 0.010 0.022 

Production -0.009 -0.005 -0.001 0.001 0.005 0.000 0.001 0.006 0.005 -0.003 

Total -0.030 -0.016 -0.007 -0.002 0.004 0.001 0.004 0.013 0.015 0.019 

NI 

Operation -0.018 -0.019 -0.012 -0.012 -0.013 -0.011 -0.001 0.006 0.016 0.064 

Production -0.005 -0.002 0.001 0.002 0.000 -0.001 0.001 0.005 0.005 -0.005 

Total -0.023 -0.021 -0.011 -0.010 -0.014 -0.012 0.000 0.011 0.021 0.059 

BR 

Operation -0.018 -0.015 -0.010 -0.008 -0.009 -0.003 0.006 0.012 0.020 0.024 

Production -0.005 -0.006 0.002 -0.003 0.001 -0.009 -0.001 0.014 0.014 -0.007 

Total -0.023 -0.021 -0.008 -0.010 -0.007 -0.013 0.005 0.026 0.034 0.017 

NRW 

Operation -0.011 -0.012 -0.007 -0.007 -0.008 -0.007 0.000 0.004 0.014 0.034 

Production -0.004 -0.003 -0.002 -0.001 -0.001 -0.001 0.000 0.003 0.005 0.006 

Total -0.015 -0.015 -0.009 -0.008 -0.009 -0.008 -0.001 0.007 0.019 0.040 

RP 

Operation -0.014 -0.015 -0.009 -0.009 -0.006 -0.009 0.001 0.001 0.016 0.044 

Production -0.004 -0.002 0.001 -0.001 0.000 0.001 0.002 0.004 0.003 -0.004 

Total -0.018 -0.017 -0.007 -0.010 -0.006 -0.007 0.003 0.005 0.019 0.040 

HE 

Operation -0.009 -0.010 -0.005 -0.003 -0.003 -0.005 0.000 0.003 0.010 0.024 

Production -0.005 -0.005 -0.001 0.002 0.003 0.000 0.000 0.004 0.003 -0.002 

Total -0.014 -0.015 -0.006 0.000 0.000 -0.005 0.000 0.006 0.013 0.021 

BW 

Operation -0.007 -0.011 -0.006 -0.007 -0.010 -0.008 -0.002 0.001 0.012 0.038 

Production -0.003 -0.005 -0.002 -0.002 -0.004 -0.002 0.000 0.002 0.009 0.006 

Total -0.009 -0.016 -0.008 -0.009 -0.013 -0.010 -0.002 0.003 0.022 0.044 

BY 

Operation -0.012 -0.013 -0.010 -0.008 -0.007 -0.008 0.001 0.002 0.009 0.045 

Production -0.004 -0.005 -0.002 -0.001 0.000 0.001 0.001 0.003 0.006 0.001 

Total -0.016 -0.018 -0.012 -0.009 -0.007 -0.007 0.003 0.005 0.015 0.046 

SL 

Operation -0.016 -0.019 -0.005 -0.006 -0.007 -0.005 0.004 0.006 0.014 0.035 

Production -0.004 -0.003 -0.001 0.000 0.003 0.003 0.000 0.001 0.005 -0.002 

Total -0.019 -0.022 -0.006 -0.007 -0.004 -0.003 0.003 0.006 0.019 0.032 

BE 

Operation -0.031 -0.015 -0.006 -0.004 -0.002 0.003 0.007 0.009 0.013 0.026 

Production -0.016 -0.008 -0.003 -0.001 -0.001 -0.003 -0.001 0.001 0.011 0.021 

Total -0.046 -0.023 -0.009 -0.005 -0.003 0.000 0.006 0.010 0.024 0.047 

BB 

Operation -0.032 -0.027 -0.019 -0.019 -0.025 -0.022 0.000 0.016 0.025 0.102 

Production -0.017 -0.011 -0.003 -0.006 -0.013 -0.010 0.008 0.014 0.022 0.016 

Total -0.048 -0.038 -0.021 -0.025 -0.037 -0.032 0.008 0.030 0.047 0.117 

MV 

Operation -0.013 -0.018 -0.009 -0.008 -0.009 -0.011 0.006 0.006 0.013 0.042 

Production -0.003 0.003 0.006 0.008 0.006 0.002 0.011 0.009 0.008 -0.050 

Total -0.015 -0.015 -0.003 0.000 -0.003 -0.009 0.016 0.015 0.021 -0.008 

S 

Operation -0.026 -0.015 -0.010 -0.012 -0.015 -0.013 0.006 0.012 0.021 0.052 

Production -0.021 -0.011 -0.010 -0.008 -0.007 -0.007 0.003 0.012 0.024 0.025 

Total -0.048 -0.026 -0.020 -0.020 -0.022 -0.020 0.009 0.024 0.045 0.077 

SA 

Operation -0.038 -0.028 -0.018 -0.022 -0.025 -0.014 0.013 0.017 0.033 0.083 

Production -0.033 -0.017 -0.013 -0.010 -0.014 -0.014 0.016 0.030 0.031 0.023 

Total -0.070 -0.044 -0.031 -0.032 -0.039 -0.029 0.029 0.047 0.063 0.106 
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TH 

Operation -0.019 -0.028 -0.010 -0.017 -0.018 -0.016 0.006 0.012 0.024 0.066 

Production -0.019 -0.014 -0.005 -0.014 -0.020 -0.004 0.005 0.018 0.028 0.023 

Total -0.037 -0.041 -0.015 -0.030 -0.038 -0.019 0.011 0.030 0.052 0.089 

Source: Own calculations. Federal states: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. 

Nordrhein-Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 

11. Berlin (BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen 

(TH). Results: 1. Operation refers to the total net-effect of the operation of RE power plants.  2. Production refers to the total net-effect of 

the production of RE power plants for domestic capital formation and exports, 3. Total is the sum of percentage changes. 

Considering both sources (i.e., operation and production) of impacts together turns the overall effects 

on disposable income from a net loss into a net gain for the majority of households. This especially 

concerns those regions that experience strong negative total net impacts on disposable income from 

the operation of RE plants, such as the western and southwestern states of BW, RP and HE, as well as 

the city states. Here, only those households belonging to first and second decile of national income 

bracket are negatively affected, as these states strongly benefit from interregional spillover effects. 

Similarly, NRW also strongly benefits from interregional spillover effects. However, contrary to the 

aforementioned states, the very strong negative impacts of the surcharge lead to a situation where only 

the four income brackets at top experience a positive total net impact. The large spill-over effects in 

the western and southwestern part of the country (especially in BW and NRW) stem from their strong 

specialization in manufacturing. As a result, these states absorb large proportions of intermediate and 

final demand for manufactured goods from other regions. However, the total net impact on the 

disposable income of the poorest households remains negative. In the case of the city states, by 

contrast, the majority of positive impacts come from neighbouring states of NI, SH and BB, who are 

among those states experiencing strong positive impacts. In particular, trade and business related 

service industries located in the cities benefit from these. 

Table 6.7, finally, shows whether the share of an income bracket in total disposable income of its state 

of residence increases or decreases (measured in percentage points), because of the impacts from 

operation and production of RE facilities (see the ‗total‘ rows in Table 6.6). Therefore, the values in 

Table 7 show how an income bracket is affected compared to other income brackets in the same state. 

While the majority of income brackets experience positive total net impacts (see Table 6.6), it can be 

observed that households below the national median income predominantly lose shares in the total 

disposable income of their states. In contrast to this, the majority of income brackets above the 

national median income can expand their shares. Households at the top of income distribution receive 

large portions of exogenous capital income and, therefore, gain relatively little benefit from labour 

income generated along the supply chain of producers and operators of RE power plants. For this 

reason, it can be observed that in seven out of sixteen states such households lose shares in their 

region‘s total disposable income. The income from labour is rather concentrated in the second and 

third deciles.      
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Table 6.7 Total net changes in an income bracket‘s share in total regional disposable income caused 

by the operation and production of RE power plants (percentage points). 

State 
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SH -0.030 -0.043 -0.016 -0.011 -0.015 -0.009 0.004 0.015 0.033 0.073 

HA -0.030 -0.016 -0.007 -0.002 0.004 0.001 0.004 0.013 0.015 0.019 

NI -0.023 -0.021 -0.011 -0.010 -0.014 -0.012 0.000 0.011 0.021 0.059 

BR -0.023 -0.021 -0.008 -0.010 -0.007 -0.013 0.005 0.026 0.034 0.017 

NRW -0.015 -0.015 -0.009 -0.008 -0.009 -0.008 -0.001 0.007 0.019 0.040 

RP -0.018 -0.017 -0.007 -0.010 -0.006 -0.007 0.003 0.005 0.019 0.040 

HE -0.014 -0.015 -0.006 0.000 0.000 -0.005 0.000 0.006 0.013 0.021 

BW -0.009 -0.016 -0.008 -0.009 -0.013 -0.010 -0.002 0.003 0.022 0.044 

BY -0.016 -0.018 -0.012 -0.009 -0.007 -0.007 0.003 0.005 0.015 0.046 

SL -0.019 -0.022 -0.006 -0.007 -0.004 -0.003 0.003 0.006 0.019 0.032 

BE -0.046 -0.023 -0.009 -0.005 -0.003 0.000 0.006 0.010 0.024 0.047 

BB -0.048 -0.038 -0.021 -0.025 -0.037 -0.032 0.008 0.030 0.047 0.117 

MV -0.015 -0.015 -0.003 0.000 -0.003 -0.009 0.016 0.015 0.021 -0.008 

S -0.048 -0.026 -0.020 -0.020 -0.022 -0.020 0.009 0.024 0.045 0.077 

SA -0.070 -0.044 -0.031 -0.032 -0.039 -0.029 0.029 0.047 0.063 0.106 

TH -0.037 -0.041 -0.015 -0.030 -0.038 -0.019 0.011 0.030 0.052 0.089 

Source: Own calculations. Federal states: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. 

Nordrhein-Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 

11. Berlin (BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen 

(TH).      

6.4 Conclusion 

The objectives of this paper are twofold: Firstly, to examine the net impacts, as well as their spatial 

distribution, of the promotion of renewable energies on industries and households in Germany‘s 16 

federal states and, secondly, to analyse the effect on the distribution of real disposable income among 

income brackets. Methodologically, extended multiregional I-O quantity and price models are 

developed based on a multiregional supply-use table (MRSUT). Compared to many other impact 

assessments based on I-O models, where only positive gross impacts are examined, we additionally 

take offsetting negative impacts into account, in order to get the net impacts. In the context of 

promoting renewables in Germany, these stem from the financing of subsidies through a surcharge on 

electricity prices and from to the crowding-out of fossil-based electricity and capacities of 

conventional plants. In contrast to earlier studies that only considered the isolated effects of surcharges 

and revenues on the distribution of income at the national level, our setup allows us to study the 

impacts of labour income generated along regionally dispersed supply chains, as well as the regional 

and social distribution.  

The results suggest that the extent to which a region directly and indirectly benefits from production of 

RE power plants is what finally determines whether or not a region as a whole and the majority of 

households experience positive net impacts. Especially in the states of Nordrhein-Westfalen and 
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Baden-Württemberg, substantial amounts of value added and income are generated due to their role as 

suppliers of intermediate and consumer products. The same holds true for the city states, whose 

positive effects are almost exclusively due to backward effects, since there is almost no RE generation 

capacity. However, it must be noted that the effects impacts by the production of RE plants on 

households and industries are only indirectly related to the EEG mechanisms, as they crucially depend 

on the ability of German producers to hold or expand their market shares in Germany and abroad.  

In terms of the increased operation of renewables, the results show a slightly positive net impact on 

value added (other than labour compensation) in the majority of states and in particular in those with 

substantial per capita capacities of renewables. At the same time, a significant decrease in disposable 

income can be observed, which is predominantly caused by the impacts of the surcharge on the level 

of consumer prices. Furthermore, it is found that this drain in disposable income has a regressive 

character, in that low income households bear the largest percentage losses of disposable income, 

while only a few households at the top of the distribution receive a benefit.  

Finally, it should be noted that the study presented here does not constitute a complete cost-benefit 

analysis in terms of welfare, as it concentrates on the impact of renewables on monetary transactions 

between economic agents only. Ultimately, the goal of the transition of the German energy system 

towards one that is based on renewable energies is climate protection. However, the distribution of 

monetary costs and benefits across regions and societal groups constitutes an important determinant 

for the wide acceptance of these policy measures and, thus, for their successful implementation.    
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6.A Constructing of the labour input and labour income distribution 

matrices 

Labour input requirements by region and level of qualification  

Starting point for the construction of the labour input coefficient matrix,  , are regional vectors of total 

labour compensation per unit of gross output by industry. In a first step the employer‘s shares of social 

security contributions are deduced and added to the row representing value added other than labour. 

This operation is based on national data available from the Federal Statistical Office about the shares 

of employer‘s contributions of social security contributions in total labour cost by industry.  In a 

second step labour compensations by region and industry are split into three different levels of 

education (ISCED classification). This is carried out based on data about number hours worked in 

2011 by region, industry and education level based on information from Eurostat‘s labour force 

survey. For the construction of the required ratios, the numbers of working hours are weighted by 

average earnings per hour by industries at the national level. In a final step, commuting coefficients 

are used to reallocate labour compensations from the region of work to the regions of residence of 

workers. 

Distribution of labour income.    

The matrix depicting the distribution of labour income among regional income brackets,   (i.e., the 

market shares of households by income bracket in the supply of labour inputs), is constructed based on 

data from the Income and Expenditure Survey (EVS) 2008, which offers information about the 

education level of the main income earner of the household, the amount of monthly labour income and 

the region of residence. Since the column totals of   are equal to one, we can derive the coefficients 

from the EVS data by computing the shares of labour income (by education level) received by regional 

income-brackets in total regional labour income by qualification level. Implicitly, it is assumed that 

main income earners do not work below their level of education. This assumption is necessary, 

because EVS data contain information about the highest educational achievement of the main income 

earner of a household, but no information about whether the educational requirements of his or her 

occupation correspond to that achievement.  
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6.B Data sources and processing for deriving direct impacts 

The feed-in tariff 

From a National Account‘s perspective the total value of feed-in tariffs paid to owners of RE power 

plants within a year constitutes the gross output of renewable electricity. These are from BdEW (2012) 

and distinguish four different technologies: Photovoltaics, wind, water and biomass. These region- and 

technology-specific outputs are, then, broken down according to their cost structures, including 

intermediate demand for maintenance and biomass,     , labour compensation,     , and revenues 

to private owners,     .      

The estimation of intermediate inputs used for the operation of RE power plants (maintenance) is 

primarily based on survey data, which has been used for a series of studies for the German Ministry of 

Economics and Energy (Lehr et al., 2011; Lehr et al., 2012; Ulrich et al., 2012; Lehr and Ulrich, 

2014). Information about the monetary values of the biomass (produced in Germany) used for the 

production of electricity and heat on the national level in 2009 is taken from Lehr et al. (2011). These 

are split into the use for heat and the use for electricity production, as these are joint products, whereby 

the EEG itself only compensates the production of electricity. For adjusting to 2011 and regionalizing 

biomass demands, proportionality to the electrical capacity installed is assumed, based on time series 

data provided by the German Ministry of Economic Affairs and Energy. In order to derive the direct 

impact of these intermediate demands at the place of production, interregional and international trade 

coefficients from the German MRSUT are used.    

For the derivation of labour compensation, shares of labour compensation by level of education in 

value added of the repair and maintenance sector are used as a proxy. These are applied to the regional 

value added figures, which is can be estimated from the survey data (i.e., those on which intermediate 

demands for maintenance are based) as a residual. For the distribution of labour compensation across 

regional income-brackets, it is assumed that it follows the average regional distribution of labour 

income as displayed in the income distribution account of the MRSUT (see 6.A). The difference 

between gross outputs (i.e., the total amounts of feed-in tariffs received), intermediate and labour 

inputs consists of capital costs and revenues.     

Technology-specific capital costs are estimated based on a time series of annual investments between 

2001 and 2011 into the four technologies considered here. From these, depreciation and interest costs 

are computed. For depreciations, a linear rate over a period of 20 years is assumed, as investors 

receive a guaranteed feed-in tariff for that period of time. The annual costs of interest of a RE power 

plant newly installed in a certain year are based on the respective average interest rate of federal bonds 

with maturity of 10 years in the year of installation. Since the ownership structure of RE is very 

diverse including international, national, and regional energy suppliers, investment funds, banks, 

private households and farmers, it is only possible to reasonably allocate revenues in cases where 



Regional Net Impacts and Distributive Effects of Promoting Renewable Energies in Germany 

144 

private households and farmers are the owners. For this reason, only revenues that can be allocated to 

private households and farms are considered here. It is assumed that the share in ownership of private 

households and farmers in total installed capacity by technology at the regional level is equal to that of 

the nation. The respective shares are taken from Maron et al. (2011). The distribution of revenues from 

wind, biomass and water among household-types in each region is assumed to be the same as the 

distribution of self-employed incomes in 2008, using EVS data. This approach is reasonable, as 

private investors legally become owners of an electricity supply company. In the case of photovoltaic 

electricity, only the self-employed income of households owning their house is considered, as the vast 

majority of PV panels are installed on the roofs of the house owners. 

The surcharge 

The difference between the spot-market price of electricity and the feed-in tariff constitutes a subsidy 

for promoting expansion of renewable energies in Germany. For financing this subsidy a surcharge on 

electricity prices is raised from consumers. The direct impact of the surcharge is measured as 

surcharge payments relative to gross output for industries and relative to gross income for households. 

In the following,         denotes the percentage change in the costs of production of industries, where 

    represents the relative change in electricity prices due to the surcharge and    the electricity inputs 

per unit of gross output. Correspondingly,       denotes the percentage increase in the costs of living 

of households due to the surcharge.  

Region-specific information about inflows of feed-in tariffs in 2011 is available from BdEW (2012), 

such that the task is to allocate these regional totals to industries and households by income-bracket. 

At first, the shares of regional surcharges paid by households are computed on the basis of micro data 

from the German income and expenditure survey (henceforth EVS, 2008), which delivers total 

electricity costs (i.e., including the surcharge) of households by region and income bracket. The share 

of surcharges in gross-income is derived through updating these shares from 2008 to 2011 with data 

on levels of the surcharge and regional private income totals for 2011. The latter are available from 

regional accounts (VGR der Länder). In 2011 the surcharge was approx. 3.53 ct/kWh, which makes 

out 14% of household‘s electricity price (BdEW, 2012). The difference between the surcharge paid by 

a region in total and the fraction of it paid by households yields the amount that is paid by industries.  

For the allocation of this remainder across regional industries, the exemptions for those industries 

considered as energy-intensive have to be taken into account, as these pay a drastically reduced 

surcharge (0.05 ct for each kWh exceeding 10 GWh). Therefore, the estimation of surcharge payments 

is carried out separately for those industries eligible for the reduced surcharge (mining, manufacturing 

and railway transport) and those, who are not. The monetary value of the reduced surcharge by region 

and industry is derived from the so-called privileged electricity use (i.e., the amount of electricity to 

which the reduced surcharge applies) provided by Federal Office of Economics and Export Control 

(BAFA) for industries at the national level and regional totals. The amount of privileged electricity by 
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regional industries is estimated by assuming that the ratios of privileged to total electricity at the 

national and the regional level are equal, in a first step. Afterwards these estimates are adjusted to 

regional totals and the national values by industry using biproportional adjustment, i.e., RAS. The 

privileged amount of electricity used, multiplied by the reduced surcharge, plus the non-privileged 

amount multiplied by the normal surcharge, then, delivers the costs of the surcharge for regional 

mining and manufacturing industries. Dividing these values by the gross output, finally, delivers the 

direct percentage increase in the cost of production of those industries eligible for the reduced 

surcharge. The remainder (i.e., total regional payments of those industries not eligible for the reduced 

surcharge) is then distributed across industries on the basis of their intermediate consumption of 

electricity.            

The preferred feed-in 

Due to the preferred feed-in, each kWh generated from renewable sources substitutes a kWh of 

electricity that would have been generated in fossil fuelled or nuclear fuelled power plants. In a first 

step, the volume of electricity substituted by renewables is distributed proportionally over power plant 

types (hard coal, soft coal, gas and nuclear) and regions according to their respective shares in the total 

electricity supply in Germany in 2011. The corresponding decrease in the demand for fuels and 

maintenance is calculated using updated information from the power plant data of the IKARUS project 

(Wehowski et al., 1994). As these power plants are still required as back-up capacities, but just run 

fewer hours per year, there is no direct link to possible reductions of the power plant‘s staff. Instead, 

owners of fossil fuelled power plants suffer from a devaluation of their capital. However, this effect is 

not considered here, as only effects that influence cash flows can be traced within an input-output 

model. The direct impact on the intermediate demand for fuel and maintenance is denoted with 

        . Finally, international trade coefficients from the German MRSUT are used to subtract those 

shares in intermediate demand that are satisfied from suppliers abroad, whereas interregional trade 

coefficients are used to direct the remainder from the states of demand to those states where the inputs 

are produced.  

The production of RE power plants for domestic investment and export 

The region and technology-specific intermediate input requirements,     , as well as the demand for 

imports, gross output and, by definition, value added of producers of RE power plants are based on 

survey data. These have been used for several studies for the German the Ministry of Economic 

Affairs and Energy (Lehr et al., 2011; Lehr et al., 2012; Ulrich et al., 2012; Lehr and Ulrich, 2014). As 

for the operating RE power plants, the labour compensation,     , associated with the production of 

RE power plants in Germany is estimated by applying the shares of labour compensation by education 

level in value added of similar sectors to the value added of producers of RE power plants. For 

photovoltaics we use the corresponding coefficients of the electrical equipment industry, whereas for 

wind, water and biomass the corresponding coefficients of the machinery industry are used. For the 
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distribution of labour compensation across regional income-brackets it is assumed that it follows the 

average regional distribution of labour income as displayed in the income distribution account of the 

MRSUT (see 6.A).    

Crowded-out investments into fossil fuelled power plants. 

 For determining to what extend RE capacity installed in 2011 can replace conventional power plant 

capacity we use the concept of assured capacity. This is a statistical figure that describes the fraction 

of the installed capacity that can be considered to be constantly available. Estimates of the assured 

capacity of the existing stock of RE power plants are taken from Prognos (2011). The resulting 

equivalent capacity of conventional power plants is allocated to regions and plant types assuming that 

renewables installed in 2011 replace fractions of the existing stock of fossil fuelled power plants. The 

intermediate demand associated with investments into fossil fuelled power plants is represented by 

          , while          denotes the compensation of staff operating the power plants. These are 

calculated on the basis of cost structures taken from Wolf (2004).    

As above, interregional and international trade coefficients are used for the spatial distribution of 

intermediate demands, while labour distribution coefficients of the MRSUT are used to distribute 

labour income across regional income brackets.  

6.C The extended Multiregional Supply-Use Table and Models 

The framework used to account for the regional and social distribution effects of the EEG is based on 

a Multiregional Supply-Use table with extended accounts for the generation of labour income and its 

distribution among different regions and income brackets. The Accounting framework is shown in 

Table 6.C.1, while its components and the indices used are shown in Table 6.C.2 and Table 6.C.3, 

respectively. There are in total four types of accounting balances that must be fulfilled in the 

framework:  

i) The financial balance of industries requires that total output by industry      is equal to the sum 

of costs of production, comprising intermediate inputs from Germany     and abroad   , labour 

inputs    , and value added other than labour compensation   . 

(  )                    ,                  (6.C.1) 

where   is a unit-vector of appropriate length for the summation over rows of a matrix and the prime 

refers to transposition.  

ii) The financial balance of households requires that total gross income of households  , consisting of 

labour income    and exogenous income  , is equal to the sum of expenditures for private 

consumption of German products    , imports from abroad     and the part of gross income not 

devoted to consumption   (i.e., savings, income taxes and social security contributions):   
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           (    )    .                              (6.C.2) 

iii) The commodity-balance requires that total supply of products        is equal to the total use of 

these products for intermediate consumption   , domestic private consumption    and exogenous 

final demand of German regions   and exports to the rest of the world   

          (   )                      (6.C.3) 

iv) The labour-balance states that total demand for labour at education level   from workers living in 

region  ,   , has to be equal to the total supply of labour at education level   by household-type   

from region       : 

   (   )                        (6.C.4) 
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Table 6.C.1 Structure of the extended multiregional supply-use accounting framework. 

Entities  Industries Households Products Labour  Exog. 

Final 

dem. 

RoW Total 

 Regions 1     1     1     1     

In
d
u

st
ri

es
 1                    

                   

                     

H
o

u
se

h
o
ld

s 1                      

                    

                       

P
ro
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ct
s 1                                    

                          

                                     

L
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u

r 
 1                         

                     

                          

Exog. value added                            

RoW                              

Total                                    

Source: Own elaboration. 
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Table 6.C.2 List of variables of the accounting framework shown in Table 6.C.1 

Block 
Generic 

Element 
Description 

      
  Supply of product   by industry   from region   

     
  total output by industry   from region   

       
   intermediate use of product   produced in region   by industry   from region   

       
   

compensation of labour for workers of education level   living in region   and working 

for industry   in region   

       
  Total intermediate use of imports from the rest of the world by industry i from region s 

       
  

value added other than labour compensation (the sum of net operating surplus, 

depreciation, net taxes on products and net taxes on production) of industry i from region 

s 

       
   

private consumption of product   produced in region   by households belonging to 

income-bracket   in region   

       
  

Total final consumption of products imported from the rest of the world by income-

bracket   in region   

     
  

Part of the gross income of households belonging to income-bracket h in region s not 

spend for private consumption (sum of savings, income taxes, net taxes on products and 

the employee‘s share to social security contributions) 

      
  

Gross compensation of labour received by households of education level   belonging to 

income-bracket   in region    

     
  

Total exogenous income (comprising public transfers and capital income) received by 

income-bracket h in region s 

     
  Total supply of product   by region   

     
  Exports the rest of the world of product   by region   

     
  Total labour income of workers of education level   living in region 

Source: Own elaboration. 
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Table 6.C.3 List of indices used in the accounting framework and in the I–O models. 

Indices 

  Description Classified by Index Range 

Regions 

Delivering Region -              
Receiving Region -              

Economic Actors 

Industries Industries (NACE Rev. 1.1)             
Households Income-Brackets (National Deciles)             

Transactions of 

Products  Products (CPA)              
Labour Education levels (ISCED)            

Source: Own elaboration. 
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6.C.1 The quantity model 

The derivation of the quantity model starts with the use of products and labour-inputs:  

.
  
  

/.
 
 
/  .

   
 

/  .
 
 
/                   (6.C.5) 

For the endogenous use of products and labour-inputs the following coefficient-matrices can be 

defined, based on the usual assumptions that products and labour are used in fixed proportions: 

    ̂   is a block matrix of intermediate use coefficients, whose generic element    
   denotes the 

amount of product   from region   used provide one unit of ouput by industry   in region  . The 

generic element    
   of the block matrix of labour-input coefficients,     ̂  , denotes the amount of 

labour at education level   provided by residents of region   that is used per unit of output of industry 

i in s.  Finally,     ̂   is a block matrix, whose generic element    
   denotes the demand for 

product   from region   per unit of gross income of income bracket   in region  .  Making use of these 

coefficients Equation 6.C.5 can be rewritten as:  

.
 
 
/  .

  
  

/ .
 
 
/  .

   
 

/                    (6.C.6) 

On the supply-side, coefficient-matrices can be defined in a similar manner, assuming that products 

and labour-inputs are provided at fixed market shares by regional industries and income brackets 

respectively:     ̂   is a block-diagonal matrix of market-shares depicting the supply of products. 

Their generic element    
  denotes the market share of industry   in the total supply of product   by 

region  . The generic element    
  of the block-diagonal matrix,     ̂  , denotes the market share 

of income bracket   in region   in the total supply of labour-inputs at education level   by households 

residing in region  . Using these coefficients, the supply-side can be expressed as:  

.
 
 
/  .

  
  

/ .
 
 
/  .

 
 
/.                               (6.C.7) 

Substituting (6.C.6) into (6.C.7) yields 

.
 
 
/  .

    
   

/ .
 
 
/  . 

(   )
 

/                  (6.C.8) 

Solving (6.C.8) for (  ) , finally, yields the extended quantity model for the effects of changes in 

the exogenous demand for products  (   ) and in exogenous income     on industry output     

and gross income of households   :  

.
  
  

/  (
      

    (    )    
) .

  (   )
  

/,                 (6.C.9) 
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where  

  (         )    

is the supply-use version of a multiregional industry-by-industry extended Leontief-Inverse and 

  (    (    )    )
  

  

is the supply-use version of a multiregional Miyazawa-Inverse. 

6.C.2 The price model 

The derivation of the extended price model starts with the definition of the costs of production of 

industries and the costs of living of households: 

(
 ̂  
  ̂ 

)
 

.
 
 
/  .

  

  
/
 

.
  
  

/  .
  

  
/
 

.
     
    /,              (6.C.10) 

where    and    are vectors with indices representing the costs of production and the costs of living, 

and the hat indicates a diagonalized vector.     and    are vectors with index-prices for products and 

labour inputs and    and    are index-vectors for the prices of the exogenous cost components of 

industries (imported intermediates and other value added) and households (imported consumer 

products, savings and taxes).  

The unit-costs of industries and households are found by substituting     ,      and      

into Equation 6.C.10 and post-multiplying with (      )̂  , which yields  

.
  

  
/
 

 .
  

  
/
 

.
  
  

/  .
  

  
/
 

(
  

  
),                (6.C.11) 

where    (     ) ̂   denotes the sum of demand for products from the rest of the world and 

exogenous value added (excl. labour compensation) per unit of output and    (    ) ̂   denotes 

the sum of outlays for imported products, savings and tax-payments per unit of gross income.  

On the supply-side, the assumption that industries and households fully pass on increases in the costs 

of production and in the costs of living on the prices of the products and labour inputs, respectively, be 

expressed as      

.
  

  
/
 

.
  
  

/  .
  

  
/
 

(
 ̂  

  ̂
)                 (6.C.12) 

In order to determine how increases in the costs-of-production and in the costs of living are passed on 

supply prices of commodities and labour, Equation 6.C.12 is post-multiplied by 

 (
 ̂  

  ̂
)
  

, 
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which yields  

.
  

  
/
 

 .
  

  
/
 

.
  
  

/ .                 (6.C.13) 

This implies that the price increase of a product (or labour) from a certain region is a weighted average 

of the increases in the costs of production (or costs of living) of supplying industries (or households), 

whereby the respective market shares,   (or  ), are used as weights. Substituting Equation 6.C.13 into 

(6.C.11) and solving for (    ) delivers the solution of the extended multiregional price model: 

.
  

  
/
 

 .
  

  
/
 

(
  

  
) (

      
    (    )    

)              (6.C.14) 

6.C.3 Modifications and exogenous estimates 

In its general form, the quantity model connects final demand for products and exogenous income 

components of households with gross output of industries and gross income of households. While this 

specification is appropriate in the case of investment into and exportation of RE power plants, it is 

inappropriate for analysing the effects caused by their operation in Germany. The reason is that neither 

the demand for intermediates and labour inputs nor the revenues generated by the operation of RE 

power plants (or fossil ones) represent exogenous variables. Instead they represent input requirements 

of the generation of electricity, whose generation and consumption by industries and households are 

endogenous components in the MRSUT. The same holds true for the price model, which, in its general 

form, connects price shocks in exogenous values-added of industries and outlays of households with 

their associated total impacts on the costs of production and the costs of living. Here, the surcharge 

refers to an endogenous component, namely the price of electricity.  

As a consequence, multiplying the models of Equation 6.C.9 and Equation 6.C.13 with endogenous 

components instead of exogenous ones will result in double-counting, as these appear twice in both 

models: Firstly, they are used as exogenous changes in demand and income (quantity model) or as 

exogenous changes in the cost of production and the cost of living (price model). Secondly, they are 

already embodied in the coefficient matrices  ,    and  , which are part of the Leontief and 

Miyazawa Inverses. As a consequence, total impacts of the operation of RE power plants are 

systematically upward-biased, if the standard versions of both models are used (Miller and Blair, 

2009). The problem of double-counting can be addressed by zeroing those rows that refer to the 

demand and supply of electricity in the coefficient-matrices  ,    and  . Due to this modification, 

demand and supply of electricity in the quantity model as well as the price of electricity in the price 

model becomes exogenous (Polenske, 1978 and Oosterhaven et al., 2003). 
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Chapter 7 

Conclusion 

 

This dissertation deals with the estimation of interregional interindustry relationships in Germany 

depicted in the form of a Multiregional Supply-Use Table (MRSUT), as well as with the use of these 

data to examine how external energy policy and climate shocks are spread and amplified through the 

network of interregional value chains.  In the first three chapters, estimation techniques for 

interregional trade are developed and the construction of a MRSUT for Germany‘s federal states is 

described. More general implications of the main findings of these chapters are discussed in Section 

7.1. Chapter 5 and Chapter 6, by contrast, deal with applications of the MRSUT to supply and 

demand-side shocks. In Chapter 5, the exogenous shock to the supply-side of the economy is the loss 

of regional production capacities caused by severe flooding in southern and south-eastern Germany in 

2013. The contributions of this study to the assessment and management of economic impacts of 

disasters are discussed in Section 7.2. In Chapter 6, the net impacts and distributive effects of 

promoting renewable energies through policy measures that primarily affect the demand-side of 

Germany‘s economy are examined. The contribution of our findings to the debate about the 

unintended distributive effects of this policy is discussed in Section 7.3.       

7.1  Methodological contributions to compilation of subnational MRIOs   

Chapter 2 gives a detailed account of generalizing and extending the non-survey Cross-Hauling 

Adjusted Regionalization Method (CHARM, see Kronenberg, 2009 for development of the original 

version), which has been applied to the estimation of the prior MRSUT in Chapter 4. Non-survey 

methods, like Location Quotients or CHARM were originally developed for the construction of single-

regional subnational I–O tables, i.e., the estimation of intraregional trade. The increasing importance 

of subnational MRIO modelling places new demands on these methods. Generalizing the original 

CHARM formula to the case of two or more regions revealed two limitations: Firstly, interregional 

trade estimates can violate accounting balances and, secondly, cross-hauling in interregional trade is 

implicitly set to zero. Both limitations have important implications for the outcomes of applications, 

also for single-regional ones. As interregional trade flows are systemically underestimated, regional 

spill-over effects are systematically downwardly biased. We develop a modified formula that 

addresses both issues. Furthermore, the accounting rules for cross-hauling in subnational trade 

constitute necessary consistency-conditions for future developments of non-survey methods.  

This Chapter also examined the performance of the extended CHARM in terms of a case-study using a 

benchmark table for the state of Baden-Württemberg. Although the results suggest that the extension 
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developed here constitutes an improvement upon the original method, interregional cross-hauling still 

tends to be significantly underestimated. It follows from this outcome that non-survey methods should 

be construed as a last resort and replaced whenever additional data, such as freight transportation data 

(as shown in the following chapter), can be integrated at reasonable costs. Although recent highly 

automated approaches enable a much more efficient integration of large amounts of raw data, non-

survey methods such as the extended CHARM still play an important role for generating prior MRIO 

tables. They are especially important in cases where regional data is extremely limited. As the quality 

of the prior strongly influences the reliability of the final MRIO table, this chapter contributes to the 

objective of increasing the quality of MRIO data, and thus increasing the explanatory power of 

applications.   

Chapter 3 developed an innovative and generalized maximum entropy nonlinear programming model 

that delivers the least biased estimates of physical commodity flows and their corresponding prices per 

ton (hence, delivering monetary flows as their product) under limited data, measured at various units 

and at various levels of aggregation and mismatching classifications. The major contribution of this 

chapter is that the model offers an integrated approach to deal with the main challenges to be 

overcome in the construction process of virtually any kind of environmental-economic accounting 

framework including flows measured in two or more units. The state of the art for constructing such 

accounts is to employ a step-wise series of different methods for the estimation of unobserved flows, 

their transformation from one unit into another, harmonizing differing levels of aggregation and 

mismatching classifications and, finally, reconciling estimates with mass-, financial- and/or energy-

balances. The model developed here offers an appealing alternative, since all of these tasks can be 

solved by a single model based on a single principle. Furthermore, results from a Monte Carlo 

Simulation show that the simultaneous approach delivers more accurate results, as information can be 

utilized more efficiently. 

The trend towards more and more detailed and integrative databases, as evidenced by the large number 

of international projects and a large body of literature, constituted one of the major lines of progress 

for the widely recognized environmental-economic research in the last decade. Recent examples 

include the efforts of constructing fully interlinked physical and monetary MRIOs. An important 

prerequisite for further improvements is the availability of methodologies that utilize scarce 

information as best as possible, in order to allow for detailed and realistic overall pictures of 

environmental-economic interrelations.    

Chapter 4 dealt with the construction of the German Multiregional Supply-Use table (MRSUT) for 

2007 depicting the interindustry and interregional economic linkages of the 16 German federal states. 

The major challenge was to find a reasonable compromise between ‗quick and dirty‘ non-survey 

approaches, where virtually all interindustry and interregional linkages are derived from indirect 

information using more or less plausible assumptions, and survey data that deliver superior results at 
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the expense of high costs. In the case of the German MRSUT a hybrid approach was adopted; 

combining novel methods (Chapter 2 and a prototype version of the model from Chapter 3) for 

estimating interregional interindustry linkages from partial information with large amounts of direct 

information from transportation and foreign trade data, regional accounts, as well as survey data on 

households‘ income and expenditure, and industrial costs structures. Direct information was, in 

particular, used to gain a realistic picture of regional households and manufacturers, who represent the 

most relevant sectors for the applications in Chapter 5 and 6. Both ingredients, the prior MRSUT and 

direct information on households and manufacturers, were blended by means of the KRAS algorithm. 

The integration of more than 16 thousand partly conflicting data points at reasonable costs in terms of 

time and money was made possible only through KRAS‘s capability to reconcile the prior table with 

possible conflicting direct information at various levels of aggregation.     

The construction of subnational MRIOs, in general, does not constitute a novelty in itself. However, 

each attempt to do so is a more or less unique combination of a wide variety of possible methods and 

basic data for deriving certain parts of the table. The way in which they are combined depends on 

many factors, such as the research questions to be answered, which poses certain requirements in 

terms of resolution, format etc., the availability of data in the specific country, and the research budget. 

In this sense, the construction of the German MRSUT greatly benefited from the experiences made by 

other researchers often not published in refereed journals. Therefore, the value of this chapter in 

particular lies in giving a progress report on how recent methodological and computational advances 

can be combined and utilized for the construction of subnational multiregional interindustry accounts. 

Recent innovations such as the Australian Industrial Ecology Virtual Laboratory (IELab, see further 

Lenzen et al. 2014) that gives a wide variety of users remote access to tailored MRIO data and analysis 

tools suggest a significant relevance of the experiences reported here.  

7.2  Contributions to assessment and management of disaster impacts 

In Chapter 5 a novel model for the assessment of business losses caused by supply chain interruptions 

induced by manmade or natural disasters has been further developed and applied to the heavy flooding 

in the south and south-east of Germany in 2013. The chapter not only presents a first empirical 

application of that method to a real disaster using a real-sized MRSUT, it also provides valuable 

insights as regards how assumptions commonly used in standard input-output models artificially 

amplify the estimates of indirect disaster impacts. Furthermore, the impact of governmental aid and 

the business cycle environment on the scale of indirect impacts are assessed. 

The model addresses the huge gap between the outcomes from simple demand-driven input-output 

models of questionable plausibility in the context of supply shocks, and fully articulated spatial 

computable general equilibrium models, which pose extreme requirements on the availability of data. 

The major obstacle of standard I–O models is that interregional trade patterns are fixed by definition, 
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such that industries and households are unable to seek for new spatial sources in cases where usual 

suppliers are unable to deliver. Compared to that, the non-linear programming approach used has the 

advantage of allowing for adjustments in trade pattern at data requirements that are comparable with 

much simpler I–O models. We not only demonstrate that the assumptions of fixed industry market 

shares and fixed trade origin shares are theoretically faulty; our empirical results also show that these 

standard assumptions artificially amplify disaster estimates by about 70% or 140%, respectively. 

Using both assumptions together, as in standard I–O models, increases nationwide indirect damages 

about six times. The outcomes also deliver important implications for the accounting frameworks used 

in disaster impact studies. Nowadays, symmetric industry-by-industry tables are the predominant data 

format for I–O applications. Its dominance can be explained by the straightforwardness of their 

derivation from supply-use tables by assuming fixed industry market shares, as opposed to other 

assumptions for driving symmetric tables, such as the commodity technology assumption. Because 

MRSUTs allow to avoid the assumption of fixed market shares, it must be concluded that supply-use 

tables represent the superior data format for applications to supply shocks.    

The application of the disaster impact model in three different scenarios, furthermore, showed that the 

outcome of disaster impact studies not only crucially depends on a sensible representation of economic 

behaviour in the event of a disaster-induced supply-shock. It also depends on the pre-disaster 

economic environment and governmental reactions. In the main flooding scenario, the vast majority of 

business losses could be attributed to first order indirect drops of final demand, which led to negative 

impacts for, especially, service sectors mainly delivering to local costumers. For this reason, 

governmental aid to support consumers hit by the disaster was identified as a means for greatly 

reducing negative indirect disaster impacts. Furthermore, the results show that economies are more 

vulnerable to disasters at the top of the business cycle, which is in line with earlier findings of other 

authors. The main reason is that the already high utilization of production capacities diminishes the 

flexibility of the economy to react on external shocks.  

For the future, a growing importance of disaster impact assessments can be expected. Among climate 

researchers a broad consensus has been reached that severe natural disasters induced by extreme 

weather events can be expected to occur more frequently and to become stronger. Therefore, advances 

in economic disaster impact models constitute an important pillar for the development of adaption 

strategies to climate change in several respects. On the one hand natural disasters represent the main 

source of economic impacts of accelerating climate change in many countries. At the same time, 

public debates in Germany mainly focus on the economic costs of climate change mitigation policies, 

such as the promotion of renewables. For a comprehensive assessment in terms of accounting for costs 

and benefits, natural disasters induced by climate change represent an important part of the whole 

picture. In addition, they can also provide a valuable tool to support the design and simulation of 
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economic emergency measures, in order to react effectively on disasters and to, thus, strengthen 

economic resilience.        

7.3  Contribution to the assessment of the German energy policy 

The main findings of Chapter 6 can be summarized as follows: First, estimating the impacts of 

surcharges on electricity prices on the interregional formation of prices and wages by means of the 

extended IO price model shows regressive distributive effects across income brackets. Low income 

households experience the highest burden. The direct effect has already been found to have a 

regressive character by other authors. Our results show that economy wide indirect effects additionally 

worsen this situation. For households at the bottom of the income distribution high consumption rates 

in combination with low rates of labour market participation lead to disproportionally high impacts of 

increasing consumer prices and low compensation through inflation-induced increases of wages.  

Secondly, outcomes of the extended IO quantity model show that the increased generation of 

renewable electricity (RE) leads nationwide to a slightly positive net effect on the value added of 

industries. For households, incomes directly and indirectly linked with the generation of RE are far 

from being large enough to offset the losses caused by the surcharge. While the impact on households 

is negative in virtually all states, the sign of the net impacts on industries greatly depends on their 

location. Especially the city states and Nordrhein-Westfalen, with its strong concentration of heavy 

industries and fossil fuelled power plants, are strongly negatively affected. Positive effects concentrate 

predominantly on rural states with large renewable capacities installed.  

Thirdly, it is found that the regional impacts directly and indirectly related to the investments into the 

production facilities for the generation of RE turn the negative impacts of the generation of RE into 

net positive impacts. It could be shown that this in particular applies to those states experiencing the 

largest negative impacts through the operation of RE power plants. Large indirect positive effects 

could be observed for the states of Nordrhein-Westfalen and Baden-Württemberg, whose economies 

are highly involved in the production of intermediate inputs for RE power plants, e.g., the production 

of steel towers and gears for wind turbines in Nordrhein-Westfalen.   

Finally, it is found that the total effect on disposable income is positive for the majority of households, 

but the effect on the distribution of income across income brackets is still a regressive one. 

Throughout all states, households at the top of the distribution receive the largest net benefits, as 

opposed to households at the bottom, who receive the largest net losses relative to their income.   

For future regional economic developments, these findings have notable consequences, as the long-run 

effects linked with the generation of renewable electricity can be expected to increase, while the 

impacts linked with producers of renewable energies power plants can be expected to decline. There 

are two main driving forces for this development. Firstly, our analysis takes place at an early stage of 
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the transition of the Germany energy system, i.e., in a period of rapid capacity extensions, with 2011 

being one of the years with the highest domestic investments by now. The economy-wide effects of 

these investments, however, are short run effects, while the costs of financing these investments are 

distributed over the following 20 years according the Renewable Energy Sources Act (EEG). In the 

future, investments in renewable capacities will gradually move from the installation of new facilities 

to the refurbishment of existing ones and, thus, decline in scale, whereas the financing part becomes 

more and more important. Secondly, the positive economy-wide impacts caused by the domestic and 

foreign demand for RE facilities from German producers crucially depend on their ability to compete 

on the world market. Recent developments, such as the strong decline of the German photovoltaics 

industry, due to the fierce competition, especially from Chinese producers, show that the historic 

positivity of the net impacts cannot be taken for granted.      

Apart from that, the negative impacts on the distribution of income have important implication for 

acceptance of this long term project. Recent amendments of the renewables energy act, inter alia, 

contain many reliefs for manufacturers to obtain the status of an energy intensive establishment, which 

only pay strongly reduced surcharges. This development increases the burden on households even 

further, in particular for those at the bottom of the income distribution.  
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Samenvatting 
 

Dit proefschrift onderzoekt economische interacties van bedrijven en huishoudens in en tussen de 

Duitse deelstaten. Het doel is tweeledig: we analyseren niet alleen de regionale verdeling van 

economische schade door extreem weer, maar ook op welke manier de kosten en baten van het 

stimuleren van hernieuwbare energie regionaal en sociaal worden verdeeld. Daarbij delen wij 

bedrijven en huishoudens delen we in aan de hand van gemeenschappelijke kenmerken: bedrijven 

voegen wij bijeen tot sectoren aan de hand van het zwaartepunt van hun economische activiteit. 

Huishoudens voegen wij bijeen tot huishoudensgroepen op basis van de hoogte van hun inkomen. Hun 

economische interacties worden gemeten door middel van de omvang van hun onderlinge 

geldstromen. De meest gebruikte methode om dergelijke economische netwerken te beschrijven, is de 

zogenaamde multiregionale aanbod-gebruik tabel (multiregional supply and use table, MRSUT). Deze 

is voortgekomen uit een generalisering van de door Wassily Leontief ontwikkelde input-outputanalyse 

(Leontief, 1941, 1973).  

Doorgaans produceren en publiceren Bureaus voor de Statistiek aanbod-gebruik tabellen alleen voor 

de nationale economie. Voor dit proefschrift moest daarom speciaal een MRSUT voor de zestien 

Duitse deelstaten worden ontwikkeld. Deze is de eerste in zijn soort voor Duitsland. Een belangrijke 

motor voor interdisciplinair onderzoek op het snijvlak van ecologie en economie was in de afgelopen 

tien jaar het opstellen en publiceren van MRSUT's, die de structuur van de mondiale economie en de 

economische relaties van een groot aantal landen afbeelden. Op subnationaal niveau zijn MRSUT's 

echter nog altijd een zeldzaamheid. 

De belangrijkste reden voor deze discrepantie is dat de belangrijke gegevens voor het opstellen van 

subnationale MRSUT's nauwelijks beschikbaar zijn. In tegenstelling tot mondiale MRSUT's zijn op in 

de meeste landen geen input-output tabellen beschikbaar die de economische structuur van een regio 

beschrijven. Ook zijn er geen handelsgegevens die informatie geven over de verbindingen tussen de 

regio's. Om toch aan de benodigde informatie te komen, is een groot aantal methoden ontwikkeld 

waarmee indirect informatie kan worden afgeleid uit algemeen beschikbare regionale gegevens. Dit 

geldt in het bijzonder voor informatie over de handelsrelaties tussen regio's. Om deze reden worden 

subnationale MRSUT's stap voor stap uitgewerkt. Hierbij wordt eerst de nationale SUT uitgesplitst 

naar regio en daarna met een groot aantal andere gegevens gecombineerd om uiteindelijk tot een 

consistent en volledig beeld te komen.  

Het hoofdgedeelte van deze dissertatie bestaat daarom uit twee grote blokken. Het eerste blok 

(hoofdstukken 2-4) gaat in op de ontwikkeling van nieuwe methoden om de handelsrelaties tussen de 

regio's te schatten, op basis van partiële informatie. Vervolgens worden deze methoden toegepast voor 

het opstellen van de MRSUT voor de Duitse deelstaten. In het tweede blok wordt deze gegevens 

gebruikt voor twee regionaal-economische analyses. In hoofdstuk 5 onderzoeken we welke indirecte 

economische schade is ontstaan door de overstromingsramp aan de Elbe en de Donau in mei en juni 

2013. Wij onderzoeken in het bijzonder hoe de schade veroorzaakt door het wegvallen van de afzet 

van direct getroffen bedrijven, via het netwerk van inter-industriële en interregionale betrekkingen 

wordt versterkt en overslaat naar andere regio's en sectoren. Tot slot gaan wij in hoofdstuk 6 na welke 

gevolgen het stimuleren van hernieuwbare energie door de Duitse wet op duurzame energiebronnen 
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(Erneuerbare-Energien-Gesetz, EEG) heeft op de verdeling van toegevoegde waarde en inkomen over 

regio's en inkomensgroepen.  

In het vervolg gaan we gedetailleerd in op de onderzoeksvragen en de verworven inzichten uit de 

afzonderlijke hoofdstukken. 

Hoofdstuk 2 houdt zich bezig met de verdere ontwikkeling van de zogenaamde non-survey-methode 

Cross-Hauling Adjusted Regionalization Method (CHARM), die oorspronkelijk is ontwikkeld door 

Kronenberg (2009) om bruto invoer en uitvoer voor regionale input-output tabellen (IOT´s) en 

aanbod-gebruik tabellen (SUT´s) te schatten. Non-survey-methoden zijn schattingsmethoden waarmee 

onbekende waarden indirect afgeleid worden uit een kleine hoeveelheid wel beschikbare gegevens en 

indicatoren. Een bijzonderheid van CHARM is dat er expliciet rekening wordt gehouden met de 

zogenaamde kruiselingse handel, het tegelijk invoeren en uitvoeren van goederen en diensten uit 

dezelfde productcategorie. Bestaande non-survey-methoden, zoals het gebruik van locatie quotiënten, 

houden vooralsnog niet of slechts impliciet rekening met dit fenomeen. Dit heeft tot gevolg dat 

regionale importen systematisch worden onderschat en dat intraregionale IO- multipliers systematisch 

worden overschat.  

In dit hoofdstuk wordt CHARM verder ontwikkeld om toepassing in multiregionale SUT´s of IOT´s 

mogelijk te maken. Hierbij blijkt dat bij de gangbare rekenwijze de uitkomsten de 

evenwichtsvergelijkingen van de regionale SUT of IOT kunnen worden verstoord. Verder laten we 

zien dat de bestaande CHARM haar eigenlijke doel, het schatten van de kruiselingse handel , slechts 

voor een deel realiseert. Wanneer de regionale invoer en uitvoer met andere regio's van het land en het 

buitenland niet expliciet wordt gescheiden, wordt impliciet verondersteld dat kruiselingse handel in de 

handel met andere regio's gelijk nul is. Op basis van deze bevindingen wordt een nieuwe formulering 

voor CHARM ontwikkeld die expliciet onderscheid maakt tussen de handel met andere regio's en de 

handel met het buitenland. Deze formulering kan voor een willekeurig aantal regio's worden gebruikt 

en levert altijd consistente resultaten op. In een case study met een officiële IOT voor Baden-

Württemberg wordt de nauwkeurigheid van de geschatte resultaten van de oorspronkelijke en nieuwe 

CHARM-formulering getest en vergeleken. Het blijkt dat de nieuwe formulering betere resultaten 

oplevert dan de oorspronkelijke, maar niet het fundamentele probleem van non-survey-methoden kan 

verhelpen, namelijk het systematisch onderschatten van regionale importen. Om deze reden zouden 

dergelijke methoden alleen toegepast mogen worden wanneer er geen andere mogelijkheden 

beschikbaar zijn. 

In hoofdstuk 3 wordt een nieuwe methode ontwikkeld op basis van het maximum entropie principe. 

Het doel is om transacties die gemeten worden in verschillende eenheden, zoals valuta-, gewichts- 

en/of energie-eenheden, simultaan te schatten, op basis van partiële informatie. Schattingsproblemen 

van deze aard doen zich voor bij een groot aantal verschillende toepassingen, bijvoorbeeld bij de 

aanvulling van monetaire MRSUT's met satellietrekeningen voor sectoraal energie- of 

materiaalverbruik, bij het combineren van fysieke en monetaire MRSUT's of bij het schatten van 

interregionale handelsstromen op basis van gegevens over het fysieke vervoer van goederen.  

Voor dergelijke toepassingen werden tot dusver stapsgewijze methoden gebruikt. Hierbij wordt een 

groot aantal verschillende methoden gecombineerd om het hoofd te bieden aan verschillende 

uitdagingen die zich voordoen bij het combineren van gegevens in verschillende eenheden. 

Stapsgewijze methoden bestaan doorgaans uit methoden voor het schatten van onbekende prijs-

kwantiteit verhoudingen, het harmoniseren van verschillende classificaties en aggregatieniveaus, en 

het aanpassen van de schattingen van fysieke en monetaire evenwichtsvergelijkingen. Deze aanpak 

heeft echter als nadeel dat schattingen en resultaten moeilijk met elkaar te vergelijken zijn. Verder 
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bestaat het gevaar dat resultaten worden vertekend door verkeerde aannames en dat beschikbare 

gegevens niet optimaal worden gebruikt.  

De hier ontwikkelde methode beantwoordt deze uitdagingen met één geïntegreerde aanpak waarbij 

onbekende hoeveelheden en prijzen simultaan worden geschat en aangepast aan de beschikbare 

gegevens en aan monetaire en fysieke balansen. Door de introductie van zeer uitgebreide 

subclassificaties waartoe alle gegevens kunnen worden herleid, worden tegelijkertijd de problemen 

van uiteenlopende aggregatieniveaus en classificaties opgelost. De resultaten van een Monte-Carlo 

simulatie laten zien dat de nieuwe methode systematisch betere resultaten oplevert dan een 

vereenvoudigde stapsgewijze methode.            

Tot slot wordt in hoofdstuk 4 de MRSUT voor de Duitse deelstaten samengesteld. De in de twee 

voorafgaande hoofdstukken ontwikkelde methoden worden hier gebruikt voor het schatten van de 

interregionale handel. Er zijn zoveel mogelijk gegevens gebruikt, omdat uit eerder gepubliceerde 

ervaringen bij het opstellen van MRSUT's op subnationaal niveau blijkt dat het uitsluitend toepassen 

van non-survey-methoden sterk vertekende resultaten oplevert. Voor huishoudens en de verwerkende 

industrie worden microgegevens van het Duitse Bureau voor de Statistiek (Statistisches Bundesamt) 

gebruikt. Deze gegevens worden gecombineerd met informatie uit de economische rekeningen 

(Volkswirtschaftlichte Gesamtrechnung) van de deelstaten. De interregionale goederenhandel is 

gebaseerd op statistieken van het goederenvervoer.  

Tijdens een onderzoeksverblijf aan de University of Sydney werd het programma AISHA (Automated 

Integration System for Harmonized Accounts) gebruikt om in relatief korte tijd de meer dan 15.000 

deels met elkaar conflicterende gegevens te integreren en te harmoniseren met de voorlopige MRSUT. 

De kern van AISHA wordt gevormd door het KRAS-algoritme. Bij informatieconflicten tussen 

gegevens berekent dit algoritme compromiswaarden op basis van de met het gegeven verbonden 

onzekerheid. Zonder het gebruik van AISHA hadden deze informatieconflicten handmatig moeten 

worden opgelost.  

De in dit hoofdstuk beschreven samenstelling van een subnationale MRSUT is op zichzelf geen 

wetenschappelijke innovatie. De uitwerking moet echter worden beschouwd als een verslag van de 

actuele state of the art op dit gebied van onderzoek. Ook beschrijven we nieuwe mogelijkheden die bij 

het opstellen van MRSUT's beschikbaar zijn dankzij de technische vooruitgang.  

In hoofdstuk 5 wordt een nieuw, niet-lineair optimalisatiemodel voor het schatten van economische 

schade door natuurrampen verder ontwikkeld. Tevens wordt het model voor de eerste keer toegepast 

op een echte ramp, namelijk de overstromingen in het zuiden en zuidoosten van Duitsland in mei en 

juni 2013. Het model is recent ontwikkeld door Oosterhaven en Bouwmeester (2016) en is gebaseerd 

op de veronderstelling dat bedrijven en consumenten bij een ramp proberen hun transacties met hun 

gebruikelijke transactiepartners zoveel mogelijk in stand te houden. Het economisch evenwicht vóór 

de ramp wordt door de MRSUT beschreven. De directe schade door de overstroming wordt 

gemodelleerd door beperkingen in de productiecapaciteit van de getroffen sectoren toe te voegen. 

Vergeleken met standaard input-output modellen kunnen door deze aanpak realistische substitutie-

effecten worden gesimuleerd, zoals dat bij een Computable General Equilibrium (CGE) model 

gebeurd, maar dan wel zonder zware vergelijkbare eisen te stellen aan de beschikbaarheid van 

gegevens.  

Naast het basisscenario worden twee alternatieve scenario‘s berekend. Deze schatten de effecten van 

politieke maatregelen ter ondersteuning van de afgenomen vraag in de direct getroffen regio en de 

effecten van natuurrampen in tijden van hoogconjunctuur. Onze resultaten laten zien dat maatregelen 
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ter ondersteuning van de vraag kunnen zorgen voor een effectieve vermindering van indirecte schade 

aan de economie. Verder wordt aangetoond dat natuurrampen in tijden van hoogconjunctuur, grotere 

effecten op andere regio's en sectoren hebben dan wanneer de productiecapaciteiten niet volledig 

worden benut.  

Omdat de indirecte schade in alle scenario's veel lager uitvalt dan met de standaard input-output 

modellen te verwachten zou zijn, testen wij welke gevolgen de belangrijkste veronderstellingen van 

het standaard input-output model hebben op de hoogte van de indirecte schade. Om te beginnen laten 

we zien dat er niet-plausibele implicaties zijn voor het gedrag van economische actoren als we uitgaan 

van vaste inputcoëfficiënten (d.w.z. vaste handels- en vaste technologiecoëfficiënten) en vaste 

aandelen van de sectoren in regionale productmarkten. Onze empirische resultaten laten zien dat deze 

twee veronderstellingen resulteren in een 70% en 140% hogere indirecte schade door de overstroming. 

Wanneer de twee veronderstellingen worden gecombineerd verzesvoudigt de indirecte schade. Hieruit 

kunnen we concluderen dat de indirecte schade door standaard input-output modellen systematisch 

wordt overschat. 

In hoofdstuk 6 worden de regionale en sociale verdelingseffecten van het stimuleren van 

hernieuwbare energie door de EEG-wet in Duitsland onderzocht. Deze wet bestaat uit drie 

hoofdonderdelen: ten eerste krijgen investeerders in installaties voor de opwekking van hernieuwbare 

energie de garantie dat hun elektriciteit gedurende twintig jaar wordt afgenomen (met voorrang 

toegelaten tot het elektriciteitsnet), ten tweede krijgen zij hier gegarandeerd een vaste prijs per kWh 

voor (vaste teruglever-vergoeding) en ten derde worden de kosten voor het stimuleren omgeslagen 

over de stroomprijzen van alle verbruikers (toeslag); waarbij bedrijven die veel stroom verbruiken een 

sterk gereduceerde toeslag betalen.  

De EEG-wet werd van kracht in 2000 en in de jaren erna ging in eerste instantie veel aandacht uit naar 

de efficiëntie ervan. De afgelopen jaren is door wetenschap, politiek en burgers vooral gediscussieerd 

over de impliciete regionale en sociale verdelingseffecten. Kritiek op de regionale verdelingseffecten 

van de wet is vooral afkomstig van deelstaten en regio's die door hun situatie maar weinig potentieel 

hebben voor de uitbreiding van hernieuwbare energie, die de uitbreiding in politiek opzicht niet 

voldoende hebben doorgezet en/of die door hun economische structuur een relatief hoog 

stroomverbruik hebben. Over de sociale verdelingseffecten klinkt aak het argument dat de toeslag 

ervoor zorgt dat arme huishoudens in vergelijking met hun beschikbare inkomen de hoogste last 

moeten dragen, terwijl de opbrengsten uit hernieuwbare energie vooral ten goede komen aan 

welgestelde huishoudens die het zich kunnen veroorloven om te investeren.  
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In dit hoofdstuk worden beide hypothesen geanalyseerd met behulp van de MRSUT, die voor dit doel 

werd uitgebreid met gedetailleerde rekeningen over het ontstaan, de verdeling en het gebruik van 

looninkomens. Op basis van deze gegevens zijn input-output prijs- en hoeveelheidsmodellen met 

endogene huishoudens opgesteld om het onderzoek te doen naar de effecten van de afzonderlijke 

onderdelen van de EEG-wet op de regionale bruto toegevoegde waarde en de beschikbare inkomens 

van de huishoudens (onderverdeeld naar inkomensdecielen). Onze resultaten laten zien dat de door 

middel van de toeslag gefinancierde teruglever-vergoeding in heel Duitsland slechts voor geringe 

positieve toegevoegde-waarde-effecten zorgt, die regionaal ongelijkmatig zijn verdeeld. Deelstaten 

met hoge aandelen hernieuwbare energie laten licht positieve effecten zien, terwijl vooral Noordrijn-

Westfalen en de stadstaten (Bremen, Hamburg en Berlijn) negatieve effecten laten zien. De effecten 

op de beschikbare inkomens daarentegen zijn in hun geheel zeer negatief. Ook hier is een zeer 

ongelijkmatige verdeling te zien. Het beschikbare inkomen van modale en lage inkomensgroepen 

neemt gemiddeld tot sterk af. Alleen de hoogste inkomensgroepen laten positieve effecten zien. Op 

grond van onze resultaten kunnen wij dan ook concluderen dat de wet EEG inderdaad grote impliciete 

verdelingseffecten heeft, zowel op regionaal als sociaal niveau. 
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Zusammenfassung 
 

Diese Dissertation befasst sich mit dem Abbilden von ökonomischen Austauschbeziehungen von 

Unternehmen und Haushalten innerhalb und zwischen den Deutschen Bundesländern, um die 

regionale Verteilung volkswirtschaftlicher Schäden durch Extremwetterereignisse, als auch die 

regionale und soziale Verteilung von Kosten und Nutzen der Förderung Erneuerbarer Energien zu 

analysieren. Unternehmen und Haushalte werden dabei anhand gemeinsamer Charakteristiken wie 

dem Schwerpunkt ihrer Wirtschaftstätigkeit zu Wirtschaftszweigen bzw. der Höhe ihres Einkommens 

zu Haushaltsgruppen zusammengefasst und ihre Austauschbeziehungen durch die Höhe der zwischen 

ihnen bestehenden Finanzströme gemessen. Der Verbreitetste Ansatz solche ökonomischen Netzwerke 

abzubilden, stellt die so genannte Multiregionale Supply-Use Tabelle (MRSUT) dar, deren 

Konzeption auf einer Verallgemeinerung der von Wassily Leontief entwickelten Input-Output Analyse 

beruht (Leontief, 1941, 1973).  

Da Supply-Use Tabellen von Statistikbehörden in der Regel nur für die nationale Volkswirtschaft 

erstellt und veröffentlicht werden, musste für diese Arbeit eine MRSUT Tabelle für die Deutschen 

Bundesländer eigens entwickelt werden. Diese stellt die erste ihrer Art für Deutschland dar. Während 

die Erstellung und Veröffentlichung von MRSUT Tabellen, die die Struktur der globalen 

Volkswirtschaft und die ökonomischen Verflechtungen einer Vielzahl von Ländern abbilden, die 

interdisziplinäre Forschung im Schnittpunkt von Ökologie und Sozioökonomie im letzten Jahrzehnt 

wesentlich vorraungetrieben haben, sind MRSUTs auf subnationaler Ebene immer noch eine 

Seltenheit. 

Der wichtigste Grund für diese Diskrepanz ist die im Allgemeinen sehr geringe Verfügbarkeit der 

wesentlichen Daten, die für die Erstellung benötigt werden. Im Vergleich zur Erstellung von globalen 

MRSUT Tabellen sind auf der subnationalen Ebene in den meisten Ländern weder Input-Output 

Tabellen, die die wirtschaftliche Struktur einer Region abbilden, noch Handelsdaten, die Auskunft 

über die Verknüpfungen zwischen den Regionen geben, verfügbar. Dieser Umstand hat zur 

Entwicklung einer Vielzahl von Methoden geführt, um die benötigten Informationen indirekt aus im 

Allgemeinen verfügbaren regionalen Daten abzuleiten. Dies gilt insbesondere für Informationen über 

die interregionalen Handelsverflechtungen. Aus diesem Grund werden subnationale MRSUT Tabellen 

in einem schrittweisen Verfahren erstellt, bei dem zunächst die nationale SUT Tabelle regionalisiert 

und danach mit einer Vielzahl von weiteren Daten kombiniert wird, um schließlich ein konsistentes 

Gesamtbild zu erhalten.  

Der Hauptteil dieser Dissertation besteht daher aus zwei großen Blöcken. Der erste Block (Kapitel 2-

4) befasst sich zunächst mit der Entwicklung neuer Methoden um die interregionale Handels-

verflechtung auf Basis partieller Informationen zu schätzen und im Weiteren mit der Anwendung 

dieser Methoden für die Erstellung der MRSUT Tabelle für die Deutschen Bundesländer. Im zweiten 

Block wird diese Datenbasis schließlich für zwei regionalökonomische Analysen verwendet. In 

Kapitel 5 geht es dabei zunächst um die Frage welche indirekten volkwirtschaftlichen Schäden durch 

die Hochwasserkatastrophe an Elbe und Donau im Mai und Juni 2013 entstanden sind und wie sich 

diese, bedingt durch Lieferausfälle direkt betroffener Unternehmen, durch das Netzwerk 

interindustrieller und interregionaler Verflechtungen auf andere Regionen und Sektoren übergreifen 

und verstärken. Zuletzt wird in Kapitel 6 untersucht welche Auswirkungen die Förderung Erneuer-
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barer Energien durch das Erneuerbare-Energien-Gesetz (EEG) auf die Verteilung von Wertschöpfung 

und Einkommen über Regionen und Einkommensgruppen hat.  

Im Weiteren wird nun im Detail auf die Forschungsfragen und die gewonnenen Erkenntnisse der 

einzelnen Kapitel eingegangen. 

Kapitel 2 befasst sich mit der Weiterentwicklung der so genannten „Non-Survey― Methode „Cross-

Hauling Adjusted Regionalization Method― (CHARM), die ursprünglich in Kronenberg (2009) 

entwickelt wurde, um brutto Im- und Exporte für regionale Input-Output (IO) bzw. Supply-Use 

Tabellen zu schätzen. Non-Survey Methoden sind Schätzverfahren, die darauf abzielen unbekannte 

Werte indirekt aus wenigen meist verfügbaren Daten und Indikatoren abzuleiten. Eine Besonderheit 

CHARMs stellt dabei die explizite Berücksichtigung des so genannten „Cross-Haulings―, also des 

simultanen Im- und Exportierens von Gütern und Dienstleistungen der gleichen Produktkategorie. 

Bisherige Non-Survey Methoden wie die der Klasse der „Location Quotients― berücksichtigen dieses 

Phänomen bisher gar nicht oder nur implizit, was zu einer systematischen Unterschätzung der 

regionalen Importe und somit zu einer systematischen Überschätzung der intraregionalen IO 

Multiplikatoren führt.  

In diesem Kapitel wird CHARM weiter entwickelt, um die Anwendung auf multiregionale Supply-

Use oder Input-Output Tabellen zu ermöglichen. Dabei zeigt sich, dass die Ergebnisse der 

ursprünglichen Formulierung die Bilanzgleichungen der regionalen SUT bzw. IOT verletzen können. 

Weiterhin wird gezeigt, dass die ursprüngliche Formulierung ihr eigentliches Ziel, nämlich Cross-

Hauling im regionalen Handel zu schätzen, nur zum Teil erfüllt. Wenn regionale Im- und Exporte mit 

anderen Regionen des Landes und dem Ausland nicht explizit separiert werden, wird Cross-Hauling 

im Handel mit anderen Regionen implizit gleich Null gesetzt. Auf Basis dieser Befunde wird eine 

neue Formulierung für CHARM entwickelt, die explizit zwischen dem Handel mit anderen Regionen 

und dem Handel mit dem Ausland unterscheidet, für eine beliebige Anzahl von Regionen verwendet 

werden kann und immer konsistente Ergebnisse liefert. In einer Fallstudie mit einer offiziellen IOT für 

Baden-Württemberg werden die Genauigkeit der Schätzergebnisse der ursprünglichen und der neuen 

CHARM Formulierung getestet und mit einander Verglichen. Es zeigt sich, dass die neue 

Formulierung zwar bessere Ergebnisse als die ursprüngliche liefert, jedoch nicht das grundsätzliche 

Problem von Non-Survey Methoden, nämlich das systematische unterschätzen von regionalen 

Importen, beheben kann. Aus diesem Grund sollten solche Verfahren nur dann zur Anwendung 

kommen, wenn keine anderen Möglichkeiten zur Verfügung stehen. 

In Kapitel 3 wird eine neu Methode auf Basis des „Maximum Entropy― Prinzips entwickelt, um 

Transaktionen gemessen in unterschiedlichen Einheiten, wie zum Beispiel Geld-, Gewichts und/oder 

Energieeinheiten, simultan auf Basis partieller Informationen zu schätzen. Schätzprobleme dieser Art 

treten bei einer Vielzahl unterschiedlicher Anwendungen auf, wie zum Beispiel der Erweiterung von 

monetären MRSUTs mit Satellitenkonten für sektorale Energie- oder Materialverbräuche, dem 

Kombinieren von physischen und monetären MRSUTs oder dem Schätzen von interregionalen 

Handelsströmen auf Basis von physicschen Gütertransportdaten.  
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Für solche Anwendungen werden bisher schrittweise Verfahren eingesetzt, bei denen eine Vielzahl 

unterschiedlicher Methoden kombiniert werden um unterschiedlichen Herausforderungen, die bei der 

Kombination von Daten in unterschiedlichen Einheiten auftreten, zu begegnen. Schrittweise Verfahren 

umfassen in der Regel Methoden, um unbekannte Preis-Mengen Verhältnisse zu schätzen, zur 

Harmonisierung unterschiedlicher Klassifikationen und Aggregationsebenen, sowie Methoden, um die 

Schätzungen an physische und monetäre Bilanzgleichungen anzupassen. Dieses Vorgehen hat jedoch 

den Nachteil, dass Ansätze und Ergebnisse schwer miteinander vergleichbar sind. Weiterhin besteht 

die Gefahr, dass Ergebnisse durch falsche Annahmen verzehrt und zur Verfügung stehende Daten 

nicht optimal genutzt werden.  

Die hier entwickelte Methode adressiert diese Herausforderungen mit einem einzigen integrierten 

Ansatz, bei dem unbekannte Mengen und Preise simultan geschätzt und an die zur Verfügung 

stehenden Daten sowie an monetäre und physische Bilanzgleichungen angepasst werden. Durch die 

Einführung einer tief gegliederten Hilfsklassifikation auf die alle Daten zurückgeführt werden können, 

werden zugleich die Probleme unterschiedlicher Aggregationsebenen und Klassifikationen gelöst. Die 

Ergebnisse einer Monte-Carlo Simulation zeigen, dass die neue Methode systematisch bessere 

Ergebnisse liefert, als ein vereinfachtes schrittweises Verfahren.                      

Kapitel 4 befasst sich schließlich mit der Erstellung der MRSUT für die Deutschen Bundesländer. Die 

in den beiden vorrangegangenen Kapiteln entwickelten Methoden werden hier für die Schätzung des 

interregionalen Handels verwendet. Aufgrund bisher veröffentlichter Erfahrungen bei der Erstellung 

von MRSUT auf der subnationalen Ebene, die zeigen, dass die Alleinige Verwendung von Non-

Survey Methoden stark verzehrte Ergebnisse liefert, wurde darauf geachtet möglichst viele Daten zu 

verwenden. Für Haushalte und das verarbeitende Gewerbe, werden Mikrodaten des statistischen 

Bundesamtes verwendet und mit Informationen aus der Volkswirtschaftlichen Gesamtrechnung der 

Bundesländer kombiniert, während der interregionale Güterhandel auf Gütertransportstatistiken 

beruht.  

Um eine Integration und Harmonisierung der mehr als 15.000 zum Teil mit einander im Konflikt 

stehenden Datenpunkte mit der vorläufigen MRSUT in relativ kurzer Zeit zu erreichen wurde das 

Programm AISHA (Automated Integration System for Harmonized Accounts) im Rahmen eines 

Forschungsaufenthalts an der University of Sydney verwendet. Der Kern AISHAs bildet der KRAS-

Algorithmus. Dieser berechnet im Fall von Informationskonflikten zwischen Datenpunkten 

Kompromisswerte auf Basis der mit einem Datenpunkt verbundenen Unsicherheit. Ohne die 

Anwendung AISHAs hätten diese Informationskonflikte manuell gelöst werden müssen.  

Die in diesem Kapitel beschriebene Erstellung einer subnationalen MRSUT stellt an sich keine 

wissenschaftliche Neuigkeit dar, jedoch sollten die Ausführungen als ein Erfahrungsbericht betrachtet 

werden, der den aktuellen Stand der Forschung und neue Möglichkeiten bei der Erstellung durch den 

technischen Fortschritt dokumentiert.  
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In Kapitel 5 wird ein neues nicht-lineares Optimierungsmodell zur Schätzung der volkswirtschaft-

lichen Schäden durch Naturkatastrophen zum einen weiterentwickelt und zum anderen das erste Mal 

auf eine reale Katastrophe, nämlich das Hochwasser im Süden und Südosten Deutschlands im Mai und 

Juni 2013 angewendet. Das Modell wurde kürzlich von Oosterhaven und Bouwmeester (2016) 

vorgestellt und basiert auf der Annahme, dass Unternehmen und Konsumenten im Falle einer 

Katastrophe versuchen ihre Transaktionen mit ihren gewohnten Transaktionspartnern soweit wie 

möglich aufrechtzuerhalten. Das ökonomische Gleichgewicht vor der Katastrophe wird durch die 

MRSUT beschrieben. Der direkte Schaden durch die Flut wird durch Beschränkungen in den 

Produktionskapazitäten der Sektoren modelliert. Im Vergleich zu Standard Input-Output Modellen 

können durch diesen Ansatz realistische Substitutionseffekte ähnlich denen eines Computable General 

Equilibrium (CGE) Modells simuliert werden, jedoch ohne vergleichbare Anforderungen an die 

Verfügbarkeit von Daten zu stellen.  

Neben dem Basisszenario werden zudem zwei Alternativszenarien berechnet, die die Auswirkungen 

von politischen Maßnahmen zur Stützung von Nachfragerückgängen in den direkt betroffenen Region, 

sowie die Auswirkungen von Naturkatastrophen zu in Phasen von Hochkonjunktur. Unsere Ergebnisse 

zeigen, dass Maßnehmen zur Stützung der Nachfrage indirekte Schäden an der Volkswirtschaft 

effektiv mindern können. Des Weiteren können kann gezeigt werden, dass Naturkatastrophen in 

Zeiten voll ausgelasteter Produktionskapazitäten, also in Phasen der Hochkonjunktur, stärkere Folge-

effekte auf andere Regionen und Sektoren nach sich ziehen als in Phasen nicht ausgelasteter 

Kapazitäten.  

Da die indirekten Schäden in allen Szenarien weit geringer sind als mit Standard Input-Output 

Modellen zu erwarten wäre, testen wir die Auswirkungen der wesentlichen Annahmen des Standard 

Input-Output Modells auf die Höhe der indirekten Schäden. Zunächst können wir zeigen, dass die 

Annahmen fixer Input-Koeffizienten (fixe Handels- und fixe Technologiekoeffizienten) und fixer 

Marktanteile der Wirtschaftszweige unplausible Implikationen für das Verhalten der Wirtschafts-

subjekte hat. Weiterhin zeigen unsere Ergebnisse, dass beide Annahmen 70% bzw. 140% höheren 

indirekten Schäden durch die Flut führen. Beide Annahmen in Kombination versechfachen die 

indirekten Schäden. Daraus können wir schließen, dass die indirekten Schäden durch Standard Input-

Output Modelle systematisch überschätzt werden. 

In Kapitel 6 werden die regionalen und sozialen Verteilungseffekte der Förderung Erneuerbarer 

Energien durch das EEG in Deutschland untersucht. Das EEG besteht aus drei wesentlichen 

Bestandteilen: Erstens wird Investoren in Anlagen zur Erzeugung Erneuerbarer Energien die Abnahme 

ihrer Elektrizität für 20 Jahre garantiert (bevorzugte Einspeisung), zweitens wird ihnen dafür ein fester 

Preis pro kWh garantiert (feste Einspeisevergütung), und, drittens, werden die Kosten für die 

Förderung auf die Elektrizitätspreise aller Verbraucher umgelegt (Umlage), wobei besonders Energie-

intensive Unternehmen eine stark reduzierte Umlage zahlen.  

Nachdem in den ersten Jahren nach Inkrafttreten des EEG im Jahr 2000 insbesondere die Effizienz des 

Gesetzes zur Förderung des Ausbaus Erneuerbarer im Mittelpunkt des Interesses stand, wurden in den 

letzten Jahren insbesondere die impliziten regionalen und sozialen Verteilungseffekte in Wissenschaft, 

Politik und Öffentlichkeit diskutiert. Kritik über die regionalen Verteilungswirkungen des EEG wird 

dabei insbesondere von Bundesländern und Regionen geäußert, die Aufgrund ihrer Voraussetzungen 

nur geringes Potenzial zum Ausbau Erneuerbarer besitzen, den Ausbau politisch nicht ausreichend 

forciert haben und/oder durch ihre wirtschaftliche Struktur einen relativ hohen Stromverbrauch haben. 

Bezüglich der sozialen Verteilungswirkungen wird hingegen argumentiert, dass ärmere Haushalte 

relativ zu ihrem verfügbaren Einkommen die höchste Last durch die Umlage tragen müssen, 
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wohingegen die Renditen aus Erneuerbaren insbesondere an wohlhabende Haushalte fließen, die es 

sich leisten können zu investieren.  

In diesem Kapitel werden beide Hypothesen mit Hilfe der MRSUT Tabelle analysiert, die für diesen 

Zweck um detaillierte Konten über die Entstehung, Verteilung und Verwendung von Lohneinkommen 

erweitert wurde. Auf dieser Datenbasis werden Input-Output Preis- und Mengenmodelle mit 

endogenen Haushalten verwendet, um die Verteilungseffekte der einzelnen Bestandteile des EEG auf 

die regionale Bruttowertschöpfung und die verfügbaren Einkommen der Haushalte (gegliedert 

Einkommensdeziele) entlang der interregionalen Wertschöpfungsketten zu untersuchen. Unsere 

Ergebnisse zeigen, dass der Mechanismus der umlagefinanzierten Einspeisevergütung deutschlandweit 

nur zu geringen positiven Wertschöpfungseffekten führt, die regional ungleichmäßig verteilt sind. 

Bundesländer mit hohen Anteilen Erneuerbarer verzeichnen leicht positive Effekte wohingegen 

insbesondere Nordrhein-Westfalen und die Stadtstaaten negative Effekte verzeichnen. Die 

Auswirkungen auf die verfügbaren Einkommen hingegen sind insgesamt stark negativ. Auch hier 

zeigt sich eine stark ungleichmäßige Verteilung. Während die Gruppen mit mittleren und niedrigen 

Einkommen moderate bis starke Verluste an verfügbarem Einkommen erleiden, können nur die 

bersten Einkommensgruppen positive Effekte verzeichnen. Aufgrund unserer Ergebnisse können wir 

daher schließen, dass das EEG in der Tat starke implizite Verteilungseffekte hat, sowohl auf regionaler 

als auch auf sozialer Ebene. 


