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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.   

  




