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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.  

 




