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Abstract 

One of the strategic goals of a modern country is striving to ensure an equivalent living and 

working conditions across the entire area. The road infrastructure plays a key role in this 

context. Conscious resources allocation for expansion, modernization and maintenance of the 

road infrastructure can significantly contribute to forming the level of accessibility of this 

infrastructure, mobility, traffic safety of road and road environment. 

There exists a number of Performance Indicators for describing and assessment of road 

infrastructure condition within the regions. Still, there are no methods to assess the spatial 

disparities between regions. Disposing proper indicators, allowing an objective assessment of 

disparities in the condition of road infrastructure and describing its dynamics, is a necessary 

requirement for strategic planning of road infrastructure, in order to ensure its sustainable 

development in the entire country or region. To meet the needs formulated in this regard by 

the road administrations in Germany and in Poland, the authors of the article, in the 

cooperation with those administrations, have developed indicators describing the spatial 

disparities of road infrastructure condition, based among other things on the coefficients of 

Gini and Theil. These indicators were in this case adapted for the description of disparities in 

the quality of the infrastructure offer between the areas of the particular region, expressed 

through the technical and economic parameters. 

The solutions presented in the article have been applied for asset management goals. The 

article describes the tools for generating reports with the results of geostatistical analysis, 

documenting the disparity between the parameters of the structure and condition of the 

pavement in the sub-regions as well as describing the dynamics of these disparities. 
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European Disparity of Road Infrastructure 

The transport infrastructure is an essential factor for the development and 

competitiveness of economies and regions, thus transport infrastructure can be named 

the backbone of any modern state.  Directions and pace of infrastructure development, 

including transport infrastructure, has differ significantly between Western and Eastern 

Europe after the Second World War. The investment boom in Western Europe in the 

mid-1970s led to the unprecedented development of the powerful road networks and to 

the enormous growth of road traffic, whereas in Eastern European countries, the pace of 

expansion of road networks was incomparably lower. After the enlargement of the 

European Union in 2004, tremendous effort and measures were undertaken to reduce 

the disparities resulting from the post-war influence zones, i.e. undesired differences, 

between so called the "old" and "new" Europe. 

Figure 1 shows the length of all roads and motorways in EU 15 ("Old Europe") and EU 

13 ("New Europe"). From the picture it can be seen that the backlog with regard to 

motorways in EU 13 is easily recognizable. 

EU 15 („Old Europe”) EU 13 („New Europe”)

Roads

Motorways

3,5 million km

64 thousand km

1,3 million km

8 thousand km
 

Figure 1: Diversity of Road Infrastructure in the European Union. 

One of the most important strategic goals of European Union was the reduction of this 

disparity by means of massive investment programs financed for the most part from the 

Union budget. 
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As a result of the European investment programs, the differences in the motorway 

infrastructure between the EU 15 and the EU 13 have been decreasing drastically. The 

increasing of the motorway length in recent years is shown in figure 2. It can be seen 

that in 10 years since the year 2000 the highway length in the countries of "New 

Europe" has almost doubled. In the same time in the countries of "Old Europe" the 

increase was only 25%. The disparities in the infrastructure will thus reduce gradually. 

 

 

Figure 2: Increase in the length of motorways in EU 15 and EU 13. 

 

The still remaining differences in the stock of road infrastructure in the "old" and "new" 

Europe result in different priorities: 

 EU 15 – Maintaining existing, well-developed road infrastructure 

 EU 13 – Investment efforts to reduce the existing backlog and complete the 

European road network (TEN).  

However, it must be realized that the explosively growing maintenance expenditures in 

both “parts” of European Union are expected in the foreseeable future. 

 

New challenge: equal living and working conditions 

The rational maintenance of the existing road infrastructure is one of the most important 

challenges of the 21st century, especially in countries with the highest degree of 

industrialization. The rational allocation of the maintenance funds between the regions, 

for example, the funds of the federation between the federal states or the funds of the 
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federal states between the government districts or building authorities, is carried out 

according to the rules of the highest efficiency. This means that the funds are invested 

in the maintenance, and possibly in the upgrading, of such infrastructure objects, which 

promise the highest return on investment. 

In recent years, however, another criterion has played an important role, namely 

ensuring equal living and working conditions throughout the managed region. 

Optimizing efficiency on the one hand and striving to ensure equivalent standards on 

the other can be contradictory goals. And while there are established algorithms for the 

optimization of the distribution of resources according to objective, economic criteria, 

the requirement to ensure equivalent conditions remains still in the sphere of personal 

interpretation. 

Among the many still unsolved problems are the following: 

 The definition of equivalence 

 Standards for measuring equivalence 

 Acceptable limits of inequality 

 Procedure for communicating the results to the public 

Some of the federal states in Germany, including the Free State of Bavaria, have 

integrated the principle of ensuring equal living and working conditions in the Basic 

Law. The institutions of the state are obliged to follow this commandment. Decisions of 

road administration regarding regional distribution of funds for the maintenance of road 

infrastructure make it possible to influence the spatial disparities. An important criterion 

for measuring and evaluating this disparity is the pavement condition. The indicators of 

pavement condition are recorded in Germany in a stable and quality-assured process. 

They are stable for years and thus well suited as aids for determining spatial disparities. 

 

Gini coefficient as the indicator for the assessment of the disparity 

Figure 3 shows values of two key performance indicators for the state buildings 

authorities in Bavaria. These are some of the key indicators for assessing the 

maintenance standards, for example: 

 Share of the network with the substance value over the warning level [%] 

 Share of maintenance sections (as result of PMS calculation) [%] 
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Figure 3: Comparison of Gini coefficients for two indicators (Heller 2015). 

 

From the figure 3, it is clearly visible that the disparity (unintended inequality) of the 

first key figure is lower than the second key figure. An objective quantification of this 

inequality is, however, not intended by means of such a visual view. Therefore, it is 

necessary to apply a definite indicator, which is not affected by subjective impressions. 

The statistics and, above all, the econometrics provide necessary tools in the form of 

indicators, which are suitable for the description of the inequalities, that is, the 

differences between the elements of a group. The Gini coefficient is one of the most 

important and most widely used of such indicators. The Gini coefficient is used, in 

particular, in the welfare economy to describe, for example, the degree of equality or 

inequality in the distribution of wealth or income. The normalized Gini coefficient 

assumes a value between 0% for a uniform distribution, and 100% for a concentration 

of all the "goods" in an object, that is, maximum non-uniformity. 

Visually (see figure 3), the Gini coefficient can be interpreted as the area between the 

Lorenz curve (red line), which illustrates the actual distribution and the blue line 

representing the total uniform distribution. Figure 3 shows the values of the Gini 

coefficients for the distribution of both indicators. When calculating the Gini 

Gini - 
Coefficient 

7,1 % 

Gini - 
Coefficient 

30,6% 
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coefficients, the sizes of the regions to be compared, in this case, the network lengths, 

are taken into account. 

In addition to the determination of the Gini coefficient as a key measure for the 

description of the disparity, the development over time (dynamics of the disparity) is of 

the utmost importance. It is vital to recognize whether the inequalities deepen or 

diminish? And for which indicators the changes are particularly strong? 

There are numerous ways to document and present the dynamics of disparity. The 

spider chart (see figure 4) represents one good possibility for this (Degelmann, Heller 

2016; Heller 2013). 
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Figure 4: Disparity dynamics as spider chart (Degelmann, Heller 2016). 

 

Graphical representation of disparities 

The determination of the Gini coefficient as a measure of the disparity is to be 

supplemented by the visualization of individual key figures on thematic maps. This is 

necessary to recognize the spatial disparities and it helps in finding causes for specific 

issues and questioning. 

The relevant indicators (Performance Indicator - PI) are determined for each region and 

displayed on a thematic map. The regions are shown in a different colors which do not 

depend on the absolute value of the performance indicator but on the relative position of 

the particular region in the total area. This is expressed by the respective quantile or 

percentile. For example, the lowest 25 percentiles are dark red and the highest are dark 

green. Figures 5 and 6 show an example of such visualization (Heller 2013). 
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Figures 5 and 6: Visual presentation of the disparity on the thematic map (Heller 2015). 

 

By means of such visualization, the change in the key figures and thus the disparity over 

the time periods can also be observed. Thus the "shifts" of the maintenance focus 

(subject of this visualization) will be observed over time as shown in Figure 7. 

 
 

Figure 7: Change of the focus of maintenance requirements over time (Degelmann, Heller 2016). 

 

In the graphic representation of the disparity, it is important to choose the appropriate 

aggregation of the raw data into the respective regions. Too fine aggregation (e.g., the 

districts) or too coarse aggregation (e.g., governmental districts) could adversely affect 

the predictive value of the graph (see Figure 8).  

 

Figure 8: Representation of disparity in different regional aggregations (Heller 2015). 
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Dynamic reports for the presentation of the disparity 

For several management tasks it is required that reports with performance indicators (PI 

reports) including diagrams and thematic maps are created according to individual 

criteria and pursuant to the respective use case. For disparity analyses, for example, 

comparisons of an individually selected group of sub-regions with a reference region 

must be examined and documented. When examining the dynamics of performance 

indicators, various time periods may be of interest. Static reports are not suitable for this 

purpose. Extent and layout of the static reports are mostly not compliant with the users' 

individual requirements and thus complicate the quick and intuitive detection of the 

messages conveyed. In this context it must be noted that at strategic decision level, the 

immediate identification of important correlations is of fundamental importance for the 

acceptance of the results at various management levels (Heller 2015). 

One possible solution is information systems equipped with dynamic reports with 

performance indicators which can inform about the spatial disparity. All current and 

historical performance indicators are provided and can be presented in any combination 

in order to provide optimum fulfillment of the individual requirements. 

Figure 9 shows the elements of a hiATLAS dynamic report (Heller 2014). hiATLAS 

was implemented on the basis of the InstantAtlasTM platform of the company GeoWise. 

 

 

 

Figure 9: Elements of a dynamic report for the visualization of the disparity (Heller 2014). 
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The dynamic report can also be configured for comparisons of different indicators. 

Figure 10 shows an example of such a report. 

 

Figure 10: Dynamic report containing the comparison of various performance indicators (Heller 2014). 

 

 

 

Summary and Outlook 

Ensuring equal quality of life has become increasingly important in industrialized 

countries. The limits of technological expansion are soon to be reached as a result of 

spatial and ecological restrictions. The shear point is thus shifted to the efficient 

maintenance of the existing infrastructure. Care is taken to distribute the budget 

resources so that the spatial disparity does not exceed the acceptable limits. 

Techniques and tools are needed to support such strategic decisions. They provide the 

methods for measuring the disparity and present the spatial differences so that they are 

understood by the responsible decision-makers and by the public. The thematic maps 

and the dynamic reports play thereby a fundamental role. 
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