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1 Motivation 
 
It has been under scientific debate for some decades that the urban spatial structure of metro areas in 
the so-called Global North has been changing. These changes manifest in restructuring processes both 
regarding large urban areas gaining regional importance and regarding regional dispersion processes 
diluting the core city’s traditional primacy. Therefore, a multi-centric and at times almost dispersed 
urban spatial structure has emerged especially in North American metro areas (e.g., McMillen and 
McDonald, 1998; Coffey and Shearmur, 2001; Shearmur and Coffey, 2002; Lang and LeFurgy, 2003). 
Those spatial patterns are in some contrast with findings for European and German city regions as 
amongst others, Bontje and Burdack (2005), Adolphson (2009) or Krehl (2016) show. All of these 
investigations reveal a comparatively dense urban fabric meaning that European city regions are on 
average more densely populated than American city regions, but show weaker spatial disparities. Nev-
ertheless, spatial densifications can be observed outside the core cities, too (e.g., Riguelle et al., 2007; 
Adolphson, 2009; Münter and Volgmann, 2014; Krehl, 2016). It has, however, been unresolved yet to 
what extent such urban areas can be considered polycentric. 
 
A city region’s urban spatial structure is considered polycentric if two or more equally relevant spatial 
densifications exist (e.g., Meijers and Burger, 2010; Parr, 2014). However, a region is multi-centric if 
these densifications are not equally relevant, but if one dominates the others. Based on this definition, 
the following thought experiment is made referring to a kind of counterfactual: What happens if a city 
region’s core is eliminated, that is, if there had been a lake instead of a densely populated urban area 
causing a donut-like shape? The expectation is that the more polycentric a city region is the fewer 
changes regarding the number, size and location of non-core city densifications will appear if the ad-
ministrative core is cut off. Contrastingly, core city omission should have strong effects in pronounced 
multi- or even monocentric regions.  
 
 
2 Objective and expected contribution 
 
This paper’s theoretical background is based on the alleged existence of agglomeration shadows. 
These shadows’ spatial outcome in urban areas is that comparatively few and ‘weak’ densifications 
exist in close proximity to the core. It has been under debate that cities, especially core cities, might 
not emerge or grow too close to each other due to spatial price competition. The rationale is that dens-
er places are subject to higher land prices and thus proximity advantages are offset by congestion 
costs. Whereas distance to the CBD would predict higher densities, fierce price competition works as a 
centrifugal force pushing development away from the core (see Partridge et al., 2009 for details).  
 
However, this agglomeration shadow can be countered by the concept of borrowed size, introduced by 
Alonso (1973) and revisited by Meijers and Burger (2017) in the context of polycentricity. Borrowed 
size means that small and medium sized cities located in a metro area are economically more success-
ful than they would be if they had been located in isolation (Meijers and Burger, 2017: 271). Referring 
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to European policies oriented towards territorial cohesion and balanced growth, for example, the con-
cept of borrowed size is appealing: it offers a justification of striving for polycentric developments. If 
borrowing size from neighboring cities worked, it would mean that striving for a polycentric urban 
spatial structure was economically reasonable.  
 
Thus, the idea is to test an exploratory means to visualize agglomeration shadows and to analyze if the 
shadows are especially cast on medium sized centers as defined by urban and regional planning. Ac-
cordingly, the expected contributions are to find exploratory (visual) evidence of agglomeration shad-
ows and to investigate if the expected changes due to core city omission may be related to spatial 
planning policies. I exemplarily study this in four selected German city regions.  
 
These regions are Cologne, Frankfurt, Munich and Stuttgart (for an overview, see e.g., Krehl et al., 
2016). They are characterized by core city dominance as previous analyses have shown (Krehl, 2015, 
2016). However, it has not been studied yet to what extent this core city dominance actually masks 
suburban spatial densifications. Thus, this contributions aims to shed light on potentially masked ur-
ban subcenters in the vicinity of core cities. This is done by an experiment described in the Motivation 
section: What happens to the urban spatial structure if the region’s core is eliminated?  
 
 
3 Data, empirical procedure and first results 
 
All analyses are conducted on the spatial level of 1 km² grid cells located in accordance with the Euro-
pean grid INSPIRE (Infrastructure for Spatial Information in the European Community). The data – 
employees subject to social insurance – are taken from the georeferenced Integrated Employment Bi-
ographies as of June 30, 2009, which have been provided by the Research Data Centre (FDZ) of the 
German Federal Employment Agency (BA) at the Institute for Employment Research (IAB).  
 
The empirical analysis is organized as follows: first, the local Moran’s I is calculated for each region 
to identify statistically significant spatial clusters of both high and low values as well as spatial outliers 
(see Krehl, 2015). Second, the analysis is repeated omitting the administrative area of the core city and 
the emerging patterns are described and analyzed. The issue is to study if the regions are truly poly-
centric or if there are potential agglomeration shadows that mask relevant densification close to the 
core city.  
 
As the omission of the whole core city’s administrative area might be too general, a modification is 
tried as well: instead of omitting the core city in step 2, only the largest high-high cluster located with-
in the core city is cut off. The idea is to gain a better understanding whether intra-core city densifica-
tions exist that might be masked by a central business district. Another set of analyses is done in those 
study regions that have more than one core city: the predefined core cities are stepwise reinserted after 
step 2. Then the local Moran’s I is calculated to investigate if all core cities are equally relevant for the 
city region’s urban spatial structure. Table 1 provides an overview of the empirical procedure.  
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Table 1: Empirical design 

Step All regions Regions with more than one core city 
1 Local Moran’s I 
2 Local Moran’s I without core city’s/cities’ administrative area 
3 Local Moran’s I without core city’s/cities’ largest high-high cluster 

4 - 
Local Moran’s I without all but n-1 core cities’ 

administrative areaa 

5 - 
Local Moran’s I without all but n-1 core cities’ 

largest high-high clustera 
a n = number of core cities 
 
The results of steps 2 and 3 are expected to not differ substantially from those of step 1 if the region 
under consideration is polycentric, whereas marked differences are expected for both core city domi-
nated and monocentric regions. Furthermore, only slight differences should occur between step 2 and 
3’s results on the one hand and step 4 and 5’s results on the other hand for regions with several core 
cities and if these regions are truly polycentric. Similarly, if one core dominates the other(s), substan-
tial changes in the spatial patterns are expected.  
 
The empirical results of steps 1 and 2 are shown in Figure 1. They reveal that omitting the predefined 
core(s) causes spatial clusters of high densities (i.e., red areas representing high values of employees 
per km² in high-density areas) to appear in several medium sized centers. Thus, all study regions are 
core city dominated which is in line with earlier results. Likewise, agglomeration shadows seem to 
exist because core city omission reveals several new statistically significant clusters of high values.  
 

 LISA Cluster map including the core city LISA cluster map excluding the core city 
(‘donut model’) 
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 Legend: 

red – high-high cluster; blue – low-low cluster; 
light red – hot spot; light blue – cold spot (i.e., spatial outliers) 
 
Scale:  
One separate grid cell (‘square’) covers an area of 1 km² 

Figure 1: LISA Cluster map with and without (all) core city/cities 
 
Some preliminary insights from step 4 (not shown) furthermore suggest that the largest core cities 
substantially dominate the others in the case of several core cities. The corona-like results shown in 
Figure 1 can be almost identically replicated if only the largest core city is omitted. Thus, the smaller 
core cities’ status rather is that of a subcenter.  
 
 
4 Tentative Conclusions 
 
From a methodological point of view, a means has been shown to distinguish polycentric spatial struc-
tures from multicentric/core city dominated structures using exploratory methods and counterfactuals 
(‘donut-models’). Similarly, these analyses suggest a way to visualize alleged agglomeration shadows. 
From a content-wise perspective, the analyses have cast more light on the urban spatial structure of 
selected German city regions. Not only core city dominance could be confirmed, but also invisible 
‘masked’ suburban densifications in the vicinity of the (largest) core city in each study regions could 
be discovered. Due to these revealed high-high clusters, it seems reasonable to suspect agglomeration 
shadows being effective in the study regions. However, the analyses have been solely exploratory. 
Thus, further research is necessary to disentangle cause and consequences as well as the precise mech-
anisms at work in more detail.  
 
Similarly, more in-depth analyses of these results are needed: they should be checked regarding their 
robustness and sensitivity to parameter settings. They should also be analyzed regarding the clusters’ 
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main characteristics. Do the spatial clusters’ characteristics with and without core omission, for exam-
ple, differ from each other and what does this imply regarding polycentricity? Finally, investigations 
could be made to analyze if the results are methodology driven or if the suggested procedure is truly 
feasible to visualize agglomeration shadows.  
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