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A B S T R A C T   

In recent years, much research has been devoted to developing appropriate analytical frameworks to capture 
polycentric urban development (PUD). In a recent contribution to this journal, Bartosiewicz and Marcińczak 
(2020) present what is arguably the most comprehensive, comparative review to date of the degree to which 
different analytical frameworks produce consistent results. The purpose of this research note is to show why we 
believe parts of Bartosiewicz and Marcińczak’s (2020) findings need nuance and qualification. Our starting point 
is that a useful comparison between different studies and measurement frameworks needs to consider the 
relevance of consistency in several key dimensions, two of which are particularly pertinent here: (1) the careful 
specification of what constitutes a ‘center’ in a polycentric urban system, and (2) the identification of the 
‘balance’ between centers as a measure of the degree of polycentricity. Two brief empirical analyses of the degree 
of morphological polycentricity in Polish NUTS-3 areas and the Chinese city-regions along the ‘Yangtze Economic 
Belt’ are included. Finally, suggestions are provided to facilitate future comparative analyses of PUD.   

1. Measuring polycentric urban development: relevance 

Polycentric urban development (PUD) has evolved into a key concept 
in urban studies, both as an empirical assessment framework (Brezzi & 
Veneri, 2015; Hall & Pain, 2006; Taubenböck, Standfuß, Wurm, Krehl, & 
Siedentop, 2017) and as a normative territorial development goal 
(Bailey & Turok, 2001; Rauhut, 2017; Wang, Wang, & Kintrea, 2020). 
Van Meeteren, Poorthuis, Derudder, and Witlox (2016) point out that 
PUD, partly fueled by its popularity, has evolved into a stretched 
concept causing Babel-like confusion in the scientific debate. According 
to Davoudi (2003), the scientific ambiguity surrounding the meaning of 
PUD has even been instrumental in policy circles: as every actor 
involved in an urban planning process can attribute its own interpre-
tation to it, it becomes easier to (seemingly) establish consensus (as 

exemplified by Granqvist, Sarjamo, & Mäntysalo, 2019). Nonetheless, 
the uneven, sometimes undue, and often fuzzy use of the PUD concept 
does not imply that it is unusable: instead, it raises the stakes of (1) being 
clear about what PUD does and does not entail, (2) translating this into 
appropriate analytical frameworks and (3) carefully specifying and 
examining the alleged virtuous processes – including heightened eco-
nomic productivity (Sun & Lv, 2020), lower environmental emissions 
(Burgalassi & Luzzati, 2015), and reduced traffic congestion (Li, Xiong, 
& Wang, 2019) – that are sometimes associated with it. 

In recent years, much research has been devoted to the second strand 
of the PUD literature, which involves developing PUD typologies and 
measurement frameworks. Although some of the variations in these 
measurement frameworks can be attributed to the specifics of the 
research question, they invariably need to identify the ‘basics’ of PUD: 
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whether there are multiple proximate centers without pronounced hi-
erarchical differentiation between these centers. This generic starting 
point involves making decisions on a range of specific elements, 
including data sources (polycentric in terms of what?), the definition of 
the units of analysis (what is a center?), the identification of the lack of 
hierarchical differentiation (when can we speak of a balance and be-
tween large or small centers?), the underlying processes (what produces 
this pattern?), as well as the geographical scale (how far does the region 
or city stretch out?). In the literature, there has been increased attention 
on how to specify all or some of these elements properly. Examples 
include Möck and Küpper (2020), who explore the relevance of the 
territorial delineation of the study area and the number of units 
considered within it; Zhang and Derudder (2019), who examine the 
relevance of the identification of what constitutes a ‘center’; Münter and 
Volgmann (2020), who develop a conceptual typology describing the 
various dimensions of PUD for the North-Western European context; and 
Burger, van der Knaap, & Wall (2014), who show that the analysis of 
PUD requires a more explicit consideration of issues of multiplexity and 
individual-level heterogeneity. 

In a recent contribution to this journal, Bartosiewicz and Marcińczak 
(2020, p. 2) present what is arguably the most comprehensive and 
comparative review to date of “whether measuring polycentricity by 
various methods produces consistent results”. To this end, they outline 
and compare the results of the most commonly used measurement 
frameworks when applied to both a set of ideal-typical urban structures 
and a number of actual Polish urban regions. They find that differences 
can be sizable, which has major repercussions in using a proper mea-
surement framework when assessing PUD and/or when using these 
findings in subsequent analyses of its putative causal powers. Bartosie-
wicz and Marcińczak’s (2020) analysis enriches the literature on a 
number of fronts. However, at the same time, we believe their analyses 
risk misportraying the potential relevance of some indicators. Against 
this backdrop, in this research note, we show why we believe at least this 
part of Bartosiewicz and Marcińczak’s (2020) findings need nuance and 
qualification. Subsequently, we use this to provide suggestions for future 
comparative analyses of PUD. 

2. What is a center? What is the balance? 

Our starting point is that, as mentioned, a useful comparison be-
tween different studies and measurement frameworks needs to consider 
the relevance of several key dimensions, two of which are pertinent 
here: (1) a careful specification of what constitutes a ‘center’ and (2) the 
identification of the ‘balance’ between those centers. Both are to a large 
degree related in that the specification of what constitutes a center has 
ramifications for the number of centers N when identifying the presence 
or absence of balance. Depending on the scale of analysis, this usually 
involves having a cut-off point at which a settlement is deemed ‘urban’ 
(in the analysis of polycentric urban regions, see Möck & Küpper, 2020) 
or a specific area is deemed a ‘sub-center’ (in the analysis of intra-urban 
polycentricity, see Lee & Gordon, 2007; Krehl, 2015; Li et al., 2019). The 
identification of the balance, then, entails the measurement of differ-
ences in the distribution of ‘importance’, and has been implemented 
based on proportion-based measures (Burger, de Goei, Van der Laan, & 
Huisman, 2011; Li et al., 2019), rank-size regression (Burger & Meijers, 
2012; Meijers & Burger, 2010), standard deviation-based measures 
(Green, 2007; Liu, Derudder, & Wu, 2016), and inequality measures 
such as Gini-type coefficients (Li & Phelps, 2017; Tsai, 2005). This is in 
line with Bartosiewicz and Marcińczak’s (2020, p. 6) observation that 
“the number of urban centers, the differences between these cities in 
terms of size and their specialisation in the region… should all be taken 
into account”. 

However, a key component of choosing an ‘appropriate’ approach is 
that, as pointed out, both dimensions (i.e., the number of centers (N) and 
the balance among the centers) are related. As a result, they can be 
measured separately or conjointly. When measuring the two dimensions 

separately, researchers have to select a fixed number of centers N (i.e., 
isolating the effects of N, as in Burger et al., 2011; Burger & Meijers, 
2012) or adjust indicators to account for the effects of N when gauging 
balance (i.e., through various normalization and standardization ap-
proaches as in Gini coefficients; Tsai, 2005; Li & Phelps, 2017). By 
contrast, measures based on standard deviation, such as Green’s (2007) 
and Liu et al.’s (2016), combine the effects of N and the effects of balance. 
Such ‘composite’ indicators may accommodate varying levels of N and 
incorporate additional information about the magnitude of the urban 
system under investigation (see also Sun & Lv, 2020). This difference 
can be understood when considering the following toy example of two 
urban regions, with one region consisting of four centers (7, 1, 1, 1) and 
the other of eight centers (7, 1, 1, 1, 1, 1, 1, 1). The two regions will 
receive the same polycentricity score in rank-size calculations if the top 
2, top 3, or top 4 centers are considered. However, standard deviation- 
based methods would consider the latter to be more polycentric, and 
primacy-based methods would point to a smaller level primacy in the 
latter case. 

Bartosiewicz and Marcińczak (2020, p. 1) voice concern over stan-
dard deviation-based indicators producing different results than those 
by the rank-size and primacy-based methods. Their analysis deals with 
both morphological and functional polycentricity, with the former 
focusing on the balance in the size distribution or absolute importance 
across centers, and the latter emphasizing the balance in the distribution 
of functional linkages or relative importance across centers (see also 
Burger & Meijers, 2012). As for morphological polycentricity, Barto-
siewicz and Marcińczak (2020) observe that standard deviation-based 
indicators tend to categorize individual metropolitan areas in Poland 
as morphologically polycentric (with a large number of centers within 
individual metropolitan regions). In our view, the relatively high levels 
of morphological polycentricity produced by standard deviation-based 
indicators in the Polish case may be explained along the following lines:  

• Conceptually, the differences produced by different indicators may 
emanate from the fact that the rank-size and primacy-based methods 
commonly present a different take on an ‘urban system’ than 
methods based on standard deviation-type indicators. The former 
group focuses on the largest few centers, while the latter group in-
cludes all centers deserving that designation in light of the research 
question. By this token, the two sets of measures would only need to 
produce similar results if the top slice and the rest of the urban 
system follow similar distributions. However, as both groups of in-
dicators essentially propose different treatments of the number of 
centers and the measurement of balance, it is understandable that 
they may not necessarily produce similar results. Put differently, 
indicators may entail different conceptualizations of ‘polycentricity’ 
and, therefore, may have strengths and weaknesses in revealing 
different aspects of urban systems;  

• Mathematically, if, as in the Polish case, a large number of small 
settlements are considered to qualify as ‘centers’ in an urban region, 
the standard deviation-based indicators may reflect the (im)balance 
among the many small settlements (as opposed to the (im)balance 
among larger centers). Furthermore, unlike rank-size based methods, 
standard deviation-based methods assign ‘equal weights’ to all cen-
ters in the calculations, as neither ranking nor logarithm trans-
formation is applied. As mentioned above, standard deviation-based 
measures are composite measures as they combine the effects of the 
number of centers and ‘balance’ across centers. By contrast, the rank- 
size and primacy-based methods reported in Bartosiewicz and Mar-
cińczak (2020) do not have such an issue as the number of centers 
used for analysis is fixed at two/three/four and one, respectively, 
regardless of the actual number of centers;  

• Empirically, geographical context matters. For example, in the 
analysis of functional urban areas in Europe and North America, 
studies often focus on the two to six largest or most important centers 
(e.g., Burger & Meijers, 2012). Similarly, in the Chinese case, most 
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city-regions and prefecture-level cities have fewer than ten centers 
and more hierarchical patterns (e.g., Liu et al., 2016). However, a 
visual examination of Fig. 3 in Bartosiewicz and Marcińczak (2020) 
suggests that there seem to be more than 30 nodes/centers in the 
metropolitan areas under study. As standard deviation-based in-
dicators account for both the number of centers and their balance, 
the reported high polycentricity may well reflect the relative balance 
across a large number of small centers that are less legible in Fig. 3. 
Bartosiewicz and Marcińczak (2020, p. 10) acknowledge that “the 
city-regions in Poland reflect a somewhat different socioeconomic 
and spatial context than the regions in Northwest Europe or China”, 
but it is worth noting that this may, to a degree, explain such results. 

Furthermore, Bartosiewicz and Marcińczak (2020) raise concerns 
about standard deviation-based indicators identifying Polish city- 
regions as generally having low levels of functional polycentricity. 
However, further to the arguments we developed for morphological 
polycentricity, the following points can be made with regard to func-
tional polycentricity. 

First, having a large number of less well-connected centers in an 
analysis of functional polycentricity may affect the ‘network density’, a 
key variable in Green’s (2007) indicator. In addition to N and balance 
factors, the density variable adjusts for ‘effectively’ connected centers 
within city-regions. Centers may be deemed not to be ‘effectively’ con-
nected when the ratio between their dyadic connections and the theo-
retical maximum is close to zero. This adjustment is necessary as “a 
maximally connected network and an unconnected network would both 
be completely polycentric since, mathematically speaking, each of the 
nodes is equally connected to each of the other nodes (…) – so that 
unconnected collections of nodes are not defined as a functionally 
polycentric system” (Green, 2007, p. 2084). Put differently, standard 
deviation-based measures of functional polycentricity such as Green’s 
(2007) further add the condition of network density onto the effects of N 
and the effects of balance (see also Sun and Lv (2020) for the use of 
three-factor composite indicators). Following this logic, even if there are 
mathematically balanced interactions between centers, when such bal-
ance is achieved with a low density, the final interpretation may still 
lack functional connections and thus a lack of functional polycentricity. 
Such difference can be understood when considering a second toy 
example of two urban regions, with one region consisting of three cen-
ters with intra-region connectivity of (4, 3, 2) and the other region of 
three centers with intra-region connectivity of (400, 300, 200). The two 
regions would receive the same polycentricity score based on rank-size 
and primacy calculations. However, standard deviation based methods 
would consider the latter to be more polycentric, as the former is 
comparatively far less connected and may not be associated with func-
tional connections. 

Second, all else being equal, having a large number of less well- 
connected centers tends to overestimate the theoretical maximum 
Lmax, compress the network density towards zero, and thus lead to the 
relatively small functional polycentric measures observed in Bartosie-
wicz and Marcińczak (2020). This is because Lmax is estimated based on 
the number of centers and the theoretical maximum dyadic value. 
Having a larger number of less well-connected centers would, therefore, 
lead to an inflated theoretical maximum (Lmax) that is less appropriate to 

serve as ‘benchmark’, and thus produce network density values closer to 
zero. In this case, alternative ways of estimating Lmax may be more 
appropriate and represent different assumptions regarding the ‘upper 
limits’ of the connectivity within individual urban regions or cities, or 
even more generally, their development level.1 

Against this backdrop, we believe a comparison of polycentricity 
measures needs to incorporate the number/type of centers and the 
measurement of balance in a similar fashion. For example, in areas with 
a large number of centers or areas where the top slice of the urban hi-
erarchy has a different rank-size distribution than the rest, to compare 
rank-size, primacy, and standard deviation-based indicators, one may 
have to opt to restrict the analysis to a fixed number of significant 
centers. By the same token, for the case of functional polycentricity, 
different indicators such as Burger and Meijers (2012) and Green (2007) 
can be compared when density is (un)incorporated in similar fashions. 
To explore what this means in practice, in Tables 1 and 2, we use data on 
the population distribution across Local Administrative Units (LAUs) 
within selected Polish urban regions at the Nomenclature of Territorial 
Units for Statistic Level 3 (NUTS-3) and measure their morphological 
polycentricity. Specifically, we calculate for each city: (a) a rank-size 
regression as in Burger and Meijers (2012); (b) a rank-size regression 
without limitations on N; (c) a standard deviation-based measure as in 
Green (2007); (d) a standard deviation-based measure with N limited to 
the largest two, three, and four centers; (e) a standard deviation-based 
measure with alternative ‘maximum possible standard deviation’ (spe-
cifically, the denominator in Green’s (2007) indicator is calculated 
based on a hypothetical urban system of the same size as the one under 
investigation in which one center has the entire population and the 
remaining centers none); and (f) urban primacy (Table 1). The following 
observations can be made:  

• Consistent with Bartosiewicz and Marcińczak (2020), when N is not 
accounted for, the association between indicators could be relatively 
weak. For example, (c) tends to point to relatively high levels of 
morphological polycentricity in cases with relatively high primacy 
and/or a ‘steep slope’ such as PL224, PL314, and PL343 (see below 
our discussions on possible thresholds for identifying (absolute) 
levels of polycentricity). As mentioned above, for cities with a rela-
tively large number of equally sized (and relatively small) sub-
divisions/LAUs, (c) may be more reflective of the ‘balance’ between 
these subdivisions/LAUs. In Table 1, 45 out of 59 (76%) NUTS-3 
units have at least 30 LAUs, where PL122 has 91 LAUs;  

• While the correlation between rank-size (a) and primacy (f) is 
− 0.834 (Table 2), which is consistent with Bartosiewicz and Mar-
cińczak’s (2020) finding that Burger et al.’s (2011) measure is 
essentially 1-(f), the correlation between (a) and (b) is only 0.231. In 
other words, indices from the same family (the slope of a rank-size 
regression line) can vastly vary due to the difference in the number 
of N;  

• When the number of LAUs (N) is accounted for, rank-size, standard 
deviation, and primacy-based indicators produce more consistent 
results. For example, when controlling for the largest two, three, and 
four LAUs within each NUTS-3, the Pearson correlation between (a) 
and (d) is 0.954. Similarly, when the theoretical maximum (i.e., the 
denominator) is adjusted to reflect the size of the urban region under 

1 For example, the maximum dyadic value for individual urban regions/city 
or the average dyadic value in the most well-connected urban region/city may 
be used instead of the overall maximum dyadic value. The use of the former 
would assume that dyads are theoretically as strong as the strongest dyads 
within the same urban region/city under investigation, while the use of the 
latter would imply the connectivity of the urban region/city under investigation 
could theoretically reach the ‘development level’ or connectivity of the most 
well-connected urban region/city in the entire study area. For a more detailed 
discussion, see Green (2007). 
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investigation (see also other adjustments of Green’s indicator in 
Chen et al. (2017)), the correlation between (a) and (e) is 0.754. The 
Pearson correlation between (d) and 1-(f) is at 0.758, and the cor-
relation coefficient between (e) and 1-(f) is 0.974;  

• These results need to be read in a geographical context. The overall 
population distribution within Polish NUTS-3 may be rather 

dispersed. For example, the average primacy (f) is 0.202, meaning 
that, on average, the single largest LAU only occupies about 20% of 
the total population of those NUTS-3 units. This may be associated 
with processes that are conceptually beyond PUD, such as subur-
banization (see, however, Spórna & Krzysztofik, 2020). While Bar-
tosiewicz and Marcińczak (2020, p. 10) acknowledge this when they 

Table 1 
Morphological polycentricity for Polish NUTS-3 units.  

NUTS- 
3 

Number of subdivisions/ 
LAUs (N) 

Burger and Meijers (2012; 
N = 2/3/4) 

Slope (all 
N) 

Green (2007; 
all N) 

Green (2007; N =
2/3/4) 

Green (2007; all N with 
alternative adjust) 

Primacy (all 
N) 

(a) (b) (c) (d) (e) (f) 

PL122  91  − 0.425  − 0.685  0.732  0.596  0.870  0.101 
PL312  77  − 0.350  − 0.616  0.685  0.605  0.858  0.102 
PL615  69  − 0.639  − 0.722  0.723  0.478  0.828  0.148 
PL121  65  − 0.888  − 0.641  0.746  0.351  0.797  0.197 
PL129  58  − 0.096  − 0.667  0.580  0.870  0.890  0.068 
PL414  58  − 0.289  − 0.645  0.653  0.679  0.842  0.118 
PL215  58  − 0.707  − 0.590  0.722  0.415  0.886  0.107 
PL332  58  − 0.129  − 0.588  0.596  0.847  0.897  0.066 
PL344  57  − 0.668  − 0.687  0.717  0.435  0.835  0.153 
PL614  56  − 0.848  − 0.657  0.728  0.359  0.813  0.182 
PL432  54  − 0.805  − 0.863  0.709  0.369  0.798  0.187 
PL115  53  − 0.165  − 0.783  0.588  0.805  0.806  0.128 
PL214  53  − 0.193  − 0.647  0.611  0.775  0.890  0.077 
PL315  52  − 0.329  − 0.624  0.656  0.663  0.874  0.100 
PL128  51  − 1.551  − 0.722  0.729  0.176  0.654  0.353 
PL116  51  − 0.127  − 0.650  0.589  0.814  0.857  0.097 
PL515  51  − 0.625  − 0.703  0.696  0.466  0.843  0.143 
PL416  50  − 0.443  − 0.790  0.658  0.580  0.809  0.156 
PL422  49  − 0.697  − 0.734  0.699  0.428  0.808  0.181 
PL12A  48  − 0.278  − 0.739  0.612  0.700  0.871  0.095 
PL622  47  − 1.330  − 0.743  0.718  0.208  0.725  0.281 
PL517  45  − 0.696  − 0.792  0.682  0.439  0.810  0.176 
PL117  45  − 0.258  − 0.740  0.600  0.696  0.822  0.131 
PL621  44  − 0.954  − 0.773  0.701  0.311  0.768  0.231 
PL635  44  − 0.233  − 0.804  0.587  0.742  0.833  0.121 
PL331  44  − 0.847  − 0.818  0.691  0.361  0.732  0.258 
PL518  43  − 0.201  − 0.588  0.566  0.766  0.905  0.066 
PL311  43  − 0.887  − 0.669  0.700  0.334  0.813  0.187 
PL522  43  − 0.747  − 0.696  0.683  0.425  0.789  0.200 
PL417  43  − 0.545  − 0.628  0.670  0.498  0.872  0.117 
PL323  43  − 0.193  − 0.744  0.587  0.777  0.867  0.097 
PL314  41  − 1.708  − 0.829  0.697  0.156  0.523  0.486 
PL326  40  − 0.125  − 0.699  0.553  0.832  0.851  0.104 
PL324  39  − 0.685  − 0.593  0.671  0.455  0.831  0.163 
PL216  39  − 0.071  − 0.679  0.488  0.900  0.873  0.079 
PL325  38  − 1.376  − 0.650  0.694  0.199  0.723  0.290 
PL225  38  − 1.052  − 0.737  0.688  0.282  0.743  0.263 
PL631  38  − 0.695  − 0.823  0.664  0.427  0.796  0.195 
PL423  38  − 0.783  − 0.775  0.664  0.376  0.807  0.183 
PL634  38  − 0.185  − 0.734  0.550  0.765  0.870  0.093 
PL411  37  − 0.802  − 0.616  0.685  0.369  0.824  0.181 
PL418  37  − 0.152  − 0.661  0.526  0.811  0.890  0.075 
PL345  35  − 0.730  − 0.716  0.656  0.419  0.744  0.248 
PL217  31  − 0.964  − 0.705  0.662  0.320  0.765  0.245 
PL224  31  − 1.576  − 0.802  0.658  0.174  0.568  0.445 
PL516  29  − 0.364  − 0.999  0.538  0.639  0.713  0.226 
PL431  29  − 1.222  − 0.768  0.651  0.236  0.692  0.322 
PL521  28  − 0.352  − 0.781  0.563  0.638  0.829  0.145 
PL114  27  − 0.396  − 0.795  0.554  0.601  0.788  0.179 
PL343  26  − 1.802  − 1.026  0.624  0.141  0.436  0.577 
PL425  26  − 0.081  − 0.841  0.432  0.879  0.811  0.128 
PL227  25  − 0.455  − 1.005  0.545  0.572  0.744  0.220 
PL623  25  − 0.532  − 0.847  0.581  0.514  0.783  0.204 
PL22B  21  − 0.540  − 1.195  0.522  0.523  0.660  0.303 
PL228  19  − 0.871  − 1.057  0.554  0.356  0.608  0.392 
PL613  19  − 1.211  − 1.084  0.519  0.338  0.495  0.469 
PL22C  17  − 0.816  − 0.922  0.548  0.382  0.682  0.331 
PL229  10  − 0.666  − 1.297  0.269  0.469  0.528  0.387 
PL22A  6  − 0.681  − 0.714  0.439  0.441  0.695  0.406 

Note: There are 66 NUTS-3 units in Poland. As seven NUTS-3 units do not all have at least four sub-divisions/LAUs, this table shows the results of the remaining 59 
units. 
Data are collected from the statistical office of the European Union (Eurostat, https://ec.europa.eu/eurostat/documents/345175/501971/EU-28_2012.xlsx), whose 
data is based on the pre-2018 delineation of NUTS-3 units. 

B. Derudder et al.                                                                                                                                                                                                                               

https://ec.europa.eu/eurostat/documents/345175/501971/EU-28_2012.xlsx


Cities xxx (xxxx) xxx

5

state that “the process of deconcentration (suburbanisation) in 
Poland is tightly linked to the degree of polycentric urban develop-
ment - more substantial deconcentration implies more polycentric 
urban forms”, in our view this may be a conceptual rather than a 
measurement problem. 

The relevance of geographical context also shows from an analysis of 
some results for Chinese city-regions along the ‘Yangtze Economic Belt’ 
(Table 3). Here, we assess the polycentricity among prefecture-level 
cities in these regions based on their connectivity in the producer ser-
vice networks, by drawing on the data presented in Zhang and Derudder 
(2019). In this example, urban systems within Chinese city-regions, in 
general, have fewer (and vastly larger) centers and are comparatively 
more hierarchical than in the Polish case. Table 3 suggests that: 

• Overall speaking, the performance of standard deviation based in-
dicators seems to be more consistent with other indicators in the 
Chinese context. For example, the correlation between polycentricity 
measured by (a) and (c) is 0.847. The Pearson correlation between 
(c) and 1-(f) is strong at 0.902;  

• This association persists even when N is accounted for: the Pearson 
correlation between (a) and (d) is 0.965, while the correlation be-
tween (a) and (e) is 0.977. Still, the Pearson correlation between (d) 
and 1-(f) is at 0.971, and the correlation coefficient between (e) and 
1-(f) is 0.973;  

• Furthermore, Wang (2020) has shown that indicators based on 
standard deviation and rank-size regressions are highly correlated 
and can serve as a robustness check for each other in analyzing 
Chinese prefecture-level cities where most cities would have fewer 
centers and relatively a more hierarchical urban system. Still, the 
correlation between standard deviation and rank-size indicators for 

the 183 prefecture-level cities with at least two population centers, as 
reported in Liu and Wang (2016), is 0.864. 

A final comment concerns setting universal in-between critical 
values (e.g., 0.25, 0.50, and 0.75, as in Bartosiewicz and Marcińczak 
(2020)) for the categorization of (absolute) high and low levels of pol-
ycentricity. First, having a series of evenly spaced cut-off values may 
imply theoretically evenly distributed values for indicators ranging be-
tween 0 and 1. This may, however, not necessarily be the case. In this 
regard, the Gini coefficient may be a good example. It ranges between 
0 and 1, but does not have 0.5 as the ‘mid-point’ and often has observed 
empirical values below 0.5 when measuring income (in)equality. 
Alternatively, as explained by Teng et al. (2011, p. 135), “according to 
the United Nation’s definition, Gini index <0.2 represents perfect in-
come equality, 0.2–0.3 relative equality, 0.3–0.4 adequate equality, 
0.4–0.5 big income gap, and above 0.5 represents a severe income gap”. 
Second, following this logic, the cut-off points for indicators may need to 
be determined heuristically or empirically from the dataset, such as the 
use of averages and medians in Liu et al. (2016). Similarly, in Barto-
siewicz and Marcińczak (2020), the cut-off points for rank-size based 
measures are determined empirically from the dataset instead of using 
any pre-defined critical values within (− ∞, 0). For example, if median 
values are used to categorize indicators reported in Table 1, (a) and (d) 
indicators would point to the same categories (i.e., higher versus lower 
levels of polycentricity) in all 59 Polish urban regions and (a) and (e) 
would arrive at the same categories in 45 out of 59 cases. Lastly, the 
theoretical implications of absolute cut-offs may need further consid-
eration. As in the example of primacy-based indicators, while 0.50 has 
an explicit meaning, the largest unit has half of the morphological/ 
functional ‘importance’ of the urban system, whether and to what extent 
the urban system is polycentric requires further investigation (e.g., N 
and balance). Such interpretation may be even less straightforward for 
composite indicators (e.g., Green (2007); Sun and Lv (2020)). 

The examples laid out in Tables 1–3 zoom in on the example of 
morphological polycentricity, but we are confident that, mutatis mu-
tandis, these hold for functional polycentricity. Overall, then, we find a 
much better alignment between different polycentricity measures than 
reported in Bartosiewicz and Marcińczak (2020), which leads us to the 
following suggestions for future comparative analyses of PUD:  

• The conceptualization of ‘polycentricity’, the design of indicators (in 
particular, the treatment of N and its impact on (im)balance), and 
empirical/geographical contexts matter. For example, the use of four 
centers in Burger and Meijers (2012) and Meijers and Burger (2010) 
is based on a theoretically sound understanding of urban patterns in 
North-Western Europe and North America, respectively. Still, the 
density factor in Green’s (2007) functional polycentricity entails 

Table 2 
Correlation between morphological polycentricity indicators.   

Burger 
and 
Meijers 
(2012; N 
= 2/3/4) 

Slope 
(all N) 

Green 
(2007; 
all N) 

Green 
(2007; 
N = 2/ 
3/4) 

Green (2007; 
all N with 
alternative 
adjust) 

Primacy 
(all N) 

(a) (b) (c) (d) (e) (f) 

(a)  1.000      
(b)  0.231  1.000     
(c)  − 0.403  0.540  1.000    
(d)  0.954  0.211  − 0.474  1.000   
(e)  0.754  0.728  0.206  0.657  1.000  
(f)  − 0.834  − 0.613  − 0.097  − 0.758  − 0.974 1.000  

Table 3 
Morphological polycentricity for selected Chinese city-regions.  

City-region Number of prefecture- 
level cities (N) 

Burger and Meijers 
(2012; N = 2/3/4) 

Slope (all 
N) 

Green (2007; 
all N) 

Green (2007; N 
= 2/3/4) 

Green (2007; all N with 
alternative adjust) 

Primacy (all 
N) 

(a) (b) (c) (d) (e) (f) 

Yangtze River Delta  26  − 0.281  − 1.048  0.513  0.698  0.795  0.162 
Central Anhui  11  − 1.361  − 1.394  0.455  0.217  0.446  0.584 
Northern Jiangxi  5  − 1.454  − 2.439  0.262  0.199  0.317  0.740 
Eastern Hubei 

(Wuhan)  6  − 1.671  − 1.411  0.301  0.176  0.306  0.741 
Eastern Hunan 

(Changsha)  3  − 1.328  − 1.136  0.231  0.210  0.404  0.731 
Chengdu- 

Chongqing  15  − 0.907  − 1.576  0.404  0.408  0.480  0.435 
Central Guizhou  3  − 1.920  − 2.046  0.135  0.137  0.218  0.852 
Central Yunnan  3  − 1.882  − 1.786  0.138  0.126  0.221  0.852 

Notes: Due to the service value of Jingdezhen of northern Jiangxi being zero, a sufficiently small value of 0.001 is used to replace zero when calculating the Burger and 
Meijers’ (2012) indicator. (a) and (e) for the Eastern Hunan, Central Guizhou, and Central Yunnan city-regions are calculated using the top three cities. 
Data are obtained from Zhang and Derudder (2019). 
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assumptions regarding the theoretical maximum levels of connec-
tivity that individual city-regions may achieve and may vary across 
different types of connections;  

• It is useful to provide multiple indicators to see whether they point to 
similar patterns and/or need adjustments (e.g., Li et al., 2019; Liu & 
Wang, 2016). It may also be useful to present results with different 
empirical choices regarding N and the (im)balance across centers, as 
shown in Zhang and Derudder (2019) and Zhang, Sun, Li, Dan, and 
Wang (2019). This is in line with Bartosiewicz and Marcińczak’s 
(2020, p. 10) call that the “choice of indicators should be based on a 
careful comparison of potential indices”. Put differently, as implied 
in various examples above, any single indicator may have its own 
strengths, weaknesses, and caveats;  

• For example, Green’s indicators have been applied in many Asian 
contexts (e.g., Korea as in Kim, Lee, and Kim (2018), Indonesia as in 
Sadewo, Syabri, Antipova, Pradono, and Hudalah (2020), the 
Yangtze and Pearl River Deltas in China as in Zhao, Derudder, and 
Huang (2017)). In this regard, one caveat of Green’s (2007) indica-
tor, as implied in Bartosiewicz and Marcińczak’s (2020), may be that 
it is more applicable in ‘normal’ hierarchical contexts (e.g., power- 
law patterns as in Angel (2012) or, in Green’s (2007) terms, when 
urban regions/cities with a few large centers that ‘stand out’). 
Therefore, for the use of indicators in different contexts/dimensions 
as well as in more extreme theoretical settings, researchers may wish 
to pay more attention to the selection of centers under different 
contexts as well as consider alternative adjustments (e.g., adjust-
ments such as (d) and (e) shown above). This is especially the case 
when non-composite indicators (e.g., Meijers and Burger (2010)) and 
composite indicators (e.g., Green (2007); Sun and Lv (2020)) are 
compared side by side;  

• Caution is needed when setting theoretical/absolute in-between 
critical values of polycentricity indicators for categorizing high and 
low levels of polycentricity. In practice, those critical values can be 
determined heuristically/empirically (e.g., the use of averages to 
determine cut-offs for Burger and Meijers’ (2012) indicator in Bar-
tosiewicz and Marcińczak (2020) as well as for Green’s (2007) in-
dicator in Liu et al. (2016)). While heuristic thresholds have been 
widely used to measure the (im)balance across individuals in so-
cioeconomic inequality studies (see, for example, Cobham et al., 
2013), such methods can be applied to measure that across urban 
centers by the same token;  

• It is imperative to thoroughly reflect on what constitutes a center in 
light of the research question at hand. Center definition should 
reflect the conceptual focus on PUD rather than related but possibly 
different processes such as suburbanization. 
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