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Introduction

Scholarly debates on polycentric urban regions：
• have moved beyond methodological discussions of operationalization and measurement 
• to explaining urban spatial structure and discussing the outcomes of spatial patterns.

Empirical studies
• European Spatial Development Perspective (1999): more competitive and balanced territorial 

development. 
• Economic productivity, regional disparities, accessibility to urban amenities (functions), air

quality (Ouwehand, 2022; Meijers and Sandberg, 2008; Sun et al., 2017; Han et al., 2018)
• Multiple countries—the United States, China, OECD (Brezzi and Veneri, 2015), Spain 

(Garcia-Lopez and Muñiz, 2010), Italy (Veneri, 2010) 



Research Objective

Polycentricity as an integral policy tool to realize economic competitiveness and social cohesion (ESDP, 
1999; BMVBS, 2006; EU Ministers, 2020) 

• Gap 1: a lack of empirical evidence linking multiple goals of PUR.
• these goals are often interpreted as incompatible (Davoudi, 2003; Burgalassi, 2012)

• Gap 2: the mechanism to achieve this “win-win” scenario is ambiguous. 
• Gap 3: no empirical justification regarding polycentricity in Germany—one of the most 

polycentric country in the EU.

In response to the integral benefits of polycentricity: 

• Whether polycentric development results in greater economic growth and fewer regional 
inequalities? 

• The reasons and mechanisms for the finding—borrowing size and agglomeration shadow 
effects.



Theoretical and policy debates

PURs and economic productivity:

• City-scale evidence:
• monocentric (AMM) model vs. polycentric model; 
• agglomeration economies vs. agglomeration diseconomies

• megacity regions, polycentric metropolis (Hall and Pain, 2006; Parr, 2008)
• Randstad of Netherland, Ruhr of Germany, Yangtze River Delta of China
• economic benefits can scale up to regions (Phelps, 2004, Parr, 2008)

• alternative explanation for agglomeration benefits
• “regional externalities” and “urban network externalities” (Parr, 2004; Capello, 2000)
• PURs are better suited to realize regional network and the associated benefits.

PURs and regional disparities:
• Spillover effects—economic benefits -> large cities -> small cities -> peripheral and rural areas (CEC, 

2004, ESDP, 1999, EU, 2011) 
• Achieve via regional urban network and cooperation.
• Mixed results in empirical studies. 



Borrowed size: linking inequalities and economic productivity 

• Borrowed size (Alonso, 1964): smaller cities achieve better economic performance by 
leveraging network spillovers

• Agglomeration shadows: the negative side of network externalities.
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Study regions and datasets

German urban regions (Großstadtregionen)
• one or multiple urban cores with a population 

greater than 100,000
•  hinterlands with strong commuting 

relationships with the cores.
• good representation of the regional labor market 

and the functional urbanized area.
• 45 regions

Datasets
• Economic data: INKAR data platform (BBSR)
• Commuting flow: the Federal Employment Agency
• Historical variables for IVs: 

• (1) topography: SRTM DEM product
• (2) historical population: Roesel (2022)



Method—measuring polycentricity

𝜎𝑓: std.dev of commuting flows among municipalities 

𝜎𝑓,max: std.dev of benchmark monocentric region; 

Δ: density of the network

Functional polycentricity: 

Morphological polycentricity: 

Rank-size distribution: 

𝜎𝑛: std.dev of employment distribution among municipalities 

Size: employment of a municipality,
Rank: the rank of employment within an urban region

Higher level of functional polycentricity

Higher level of morphological polycentricity



Empirical strategy (Regional-scale models)

1. Economic inequalities and polycentricity: 

2. Economic performance and polycentricity: 

• 𝐺𝑖𝑛𝑖𝑖  is the Gini coefficient for urban region 𝑖.
• 𝑃𝑜𝑙𝑦𝑖: the degree of polycentricity
• Control variables: GDP per capita, total population, unemployment rate, fiscal equalization funds, regional

dummies.  

• 𝐺𝐷𝑃𝑝𝑐𝑖: GDP per capita for urban region 𝑖.
• 𝑃𝑜𝑙𝑦𝑖: the degree of polycentricity
• Control variables: per capita physical investment expenditure , the share of employees with a college degree, 

and population, regional dummies.  



Empirical strategy (District-level model)

• 𝑈𝑟𝑏𝑎𝑛𝐶𝑜𝑟𝑒𝑑: whether a district 𝑑 is an urban core or a periphery within an urban region. 
• 𝑃𝑜𝑙𝑦𝑑: the degree of regional polycentricity.
• 𝑃𝑜𝑙𝑦𝑑  ∗ 𝑈𝑟𝑏𝑎𝑛𝐶𝑜𝑟𝑒𝑑: determine who benefits from polycentricity (core? Peripheries? or both?)

Whether districts embedded in polycentric urban regions are able to borrow size from each other?
• A “win-win” scenario? Spillovers are shared by both urban core(s) and peripheries
• A “win-lose” scenario? Favor one at the expense of the other?  



Empirical strategy - 2SLS

• Reverse causation: polycentricity—both a cause and consequence of regional socio-economic realities (Meijers 
and Burger, 2010; Wang et al., 2019)

• Instrumental variables (IV): 
• historical degree of polycentricity for urban regions in 1871
• natural topography

Historical IV: 
Germany Population in 1871 at the district level IV of natural condition: topography of Germany 

First-stage: 𝑃𝑜𝑙𝑦𝑖 = 𝛿𝑃𝑜𝑙𝑦1871 + 𝜆𝑇𝑜𝑝𝑜𝑖 + 𝛾𝒙𝒊𝒕 + 𝛼𝑖 + 𝜂𝑖 

Second-stage: 𝑦𝑖= 𝛽 + 𝑃𝑜𝑙𝑦𝑖 + 𝛾𝒙𝒊𝒕 +  𝛼𝑖 + 𝜖𝑖



Result: relationship between different measures of polycentricity 
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Result: mechanism analysis at the district level
Model (4): a 100% increase in polycentricity in 2017 can contribute to a 10.55% increase in economic productivity for 
peripheries, also a decrease of 5.4% (10.55% minus 15.92%) for urban cores.
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Result: robustness check—mechanism analysis at the district level



Conclusion and policy implication

• Functional polycentricity displays a good fit with the morphological ones, and the different 
measures produce consistent results.

Achieving the integral goal of polycentricity? 
• polycentric development can effectively reduce regional disparities
• polycentric development cannot simultaneously improve regional economic productivity.

Reasons and Mechanism? 
• a “win-loss” game between peripheries and urban core(s) within the same urban region.

• Peripheries develop at the expense of urban core(s) -> more equitable regions.
• the losses of urban cores cancel out the gains of the peripheries
• the borrowed size effect yields similar overall economic outcomes to the agglomeration 

shadow effect

Not a panacea to address various regional issues simultaneously.
• monocentric regions may consider polycentricism as an effective way of reducing regional 

economic disparities and to facilitate peripheries.



Questions and Comments 

Thank you!
Contact info: 

Wenzheng Li (wl563@cornell.edu)

Stephan Schmidt (sjs96@cornell.edu)

Li, Wenzheng, Stephan Schmidt, and Stefan Siedentop. "Can polycentric urban development simultaneously 
achieve both economic growth and regional equity? A multi-scale analysis of German regions." Environment 
and Planning A: Economy and Space (2023): 0308518X231191943.

mailto:wl563@cornell.edu
mailto:sjs96@cornell.edu


Introduction

Scholarly debates on polycentric urban regions：
• have moved beyond methodological discussions of operationalization and measurement 
• to explaining urban spatial structure and discussing the outcomes of spatial patterns.

Existing studies:
• Measures of polycentricity

• Center identification: Giuliano and Small (1991), McMillen (2001)
• Morphological and functional terms (Green, 2007; Meijers and Burger, 2010; Zhang and Derudder, 2019)

• Empirical studies
• Evidence of polycentricity: Arribas-Bei and Sanz-Gracia (2014), Li and Derudder (2022); Lee (2007)
• Benefits Justification: 

• Economic productivity, regional disparities, air quality (Ouwehand, 2022; Meijers and Sandberg, 
2008; Sun et al., 2017; Han et al., 2018)

• Multiple countries—the United States, China, OECD (Brezzi and Veneri, 2015), Spain (Garcia-Lopez 
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