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Research objectives: 
• To examine the supposed environmental impacts— the relationship between polycentricity and ambient air 

quality in German metropolitan regions.
• To Investigate the mechanisms leading to our findings—the differences in region size, density, and commuting 

patterns between monocentric and polycentric regions, and their impacts on air quality. 
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Can Polycentricity reconciles this dilemma (dichotomy)?
• integrate the features of both compact and decentralized developments
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Proponents’ view:
• Density: 

✓ lower density than monocentric setting → lowering pollutant 
concentration levels;

✓ higher density than sprawling setting → mitigating pollution from 
energy emissions and traffic associated with urban sprawl. 

• Commuting pattern: 
✓ fostering co-location of residences and workplaces

Opponents’ view—Polycentrism may
✓ simultaneously contribute to urban sprawl and the associated negative 

externalities.
✓ lead to substantial inter-municipality commuting trips due to intensive functional 

links.
✓ fail to create walkable built environment or reach the sufficient scale necessary 

for public transit services.



Data and Methods—Study 
regions and datasets

German urban regions (Großstadtregionen)
• Urban core(s)—regional center city; population>100,000
• Hinterlands—strong commuting relationships with cores
• 50 regions

Datasets
• Satellite-derived PM2.5 (van Donkelaar et al. 2021)
• Socio-economic datasets: INKAR data platform (BBSR)
• Commuting flow: the Federal Employment Agency

3. Data and Method 



𝜎𝑓: std.dev of commuting flows among municipalities 

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

Δ: density of the network

3. Functional polycentricity: 

1. Morphological polycentricity: 

2. 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 morphological polycentricity

Data and Methods—
Measures of polycentricity

3. Data and Method 

Higher level of functional polycentricity
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Data and Methods—Empirical Strategy

PM2.5 (annual average pop-weighted)

Regional Polycentricity

Regional scale 

• Green (2007) index
• Rank-size distribution 

PM2.5 (annual average)

Intra-Regional 
(district) scale  

Mechanism I—region size 

3. Data and Method 

Baseline result

Baseline result—core or peripheries

Mechanism II—inter-municipal commuting ratio

PM2.5 (annual average)

PM2.5 (annual average)

𝑃𝑀25𝑟 = 𝛼0 + 𝛼1𝑃𝑜𝑙𝑦𝑟 + 𝑿𝒓𝛽 + 𝜇𝑟 + 𝜖𝑟

𝑃𝑀25𝑑 = 𝛼0 + 𝛼1𝑃𝑜𝑙𝑦𝑟 + 𝑿𝒅 𝛽 + 𝜇𝑑 + 𝜈𝑠 + 𝜖𝑑
(for urban cores and peripheries)

𝑃𝑀25𝑑 = 𝛼0 + 𝛼1𝑃𝑜𝑙𝑦𝑟 ∗ 𝑅𝑒𝑔𝑖𝑜𝑛𝑆𝑖𝑧𝑒 + 𝑿𝒅 𝛽 + 𝜇𝑑 + 𝜈𝑠 + 𝜖𝑑

𝑃𝑀25𝑑 = 𝛼0 + 𝛼1𝑃𝑜𝑙𝑦𝑟 ∗ 𝐶𝑜𝑚𝑚𝑢𝑡𝑒 + 𝑿𝒅 𝛽 + 𝜇𝑑 + 𝜈𝑠 + 𝜖𝑑
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4. Analysis and Results 

Regional-scale: 

• higher degree of polycentricity does not 
contribute to reduced air pollution across regions

Intra-regional scale—being situated in a more 
polycentric context:

• For urban cores (Model 2), polycentricity worsens 
air quality

• For peripheries (Model 3): polycentricity does not 
impact air quality

(2) (3)



Analysis—baseline results extension (1998-2019) and Robustness

4. Analysis and Results 

Solid circles represent statistically significant results, whole hollow circles indicate results are not 
statistically significant.

regional scale analysis Intra-regional scale analysis

All Districts Urban Cores PeripheriesAll Districts



Mechanism analysis I – population density and region size

4. Analysis and Results 

Conclusion: 

• Urban cores in large- and medium-
sized polycentric regions 
experience higher air pollution 

• Peripheries in large polycentric 
regions experience higher air 
pollution. 

(1) (2)

• Air pollution generated by 
polycentricity is amplified in 
large cities
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and polycentric regions by region size 

• no significant differences in density
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4. Analysis and Results 

Urban core(s)b

b: Comparison of Density in Urban Cores across monocentric 
and polycentric regions by region size 

• no significant differences in density

c Peripheries

c: Comparison of Density in Peripheries across monocentric 
and polycentric regions in terms of region sizes 

• In large regions, spillovers from urban core(s) trickle 
down to peripheries
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Mechanism analysis II – commuting patterns

4. Analysis and Results 

Model (1): a higher proportion of 
inter-municipal trips contributes to 
increased local pollution   

Model (2)—moderating effect: the 
influence of commute  on air pollution 
increases as regions transition from 
monocentric to polycentric. 

Model (3): the moderating effect is 
greater for urban core(s) than for 
peripheral districts in a polycentric 
region.  

Model (4): the moderating effect is 
greater for medium- and large-sized 
regions than for small regions. 
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5. Conclusion and Policy Discussion 

Findings: 
• Regional-scale analysis—polycentrism has no significant effects in reducing air pollution.
• Intra-regional analysis—positioning in a more polycentric region 

• urban cores ↑ pollution level; peripheral districts ✘no effects…
• larger PURs ↑ pollution level.

Explanation: 
• Population density—spillovers from urban cores benefit nearby peripheries, leading to higher density and, 

consequently, higher air pollution concentration. This effect is only significant in large regions.

• Inter-municipal commuting ratio—transitioning to a polycentric structure amplifies the effect of commute on air 
pollution. This effect is more pronounced in larger regions.

Conclusion: 
• A PUR is not efficient and sustainable to accommodate larger and high-density urban development.
• A PUR generates more traffic related air pollution.

• Co-location of residence and workplace? No! 
• A PUR stimulates longer distance and higher level of congestion contribute by the intensive functional links 

among multiple centers within the same region.
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• The presence of multiple centers of equivalent size 
• a relatively lower population density—undermines the establishment of public transit system. 
• in turn, leads to increased reliance on private vehicles.
• polycentric development exacerbates the job-housing imbalance

• We do not recommend German regions to pursue polycentrism based on its performance in mitigating 
pollution.

• A polycentric pattern is not a one-size-fit-all solution to resolve all spatial and regional issues
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Questions and Comments 

Thank you!
Contact info: 

Wenzheng Li (wl563@cornell.edu)

mailto:wl563@cornell.edu


a

Mechanism analysis I – population density and region size

4. Analysis and Results 

a: Comparison of density across monocentric and polycentric regions

• Urban core(s): no significant differences
• Peripheries: density of peripheries in PURs> density of peripheries in MURs
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