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Factors affecting commuting patterns

Commuting patterns depend on hard and soft factors (Lin
et al. 2015)

e Hard factors:
e urban form
e urban structure

e Soft factors:
e residential environment
e individual/household characteristics




Factors affecting commuting patterns

Urban structure:

e Restructuring urban regions in the late 20th c. — from
monocentric to polycentric (multinodal) urban systems

e Multinodal systems may reduce the length and duration
of worker’s commute (Gordon et al. 1991; Zhao et al.
2011)

e But not all studies confirm this hypothesis (Cervero and
Wu 1998; Schwanen et al. 2003; Veneri 2010)




Factors affecting commuting patterns

Urban form:

e Population/employment density is the most common
indicator

e High employment/population density generally reduces
commuting distance/time (Ewing and Cervero 2001,
2010)

e Low density generally leads to poor access to public
transport network (Muniz and Lopez 2019) and, thus, to
car commuting (Guerra et al. 2018)




Factors affecting commuting patterns

Individual/household characteristics and residential
environment:

e History, institutional and cultural factors, and economic-
related characteristics of a city/region matter

e Socio-demographic factors - age, income, education,
gender and household type (household related
responsibilities), employment status, and individual
preferences - may be more significant than the factors of
urban spatial patterns (Hanson 1982)




Setting the scence

Urban structure after socialism:

e Under-urbanization under socialism — a substantial
increase in the number of commuters from rural to
urban areas (Szelenyi 1996)

e Deconcentration has been the main trend in urban and
regional dynamics after 1990 (Stanilov and Sykora 2014)

e Polycentric urban development is not the only trend in
the evolution of urban regions (Bartosiewicz and
Marcinczak 2022).




Setting the scence
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Setting the scence
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Aims, data and research design

Aims:

e toinvestigate the impact of urban form and spatial
structure on the direct CO2 emission from car
commuting in Poland

e to explore the relationship between individual worker
characteristics and CO2 emission

Data:
e Travel Behaviour Sruvey (2015) (10042 cases)
e (Central Statistical Office (CSO) (2015)




Aims, data and research design

Research desgin:

e Robust estimates require controlling for the problem
of self-selection (the place of residence or transport
mode) (Cao et al. 2009, Schwanen et al. 2002)

e We estimate separate models for urban and rural
areas

e We control for endogeneity in models predicting CO2
emission from car commuting




Aims, data and research design

Methods:

e The annual equivalent CO2 emission of car trips made
by the individual j is:

e (CO2eq; = EqP, * Dtw; * Nowt,

EqgP, — emission of equivalency factor per the type of fuel (z) per
passenger and per kilometer (grams of CO2eq km-passenger)

Dtw; — distance of a round work trip made by commuter i
Nowt, — number of trips per year made by commuter j




Aims, data and research design

Methods:

e Linear models (OLS)
e Sample selection models (the Heckman model)

e Robusr sample selection model (Zhelonkin et al. 2016)




Results: urban areas

Selection equation (dependent variable: commuting by car)

Probit

Robust SSM

constant

-1.3160™

-1.2524™*

Age

0.04269"

0.0455*

Age?

-0.0005™*

-0.0005™*

Sex (ref: female)

0.5817**

0,6024***

Private car ownership (ref: no car)

1.2910™

1.2827*

Chiild(ren) in household (ref: no children)

0.1525"*

0.1434**

Education level (ref: higher education)

Secondary education

0.2351™

\ocational education

04291

Primary education

0.2785™*

Employment type (ref. seff~employed)

-06250™*

Population density in municipality

-0.0001™*

Density of main roads in municipality

Accessability index (municipality)

Circularity index of urban region

1.4550™

1.3972™

Gini index (employment in urban region)

-1.3790™*

-1.3396™*

Rank-size indicator (employment in urban region)

Logarithm of area (urban region)

0.1278**

0.1264




Results: urban areas

Outcome equation (dependent variable: logCO2em)

ML Robust SSM

constant

11.99™

11.73™*

0.0144

0.0203*

-0.0002*

-0.0003*

Sex (ref: female)

0.3319"*

0.3549"*

Education level (ref: higher education)

Secondary education

0.1313™*

0.1275™

\ocational education

-0.0967*

-0.1082*

Primary education

-0.1081*

Population density in municipality

-0.0001™*

-0.0001™*

Density of main roads in municipality

-0.0599™*

-0.0698™*

Accessability index (municipality)

Circularity index of urban region

Gini index (employment in urban region)

1.1870"

Rank-size indicator (employment in urban region)

0.0814*

Logarithm of area (urban region)

IMR

Rho

RZ




Results: rural areas

Selection equation (dependent variable: commuting by car)

Probit

Robust SSM

constant

0.8214

0.7189

Age

Age?

Sex (ref: female)

Private car ownership (ref: no car)

Chiild(ren) in household (ref: no children)

Education level (ref: higher education)

Secondary education

0.6237*

-0.8000™*

\ocational education

-0.8364™*

-1.0185™*

Primary education

0.7475™*

-0.8872*

Employment type (ref. seff~employed)

Population density in municipality

0.0011*

Density of main roads in municipality

-0.5553™*

Accessability index (municipality)

Circularity index of urban region

Gini index (employment in urban region)

Rank-size indicator (employment in urban region)

Logarithm of area (urban region)




Results: rural areas

Outcome equation (dependent variable: logCO2em)

Robust SSM

constant 13.55"*

Sex (ref: female)

Education level (ref: higher education)

Secondary education

\ocational education

Primary education

Population density in municipality

Density of main roads in municipality

Accessability index (municipality)

Circularity index of urban region

Gini index (employment in urban region)

Rank-size indicator (employment in urban region)

Logarithm of area (urban region) 0.1688™* 0.1705*

IMR 04109* 04243

Rho

RZ




Conclusions

Urban systems (intra-urban structure) and individual
characteristics significantly affect commuting patterns
in Poland

CO2 emissions are lower in polycentric regions

Higher concentration of employment brings about
higher emissions

Higher density indeed appears to reduce CO2
emissions from car commuting




Conclusions

Demographic characteristics and socioeconomic status
are important explanatory factors; however, urban
strucuture and form appear to have a stronger effect
on CO2 emissions

Not surprisingly, residents of rural areas rely more on
the car

Controlling for sample selection is important
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