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Informing low-carbon urban planning globally

Problem

● General planning concepts such as compact or transit-oriented development are 
recommended by the IPCC

● A place-specific understanding of how this translates to the local context is lacking

Goal

● Develop a methodology that identifies optimal locations for low-carbon 
housing development while accounting for the local context

● Evaluate which urban planning strategy works best in which context

Motivation



Low-carbon urban planning
Research questions

(1) Where to locate new housing to 
minimize travel-related CO2 
emissions of future residents?

(2a) How do cities differ in this regard?

(2b) Can an urban typology help guide cities 
on where to locate new housing?

Oke, 2019Nachtigall, 2023



Methods
I. Data & preprocessing    II. Feature engineering    III. Causal inference



From travel surveys to a typology for low-carbon urban planning

1. Inventorying induced CO2 emissions: For each neighborhood, determine 
influence of the built environment on travel-related CO2 emissions of residents

2. Scenario analysis: Which residential planning strategy minimizes CO2 emissions?

3. City comparison: How do optimal strategies and spatial patterns of induced CO2 
emissions differ?

4. Urban typology: Identify clusters of cities with common decarbonization pathways

Methods

current status



How to determine travel-related CO2 emissions of future residents?

1.1. Surveyed travel behavior

Calculate household travel-related CO2 emissions 
from travel diaries based on mode-specific emission factors

1.2. Household travel-related CO2 emissions 

Relate travel behavior to built environment characteristics of the neighborhood
and determine how it facilitates travel-related CO2 emissions on average

1.3. Neighborhood average of travel-related CO2 emissions

Control for residential self-selection 
via socio-demographics & travel-related attitudes

1.4. Debiased neighborhood average of travel-related CO2 emissions

Methods

1. Inventorying induced CO2 emissions



How to determine travel-related CO2 emissions of future residents?
Methods

Figure 1. Average effect of built environment on 
travel-related CO2 emissions for each 

neighborhood in Berlin
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DML model
Learning the 

relationship between 
BE, RSS & TB

Estimating the 
debiased effect 

SrV travel survey



Results
I. Berlin case study    II. Scaling across Europe    III. Identifying patterns across cities



12

Berlin case study: Evaluating planned housing projects
Results

Figure 2. Induced travel-related CO2 emissions from 
planned residential projects compared to the urban average.

Housing project A

Housing project B

…

Area with lowest induced travel-related CO2 emissions
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Berlin case study: Evaluating planned housing projects
Results

Figure 3: Decomposition of the built environment 
effect for each planned settlement

Figure 2. Induced travel-related CO2 emissions from 
planned residential projects compared to the urban average.
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Berlin case study: Evaluating alternative planning strategies
Results

Figure 4: Comparison of different residential planning strategies.Figure 2. Induced travel-related CO2 emissions from 
planned residential projects compared to the urban average.



● Analyzing 19 European cities 
from Berrill et al., 2024

16Figure 6. Overview of analyzed cities.

Scaling to other European cities
Results
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How do cities differ in how their built environments affect travel?
Results

Figure 7. Impact of the neighborhood built environment on travel-related CO2 emissions across cities.



Figure 9: CO2 savings from compact 
development within 5 km radius of most 
sustainable neighborhood.
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Emissions savings from compact development
Results
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Spatially differentiated compact development
Results

Figure 10. Boxplot of variance in 
neighborhood travel-related CO2 
emissions due to the built environment. 
The gray line indicates the average 
household emissions in the city.



High potential means:

➢ Large built environment effect
➢ Large decarbonization potential through 

the choice of housing locations

Figure 11: Clustering of cities according 
to their average travel-related CO2 
emissions and the degree of impact of 
the built environment on these 
emissions.

City type
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Spatially differentiated compact development
Results

High-emission, high-potential cities

Medium-emission, high-potential cities

Medium-emission, medium-potential cities

Medium-emission, low-potential cities

Low-emission, medium-potential cities



Discussion
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Low-carbon urban planning for: 
Discussion

Medium-emission, 
high-potential 

cities

Medium-emission, 
low-potential

cities

High-emission, 
high-potential 

cities



Take-aways

28

Discussion
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Using travel surveys, each neighborhood’s impact on travel-related CO2 emissions can be determined, enabling:
1. Evaluation of locations for housing projects & spatially differentiated compact development

Applying the approach across multiple cities allows for:
2. Identifying cities with urgent need and large urban planning leverage to decarbonize transport
3. Identifying shared spatial patterns, deriving an urban typology for low-carbon residential planning

3

[outlook]
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Feature engineering: Built environment & travel preferences
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Methods



Stage 1 (nuisance models): XGBoost 

Methods

Controlling for residential self-selection using Double Machine Learning
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Identify treatment level Define treatment as the difference to the average built environment

Stage 1: Debiasing / estimation of nuisance parameters
■ Predicting outcome from controls -> outcome residuals
■ Predicting treatment from controls -> treatment residuals

Stage 1: Debiasing / estimation of nuisance parameters
■ Predict CO2 emissions from travel preferences
■ Predict built environment (choice) from travel preferences

Stage 2: Estimation of heterogeneous treatment effect
■ Predicting outcome residuals from treatment residuals and controls

Stage 2: Estimation of heterogeneous treatment effect
■ Predict residual CO2 emissions from built environment residual

Travel behavior
outcome residuals

Travel preferences

Built environment
treatment residuals

Stage 2 (final model): Causal Forest
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Berlin case study: Evaluating planned housing projects
Results

Figure 2. Induced travel-related CO2 emissions compared to the urban average.



15Figure 5: Prospective modeling of urban planning scenarios in terms of their impact on travel-related CO2 emissions. 

Berlin case study: Modeling of increased density & transit accessibility
Results

Densification of centerImproved accessibility to transit
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Low- and high-emission neighborhoods
Results

Figure 8. Classification of neighborhoods according to their absolute travel-related CO2 emission levels.



Figure 12: Difference between city clusters in terms of their average travel-related CO2 emissions and the 25th percentile, 
75th percentile, and standard deviation (std) of the neighborhood built environment effect on emissions. 22

Spatially differentiated compact development
Results



● High per capita travel-related CO2 emissions
➢ Urgent need for decarbonization of urban transport

● Large impact of built environment on travel-related CO2 emissions
➢ High potential for targeted compact development
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Low-carbon urban planning for: High-emission, high-potential cities
Discussion



Low-carbon urban planning for: Medium-emission, high-potential cities

● Large impact of built environment on travel-related CO2 emissions
➢ High potential for targeted compact development
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Discussion



Low-carbon urban planning for: Medium-emission, low-potential cities
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● Impact of the built environment on travel-related CO2 emissions differs only marginally within the city
➢ Absolute emissions are similar between neighborhoods
➢ Lower mitigation potential through targeted residential planning

Discussion


