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How to quantify walkability?

GIS-basierte Analyse von fußgängerfreundlichen Strukturen 
anhand von ausgewählten Untersuchungsgebieten in Berlin

Verteidigung der Studienarbeit am 19.03.2018 | Johannes Weber
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Elements of Walkability
(by Fitzsimons D‘Arcy 2013)

GIS-basierte Analyse von fußgängerfreundlichen Strukturen 
anhand von ausgewählten Untersuchungsgebieten in Berlin

Verteidigung der Studienarbeit am 19.03.2018 | Johannes Weber
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Neighborhood (objective) Streetscape (individually perceived)

 Density

 Connectivity and Permeability

 Land Use

 Sense of Place

 Safety

 Comfort

 Interest

 Legibility, Wayfinding and Feasibility
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Study Areas
Part of the Living Environment Area (LEA) Hierarchy

GIS-basierte Analyse von fußgängerfreundlichen Strukturen 
anhand von ausgewählten Untersuchungsgebieten in Berlin

Verteidigung der Studienarbeit am 19.03.2018 | Johannes Weber

Wittenau – Märkisches Viertel
Total Area: 1.379 ha

Schöneberg – Wilmersdorf
Total Area: 1.261 ha

Demarcation by:

 Uniform building and social structures

 Arterial roads and natural barriers

 Population

 Block margins
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Study Areas
Building Patterns

GIS-basierte Analyse von fußgängerfreundlichen Strukturen 
anhand von ausgewählten Untersuchungsgebieten in Berlin

Verteidigung der Studienarbeit am 19.03.2018 | Johannes Weber

Schöneberg - Wilmersdorf Wittenau – Märkisches Viertel
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Study Areas
Function Levels (Directives for Integrated Network Design)

GIS-basierte Analyse von fußgängerfreundlichen Strukturen 
anhand von ausgewählten Untersuchungsgebieten in Berlin

Verteidigung der Studienarbeit am 19.03.2018 | Johannes Weber

Schöneberg - Wilmersdorf Wittenau – Märkisches Viertel

I – Large scale III – Regional V – Small scale / Not categorized

II – National IV – Local connectors
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GIS-Based Analysis Approach
Measurement and Scale

Walkability
Measurement

Direct Method Indirect Method

Objective Measurement
Direct field

observations

Evaluation of secondary data
using geographic informational

system (GIS) techniques

Subjective Measurement
Interviews or

surveys

Evaluation of built environment
attributes related to perceptual

response

Measurement of Walkability Scales

Macro Scale

Citywide Studies

Meso Scale

Neighborhood Studies

Micro Scale

Streetscale Studiesbased on Ewing et al. 2006; Rafiemanzelat et al. 2017

based on Fitzsimons D‘Arcy 2013; King et al. 2002
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Comparative Measurements
Selected Indicators

GIS-basierte Analyse von fußgängerfreundlichen Strukturen 
anhand von ausgewählten Untersuchungsgebieten in Berlin

Verteidigung der Studienarbeit am 19.03.2018 | Johannes Weber

Measurement Indicator References Data Sources

Density Gross Population Density Forsyth et al. 2007
Einwohnerdichte 2016
AfS (Statistical Office of Berlin-Brandenburg)

Connectivity

City Block Structure
Census Block Density Frank et al. 2000

Statistische Blöcke
AfS (Statistical Office of Berlin-Brandenburg)

Nutzungshomogene Teilblöcke
ISU (Urban and Environment Information 
System)

Walkable Street and Pedestrian Network
Intersection Density
Connected Node Ratio

Amenity Pedsheds

Reilly et Landis 2003
Dill 2004

Ellis et al. 2016

Detailnetz Berlin
Fußgängernetz Berlin
SenUVK (Senate Department for the 
Environment, Transport and Climate Protection)

Infratruktureinrichtungen
OSM (OpenStreetMap)

Land Use Mix Entropy Index Frank et al. 2005 
Leslie et al. 2007

Tatsächliche Nutzung
ALKIS Berlin (Official Cadastral Information 
System)
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Density
Population Density per Living Environment Area (LEA)

Schöneberg - Wilmersdorf Wittenau – Märkisches Viertel

No. 23
Min. 64,875
Max. 233,870
Mean 157,364
SD 47,906

Total 151,517

No. 10
Min. 26,313
Max. 200,216
Mean 81,386
SD 55,638

Total 61,880City Reference 40
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Connectivity
Census Block Density per LEA

Schöneberg - Wilmersdorf Wittenau – Märkisches Viertel

No. 23
Min. 28,171
Max. 68,758
Mean 40,448
SD 7,948

Total 40,444

No. 10
Min. 11,462
Max. 41,758
Mean 28,099
SD 9,623

Total 30,885

Blockskm2
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Connectivity
Walkable Street Intersection Density per LEA

Schöneberg - Wilmersdorf Wittenau – Märkisches Viertel

No. 23
Min. 27,196
Max. 85,947
Mean 47,410
SD 15,093

Total 47,105

No 10
Min. 6,156
Max. 49,281
Mean 28,071
SD 14,845

Total 29,580

3-leg Intersection

4-leg Intersection

5-leg Intersection

Intersectionskmଶ
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Connectivity
Pedestrian Intersection Density per LEA

Schöneberg - Wilmersdorf Wittenau – Märkisches Viertel

No. 23
Min. 139,203
Max. 489,746
Mean 246,855
SD 86,680

Total 247,579

No. 10
Min. 54,471
Max. 205,925
Mean 144,939
SD 55,922

Total 151,092
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Connectivity
Connected Node Ratio per LEA

Schöneberg - Wilmersdorf Wittenau – Märkisches Viertel

IntersectionsIntersections ൅ Cul de Sacs  ൌ 0 … 1

No. 23
Min. 0,818
Max. 1,000
Mean 0,909
SD 0,060

Total 0,908

No. 10
Min. 0,657
Max. 1,000
Mean 0,828
SD 0,125

Total 0,824Cul-de-Sac
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Connectivity
Connected Node Ratio per LEA (incl. Pedestrian Links)

Schöneberg - Wilmersdorf Wittenau – Märkisches Viertel

No. 23
Min. 0,818
Max. 1,000
Mean 0,937
SD 0,050

Total 0,934

No. 10
Min. 0,667
Max. 1,000
Mean 0,864
SD 0,112

Total 0,874Cul-de-Sac Pedestrian Link
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Connectivity
Amenities

Medical Medical Facilities (e.g. doctors)

Education & Society
Social Facilities (e.g. care centers)
Educational Facilities (e.g. schools)

Culture & Religion
Cultural Insitutions (e.g. theaters, cinemas)
Religious Insitutions (e.g. churches, mosques, synagogues)

Commercial, Retail & Service
Industries (e.g. garages)
Retail Stores (e.g. bookstores)
Service Facilities (e.g. hair dresser)

Sports, Leisure, 
Greenery & Recreation

Sports Facilities (e.g. fitness centers)
Leisure Facilities (e.g. playgrounds)
Greenery and Recreational Facilities (e.g. parks)

Grocery e.g. bakeries
Gastronomy e.g. restaurants
Public Transport e.g. bus stops, underground access)
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Connectivity
Amenity Buffers

Data: OpenStreetMap-Contributors (CC BY-SA 2.0 / ODbL) 
SenSW Berlin / LOR Vektordaten (CC BY 3.0 DE)

Medical Education and Society Culture and Religion     Commercial, Retail and Service

Sports, Leisure, Grocery Stores                          Gastronomy                  Public Transport Stops 
Greenery and Recreation

Medical Education and Society Culture and Religion     Commercial, Retail and Service

Sports, Leisure, Grocery Stores                          Gastronomy                  Public Transport Stops 
Greenery and Recreation

Schöneberg - Wilmersdorf Wittenau – Märkisches Viertel
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Connectivity
Amenity Pedsheds

Walkable Road Network Pedestrian Network

400 m

800 m

Area accessible by walking distance using networkArea defined by geodetic buffer  ൌ %

Schöneberg-Wilmersdorf Wittenau-Märkisches Viertel

Walkable
Roads

Pedestrian
Network

Walkable
Roads

Pedestrian
Network

Average Values in [%] 400m 800m 400m 800m 400m 800m 400m 800m

Medical 49 55 53 59 n=149 31 43 37 48 n=17
Education and Society 45 52 49 56 n=212 28 35 33 41 n=57

Culture and Religion 47 55 51 58 n=54 26 36 36 45 n=9
Industry, Retail and 

Service
49 56 53 59 n=1.625 32 43 40 49 n=86

Sports, Leisure, 
Greenery & Recreation

43 52 46 54 n=101 23 32 29 37 n=27

Groceries 50 57 55 60 n=232 31 41 41 48 n=33
Gastronomy 49 55 53 59 n=1.039 35 47 42 52 n=56

Public Transport Stops 51 58 56 61 n=280 33 42 39 47 n=185
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Land Use Mix
Actual Land Use

Schöneberg - Wilmersdorf Wittenau – Märkisches Viertel

Residential Areas III – Public Institutions Mixed Use

Commercial, Retail, Industry & Agriculture Sports, Leisure, Greenery & Recovery Excluded
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Land Use Mix
Actual Land Use (percentages per LEA)

Schöneberg - Wilmersdorf Wittenau – Märkisches Viertel

Residential Areas III – Public Institutions

Commercial, Retail, Industry & Agriculture Sports, Leisure, Greenery & Recovery
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Land Use Mix
Entropy Index

0,2 - 0,4

0,4 - 0,6

0,6 - 0,8

0,8 - 1,0

Schöneberg - Wilmersdorf Wittenau – Märkisches Viertel

No. 23
Min. 0,43
Max. 0,93
Mean 0,75
SD 0,13

Total 0,86

No. 10
Min. 0,24
Max. 0,92
Mean 0,69
SD 0,22

Total 0,85
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Evaluating the Analysis
Opportunities and Challenges

Opportunities
 Interoperability
 Broad spectrum of available tools

Challenges
 Differing data quality

− Validity
− Reliability

 Unprecise measurement methods
 Data quantity / limited resources

GIS-basierte Analyse von fußgängerfreundlichen Strukturen 
anhand von ausgewählten Untersuchungsgebieten in Berlin

Verteidigung der Studienarbeit am 19.03.2018 | Johannes WeberWalkable Road Network Pedestrian Network OpenStreetMap Network

Data Potential

Data Quality

Data: SenSW Berlin / DOP20RGB 2017 (DL-DE/BY-2-0) | SenUVK Berlin / Detailnetz Berlin (DL-DE/BY-2-0)
SenUVK Berlin / Fußgängernetz Berlin (DL-DE/BY-2-0) | OpenStreetMap-Contributors (CC BY-SA 2.0 / ODbL) 
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Conclusions and Outlook

 Identification of various correlates from the built environment
 Measurability and Comparability by means of GIS-measurements
 Databases ↔ Measurements

→ Composite GIS-Indices

 Macroscopic method ≠ actual situation
→ Collecting individual behavior by means of empirical studies necessary
→ Including streetscape is of high importance
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