IOP Conference Series: Earth and Environmental Science

PAPER * OPEN ACCESS You may also like

. HH - Comparative Stu Ol Soft-scape elemen
Development of a Measuring Tool for Walkability Sanicance i oo e Vi
in the Street Scale - the case study of Hamburg Fire Aisysh and Naciya Rahmah

- City for All Ages: Elderly Residents’
Perceptions of Walkability Attributes in
Residential Areas
Yang Ye

To cite this article: Nasimeh Fallahranjbar et al 2019 IOP Conf. Ser.: Earth Environ. Sci. 297 012047

- Walkability index of real estate housing in
Makassar

View the article online for updates and enhancements. MArifin, A R Rasyid and W W Osman

@ The Electrochemical Society
\ Advancing solid state & electrochemical science & technology
243rd ECS Meeting with SOFC-XVIII

More than 50 symposia are available!

Present your research and accelerate science

Boston, MA « May 28 — June 2, 2023

Learn more and submit!

This content was downloaded from IP address 194.95.79.15 on 24/10/2022 at 08:50


https://doi.org/10.1088/1755-1315/297/1/012047
/article/10.1088/1755-1315/532/1/012009
/article/10.1088/1755-1315/532/1/012009
/article/10.1088/1755-1315/532/1/012009
/article/10.1088/1755-1315/495/1/012058
/article/10.1088/1755-1315/495/1/012058
/article/10.1088/1755-1315/495/1/012058
/article/10.1088/1755-1315/419/1/012107
/article/10.1088/1755-1315/419/1/012107
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsscV7Gyf_B5pC8dEf9DkIzZt5BRwT-nb1DkQKUg259up3iU1UwSVZK9TKpEEL6lJM4NvfAu8QVuw_tXH6AqP1bxFF2khLlaKOpZ_r6-liPh8wDmodZRKDjKUBvFiz6DLV_X_ipGqjZigr_PZGw6CC0FjK3JcwBzGveF20UQ987zQyDTzoXfUhv2l6TVQ-RgEznaKDkaV4htYtvW1pNAGPbEttddiFBq4GSi5ZP5cbNY7F9Dbz1hwCdLFrJKpL7oWTryBF8YCvfnm3werEIgl2KM6Zm0d0eiuvFiwUHUig_K9g&sai=AMfl-YRSUEfF1p6QZibl0xdMccRbL87CUlAhCTAzn29_ZqtmG0cYHFv3koGdbuF1mEdT3hUMwDc8YMARH7lJnjG0iA&sig=Cg0ArKJSzHhvKxLnjiPr&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/243/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3D243Abstract

SBE 19 - Emerging Concepts for Sustainable Built Environment IOP Publishing
IOP Conf. Series: Earth and Environmental Science 297 (2019) 012047  doi:10.1088/1755-1315/297/1/012047

Development of a Measuring Tool for Walkability in the
Street Scale - the case study of Hamburg

Nasimeh Fallahranjbar, Udo Dietrich, Joerg Pohlan
HafenCity University, Hamburg.

Nasimeh.fallahranjbar@hcu-hamburg.de

Abstract. The humanistic approach is a key principle of any urban development with the aim of
urban quality improvement. A healthy environment is fundamentally associated with walkable
communities. According to a study in 2016 from the Centre for Diet and Activity Research
(CEDAR) and the Medical Research Council Epidemiology Unit at the University of Cambridge,
the health benefits of walking and cycling override the negative impacts of air pollution on health
even in highly polluted cities. Additionally, planning walkable cities promote low carbon
emission developments. Measuring walkability of the streets makes it possible for the planners
and experts to address the quality of the built environment. This paper reports a practical
assessment tool, developed in a master thesis, based on decisive walkability features by applying
a weighting system to score those features in order to achieve a tangible outcome. For this reason,
an examined weighting system from a previous study led by the Institute of Urban Planning and
the University of Duisburg-Essen is optimized. Afterward, the proposed tool is applied for
measuring the walkability in a selection of different streets in Hamburg, in order to answer the
questions of how these Hamburg’s streets differ in their degree of walkability and how their
walkability can be improved.

1. Introduction

As John Gehl once said, cities should be given back to their people [1]. This means considering the
human scale and that human needs should become a priority in every urban development. Walking is
the primary human transit mode and embeds the interaction between pedestrians and their surrounding
built environment. Walkability is not necessarily related to the amount of walking or how vibrant a street
is but is a precondition for a positive correlation between walking and the daily pursuits [2]. The activity
of walking can be considered as necessary (for shopping and commuting), optional (for sight-seeing or
pleasure) and social (combined with sitting, reading, or talking). A livable urban environment is a place
that also provides facilities related to activities such as sitting, talking or enjoying public art [3]. The
literature of humanizing urban design began in the 60s in the US when large-scaled and car-oriented
cities had taken away the urban life from their inhabitants. Livable streets and neighborhoods with
safety, cleanness, and security were mentioned to be one of the most important characteristics of a
livable urban environment [4]. After decades, livable streets and walkability are still the most important
solutions encountering new problems like air pollution, concerns about fossil fuels and public health
issues. Obesity has tripled in WHO European Region since the 1980s [5]. Improving walkability can
improve both the built environment and public health. This would happen through improving the
“sidewalk room”, considered as the essential element of urban space. The analysis of the degree of
walkability at the street scale is focused on the spatial quality of a sidewalk, defined through its four
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edges [6] and how it can affect the walkability features. A study on measuring and recording walkability
in mixed-use streets of the city of Essen has been carried out by the Institute of Urban Planning and the
University of Duisburg-Essen in 2017 (“Essen report”, [7]). Its methodology uses indexes, referring to
different walkability features, and a weighting system to calculate the final score (see table 2). It is based
on previous studies in American cities (see [7]) and was adapted to European cities, which are typically
part of an old urban system from middle ages where the system of pedestrian areas, cycling paths and
large public transportation has remained over the time despite sprawling [8]. The proposed tool in this
paper is developed by further optimizing the methodology of the Essen’s report, in order to achieve a
more comprehensive and applicable measuring tool for walkability in the street scale.

2. Walkability features

In previous studies, various physical features and perceptual qualities of walkability have been
identified. They differ from being more objective to more subjective (reflected by individual reactions
to a place) [9]. Existing methodologies often solely refer to (directly measurable) objective criteria or
cover indexes related to perceptual qualities, without presenting and ordering them in a deeper relation.
Consequently, there is a risk that the methodology does not describe all aspects of the phenomenon of
walkability enough and that correlations between the different used features remain invisible.

For this reason, here it is proposed to relate first to the human needs, like in Max-Neef’s human needs
chart [10], and how fare they are touched by walking through a city. That allows defining a group of
central features describing the context and to bring them into an order where the prior one is a
precondition for the following one (see table 1). The features of connectivity and security are the
essentials for walkability, operating in parallel. No connectivity means an access is missing. However,
one would not choose to use a path if no physical security is guaranteed, even when the access provided.
The scale of analysis for connectivity is the neighborhood scale, in which the connection between
different nodes can be studied. Regarding this scale, connectivity is not included in this paper. Apart
from security, pedestrians also need to feel that themselves and their belongings are safe while walking
on the sidewalks, which are additionally stable, well maintained and secure [11]. Therefore, safety
becomes another decisive feature. According to Jan Gehl’s quality criteria for good design of public
spaces [12], other features that refer to protection and comfort come next. Thereupon, the first three
essential prerequisites for walkability in street scale are the feeling of security, safety, and comfort.
Other available features refer to the urban quality, which most essential ones in the street scale are
identity, attractiveness, and invitingness (the state of being inviting to gather people together).

Table 1. Table of features and index classification.
Feature Index (extracted from the Essen’s report)

Feeling of security Street hierarchy type / Street traffic type / Parked cars / Buffer

Feeling of safety Sidewalk width and street width ratio / Tree canopy

Sidewalk width / Obstacle / Hindrance / Barrier freeness /
Driven from | Feeling of comfort Accessibility /Urban furniture / Active tram or bus line on the
the human street / Public transportation stations / Other greenery

need chart
[9] Identity Landmarks

and quality

Physical
indexes

i Number of gastronomy units / Number of gastronomy units with
dcﬁ'gﬂ Invitingness outdoor setting / Number of retail stores/ Supermarkets along the
criteria sidewalk / Presence of public places / Presence of vacancy

Fagade maintenance condition / Street cleanness condition / Street

Attractiveness .
fagades complexity / Presence of artwork

Perceptional

indexes
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Each walkability feature can be identified through special groups of indexes. The value of a feature
can be measured through the value of its indexes. The indexes in the table are extracted from the Essen’s
report, which is briefly explained in the next chapter.

3. Tool development

Table 1 is the basis of the proposed tool in this study. An appropriate scoring system is required in order
to attain a tangible degree of walkability in the street scale. The weighting system from the Essen’s
report acts as a reference to this tool. In the Essen’s report, walkability indexes are investigated in a
different classification which is regardless of the walkability features (see table 2). Therefore, in a street
analysis, it would be impossible to figure out which features need to be improved or which perform
satisfactorily. What makes this study distinguished is a weighting system used to score each category of
the mentioned classification. According to this study, each index has a different weight in the total value.
The weighting system was achieved by an interdisciplinary expert panel. The experts have weighted
independently and then the average of weights was determined (see tables 2 and 3).

Table 2. A segment of physical features index from the Essen’s report (see [7]).

Index group Index Category Score | Category weight
1. Sidewalk Sidewalk width No sidewalk 1 24.40 %
(criteria weight = 30%) <1.5m

1.5m -2.5m

2.5m -5m

>5m

Buffer None / only curb
Parked cars
Bicycle path
Flower boxes
Green part
Obstacle / hindrance Very disturbing
Disturbing

None / not disturbing
Barrier freeness / Accessibility Yes

Partly

No

Sidewalk width and street width ratio | >70%

61-70%

60%

50-59%

<50%

2. Street Street type Local street
(criteria weight = 35%) Collector street

Sub arterial road
Arterial road

Other

One-way street No, pedestrian zone
No

Yes

20 %

17.50 %

13.10 %

25 %

21.40 %

7.70 %

AW OUVENDWROVENDWDROVEWOBMOND =LA DN WWOB R WDN

Table 3. A segment of urban quality index from the Essen’s report (see

[7]).
Index Category Score | Weight 0-9
Landmarks 1 5 6.5
0 3
Street space condition Bad condition 1 5.9
High pollution 2
Very high pollution 3
Low pollution 4
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The tables in the Essen’s report uses step weight factors for each calculation in a set of formulas.
However, the tables above have different total weight factors. For table 2 it is 100; while for table 3 with
weighting from 0-9, the total is 64.7. By simply multiplying each weight factor to the related score factor
and then dividing by the total weight, a single weight factor would be assigned to every single index.
This single weight factor is, in fact, the final score calculated for each index. This will make the new
arrangement of indexes (see table 1, plus table 1 in the appendix) possible. As an example from the
second index group in table 2: the index “Street type” has a weight factor of 21.40%, and belongs to the
index group “Street” which has a weight factor of 35%. If a category in “Street type” index has the score
factor of 5, then the final score for this category will be:

Category ‘s final score = (5 x 21.4)/100 x 35/100 = 0.3745

By using this method, a new weighting system can be achieved in which every single category of the
index groups has independent weight. A similar method is used to reach the single weight for the
categories from urban quality index table in the Essen’s report (see table 3). The two finalized tables:
Street Physical Index (SPI) plus the Street Quality Index (SQI) (see tables in the appendix), have been
provided in a spreadsheet software with the new single weight factors and new index arrangement, in a
way that they would be easily applied by clicking on the desired category. After clicking, the final score
factor will appear as well as the sum of these score factors will be automatically calculated. To check
the validity of the new tables, the sum of all scores from the whole categories should be 5 when selecting
the maximum rate in every case. The corresponding maximum score factor for each index is directly
shown in the tables. This maximum score factor adapts to other corresponding score factors. For
example, in the street hierarchy type index, the maximum score factor is 5 and the final score for an
arterial road is 2. This can be calculated with this formula: 2/5 x 0.3745 = 0.1498.

Finally, the relationship between the physical characteristics and the urban qualities, mentioned as
the Integrated Walkability Index (IWI) in the Essen’s report and as walkability degree in this paper, is
calculated with the weight factors shown in the formula below. By implying the final scores into the
new tables, the walkability degree will be between 2.1-5:

Walkability Degree = (SPI x 52.85) + (SQI x 47.15) / 100

Furthermore, the description of a few indexes from the Essen’s report needed to be adapted in order
to improve comprehensibility. For instance, in the index of sidewalk width and street width ratio (see
table 2) there is no possibility to choose between 60-61% and 59-60%, therefore the category is changed
accordingly to cover all possible numbers. Another example is the index street facades complexity that
has the category of heterogeneous with the highest score and homogeneous with the least score. Whilst
in the topic of street scale, it is important if a facade is pleasant to watch or not. A fagade can be
homogeneous and at the same time pleasant to watch. Therefore, the new category is changed to street
facades complexity: “a pleasure to watch” or “boring”. Additionally, in this tool, the corresponding
street length set for every index is 250 meters except for the indexes referring to the number of
gastronomy units, which require a different reference length. World’s great streets such as Regent Street
in London, Les Champs-Elysées and Boulevard St. Michel in Paris have an average of one new public
function at least in every 15 meters, which means 6-8 units in every 100 meters [13]. Therefore, more
than 5 gastronomy units in 100 meters receive the highest score (while in the Essen’s report, more than
one unit is considered adequate to receive the maximum score). This tool has been applied to measure
walkability in some streets in the city of Hamburg by collecting data through observation. There might
be uncertainties when applying this tool. For instance, both sidewalks of a street may not have the same
condition. For the scoring purposes, both sidewalks should be checked, and the highest score should be
selected. In the following chapters, some of the application results are briefly described.

4. Walkability in Hamburg streets
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Hamburg is a typical European city with the corresponding quite dense street grid. Some streets are
always preferred by walking people and some others are not. By applying this tool, it will be possible
to understand if a street is as walkable as it looks and what reinforces or deteriorates its walkability. Six
streets were selected for this study. Some of them are well known as being walkable and some others
are usually desolated. One arterial road was selected in order to obtain low scores and to better
comprehend the meaning of the walkability degree, scored between 2.1 - 5. At first sight, two of the six
investigated streets seemed to have completely different potential of walkability, but after the assessment
was done, their walkability degrees resulted quite alike. These streets are briefly described and compared
as follows.

4.1. Muehlenkamp

This street is the main street of a sub-center and perceived as one of the vibrant streets of Hamburg with
many gastronomy units, supporting commercial and service units. Muehlenkamp is a two-way collector
street with partly more than two lanes. The buffer between the street and the sidewalk is a bicycle path
and there is a row of trees in the sidewalk. The sidewalk width varies from 2.5m - 5 m and the street
width (building edge to building edge) is 20 m. The sidewalk width ratio (one sidewalk width divided
by the total width of the street) is less than 50%. The width of the footway is not fixed through the street
and in narrow parts there are some disturbing obstacles like product shelves in front of some shopping
unit, while not every part of the sidewalk can be freely accessed. The sidewalks and the facades, with
buildings of around 1900, can be scored as with “low dirtiness”.

Figure 1. Pictures of Muehlenkamp. Source: author.

4.2. Shanghaiallee

Shanghaiallee is part of the newly built HafenCity neighborhood with new and clean buildings. Less vibrancy
and usually empty sidewalks make it distinguishably different from Muehlenkamp. However, the structural
characteristics of this street which define the feeling of security are the same as Muechlenkamp. Also,
Shanghaiallee has sidewalks free of barriers but with less greenery.




SBE 19 - Emerging Concepts for Sustainable Built Environment IOP Publishing
IOP Conf. Series: Earth and Environmental Science 297 (2019) 012047  doi:10.1088/1755-1315/297/1/012047

4.3. Feature score comparison
After visiting the two mentioned streets, it can be perceived that Muehlenkamp is much more vibrant
than Shanghaiallee, since its sidewalks are full of people and sometimes even crowded.

Table 4. Feature score comparison from two investigated streets

Street name Feehng of Feeling of Fecling of Identity | Attractiveness | Invitingness Walkability
security safety comfort degree

Muehlenkamp 1.15 0.63 1.74 0.3 1.20 2.55 3.7

Shanghaiallee 1.15 0.52 1.90 0.3 1.40 2.05 3.64

However, by calculating the walkability degree, there is a minor difference between these two streets
(see table 4). This shows that Shanghaiallee is nearly as walkable as Muehlenkamp and has all
preconditions to become vibrant. Shanghaiallee has well-maintained fagades, spotless sidewalks, full
accessibility, and no hindrance, which prevents a drop in the walkability degree. Still, the weak
invitingness leads to empty sidewalks.

Figure 3. Index comparison chart, Muehlenkamp & Shanghaiallee.
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Increasing the gastronomy units and other units with supporting public functions can effectually
improve walkability in this street. Street analysis by evaluating each index as well as index
comparison among streets are possible through this tool. Figure 3 illustrates the index comparisons
of the two mentioned streets.

5. Tool results analysis

Various streets from absolute car-oriented to car-free ones were selected to be assessed by this tool. This
permitted to reach a tangible range of walkability’s degrees for the final assessment (see figure 5). The
proposed tool gives the possibility to analyze streets in several terms: regarding their features, the
indexes or the walkability degree. For instance, among six investigated streets, the lowest degree (2.82)
applies to an arterial road with car-oriented design, while the two highest degrees belong to relatively
car-free streets, with and without an active bus line (see figure 4).
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Figure 4. Walkability degree in analyzed streets.
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According to the results, the degrees can be interpreted as follows:

Figure 5. Rating of walkability degrees (2.1 - 5).
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The lowest possible degree that can be achieved by this tool is 2.1 and the highest is 5. The
walkability situation of the investigated streets of Hamburg, therefore, can also be interpreted besides
the numbers. In other words, the streets no.1 and 2 have very good walkability. Streets no.3 and 4 can
be classified as good while no.5 is satisfying, and no.6 is bad. Another way to analyze the driven data is
to compare the streets according to their features (see figure 6). In this way, the features that need to be
improved would be distinguished. For instance, street no. 5 is a sub-arterial where the walkability needs
to be enhanced. As shown in figure 6, the feeling of safety and security is low in this case. Any
intervention that strengthens these features, such as adding green areas as a buffer or create a tree canopy,
can improve the total score. The street no.4 has an equal level of safety as the street no.5 but higher
scores in comfort and invitingness, which contributes to achieving a good grade of walkability.

Figure 6. Feature score comparison in analyzed streets
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6. Conclusion

Walkability is a vast topic, containing numerous variables and indicators. The proposed tool includes
all essential indicators for walkability. It offers various possibilities to analyze a street and delivers
tangible results in accordance with expectations. An important data driven from this tool is the
walkability degree between 2.1-5. Assessing perceptibly walkable as well as non-walkable streets
allowed to define a rated scale for walkability degrees.

This tool can also be applied outside Europe with small adaptations. In the first table of the appendix
(SPI) the indexes refer to physical and structural preconditions of a walkable street, thus they are always
valid regardless to the culture or climate except for one index referring to public transportation: active
tram or bus line can be replaced by any other local public transit mode. In the second table of the
appendix (SQI), indexes regarding gastronomy units might need to be tailored. For example, in a country
like Malaysia, street food stands characterize the streets and attract people, the reason why the number
of food stands should be considered in the index of gastronomy units.

In fact, if a street is certainly walkable or not depends on how a pedestrian perceives it. One can
assess the same street differently depending on the person’s mood or background. People’s age, gender,
nationality, being a tourist or not etc. can affect the perception as well. This is nearly unmeasurable and
makes the limitation of any measuring tool for walkability. For this reason, it is always recommended
to interview different people and inhabitants in diverse timeframes to achieve a higher level of
comprehension about walkability.

For a deeper investigation, this tool can be applied separately to each sidewalk of a street. Index
scores always refer to the best existing condition even if it is not the same along the sidewalk. Therefore,
a checklist recognizing potentials improvement can also be attached to the tool for the cases that
sidewalk segments differ in terms of scoring.
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Appendix

Table 1. First table of the finalized tool; Street Physical Index (SPI

doi:10.1088/1755-1315/297/1/012047

Feature Index Category Score _Final score
Feeling of security ~ Street hierarchy type Local street 5 0.3745
Collector Street O a4
Sub Arterial Road M3
Arterial Road a2
Highway 1
Street traffic type Pedestrian (only bikes, Trams, Yes 20 1.04475
No
One-way street
Yes D 4
No 0s
Number of lanes
1 04
2 O3
22 0
Speed limit
< 30km/h O 4
30-50km/h [ 3
>50km/h 01
Pedestrian crossing type
Crosswalk O 4
crosswalk O3
Partly crossable ] »
No crosswalk 1
Parked cars None 5 0.16625
Beside/ on the street Os
On the sidewalk 11
Buffer Green part 5 0.3
Bicycle path [1 a4
Post/flower boxes O a
Parked cars 3
None / only curb O3
Feeling of safety street width ratio >70% 5 0.375
63-70% O 4
57-63% 013
50-57% 02
<50% 11
Tree canopy Tree row(s) 5 0.5515625
Single trees 14
None 3
Feeling of Comfort  Sidewalk width >5m 5 0.366
25m-5m a4
1.5m-2.5m 3
<15m 12
No sidewalk 1
Obstacle / hindrance None / not disturbing 5 0.2625
Disturbing 02
Very disturbing 11
Barrier freeness Yes 5 0.1965
Partly 3
No 0
Urban furniture Lighting + bench Yes [ 5  0.3506875
only lighting or no furniture No 3
Bicycle stand Yes [v] 5 0.2421875
No 0s
Active tram or bus line  Yes v s 0.1645
No 03
stations Yes lv] 5 0.375875
No L3
Other greenery Yes M s 0.2296875
No 03
Sum 5|/5
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Table 2. Second table of the finalized tool; Street Quality Index (SQI)

Feature Index Category Score | Final score
Identity Landmarks at least one 5 0.50231839
none 3 0
Attractiveness Facade maintenance condition Good maintenance 5 0.48686244
Low dirtiness 4 O
Medium dirtiness 3 0
High dirtiness 2 0
Bad maintenance 10
Street cleanness condition Good condition 5 0.45595054
Low dirtiness 4 O
Medium dirtiness 3 0
High dirtiness 2 O
Bad condition 10
Street Fagades complexity Pleasure to watch 5 0.45595054
Not Boring 3 0
Boring 10
Presence of Artwork >1 5 0.30139104
4 0
0 3 M
Invitingness Number of gastronomy units >5 5 0.57959815
1to5 4 O
0 El |
Number of gastronomy units with outdoor setting >1 5 0.64142195
4 0O
0 3 O
Number of retail stores/ supermarkets along the sidewalk ~ >1 5 [4 |0.60278207
1 4 0
0 3 [
Presence of public places Yes 5 0.61823802
No 30
Presence of vacancy 0 5 0.35548686
1 3 [
1 U
>1
Sum s /5 |




