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Abstract

Pedestrian traffic--- the most encouraged way of developing the "green
travel mode" nowadays, makes urban walking quality an important index
to measure city residents’ quality of life. While the needs of vehicular traf-
fic were continuously met, the pedestrian traffic should be taken into con-
sideration as well. This paper exemplifies an empirical study on walkabil-
ity measurement towards the educational public service facilities of Wuhan
(capital of Hubei Province, China) and integrates the factors of transport ,
population and land use on the basis of GIS, to verify the rationality of the
layout of these facilities. Mainly by analyzing the allocated situation of the
city’s educational service facilities and grade distribution of walking de-
mands, together combining with the attenuation of both walking distance
and pedestrian conditions, it draws some conclusions (assisted by applica-
tion of GIS overlay analysis calculation) on the city’s comprehensive pe-
destrian grade distribution with regard to the city’s educational public ser-
vice facilities, which will propose some beneficial guidance for the layout
planning of facilities.

1. Introduction

City walking quality has become a vital indicator of city residents’ quality
of life, in that pedestrian traffic nowadays is becoming the most encour-
aged way to develop the "green travel mode". Comparatively speaking,
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city’s extensional development is oriented towards cars popularity, where-
as walking leads an active lifestyle as well as a pollution-free green way of
travel.

A variety of advantages can be achieved by taking walking trips, in-
cluding social, economical and environmental benefits. On the social di-
mension, the destination provides residents with various facilities and ac-
cesses to services; meanwhile, it creates more chances for walkers’ inter-
communication and intra-exchange with other services-offering personnel,
No doubt that it will strongly enhance residents’ sense of community. In
terms of economy aspect, city’s advancement is bound to produce kinds of
social activities with higher frequency and increasing density, and traffic
jam unavoidably occurs in many of central areas, which results in the
waste of resources. Fortunately, the walking mode can effectively alleviate
this tendency. As a substitution for cars, walking is also cost-saving,
waste-reducing and health-giving for travelers. When referring to the envi-
ronmental benefits, as a pollution-free green way of travel, walking exerts
little influences on the environment by effectively reducing the greenhouse
gases emissions, such as CO2. This paper makes a research towards the
walkability measurement of educational public service facilities and evalu-
ates the walking system in related fields of Wuhan City, with the purpose
of offering advisory guidance for the layout planning of facilities.

In China, the human-oriented idea was advocated in the fields of ur-
ban programming and traffic planning in 1980s. But until now, as the prin-
cipal part in road using, people are still crowded out by a wide range of
modern transportation, which induces the city's pedestrian space and its
environment extremely harsh. Evidently, the reality is we emphasize “car
priority “instead of people-oriented in China. In city’s planning, pedestrian
activity spaces are gradually swallowed, consequently, walkers are actual-
ly living in the crack between vehicle traffic and buildings along the
streets. Pedestrian space become the piece of fat meat everyone want to
get, slow speed lanes and sidewalks are occupied by vehicles who are sup-
posed on speedy lanes , causing lacks of walking space and difficulties on
road-crossing. The entire above are not only seriously damage the walkers’
rights which should be protected, but also affect a full play of efficiencies
concerning other types of transportation. The reason for this phenomenon is
the focus of China 's economic development. The goal of urban transport is in
order to be more efficient and faster. Pedestrian traffic is put slight emphasis
on in the fast-growing motorized cities.
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2. The development course of pedestrian traffic

In early cities, people rarely have other substitutions for walking. So the
city road is just a simple but practical walking system. During this period,
conflicts between walkers and vehicles didn’t stand out. In the middle of
the Nineteenth Century, strong appeals from the public for opening the
public space and walkways forced the authorities of British and German,
to design a batch of new parks, such as Birkenhead Park designed by Jo-
seph Paxton. Paxton separated roads according to different traffic modes:
the park includes a carriage road and two completely independent walking
lanes. Thirty years later, Fredrich Law Olmsted and CalvertVaux designed
the Central Park in New York, who Paxton adopted a similar system with
Paxton : each mode of transportation has a completely independent set of
road network --- flyover in intersections, and the expected crossing road-
ways together with forest road into metropolitan park system.

In late Nineteenth Century and early Twentieth Century, with the
emergence of motorized traffic, there existed an imbalance in road using
between vulnerable groups (pedestrians and cyclists) and motor vehicles,
thus, the original texture of the city was destroyed. In order to avoid nega-
tive developments led by the destruction of city’s early industrialization,
the concept of “city needs planning and controlling” appeared. At the end
of Nineteenth Century, German attempted to conduct street grading in ac-
cordance with the traffic flow .The view of Reinhard Baumeister and
Hermann Joseph Stiibben exemplified such typical thought. They held that
a good street network should include a variety of transportation services to
the main streets and related auxiliary streets which are suitable for living,
rather than traffics on highways or park roads. The one side of residential
units connects roadway (branch or the end of road), and the other side
connects walking lane system. When these two clashes, that is, walking
lanes have to cross through the roadways, strada sopraelevata or tunnels
are necessarily applied.

After World War II, most of German cities reconstructed, and cars
are regarded as the most important motive force to a post-war economic
revitalization. Therefore, in order to create more space to operate motor
vehicles, Germany regained a significant amount of road construction in
the mid of 1950s. The city center faced enormous challenges by a com-
plete mechanization, which impelled Germany to take stimulative policies
on development of public transport and motorized traffic as well; almost at
the same time, walking was in gradual advancement. Compared with Ger-
many, the British more concerned about traffic restrictions. As car owner-
ship rates and vehicle speeds ascended, experts were increasingly worried
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about traffic accidents plague, so issues on how to improve road safety and
traffic flow growth became important aspects of road traffic policy. Alker
Tripp advocated road grading, which suggested more strict traffic control-
ling measures so as to protect specific areas from motor disturbances, it
definitely guaranteed safety of pedestrians and cyclists. He puts forward
the concept of functional block (precinct). In brief, boundaries of different
forms of areas were defined by secondary distributor roads, such as com-
mercial areas, residential areas, working areas and historical buildings pro-
tected areas.

Since 1960s, big scales of road construction and unlimited prolifera-
tion of cars caused a series of city problems. In order to cope with that and
improve living conditions, also to create the vitality of the city, western
countries have implemented revival plan for inner cities. The large-scale
promotion of walking was considered as an essential step to create a more
humane city. Many cities have the changing process: from the urban com-
mercial center to the suburbs, and then the return to city centers again. The
layout presented the development like that: from commercial trunk roads
to fully-enclosed or semi-enclosed pedestrian streets; from the spontaneous
formation of commercial neighborhoods to multi-functional island-type
commercial pedestrian streets; from a single print business installation for
shopping, to the comprehensive space using of three-dimensional giant
commercial complex underground and on-the-ground; from the ground
walking districts to the two-layer planar system of pedestrian overpass
business areas and underground commercial streets. Walking provides ef-
fective means in the improvement of traffic conditions and renewal of cit-
ies. Not only does it reduce all kinds of traffic conflicts, but also it stimu-
lates commercial development and improves the quality of city
environmental arts.

The large-scale propulsion of walking system eased the pressure on
urban traffic and improved the urban environment, but it also brought
some negative impacts inevitably. Firstly, walking system just transferred
the motorized traffic to other places instead of eliminating them, thus the
ratio of road area increased significantly; then, the pure walking system af-
fected reachability of regions and also weakened commercial performanc-
es, especially the attractiveness of the commercial closely- linked motor
traffic. In addition, due to the low population density in Europe and the
United States, the complete separation of the motor vehicles and walking
trails led to a decline in security of the driveway, thus walking trails re-
duced the diversity of activities and affected vitality of cities.

“The shared streets” is a transportation planning and new topic of de-
signing in Western automotive social ascendant; a qualitative change ap-
peared in handling disputes of walking and motor vehicles. And the con-
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cept of separation of people and vehicles gradually replaced by the idea of
equal co-existence. People try to find a reasonable planning and designing
management measure for all road users to improve the road environment,
making the equal co-existence between street walkers and vehicles could
be achieved. In that case, all kinds of traffic can live harmoniously; con-
flicts of pedestrians, cyclists and vehicles will be reduced; meanwhile,
business economic benefits are bound to be enhanced. All that means to
restore the human scale controlled by traffic situations, rather than restrict-
ing traffic to an unacceptable level. Studies from the planning, from areas
and reasonable distribution of city’s road network should be done to solve
mixed problem of traffic and the activities along streets, to maintain a
balance of all kinds of traffic.

3. The concept and organization of walkability
measurement

Walkability is used to describe the guiding capability the space offers to
people, which specifically refers to the spacey adjacency from departure to
destination, and extents of convenience and comfort items between those
two sites. The factors which affect walkability mainly include the travel
distance, walking conditions and walking demands of areas. Only when
the destination is within walking distance range, it is possible for people to
choose walking trip. Besides, only when the pedestrian conditions are suit-
able, people are able to adopt walking mode, such as the design of streets,
which consists of streets density, scale, and intersection of the organiza-
tion, etc. In addition, regional population size, such as its density, is also a
crucial element on walkability.

In regard to the concept of “Walkability Measurement”, American re-
searchers came up with idea of “Walk Score” based on daily facility lay-
out. It grants parameters to suitable walking degrees, which has extensive-
ly employed in the United States, Canada, Australia, New Zealand and
other countries.

This paper focuses on the measurement of the main urban zone’s edu-
cational public service facilities in Wuhan City[Jand integrates the factors
of transport , population and land use . The first step is to weigh and con-
firm the walking demands in accordance with the population density dis-
tribution of grades; secondly, according to walking distance and decay
rates of walking conditions, the author makes overlay calculations towards
walking needs, so as to obtain the walkability index of educational service
facilities.
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E,, =P*D, *I *R,

E . is the result of the comprehensive evaluation. P is the grades og

walk

the population density distribution. D, is the attenuation rate of walking

distances. [ is the attenuation rate of Intersection density. R, is the atten-

uation rate of Road density.
The technical routes are shown in Figure 1.
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Fig. 1. The technical route map of walkability measurement on educational public
service facilities (by the author)

The detailed steps are as follows: (1) sorting out the collected relating fac-
tors, and utilizing existing vector data by editing or format conversing; (2)
leading the classified figures into ArcGIS9.3 respectively and establishing
the data layer. As to those factors need a buffer zone, operating them by
using “multiple ring buffer” tools, and giving assignments for each level of
buffer class; (3) rasterizing each factor evaluation grade map; (4) doing
weighted-stacking analysis of each sub-factor data according to their re-
spective weights, getting a comprehensive evaluation map and giving the
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reclassification by “Natural Break” method, then the divided five classes
represent the walking suitability degrees of educational public service fa-
cilities ( from high to low).

4. Case study

4.1. Study area and data

The city of Wuhan, located in the central hinterland of China, the intersec-
tion point between Yangtze River and Han River, is the capital of Hubei
Province and acts as a significant transportation hub. It has a usual fame
for the "the thoroughfare of nine provinces". Geographically, it is situated
at 113°41'-115°05"East Longitude and 29°58'-31°22'North Latitude. The
four composed directions are---the eastern end: Mountain General, Liuhe
Township of Xinzhou District; the western end: Yaowan Village, Cheng-
gong Township of Caidian District; the southern end: Lliujunbu Village,
Husi Township of Jiangxiia District; the northern end: Xiaduanjiatian Vil-
lage, Caidian Township of Huangpi District. In the Cartesian coordinate
plane, Wuhan City has the maximum transverse distance of 134 km and
the longitudinal distance of about 155 km, the Yangtze River and Han
River vertically also horizontally intersect through the downtown, forming
the Tri-Cities Separation pattern of Wuchang, Hankou, Hanyang.

The total number of existing educational public service facilities in
main urban zone is 2294, including preschool education, primary educa-
tion, junior secondary education, secondary education, adult higher educa-
tion, technical school education, regular higher education, special educa-
tion, occupation school education, technical training, high school
education, etc, and the location of whom are mainly in the old city districts
of Hankou and Wuchang, as shown in Figure 2.

The data in this article comes from Wuhan City Planning Information Cen-
ter , and it includes the distribution of educational public service facilities
in Wuhan , the distribution of population in the main urban zones of Wu-
han [Jand the road traffic system of the main urban zones .
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Fig. 2. The distribution of Wuhan municipal educational public service facilities

4.2. The distribution of pedestrian demands

The core of walkability measurement is human, in that human determines
whether to walk or not, so the size of population distribution should be the
priority to the measurement of walkability. In the evaluation, the popula-
tion size is larger, the demand for walking is stronger; while the area with
a smaller population has less demand for walking. In conclusion, the re-
gional population distribution should be the precondition of walkability
measurement for public service facilities. Furthermore, the attenuation of
walking distances and pedestrian conditions should be set up based on dis-
tribution of walking demands.

This paper adopts a simple sort encoding method, which divides the
population density into five levels; and next distributes them in accordance
with the natural number sequence from large to small, respectively 9, 8, 7,
6, 5, and then normalizes and determines the weights finally. According to
the distribution of population density in Wuhan, the five grades (low,
moderate, general, high and higher) are categorized. The initial weights of
different partitions are not the same, in the context of educational public
service facilities. As shown in Figure 3.
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Fig. 3. The distribution of Wuhan municipal population density in main urban
zone

Chart 1. The distribution of Wuhan municipal population density in main urban
zone

Population den-  Population Density ~ Sort coding Weights
sity divided dis-  ( people / sq km )
trict
Low 0~4917 5 0.14
Moderate 4917~13275 6 0.17
General 13275~23874 7 0.20
High 23874~40934 8 0.23
Higher 40934~70601 9 0.26

4.3. The attenuation of walking distances

Distances Attenuation Rule refers to regular attenuations with the in-
creased distances from starting point to destination place. According to the
standard of walking speed (Skm/ hour), people can arrive at the range of
0.4km in 5 minutes. Analogously, the 1.6km range in 20 minutes, the
range of 2.5km in 30 minutes. The rule, which reveals the fact that the in-
creases of distances and walking time is inversely proportional to the de-
clined demands for walking, can be the guideline of establishing an attenu-
ation curve of walking demands. When the distance between facility and
starting point is within 0.4km( namely, 5 minutes time-cost) , the distance
decay will not occur ; when the distance is more than 0.4km, a dramatic
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decay. When the distance is within 1.6km, the attenuation rate is 50%;
when the distance continues to increases, attenuation speed slows down.
Until the distance is 1.6~2.5km, the attenuation rate is close to 1 with 30-
minutes walking time, and this paper reads value of 90%. In other words,
if the distance from starting point to destination place goes beyond 2.5km,
there exists almost no influence upon walking index. In terms of the calcu-
lation of superposition, educational public service facilities layout dia-
grams and the open road network maps go first, and attenuating weights
based on the attenuation rule of the periphery facility distance within the
range of 2.5km, and then a fundamental walking index can be gained, as
shown in Figure 4.

Fig. 4. BUFF analysis chart of educational public service facilities within walking
distance

Chart 2. The comparison table of walking distances attenuation

The walking ~ Walking distance Attenuation rate

Time ( (km) (%)
minutes)
5 04 0
20 1.6 50
30 2.5 90

4.4. The attenuation of pedestrian conditions

Pedestrian conditions attenuation mainly refers to the pedestrian demand-
ing degrees affected by unsuitable pedestrian condition factors. The street
length, intersection form, intersection number, pedestrian bridges and un-
derground tunnels, street interface design ,street density and so on ,are all
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included in pedestrian conditions. This paper mainly extracts two indexes
of road and intersection density to evaluate pedestrian conditions as well as
establishes the attenuation rule. First of all, building 1000*1000m square
grids in the main urban areas; and then counting road and intersection den-
sity of each grid combined with the road system, as shown in Figure 5. The
intimate relationship between road & intersection density and walkability
presents a proportion: the higher road density, the better walkability; like-
wise, the higher intersection density, the better walkability as well. In
1000*1000m square grids, the higher road density reflects more advanced
pedestrian road facilities and better road accessibility. Meanwhile, the
higher road intersection illustrates the stronger road dredging performance.
Thus, the shorter road and space distances of two paths, then the better ac-
cessibility road will possess.

Fig. 5. the grade distribution of road & intersection density

Chart 3. the comparison table of intersection density and street length attenuation.

Intersection Attenua-  Road density(km/km?) Attenuation
density (/km? )  tionrate rate (%)
(%)
0 0
>80 >18.0

60~80 1 10.5~18.0 1
50~60 2 6.5~10.5 2
40~50 3 4.0~6.5 3
20~40 4 2.5~4.0 4

<20 5 <2.5 5

4.5. Comprehensive evaluation

The conclusion was drawn on Wuhan Municipal walkability measurement
of educational public service facilities. The five-grade levels respectively
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are: high-reliance on cars, low-reliance, general, suitable, very suitable (as
shown in Figure 6.)Those are analyzed according to prepared procedures :
the initial weights distribution are acquired to the distribution of popula-
tion density accordingly ; on the basis of that , making integrated superpo-
sition calculation analysis combined with walking distance attenuation,
road traffic and intersection density attenuation ; then reclassifying them
by employing the “Natural Break” method. All above are on the factual
basis of Wuhan City. From the chart we can find that those educational
public service facilities are relatively concentrated, resulting in concentrat-
ed district-blocks whose walkability measurements of facilities are origi-
nally good. They respectively are Wuluo Road and its alongsides in Wu-
chang District, Wuhan Zoo peripheral in Hanyang District and Jianghan
District. By contrast, areas with poor walkability measurement are neigh-
boring to the East Lake, Jiangxia District and Hanyang District. Apparent-
ly, these areas should be appropriately arranged some educational public
service facilities, in order to enhance their regional level walkability.

The scale of regional car-dependent land is 346.7 square kilometers,
accounting for 50% of the total main urban lands ; the scale of regional
land with poorer walkability is 129.6 square kilometers, which occupies
19%; regions with general walkability have land scale of 58.8 square kil-
ometers, 8% of the total land in urban area; the land scale of regions suita-
ble for pedestrian is 142.0 square kilometers, taking up 20% of the total;
the suit-best land area is 17.4 square kilometers, a 3% -occupation of all
lands. As a whole, areas with educational public service facilities which is
suitable for pedestrian in Wuhan account for 30% of the total lands.

Lengend
-

Fig. 6. the grade distribution on walkablity of educational public service facilities
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Chart 4. The evaluation of walk measurement.

coulor Detail Land area ( square
kilometers)
red best 17.4
Orange better 142.0
yellow common 58.8
Light green Poor 129.6
Dark green car-dependent 346.7

5. Conclusion

Walking index mainly reflects the rationality of daily facility configuration
within certain walking distance, which was indentified as one of the basis
of the efficiency evaluation of urban daily facility configuration. Walkabil-
ity measurement was born with the concept of “Smart Growth”, ” Low
Carbon City” and it aims at highlighting the sustainable development and
environmental protection as well as enabling the city’s social benefits. The
relevant researches in developed countries are already quite mature while
China is still in practice and exploration stage. This is inseparable from
China’s national conditions---China is still in the primary stage of social-
ism, the productivity level and concerns on walking way are not enough.
When comparing the car possessing capacity, there were already 200 mil-
lion in America as early as in many years ago while China has just exceed-
ed 100 million which is actually limited.

There were some deficiencies existing in this study. For instance, it
has not made classifications for the weights of educational public service
facilities, because the walking demand of each educational public service
facility is certainly different. In the meantime, walking measurement itself
exits some shortages, such as less considered pedestrians’ subjective feel-
ings and needs; the failure to fully reflect the walkability, especially it can-
not well satisfy the needs for comfort required by walkability. Hence, how
to fully reflect the effects of both subjective and objective factors is a sig-
nificant direction to promote and perfect the measurement of walkability in
future.
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