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Measuring Non-motorized Accessibility and Connectivity in a Robust 

Pedestrian Network 

 
 

 1. INTRODUCTION  

Walkability has many important benefits.  Higher walkability is associated with healthier 

communities  mostly as a result of higher levels of physical activity (Frank et al. 2006, 

2005; Boer et al 2007; Evanson et al 2009; Frank and Kavage 2009; Gebel et al 2009; 

Grow et al. 2008; McCormack et al. 2009b; Michael and Carlson 2009; Moudon et al. 

2007; Owen et al. 2007; Van Dyck et al. 2009). Walkability is also associated with 

walking as a mode of transportation, whether as access to final destinations or as access 

to transit (Frank et al. 2006; Cerin et al. 2007; Canepa 1992; Cervero & Kockelman 

1997). Walkability, as an essential complement to transit access, mixed land uses, and 

higher densities, is a major component of efforts in urban planning to reduce auto 

dependence (Canepa 1992; Leyden 2003; Al-Hagla 2009; Carnoske et al. 2010).  

 Walkability has been defined in many different ways.  One important aspect of 

walkability is the quality of the environment, including the safety, comfort, and pleasure 

it instills in pedestrians.  Another important aspect of walkability is the ability of 

pedestrians to access their destinations..  This is aspect of walkability is called pedestrian 

accessibility. Accessibility is a function of proximity to destinations and the directness of 

routes to those destinations, or what is generally called network connectivity.  Measures 

of accessibility from homes to schools, shopping centers, health facilities, transit stops 

and other locations of interest are traditionally based on estimated travel distance via the 

street network. Studies of pedestrian accessibility generally use the street network or 

sometimes a more limited network of streets that can be safely used by pedestrians. But 
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unlike vehicles, pedestrians are not confined to the street network and their actual travel 

network around the city may include formal pedestrian facilities, such as pedestrian over 

and under passes, walkways, and greenbelt paths, together with informal routes, such as 

those through parks, parking lots, shopping centers, and other public facilities. In general, 

focusing on the street network ignores pedestrian travel off of this network, including the 

sometimes substantial travel involved in getting to and from the street.      

This study explores the effect of the pedestrian network on pedestrian 

accessibility and connectivity in a variety of low-density suburban neighborhoods in the 

City of Davis, where the pedestrian network is substantially more extensive than the 

street network. The pedestrian network in Davis is unusual, given sidewalks on all streets 

and many off-street paths, what we call a robust pedestrian network.  We focus on the 

question:  how much difference does the pedestrian network make to pedestrian 

connectivity and thus accessibility? We compare a variety of measures of connectivity 

and accessibility based on the pedestrian network versus the street network in different 

suburban settings and for accessibility to different land use activities, such as schools and 

retail centers. We have two major motivations for documenting the degree to which the 

pedestrian network enhances pedestrian accessibility over the street network alone: to 

inform research, and to inform policy.    

 

2. MEASURING ACCESSIBILITY AND CONNECTIVITY  

Accessibility is a concept that is difficult to define and even more difficult to measure 

(Handy, 2002). Hansen (1959) defined accessibility as “the potential for interaction.” It is 

commonly measured with respect to the cost of reaching potential destinations, where 
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cost is often represented by travel distance, or conversely, as the number of destinations 

reachable within a specified travel distance (see Handy and Niemeier, 1996).  

Accessibility is thus a function of both proximity and connectivity.  Proximity is 

determined by land use patterns – what is located where, how close one thing is to 

another. Connectivity is a measure of the quantity of the connections in the network and 

thus the directness and multiplicity of routes through the network.  From a transportation 

standpoint, only connections to destinations are important, so connectivity in some cases 

is defined with respect to the locations of potential destinations.   The distinction between 

connectivity and accessibility measures is thus sometimes hard to discern.  

Dill (2004) examined common measures of connectivity for bicycling and 

walking (Table 1). Dill’s work presents studies that focused on network structure 

primarily in grid networks, and thus some of the suggested measurements are not 

applicable to low-density suburban areas and for neighborhoods with a developed 

pedestrian network.  Most of the measures presented in Table 1 were calculated using a 

representation of the local street network such as the “TIGER” GIS files from the U.S. 

Census Bureau or a GIS network from a local source. None of these studies included 

pedestrian links that are not part of the local street network.  

TABLE 1 Common Measures of Connectivity (adopted from Dill 2004)  

Measure  Literature  

Block length (mean)  Cervero and Kockelman (1997)  

Block size (mean 

area)  

Block size (median 

perimeter)  

Hess et al. (1999); Reilly (2002)  

 

Song (2003)  

Block density  Cervero and Kockelman (1997); Cervero and Radisch (1995); 

Frank et al. (2000) (census block density)  
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Intersection density  Cervero and Radisch (1995); Cervero and Kockelman (1997) (# 

dead ends and cul-de-sacs per developed acre); Reilly (2002)  

Percent four-way 

intersections  

Cervero and Kockelman (1997); Boarnet and Sarmiento (1998)  

Street density  Handy (1996); Mately et al. (2001)  

Connected 

Intersection Ratio  

Allen (1997); Song (2003)  

Link-Node Ratio  Ewing (1996)  

Percent Grid  Boarnet and Crane (2001); Greenwald and Boarnet (2001)  

Grid dummy 

variables  

Crane and Crepeau (1998); Messenger and Ewing (1996)  

Percent quadrilateral 

blocks  

Cervero and Kockelman (1997)  

Pedestrian Route 

Directness  

Hess (1997); Randall and Baetz (2001)  

Walking distance to 

activities  

Aultman-Hall et al. (1997); (mean, maximum, percent of homes 

meeting minimum standard)  

 

In our study, we examine three network-related measures. The first, Link to Node 

Ratio (LNR), is a measure of connectivity independent of origins and destinations. The 

second, “pedsheds,” is measured with respect to a specific origin, and the third, 

Pedestrian Route Directness (PRD,  is measured with respect to a specific origin and 

destination. The second and third measures can be categorized as location specific 

connectivity measures. The last measure, the number of households within a specified 

distance of an origin, is also a commonly used as an accessibility measure.  We based our 

methodology on a similar study by Chin et al. (2008) that tested the same three measures 

in Australia using aerial photos to assess the pedestrian network.  

  The first measure, Link to Node Ratio (LNR), is often adopted due to its low data 

requirements and simplicity of operation. LNR is the ratio of road links (segments of a 

road between two intersections) to the number of nodes (intersections and sometimes cul-
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de-sac ends), with higher values indicating a network that provides more route options 

and more direct connections (Handy at all, 2003; Ewing, 1996). The LNR is implicitly 

based on the perspective of planning for motorized traffic planning, where each 

additional intersection has the potential to reduce traffic flow at any one intersection and 

to increase route options.  A related set of measures looks at types of intersections, such 

as the percentage of intersections that are 4-way intersections (i.e. four links attach to that 

node) (Cervero and Kockelman, 1997), or on the other end of the spectrum, the 

percentage of intersections that are not dead-ends (where cul-de-sacs are nodes with only 

one link) (Fan and Khattak, 2008). 

 A pedshed is defined as the area that can be reached from a given origin by 

walking along the network for a specified distance as a percentage of the area of a circle 

with a radius of the same distance (Porta et all, 2005; Bejleri et al, 2009). Using this 

approach requires the researcher to select nodes from which to measure the pedshed. 

Pedsheds can be thought of as a measure of “service area,” though they do not account 

for the number of potential users in this area or, if measured from residential locations, 

the number of potential destinations.  A similar measurement of effective walking area 

(EWA) is sometimes used to combine land use patterns by counting the number of 

parcels within a specified network distance from a destination, such as a school or transit 

station (Dill, 2004). 

 The third indicator employed in this study is derived from the second measure and 

uses the number of households within the pedsheds rather than the number of parcels or 

the size of the area. This indicator is especially relevant in high density and mixed density 

areas where the number of parcels is not a good indicator for the potential users in the 
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area. It is important for analyses of school location and for developing strategies to 

promote walking to school.  

 

3.  METHOD 

In this section we discuss the construction of the pedestrian network in GIS form for 

Davis, California.  The City of Davis is proud to have over 100 miles of multi-use paths 

and bike lanes, creating an extensive network for bicyclists and pedestrians (Buehler and 

Handy, 2008). Starting from the street network, we considered a variety of methods for 

adding links to the street network in areas rich with pedestrian pathways and for taking 

out links that are available to cars, but not for pedestrians. Our expanded GIS network 

represents over 60 miles of additional pedestrian route options in Davis, links that are not 

part of the 500 mile city street network (Figure 1).   
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FIGURE 1 Davis Pedestrian Network 

3.1 Network Building  

We used the existing street network as the base for building the pedestrian network. We 

developed this network based on the assumption that all off-street paths work for 

walking, as all are designated as multi-use rather than bicycle-only paths.  We assume 

that all of the local streets with a speed limit of 20 miles per hour or higher but with 

sidewalks are accessible for pedestrian, except for limited-access roads, such as freeways. 

More detailed work in the future may limit these assumptions for different users (mainly 

different age groups), based on the quality of the link surface, traffic count, safety, and 

more.   
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We based our network on a GIS street network produced by the City of Davis. 

This street network does not include any data on the safety or availability of street 

segments for pedestrian , or data on pedstrian links that are not part of the street network.   

To build a map of the pedestrian network from this street network mpa,  we started by 

determining which streets or roads are inaccessible to non-motorized travel based on 

safety considerations, such as high traffic and lack of sidewalks (see for example, Vikas, 

2008).  Because pedestrians are more sensitive to small differences in distance than 

drivers, we considered several additional refinements to the GIS network to achieve more 

accurate estimates of walking distances. Although typical GIS representations of street 

networks work fine for the purposes of analyzing vehicle traffic, they have many 

shortcomings from the standpoint of pedestrian travel. 

The representation of sidewalks and crosswalks in the GIS network presented our 

first challenge, with the options shown in Figure 2. Each option yields a different travel 

distance and link-to-node ratio. In the first option, we represent each street as a single 

link, aiming for a simple network with one node per intersection. This option does not 

represent the actual walking distance to the nearest crosswalk and from there to the 

destination, and it neglects the street’s width. The second option includes a link for each 

sidewalk and crosswalk in a way that represents actual walking on streets that cannot be 

crossed outside of the designated crosswalk. This option creates a network that represents 

a street crossed by two other streets using 24 links and 8 nodes. The third option keeps 

the sidewalk represented by a link on each side of the street, but instead of creating a link 

for each sidewalk combines the two sidewalk links together on each intersection to 

represent a crosswalk. This option is a relatively simple way to model wide streets on a  
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FIGURE 2 Options for Modeling of Sidewalks as Links  

 

GIS network, but it creates a biased link-to-node ratio, since the number of links 

connected to the same node doubled from 4 streets to 8 links.  

When modeling arterial streets we decided to use a single link on the median 

instead of the more comprehensive approach to modeling each sidewalk, path, and 

crosswalk. This approach reflects actual travel behavior on streets that can be crossed 

safely in almost any spot, but may not be satisfying on streets with medians or high levels 

of traffic that can be crossed only on crosswalks. The single-link approach also represents 

the most simple and inexpensive method of adjusting the existing GIS network, Options 2 

and 3 on the other hand would require a new network design for pedestrian use versus 

motor vehicles or bicycling.     

Option 1 

Option 2 

Option 3 
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 The second methodological concern is the accurate representation of a pedestrian 

network that is not part of the street network. A park, for example, includes a variety of 

pathways that are planned not only to move pedestrian traffic through the park, but also 

for recreational purposes. Representing pedestrian paths was not straightforward, since 

those paths are often not planned for the most efficient or shortest route, and do not avoid 

redundancy, as demonstrated on the right side of Figure 3. Furthermore, pedestrian paths 

are not planned to minimize intersections, and may have random intersections that do not 

change actual travel distance or connectivity but may affect measures based on numbers 

of nodes and links. In this study, we decided to represent the actual park pathways in the 

network, thereby keeping the redundant route options. In the illustrated case, the final 

network included four 3-way intersections, rather than the two 4-way intersections in the 

simpler network.  We did not include“shortcuts” that may be used across open fields or 

grassy areas unless a clear “goat path” was visible in the field.  The off-street pedestrian 

connections were identified using the city’s bicycle map, Google Maps, and field visits. 
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FIGURE 3 Options for Greenbelt Pathways Representation  

  

Although the Davis greenbelts are essentially pedestrian streets, parks and parking 

lots are less structured and more difficult to translate into a network that will replicate 

actual travel behavior. In our network we added to the network any pathwaysvisually 

observed (via aerial photos) in the open area and added additional links if we observed 

the potential for other shortcuts through the area. This method, similar to the previous, 

adds links and nodes that may alter the LNR measurement. Similar to parks and other 

green areas, parking lots, malls, and open spaces are also part of the pedestrian network 

and were modeled based on the actual paths and walkways in them, or based on a shortest 

path in the middle of a block for an open space that can be crossed in all directions. This 

method is somewhat subjective as it based on the actual usage of the space  rather than 

the official usage as shown in the city maps.  

7 links

2 nodes

LNR= 3.5

12 links

5 nodes

LNR= 2.4

Actual Pedestrian Paths  Simplified GIS Option   
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 The last methodological and planning consideration is the representation of large 

facilities in the network.  Crossing a school, for example, from the point where it 

connects to the street network to the actual destination on the school site, can sometimes 

take several minutes.  Most GIS street networks usually do not account for this additional 

travel distance.   In addition, in most GIS street networks, these large facilities are 

connected to the network in one arbitrary point (i.e. there are no different alternative 

connections from the street to the destination) that may not reflect actual walking options.  

In the cases of schools, for example, the facility can be entered from many directions, or 

from a nearby park, and those options have to be represented in the network. Adding 

these entrances to a facility may dramatically improve pedestrian accessibility. 

 

3.2 Network by Study Area 

The city was divided to 9 study areas ordered by the year of annexation (Figure 4). All of 

the study areas are predominantly residential neighborhoods, except Area 1, which is a 

mix of small retail, office spaces, and residential use.  

 The study areas are based on natural barriers or common characteristics (see 

Table 2) to maximize the internal homogeneity and maximize the variation between 

areas.  Parks and greenbelts potentially add additional links to the pedestrian network and 

are included in the public green spaces. In some cases privately-owned parks open to the 

public can add links that are not shown in this table. In West Davis (area 7), for example, 

the common gardens of the Village Homes neighborhood contribute about half of the 

added links, but are not included in the acreage of public greenbelt areas.  
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FIGURE 4 Study Areas 

  

 

TABLE 2  Study Areas Characteristics  

 # Name 

Year of 

annexation* 

Total 

area 

(acres) 

Park 

area  

Green 

belt 

area 

Total 

green 

area 

Green 

share of 

total 

1 Down Town 1944 303 4.99 0.28 5.27 1.7% 

2 Center West 1955 795 44.43 0.00 44.43 5.6% 

3 Center East 1964 447 6.63 0.16 6.78 1.5% 

4 South 1966 997 36.99 38.58 75.56 7.6% 

5 North East 1970 352 17.94 13.56 31.50 8.9% 

6 North West 1973 669 34.38 65.63 100.01 14.9% 

7 West 1978 917 5.60 26.09 31.69 3.5% 

8 Old East 1981 396 11.98 12.15 24.13 6.1% 

9 Upper East 1989 344 4.83 9.30 14.13 4.1% 

* last annexation when more than one accord  

 

The City of Davis has expanded substantially in the last sixty years, thus the study 

areas represent most types of suburban networks and neighborhood design common in 

the U.S., starting from a grid with small blocks to areas with loops and cul-de-sacs. Davis 
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is rich with parks and green areas, and over the years integrated greenbelts replaced 

central parks and neighborhood retail centers were developed on main arterials. The  

effect of neighborhood design on the network is shown in Table 3. The greenbelts and 

parks, which are the backbone of the pedestrian network, increase the network miles by 

up to 72.4% from the original street network. The increased length of the pedestrian 

network in North and West Davis (areas 5, 6 and 7) come mainly from greenbelts and 

parks that are connected to cul-de-sacs and transform the network into a pedestrian grid. 

The pathways in the parking lots and other facilities in the downtown area increase the 

network miles by 7.9%.       

 

TABLE 3  Network Characteristics  

 # 
Name 

Street 

Network 

(miles) 

Network 

Type* 

Pedestrian 

Network  

(Miles) 

Pedestrian 

Network 

increase 

Street/area 

(Mile/acre) 

Pednetwork

/area 

(Mile/acre) 

1 
Downto

wn 
12.6 Grid 13.6 7.9% 0.041 0.045 

2 
Center 

West 
22.6 Loops 23.4 3.6% 0.028 0.029 

3 
Center 

East 
12.5 

Long blocks, 

Cul-de-sacs 
13.1 5.2% 0.028 0.029 

4 South 25.3 Cul-de-sacs 33.9 34.2% 0.025 0.034 

5 
North 

East 
9.5 Cul-de-sacs 16.4 72.4% 0.027 0.046 

6 
North 

West 
17.5 

Loops 

Cul-de-sacs 
26.5 51.2% 0.026 0.040 

7 West 26.8 Cul-de-sacs 34.9 30.2% 0.029 0.038 

8 
Old 

East 
14.6 

Loops 

Cul-de-sacs 
17.3 18.5% 0.037 0.044 

9 
Upper 

East 
8.1 Cul-de-sacs 9.2 13.5% 0.023 0.027 

*follows the typology used by Crane & Crepeau (1998). 
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 4. RESULTS 

We measure the connectivity and accessibility of the study areas using the three 

measurements discussed in Section 2. The LNR was measured for the entire study area, 

and the pedshed and households within pedsheds were measured for 18 educational 

facilities and 12 retail centers in the city. We choose to focus on a short walking distance 

based on five minutes walking distance calculated at 4 miles per hour. This distance of 

537m or a third of a mile represents a distance that may have a shorter travel time by 

walking than by driving, given the two to three minutes needed for starting the car, 

backing it out, parking it, etc. A similar study by Aultman et al., (1996) that focused on 

neighborhood pedestrian accessibility used 400 meters as a walking distance, which may 

be too short to demonstrate differences in a suburban area with relatively large blocks.  A 

study from Davis that focused on biking and walking to soccer games suggests that non-

motorized modes were dominant up to a range of just over half mile (Tal and Handy, 

2008). 

  

4.1 Link Node Ratio 

Link to node ratio is a commonly used indicator to distinguish between grid networks and 

suburban type networks.  In Davis we can see that the street network in the older 

downtown area has an LNR of 1.83 while the other non-grid areas have LNRs of 1.1 to 

1.35 (Table 4).  
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TABLE 4  LNR 

  Street Network Pedestrian Network 
Ped to Street Ratio  

 # Name Links Nodes Ratio  Links Nodes Ratio  

1 Down Town 211 115 1.83 286 164 1.74 0.95 

2 Center West 220 163 1.35 267 189 1.41 1.05 

3 Center East 135 116 1.16 155 124 1.25 1.07 

4 South 285 242 1.18 452 320 1.41 1.20 

5 North East 121 108 1.12 328 221 1.48 1.32 

6 North West 222 201 1.10 452 314 1.44 1.30 

7 West 289 238 1.21 531 369 1.44 1.19 

8 Old East 176 141 1.25 264 189 1.40 1.12 

9 Upper East 95 81 1.17 136 90 1.51 1.29 

 Sum and Ratio 1754 1405 1.25 2871 1980 1.45 1.16 

  

 

The pedestrian network LNR yielded surprising results. In the grid network of 

downtown the new links created more nodes and dropped the LNR from 1.83 to 1.74. In 

the other areas, the pedestrian network shows higher LNR than the street network, with 

differences of 5 to 32%.   We see that the largest improvement in LNR observed in areas 

where the pedestrian links change the network type from cul-de-sacs to grid as shown in 

areas 5, 6, 7, and 9 in Figure 4. It can also be observed that areas 2 and 3 have a lower 

number of new links and nodes, and lower improvement overall.  

 

 4.2 Pedsheds  

As discussed above, we created 5-minute walk pedsheds around schools and retail centers 

in each area. The results for this indicator are highly dependent on the location of the 

school in relation to  additional pedestrian links, particularly the way the pedestrian links 

change the options for entering the school. Overall, we observe that the pedestrian 

network increases the 5-minute walk area by an average of 12 percentage points (Table 

5). Schools located at the end or on a greenbelt or other pedestrian link showed a higher 
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increase as did  schools located at the end of a park, because these schools connect to the 

pedestrian network on at least two sides and not just at the front of the school (Figure 4). 

TABLE 5  Pedsheds for 5 Minute Walk from Schools and Educational Facilities  

 
  

Area change from street to pednet 

 (percent points)* 

 # Name N Min Max Average 

1 Down Town 2 n/s 14.7% 8.4% 

2 Center West 4 n/s 10.2% 6.3% 

3 Center East 2 n/s 3.3% 1.6% 

4 South 2 18.8% 28.2% 23.3% 

5 North East 1 n/s n/s 3.7% 

6 North West 2 n/s 32.9% 16.6% 

7 West 2 16.6% 17.4% 17.0% 

8 Old East 2 7.7% 57.2% 32.4% 

9 Upper East 1 n/s n/s 0.2% 

 All Areas 18 4.5% 18.2% 12.2% 

* due to a minor changes in the origin location a difference of less than 4% in the area 

considered as not significant 

 

 
FIGURE 4  Pedsheds for 5 Minute Walk from Schools in West Davis (Area 7)  
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 A similar analysis of a retail center suggests much lower improvement due to the 

pedestrian network with no significant increase in 5 out of 9 areas, and an average 

improvement of 5.3% (vs. 12.2% for schools; see Table 6). The low impact of the 

pedestrian network for retail centers can be attributed to the car-oriented location of most 

retail centers in Davis. In two areas (#1 and #4), retail centers show a significant increase 

in pednet area resulting from a back entrance for pedestrians(Table 6).    

 

TABLE 6  Pedsheds for 5 minute Walk from Retail Center 

 
  

Area change from street to pednet 

 (percent points)* 

# Name N Min Max Average 

1 Down Town 2 n/s n/s 0.0% 

2 Center West 2 n/s 38.6% 19.1% 

3 Center East 2 n/s n/s 0.0% 

4 South 3 n/s 19.9% 6.9% 

5 North East 0 - - - 

6 North West 1 n/s n/s 2.2% 

7 West 1 7.3% 7.3% 7.3% 

8 Old East 1 n/s n/s 1.3% 

9 Upper East 0 - - - 

 All Areas 12 1.0% 9.4% 5.3% 

* due to a minor changes in the origin location a difference of less than 4% in the area 

considered as not significant 

  

 We merged the pedsheds with household layers to estimate the number of 

household that are within a 5 minute walk from a school or retail center, as a measure of 

accessibility. This measure removes the bias created by large parks that are added into the 

pedsheds when a pedestrian network is used (as reflected in the lower school in Figure 6). 

The overall results suggest that by using the street network we underestimate the number 

of households within 5 a minute walk from a school by more than 40%. The wide 

variation in results also reflects the importance of the school location with respect to the 

pedestrian network.   
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TABLE7  Number of Households 5 Minute Walk from Schools and Educational 

Facilities  

 
  

Percent point change in number of HH within 5 

minutes walk  street vs. pednet 

# Name N Min Max Average 

1 Down Town 2 n/s 4.5% 3.8% 

2 Center West 4 n/s n/s n/s 

3 Center East 1 n/s n/s n/s 

4 South 2 25.4% 59.7% 41.6% 

5 North East 1 202% 202% 202% 

6 North West 2 10.7% 29.5% 20.1% 

7 West 2 19.1% 29.9% 24.5% 

8 Old East 2 11.2% 58.5% 29.9% 

9 Upper East 1 - - - 

 All Areas  33.6% 47.5% 40.2% 

* due to a minor changes in the origin location a difference of less than 4% in the area 

considered as not significant 

 

Overall, we observed some correlation between accessibility and area 

characteristics, as reflected in Table 2, with higher scores in areas with more greenbelts 

and a more developed pedestrian network.  

 

5. DISCUSSION 

The overall results suggest that by using the street network we underestimate the number 

of households within 5 minute walk from different desired destinations in Davis by more 

than 40% in some cases. The highest differences are seen in newer neighborhoods that 

have an extensive pedestrian network as part of  park and greenbelt areas. More modest 

differences are seen in areas with large, relatively square parks that increase the distance 

between potential origins and destinations and in areas with low connectivity on both the 

street and the pedestrian network.     

Additionally, we find that the link-to-node ratio is not  a good indicator for 

pedestrian networks. We demonstrate that in a grid network the introduction of new 

pedestrian links may reduce the overall LNR. Overall, our finding suggests that the LNR 
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measure can reflect the differences between a grid network and a suburban network, but 

cannot reflect minor differences between areas or adequately account for the effect of 

pedestrian-only connections. While the LNR has no distance component and measures 

connectivity without respect to destinations, the other indicators examined include actual 

travel distance to or from a specific location and therefore are affected by the location of 

the measured facility, not only by the area characteristics.   They are more effective in 

accounting for the presence of pedestrian-only links.  

 As expected we observed that the differences between the pedestrian network and 

the street network is higher in the vicinity of schools, which are located inside the 

neighborhood, than on retail centers located on arterials between residential areas.. 

Conversely, a large and wide park, even if well connected, may put houses farther away 

from a destination on average, thereby increasing travel distances and reducing 

accessibility. We believe that the shape of the green area (i.e. a linear greenbelt versus a 

square-shaped park) affects network accessibility together with the location of its 

pedestrian connections to the street network.  In addition, the connectivity to specific 

retail areas was dramatically improved by accounting for backside connections to the 

neighborhood rather than just the connections through the parking lot.     

 

6. CONCLUSIONS    

This study has demonstrated the significant impact that off-street pedestrian links can 

have on pedestrian connectivity and accessibility We demonstrate that suburban areas 

with lower housing density and a pedestrian network based on pathways, parks, and 

greenbelts, as found in parts of Davis, can have a higher level of connectivity and 
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accessibility than measured in a more traditional grid network with four-way 

intersections and small blocks. Accounting for actual pedestrian connectivity, particularly 

the connections to schools and other public facilities, can lead to both better planning and 

more accurate research with respect to the conditions that promote walking. 

While this study demonstrates the need for developing GIS pedestrian networks 

rather than relying on GIS street networks for both planning and research, it also 

highlights many important methodological considerations.  The particular approach 

chosen for representing the network in GIS can have a substantial impact on measures on 

connectivity.  Further explorations of these issues, in a wider variety of settings, is an 

important next step.  In addition, in this study we focused on the pedestrian network 

rather than the bicycle network.  More detailed analysis is needed to understand 

differences between these as well as differences in the networks relevant to bicyclists of 

different abilities.  Finally, this work should be extended to other measures of 

accessibility to assess the importance of accounting for pedestrian facilities. 
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