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Abstract 

In the United States, from 2015 to 2016, a nine percent increase was recorded in pedestrian-

related fatalities from motor vehicle crashes (NHTSA 2017). To reduce the number of pedestrian-

related accidents, and to reduce the dependence of the motor vehicle for primary transportation, the 

roadway infrastructure needs to be centered around pedestrian usage, multiple modes of transportation 

need to be offered, and the environment needs to be made exciting and comfortable for all users. This 

study provides an overview of factors that contribute to pedestrian-related accidents and reduce 

walkability in South Tucson. This study also provides an overview and a step-by-step process of 

solutions and recommendations for future development in troubled areas. This work will be 

accomplished through a) US census data analysis, b) crash data analysis, and c) an assessment of 

roadway/pedestrian infrastructure design. It found that there were some trends between the two zip 

codes 85713 and 85704 which are; the zip code 85713 had higher poverty status rates, the household 

income was significantly lower than in zip code 85704, the average population age was younger than 

in zipcode 85704, and that more people were cycling to work than in zip code 85704. The mapping of 

the crash data showed there were more pedestrian-related accidents within a South Tucson location 

than in a location in North Tucson. It also found that the roadway design and pedestrian infrastructure 

in South Tucson offered significantly fewer safety elements to pedestrians than in North Tucson. To 

make South Tucson more walkability and pedestrian-friendly, the roadway, which includes; the 

intersection, streets, crosswalks, and bikeways, needs to be redesigned. 
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Chapter 1: Introduction 
 
Background  

In Arizona, 21.6% of total traffic fatalities are pedestrian-related, and this presents a serious 

issue in regards to pedestrian safety and public health (National Center for Statistics and Analysis, 

2017). With rapid global urbanization, the need for pedestrian infrastructure is increasingly becoming a 

primary concern in urban design and city planning efforts. This concern has become a progressively 

pressing concern as lower-income neighborhoods tend to have poorly maintained pedestrian 

infrastructures such as bicycle lanes, traffic signage, crossing points, and sidewalks. As stated by 

Bereitschaft (2017), "socially vulnerable groups such as the elderly, impoverished, minorities, and 

those with low education and/or low-skill occupations that have limited resources and are often 

mobility-restricted.”  

Research on pedestrian accidents by automobiles has been conducted in cities such as 

Charlotte, NC, Pittsburgh, PA, and Portland, OR, with a wide range of predicting factors being tested 

(Bereitschaft, 2017). This research study will aim to answer whether there are factors such as 

household income, poverty, housing type, and educational attainment, that may be related to 

pedestrian-related accidents in South Tucson, specifically neighborhoods near and around the 

intersection of Mission Road and Ajo Way.  

  

Research scope, questions, and approach 
In this study, when referring to “South Tucson,” this will indicate anything South of 22nd 

street in Tucson. I have chosen a corridor at the intersection of Mission and Ajo with a radius 

one-half mile or 880 meters (refer to figure 1). This corridor highlights some central locations, 

such as two public schools (Lynn/Urquides Elementary School and Mary Belle McCorkle 

Academy of Excellence), John F. Kennedy Park, and Pima County Public Library. Along with 

these central locations, there is a busy economic hub consisting of a grocery store, a pet clinic, 

two banks, restaurants, a religious facility, and a dental office. A similar intersection in north 

Tucson, Stone and River, was chosen as the counterexample since it was recently redesigned. As 

neighborhoods around the University of Arizona, as well as downtown, are experiencing rapid 

development, this study will highlight how the increase of automobile traffic and population will 

influence the health and well-being of residents in South Tucson 

 I will use quantitative and qualitative measures to analyze pedestrian-related accidents, 

walkability, and roadway infrastructure in the Mission and Ajo corridor as it compares to Stone 
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and River. I will examine factors that restrict walkability and effect pedestrian infrastructure such 

as crossing points, sidewalks, bike lanes, signage, and street lighting.  Results should inform local 

officials, community members, and the general public on creating safer, more inclusive, walking 

paths that encourage, mobility, healthier lifestyles, improve social cohesion (bring people to 

socialize into the streets, children to play, etc.), and contribute to a reduction in transport 

emissions. 

This research study looks to answer what factors are effecting walkability and causing 

pedestrian-related accidents in South Tucson. There is a precedent for research on equitable 

distribution of infrastructure. For example, (Kravetz and Noland 2012) found that pedestrian 

infrastructure is inequitably distributed in Northern New Jersey. However, these findings may 

differ from city to city, and everything south of 22nd street may have different results than in 

New Jersey. 

 In the first part of this research, I will analyze crash data from the City of Tucson and 

demographic data obtained from the United States Census Bureau. I will create two maps 

displaying pedestrian-related crashes for the Mission and Ajo Corridor and near the intersection 

of River and Stone. These maps will allow me to visualize where in the corridor there may be 

troubled areas impacting the health and wealth of the community. These maps will also allow for 

a comparison to be made between the two locations. Lastly, I will conduct an observational 

analysis of the two locations using guides from The National Association of City Transportation 

Officials (NACTO). 

 

The following questions pose as an outline for the research: 

1. What built environment features are negatively impacting walkability and safety in the 

Mission and Ajo corridor compared to another intersection such as River and Stone? 

2. How do the demographics of the Mission and Ajo corridor compare to another area of 

Tucson, such as River and Stone?  

3. Are the current pedestrian facilities (signage, crosswalks, lighting, bike lanes, etc.) 

adequate for the corridor?  
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It is hypothesized that due to the demographic characteristics of the Mission and Ajo corridor, 

pedestrian infrastructure is compromised, leading to more pedestrian-related accidents.     

 Figure 1, displays the Mission and Ajo corridor which extends one-half mile or 880 meters in each direction 
from the intersection. 

Figure 2, displays the River and Stone intersection which will be studied to compare to the Mission and 
Ajo Corridor. 
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Chapter 2: Literature Review 
 
 

This literature review will be categorized into themes related to pedestrian safety and 

walkability. The four categories range from pedestrian infrastructure and walkability, safety, 

public health, and society. These themes will help organize the research findings and to 

understand the actors that influence pedestrian infrastructure in South Tucson. 

 

Pedestrian Infrastructure and Walkability 
Ewing and Dumbaugh (2009) claim that traffic environments in dense urban areas look to 

be safer than that of lower volume traffic environments in the suburbs. This difference in safety 

may be due to less vehicle distanced traveled in dense urban areas, as well as the traffic 

occurring at much slower speeds than that of lower volume traffic environments (Ewing and 

Dumbaugh, 2009). The authors also claim that the traffic is safer in dense urban areas due to 

less- "forgiving" design treatments. These designs would look like narrower traffic lanes, 

calming measures, and greenery close to the roadways, and these less forgiving design treatments 

better inform drivers on both safe and appropriate driving speeds (Ewing and Dumbaugh 2009). 

However, safety may not be the same across all dense urban environments. Bereitschaft 

(2017) researched spatial and statistical relationships among socially and economically 

vulnerable neighborhoods in three U.S. cities, Charlotte, NC (low-density, sunbelt city), 

Pittsburgh, PA, and Portland, OR (moderate density and shrinking rustbelt city). The three 

neighborhoods had different urban typologies and development patterns, resulting in various 

outcomes. What was found was that Charlotte was more likely to exhibit inequitable access to 

walkable areas. Pittsburgh and Portland showed the opposite, with more chances of having 

equitable access to walkable areas (Bereitschaft, 2017).  

 

Pedestrian Infrastructure and Safety 
Nesoff, Porter, Bailey, and Gielen (2018) explored community knowledge and beliefs 

about pedestrian safety, which include essential laws and intervention strategies. This 

information could aid in creating community-level pedestrian safety interventions and also work 

as a baseline for evaluation in future intervention changes (Nesoff, Porter, Bailey, and Gielen, 
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2018). The study focused on an urban university medical center campus with three professional 

schools, medicine, nursing and public health, and a hospital system that the authors refer to as 

the "community." Through an e-mail survey, Nesoff, Porter, Bailey, and Gielen (2018) found 

were either unaware of pedestrian safety laws or that this misunderstood the pedestrian safety 

laws. The findings suggest drivers and pedestrians view pedestrian safety as an essential part of 

public health issues and view that engineering, education, and enforcement are solutions.  

Based on data collected from university police crash reports, an environmental audit, direct 

observations, and a cross-sectional focus group, Pollack et al. (2014) determined numerous 

factors at play in pedestrian crashes. The audit and observations demonstrated a lack of adequate 

pedestrian infrastructures such as a signage of speed limits, limited crossing points, and issues 

with traffic lights. The focus groups brought about locations and times of the day when the 

roadways were more dangerous, signage and signal problems, the enforcement of the laws of 

traffic, distractions from technology from pedestrians, and overall pedestrian safety awareness. 

In conclusion, Pollack et al. (2014) claim that using various methods to collect data is crucial to 

understand the issue at hand effectively. Pollack et al. ended developing recommendations that 

align with the three E's of injury prevention (education, enforcement, and engineering) for 

leadership that have what they call authority of implementing the recommendation thoroughly 

and effectively.   

 

Pedestrian Infrastructure and Public Health  
Avis, Gamble, and Schwebel (2014) looked at whether children with Excessive Daytime 

Sleepiness (EDS) are at higher risk for pedestrian injury than children without EDS. This 

research involved 33 children with EDS to undergo a virtual reality pedestrian environment, 

which tested the children's safety responses to traffic. Avis et al. (2014) found children with EDS 

were at higher risk of pedestrian injury due to inattentional blindness. The author state that more 

needs to be done to bring awareness to consequences bestowed on those effected by EDS in 

pediatric injury prevention.  

The research study, Neighborhood walkability and hospital treatment costs: A 

first assessment (Yu et al. 134-139). assessed the relationship between neighborhood walkability 

and hospital treatment cost. Eighty-eight neighborhoods within the Australian Capital Territory 

(ACT) were incorporated in this study. The authors evaluated 30,690 public hospital admissions 
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for the medical treatment of four diagnostic groups from the years 2011-2013. These groups 

include respiratory diseases, cancers, endocrine, nutritional and metabolic diseases, and 

circulatory diseases. The authors determined the medical treatment cost, based upon the cost 

weight of the diagnosis associated group allocated to each hospital admission. These treatment 

costs were then related to scores obtained from the WalkScore index, which measures 

walkability based distances to amenities like restaurants, schools and parks. The authors 

conducted linear regressions to analyze the walk scores with the hospital costs per person, 

admissions per person, and, finally, the cost per admission. The findings included; an inverse 

association with the neighborhood walkability was fond for cost per person and admissions per 

person, however not cost per admission. This research highlights the benefits of neighborhood 

walkability. Although this research was done with Australian neighborhoods and hospital data, 

the results could relate to the importance of walkability in U.S neighborhoods 

 

Conclusion 
There is no doubt that there are significant issues in regards to pedestrian safety and 

walkability in dense urban areas. Various factors contribute to this, such as pedestrian 

infrastructure, roadway design, and driver and pedestrian behaviors. The research done by these 

authors offers insight into the research I will be conducting and allow for these findings to 

support those of my own.  
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Chapter 2: Methodology 
 

Study Area 
 The corridor I have chosen for this research is at the intersection of South Mission Road 

and West Ajo Way, with a radius of half a mile or 880 meters. I chose this area precisely for the 

location, demographic characteristics, and the roadway design. Narrowing my research area 

down to the Mission and Ajo corridor, it will allow me to focus attention to finer details such as 

roadway design, pedestrian-related infrastructure (crosswalks, signage, bicycle lanes, etc.), 

roadway maintenance, and the analysis of pedestrian-related accidents. Going south on Mission 

Road just past the Ajo intersection, the city limits come to an end, and the speed limit increases. 

This increase may impact the safety of the community throughout the corridor.  

 As previously mentioned, this corridor highlights some central places, such as two 

public schools (Lynn/Urquides Elementary School and Mary Belle McCorkle Academy of 

Excellence), John F. Kennedy Park, and Pima County Public Library. Along with these central 

locations, there is a busy economic hub consisting of a grocery store, a pet clinic, two banks, 

restaurants, a religious facility, and a dental office. Most of these locations prioritize automobiles 

in general, due to the consistent daily activity, this should be a space that is highly walkable by 

residents in the area.   

 The countermeasure for the Mission and Ajo Corridor I have chosen to be near the 

intersection of East River Road and North Stone Avenue. I chose this location due to what I 

consider similar attributes to that of the Mission and Ajo Corridor, which are two main roads, 

similar street design (four-way roadway, center turning lane, etc.), nearby shopping center, and 

similar roadway speed limits. I will be looking for trends in Census Data on the demographics 

(household income, poverty status, etc.) of zip code 85704, which the intersection of River and 

Stone lays within. This area is also north of 22nd street in Tucson, which I considered anything 

south of to be considered South Tucson. By choosing this location, I will be able to compare all 

my results between the areas and highlight any trends or patterns I may find.  
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Methods 
 This study will use three methods to determine pedestrian safety and walkability in the 

Mission and Ajo Corridor vs. Stone and River. First, descriptive statistics will be conducted 

using the American Community Survey (ACS) 2018 five-year estimates data to determine 

certain demographic characteristics of two areas. The two areas are zip codes 85713 and 85704, 

the first zip code being of which the majority of the Mission and Ajo Corridor is located. This 

analysis will provide a comparative understanding of household income, poverty rates, and the 

modes of transportation residents of the corridor are using to commute. This data will be input, 

sorted through and organized in Microsoft Excel, utilizing charts and graphs to visualize the 

outcomes and trends. Four tables will be made to compare the results, which are: population 

from whom poverty status is determined, income in the last twelve-months, means of 

transportation to work, and age by selected categories.  

  

  

 The second descriptive analysis will be conducted using crash data from the City of 

Tucson. This data was provided to me by Assistant Professor of Urban Planning in the College 

of Architecture, Planning, and Landscape Architecture (CAPLA), who was also my mentor for 

this research study. This data can be obtained from most city transportation departments. This 

data provides both pedestrian-related and non-pedestrian-related accidents (crashes, pedestrian 

crashes, bike crashes, non-bike crashes, and traffic incidents.) The data was received in a 

shapefile and layer format which is compatible with geographic information systems (GIS) 

software. This data will be inputted into ESRI's ArcMap program, and various maps will be 

created to visualize the data. This analysis visualizes crash data for two areas, which will include 

the Mission and Ajo Corridor and the intersection of East River Road and North Stone Avenue. 

Visualization of the data will allow for a comparison of pedestrian-related crashes. 

Figure 3, displays the conceptual frame work for the first part of this study. 

Figure 4, displays the conceptual framework of the second part of this study.  
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 Third and last, an observational analysis will be conducted of the Mission and Ajo 

Corridor and Stone and River’s roadway design and pedestrian infrastructure. The National 

Association of City Transportation Officials Urban Street Design Guide and Urban Bikeway 

Design Guide will be used to conduct this observational analysis. Both guides provide three 

levels of guidance: critical, recommended, and optional features. The guides state that critical 

features are elements that there lay a "strong consensus of absolute necessity, recommended 

features are elements that lay a "strong consensus of added value" and optional features as 

elements that lay a possible added value depending on the location and situation (NACTO, 

2013). Site visits will be conducted, where observations of the roadway design, pedestrian 

infrastructure and behaviors of both drivers and pedestrians will be studied, and photographs will 

be taken. These observations, notes, and photographs will be used to determine the current state 

of the corridor and to understand where the strengths and weaknesses occur. These results, along 

with results from the previous sections of this study, will be used to make recommended changes 

to the Mission and Ajo Corridor to make it safer and more comfortable for pedestrians.  

 

 

 

 
 
 
 
 
 
 
 
 
 

Figure 5, displays the conceptual framework for the third part of this study.  
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Chapter 3: Data and Analysis 
 
 
 

Population from Whom Poverty Status is Determined  
 
 
 
 
 
 
 

 
Income in the Past 12-Months  

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

Zip Code Total  Below poverty level  Percent below poverty level 
85713 44,604 11,712 26.30% 
85704 31,729 3,253 10.30% 

Table 1, displays the population from whom poverty status is determined for zip codes 85713 and 85704. The data 
was obtained from the American Community Survey 5-year Estimates 2018. 

Income in the last 12-months Households/85713 Households/85704  
Total 16,772 14,821 
Less than $10,000 10.20% 4.50% 
$10,000 to $14,999 7.90% 4.40% 
$15,000 to $24,999 16.10% 9.50% 
$25,000 to $34,999 14.20% 12.60% 
$35,000 to $49,999 17.10% 14.30% 
$50,000 to $74,999 18.90% 18.50% 
$75,000 to $99,999 7.70% 10.20% 
$100,000 to $149,999 4.90% 14.60% 
$150,000 to $199,999 2.20% 5.60% 
$200,000 or more 0.70% 5.80% 
Median income (dollars) 36,296 55,891 
Mean income (dollars) 45,913 79,341 
Table 2, displays the income in the last 12-months for zip codes 85713 and 85704. The data was obtained from the American 
Community Survey 5-year Estimates 2018. 

.   
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Means of Transportation to Work 
  
 

 
 
 
 
 
 
 

 
  

 
 
 
 

Age/Selected Categories 
 

Age categories  85713 85704 
 Percent  Percent  
5 to 14 years 13.50% 8.50% 
15 to 17 years 3.20% 2.60% 
Under 18 years 22.20% 16.20% 
18 to 24 years 12.60% 9.10% 
15 to 44 years 41.20% 35.00% 
16 years and over 80.10% 85.50% 
18 years and over 77.80% 83.80% 
21 years and over 72.80% 80.40% 
60 years and over 21.30% 34.20% 
62 years and over 18.90% 30.70% 
65 years and over 15.10% 26.50% 
75 years and over 6.90% 13.50% 

Table  3, displays the age/selected categories for the zip codes 85713 and 85704. The data was obtained from the American 
Community Survey 5-year Estimates 2018. 

 

The data in these tables were sorted and organized to find trends between the zip codes 

85713 and 85704. The findings in the tables above do show some significant trends. The first of 

which is the population from whom poverty status is determined. In the 85713 zip code, a 

staggering 26.30% of the population was determined to be in poverty as compared to the 10.30% 

in the zip code 85704. The second table displays income in the past twelve-months. There was a 

 85713 85704 
 Total Total  
Workers 16 years and over 18,634 14,206 
Car, truck, or van 89.20% 87.60% 
Public transportation (excluding 
taxicab) 3.20% 1.80% 
Walked 1.90% 2.20% 
Bicycle 1.70% 0.70% 
Taxicab, motorcycle, or other means 1.40% 1.60% 
Worked at home 2.70% 6.00% 

Table 3, displays the means of transportation to work of the zip codes 85713 and 85704. The data was 
obtained from the American Community Survey 5-year Estimates 2018. 
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difference in median income (dollars) of $19,595, and mean income (dollars) of $33,428 

between the two zip codes, with 85713 being on the lower end of the figures. This chart 

highlights the significant income difference between the two areas.  

The table displaying means of transportation to work showed slight differences. The 

major differences that can be observed from the charts were those who used a bicycle to 

commute to work and those who worked at home. In 85713, 1.70% of the population cycled to 

work as compared to 0.70% in the zip code 85704. Although these percentages may seem small, 

that is approximately 316 people cycling to work in zip code 85713, as compared to 100 people 

cycling to work in zip code 85704. That’s almost 220 more people cycling to work on the 

roadways in South Tucson than in north Tucson. It is important to note that the American 

Community Survey data accounts for only the population that the survey reached, and that 

completed the survey. The fourth table displays the age by selected categories for zip code 85713 

and 85704. Overall what can be observed from this table is there is a younger population in the 

zip code 85713. There is a six percent difference in the category of under eighteen, with zip code 

85713 being at 22.20%, whereas zip code 85704 is at 16.20%.  
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Maps of Pedestrian-Related Crashes 

 
 
 

 
 

 

Figure 6, displays pedestrian-related crashes in the intersection of Mission and Ajo area.  

Figure 7, displays pedestrian-related crashes near the intersection of River and Stone.  
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The data that was inputted into ESRI’s ArcMap was collected from tucsonaz.gov. This 

data was downloaded as traffic incidents and was last updated two years ago. The data consisted 

of many categories related to traffic incidents; however, I sorted the data by selected attributes. 

The categories selected were all related to both pedestrian and bicycle accidents. There was a 

total of thirteen categories I determined were related solely to pedestrian and bicycle accidents. I 

then narrowed down the categories once more to include four categories which are: pedestrian 

crashes that were fatal, pedestrian crashes that resulted in an injury, bicycle crashes that were 

fatal, and bicycle crashes that resulted in an injury. This was done to get a simplified 

understanding of pedestrian-related crashes in areas.  

What was found was that were fewer pedestrian-related crashes near the intersection of 

River and Stone than were near the intersection of Mission and Ajo. The map displaying the 

intersection of Mission and Ajo shows mainly pedestrian crashes resulting in injury with one 

count of the accident ending in a fatality. There were also two bicycle crashes resulting in injury 

at the intersection of Mission and Ajo, two east of the intersection along Ajo Way, one north of 

the intersection along Mission Road, and one accident that looks to appear in a residential area 

south of the intersection. These results show that there needs to be a redesigning of the roadway 

design and pedestrian infrastructure in the Mission and Ajo Corridor to address these accidents.  

Near the intersection of River and Stone, there was one count of a bicycle accident 

resulting in an injury. In Figure 7, you can see an additional bicycle accident resulting in an 

injury; however, this is located at the intersection of River Road and 1st Avenue.  
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Images At The Intersection Of South Mission Road and West Ajo way 
 
 

 

 

 

 

 

Image 1, displays faded paint outlining the crosswalk path at the 
intersection of Mission and Ajo, posing danger and lowers confidence of 
pedestrians crossing the road.  

Image 2, displays unkept vegetation along the sidewalk within the Mission 
and Ajo corridor.  

Image 3, displays the lack of maintenance at a bus stop facility within the 
Mission and Ajo corridor.  Image 4, displays a poorly painted crosswalk signal sign, that can pose 

danger and confusion in pedestrians when crossing the road.   
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Images At The Intersection Of East River Road and North Stone Avenue 

 

 

 

Image 5, displays automobiles in the Mission and Ajo corridor idling 
at a red-light in the bike lane, posing a dangerous situation for 
cyclist.  

Image 6, displays the entrance to a business hub within the Mission and Ajo 
corridor where the highly used turning lane for automobiles poses danger to 
cyclists as there are few safety features implemented to protect them.   

Image 7, displays a colored bike facility which increases visibility for drivers 
and safety for cyclists.  

Image 8, displays a well maintained bus stop facility, which also includes an 
aesthetically pleasing design of the structure as well as solar powered lighting. 
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Image 9, displays a well-kept sidewalk free of debris and trash.  Image 10, displays a crossing point at the intersection with well-maintained 
painted paths, as well as a median in the center of the road with an additional 
crossing point signal button.  

Image 11, displays a crossing point signal button with new and highly visible 
signage.  

Image 12, displays painted green areas inside the bike lane approaching the 
intersection which increase visibility for drivers and safety for cyclists.  
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Mission and Ajo Corridor Observation  
 

Facilities for Automobiles  

The Mission and Ajo corridor consists of five-lane four-way streets with a turning lane in the 

center. The travel lane width for automobiles is twelve feet wide, above the recommended width 

of ten feet as lanes greater than eleven feet can cause speeding and assume right of way to 

drivers over pedestrians (NACTO 2013). Ajo Way road does not contain any form of raised or 

depressed medians along the roadway, instead of containing a flush median, within the radius of 

the corridor (figure 1). There is a four-foot pedestrian safety island in the center of all the four 

roads at the intersection of Mission and Ajo. Only three of the four pedestrian safety islands 

contain a fixed-time signal, highlighting the priority of automobiles over pedestrians.  

The painted travel lanes are faded, and the asphalt is unleveled, cracked, scarcely repaired in 

areas, and overall showing the wear and tear of consistent use. Spending time in the corridor, 

whether by automobile, foot, bicycle, or public transport, it is apparent that its design prioritizes 

automobiles. There are no physical barriers between the roadway and sidewalks, the blocks are 

large in size and entrances to the shopping centers, and other facilities are wide favoring 

automobiles. Along Mission Road, the city limits come to an end just south of the intersection, 

and the speed limit increases by five miles per hour. This, I believe, is responsible for higher 

automobile speeds within the intersection and throughout the rest of the Mission and Ajo 

corridor, where the speed limit is forty miles per hour.  

 

Facilities for Pedestrians  

           There is lots of space for pedestrians to move. However, this space lacks comfort and 

friendliness. By this, I mean the walking paths for pedestrians do not offer protection from 

automobile traffic, and the natural environment. Large open spaces with little to no greenery are 

common and are usually lined with roadway debris (pieces of tire, automobile parts from 

accidents, etc.) and trash. In urban areas, corners tend to contain businesses, bicycle parking, 

places for people to congregate, and locations for bus stops, among other elements (NACTO 

2013). Although there are many businesses within the Mission and Ajo Corridor, many of the 

buildings do not face or are near the main road. This makes it difficult for those on foot, bicycle, 

those using public transportation, or those who may have disabilities to get to the businesses.  
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           Although the roadway design favors automobiles, there is always foot traffic throughout 

the day. This, I believe, is due to the commercial activity along the corridor as the community 

sets out at different times of the day to acquires groceries, clothes, and personal needs products. 

However, it appears that this foot traffic is made up of people who do not have access to other 

modes of transportation, relying solely on public means of commuting. There are some crossing 

points and crosswalks throughout the corridor; however, they are not effective from observation. 

In particular, on Mission Road right in front of the entrance to John F. Kennedy Park, there is a 

crosswalk that is heavily used by the community. The crosswalk more than often finds itself with 

pedestrians trapped on one side of the road or in the center of the road waiting for automobiles to 

stop. There are measures taken to highlight the crosswalk such as signage and rapid flash 

beacons; however, with the safety of the community at risk, full signalization maybe required.  

 

Facilities for Bicycles  

           The bicycle lanes in the Mission and Ajo Corridor range from approximately six feet 

along the roadway to about four feet near the intersection. The lanes are inconsistent in design 

(width, surface, etc.), with some areas maintained more than others; the lanes usually being 

unsafe and under kept. As the Mission Road and Ajo Way are designed to facilitate high 

volumes of automobile traffic, it becomes inconvenient, dangerous, and uncomfortable for 

cyclists during peak times of the day. The paint is commonly faded, and in some areas, confusing 

as new paint was overlapped on existing lanes, but in a different position which can pose a threat 

to cyclists when in motion alongside traffic. At the intersection of Mission and Ajo, it is common 

to see automobiles crossover into the bicycle lanes, idle, and obstruct the lanes at intersections 

(refer to image 5).  

 

Transit Routes/Bus Facilities        

           The bus is heavily used in this corridor, with routes twenty-three and fifty operating 

within the Mission and Ajo Corridor. Sheltered bus stops tend to only be near the shopping 

centers, while the majority of bus stops contain just a simple sign, lacking shade and disability 

accommodations. Near the intersection of Mission and Ajo, there is an unused bicycle rack near 

a sheltered bus stop, which is littered with trash, lacks bus information (map, times, etc.), and 

overall uncomfortable to be at (refer to image 3). The average time for the bus route twenty-three 
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and fifty is thirty minutes Monday through Friday and one hour on the weekends. With extreme 

weather here in Tucson and the sparsely placed sheltered bus stops, this poses a significant threat 

to the health and wellbeing of the community.   
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 Chapter 4: Discussion and Recommendations 

From the analysis of United States Census data, crash data from the City of Tucson, site 

visits, and observational analysis, I have determined the changes the Mission and Ajo Corridor 

needs to make to the roadway design and pedestrians infrastructure in order to safely 

accommodate all users. Creating safer, more inclusive walking and cycling paths, streets and 

overall urban fabric that encourages mobility without the reliance of an automobile, healthier 

lifestyles, the improvement of social cohesion (bringing people to socialize in the streets, 

children to play, etc.) and contribute to a reduction in transportation emissions were factors 

greatly prioritized when determining these changes. I will organize the recommendations into 

five categories, where I will go into as much detail possible using The National Association of 

City Transportation Officials Urban Street Design Guide and Urban Bikeway Design Guide. The 

five categories include; Intersection Design, Street Design, Bikeway Design, Crosswalk/Crossing 

Design, and Design Controls. The cost of the changes will be prioritized, and all design changes 

will first consider the costs, the case of long-term design changes such as tree canopy coverage, 

road widening or narrowing, or public transportation changes will be recommended with an 

interim design for temporary relief. The street design section will incorporate an image from the 

Streetmix website, which is an online tool that assists in redesigning roadways. This website will 

also give estimates of design elements volume compatibilities such as sidewalks and automobile 

lanes. I will also draft by hand individual roadway design elements to highlight bikeways, added 

infrastructure, and overall to provide visuals to the recommended changes.  

Due to the poverty rate and household income within the Mission and Ajo Corridor, I 

have considered how a complete overhaul of the roadway design might impact daily life for the 

community. A portion of the population might rely on their automobile for work, as labor jobs 

tend to require employees to own their trucks. Many self-employed individuals use an 

automobile for work (landscapers, rideshare drivers, etc.) I also understand that driving to work 

may not be the first choice individuals choose and that there are many other factors responsible 

for the number of automobiles miles driven. For this reason, I have decided to redesign the road 

to accommodate the automobile traffic but not to prioritize it, as it is now. 
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Intersection Design  
Since the research highlighted the intersections of Mission and Ajo, and River and Stone, 

the design of the intersection within the Mission and Ajo Corridor was taken into significant 

consideration. From the observational analysis done at the intersection of River and Stone, I was 

able to decide what design elements could be brought to the Mission and Ajo Corridor, such as 

the painted bicycle facilities. As the City of Tucson continues to develop, higher volumes of 

traffic will most likely place stress on main road intersections like that of Mission and Ajo. 

Countermeasures will need to be implemented for the safety of all users. As stated by NACTO, 

"People on foot may avoid difficult crossings or subject themselves or their children to 

considerable risks while crossing a street at a poorly designed intersection." (92) From the 

observational analysis of the Mission and Ajo intersection, it was concluded that in its current 

state, the roadway and intersection design prioritizes higher flows of automobile traffic. The 

redesign and reconstruction of the intersection include; minimizing unused space, buffered 

bikeways, a colored bike facility, striping and widening all signalized crossings, widening the 

pedestrian safety islands, and adding some midblock crosswalks along the roadways near 

schools, shopping centers, the park, and the public library.  

        Minimizing unused space will decrease pavement, which in turn, lowers traffic speed and 

leave little to no room for driver mistakes (NACTO 2013). This will be done by first minimizing 

the space within the bikeway near the intersection. Currently, there is a faded white lane 

outlining the bikeway, which gives cyclists plenty of room; however, this space is usually 

crossed over by vehicles and also allows for automobiles to drive faster and with less care. By 

redesigning these bikeways to buffered bikeways, the intersection design will highlight the 

importance of the shared space. Also, strongly recommended is first adding a pedestrian safety 

island on the west end of the intersection along Ajo Way as there is not one currently in place, 

and second widening all other pedestrian safety islands. This safety feature was observed to be 

effective at the intersection of River and Stone (refer to image 10). Below I have drafted some 

elements of the intersection redesign.  
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Figure 8 displays some of the changes I have recommended for the intersection. The 

bikeways have been drawn in painted in a bright green color. There are also barriers at each 

right-hand turning corner. The bike box has also been drawn in at each right-hand turning point 

to accommodate cyclists. Drivers in the left lane will need to stop before the bike box, before 

proceeding to make a turn or drive straight. The red outlining represents added infrastructure, 

which in figure 8  is the widening of the median and the addition of the pedestrian safety island. 

What has also been added to the draft is the widened crosswalk, which is brightly painted green, 

and the stripes have been widened significantly. 

 

Street Design  
The streets along the Mission and Ajo Corridor are like most main roads in Tucson, 

designed with automobiles solely in mind. The redesign of the streets took into account many 

different factors, such as the modes of transportation used, public transport routes, pedestrian 

comfort, and mixed uses. Some of the redesign recommendations, however, are long term 

Figure 8, displays the intersection at Mission and Ajo with redigned elements; green area represents bikeway and 
bike box, red outlining represents the widening of the medians and pedestrian safety island, and the crosswalk 
striping was widened. Source: Carlos Valenzuela (author)  
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processes, such as incorporating an urban tree canopy. Planting trees for shade could take years 

or even decades to achieve its full benefit to pedestrians.  

The first significant street design recommended is reducing the width of the automobile 

lanes from eleven feet to ten feet. It was decided not to remove any of the existing automobile 

lanes keeping the four-way streets, however reducing the space given to drivers. This will reduce 

speed, provide less room for driver error, increase driver awareness, and provide more space for 

adding a physical buffer along the bikeway. It is also recommended to increase the size of the 

existing pedestrian safety islands and adding one at the west side of the intersection along Ajo 

Way Road.  

Based on American Community Survey data, the population in the Mission and Ajo 

Corridor is younger than that of River and Stone. According to Jeff Speck, the share of 

automobile miles traveled by Americans in their twenties has dropped 7.1% (20.8% to 13.7%) 

since the early nineties. The number of nineteen-year-olds deciding not to obtain their driver’s 

license has also tripled since the seventies, according to Speck. These are essential figures when 

deciding what mode of transportation to prioritize in the Mission and Ajo Corridor. It is another 

significant indicator to redesign the streets to accommodate those walking, cycling, and taking 

public transport. 

Another recommended design element crucial to the safety of pedestrians is to reduce the 

speed limit. This reduction will be five miles from the posted forty-miles an hour speed limit. By 

reducing the speed by five miles an hour, the crash and fatality rate dropped drastically ( refer to 

figure  ). Another recommended safety feature is to add more tree coverage throughout the 

corridor. This will benefit the pedestrian by providing shade during the harsh summer months 

and physical protection from automobile traffic. By implementing more trees along the streets (a 

calming traffic measure), drivers will be more inclined to drive slower. 
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Figure 9, displays what redesigned street elements were recommended for the corridor. This 

image was created using Streetmix, and does not convey the street design measurements 

perfectly. However, the measurements were displayed with as much precision possible, 

excluding certain roadway geometry and the center medians. What can be viewed in the image is 

the general roadway design elements recommended. The automobile lanes are ten feet wide, and 

there is a painted buffered bikeway, adequate walking space, sheltered bus stops on both sides of 

the road, and added trees along the walking paths.   

 

Bikeway Design  
The bikeway within the Mission and Ajo Corridor has plenty of space to make the 

necessary changes needed to protect cyclists. I have chosen to incorporate a bike lane/bike box at 

the intersection of Mission and Ajo. The current bicycle design is a combined bike lane/ turn 

lane, which I have observed being obstructed by automobiles and posing great danger to cyclists. 

For this very reason, I have a visible designated bike box in front of the turning lane, positioning 

the cyclist in a visible location will protect them from right-turn conflicts and minimize 

automobiles idling at a red-lights and obstructing the bikeway. According to the Urban Bikeway 

Design Guide, seventy-seven percent of cyclists felt safer riding through intersections with bike 

boxes. An additional benefit of implementing a bike box is the reduction of automobiles 

proceeding to move forward near the corners, placing pedestrians waiting to cross the road in 

danger (NACTO 2014). This percentage is staggering, considering the implementation of a bike 

box and how this can be done with minimal changes to the actual roadway geometry. Along with 

this bike box, I recommend painting the pavement area a bright green color with many markings 

indicating a shared space. Doing so will not only reinforce the roadway is being shared with 

Figure 9, displays what the redesigned street layout would entail; ten-foot-wide automobile lanes, a buffered bikeway, enhanced bus stop shelters, and 
more trees planted throughout the corridor. Source: https://streetmix.net/cvalenzuela10/1/mission-and-ajo-corridor.  

https://streetmix.net/cvalenzuela10/1/mission-and-ajo-corridor
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cyclists, but also reinforcement other traffic calming elements and operational changes made 

along the roadway (NACTO 2013) 

 When observing the roadways near the intersection of River and Stone, it was apparent 

the road was being shared with cyclists as the brightly painted bikeways were highly visible 

(refer to images 7 and 12). This is a low-cost solution that can be made to any roadway and 

intersection that will offer tremendous safety to cyclists. For this reason, I recommended painting 

all bikeways with the same bright green color. Near all turning points, I recommend placing 

buffers along the bikeway. This will allow drivers to keep a safe distance from cyclists while 

increasing the visibility of users in the bikeway before turning.  

 

Crosswalk/Crossing Design 
Due to the two public schools, the public library, and the shopping center in the Mission and Ajo 

Corridor, I have chosen to implement design elements to the existing crosswalks and crossing 

points such as brightly painted areas and additional lights and signage. I took into consideration 

the cost and time-span of redesigning the crosswalk along South Mission Road, just in front of 

the entrance to the John F. Kennedy Park. This area was observed to be a heavily used crosswalk 

for children going to school, community members going to the park, public library, and or to 

shop nearby. I recommended painting the crosswalk a bright green color and to widen the 

striping along the path. This will increase the visibility of pedestrians crossing the road and offer 

more confidence when crossing. It is also recommended to add flashing caution lights at the 

crosswalk with additional signage, warning drivers to reduce their speed in the area. NACTO 

(2013) states, “Crosswalk design has the potential to both shape and responds to pedestrian 

behaviors and demands while guiding people toward the safest possible route (109).”  

I have also added two additional crosswalks to the corridor, which will be located in front of 

Mary Belle McCorkle Academy of Excellence and the Pima County Public Library. This is 

recommended due to the use of the locations by the public. There needs to be various ways of 

getting to the locations, as it is currently only accommodating to automobiles.  
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Figure 10 displays some redesigned elements made to the crosswalk and roadway along 

Mission Road. The first of which is the painted bicycle facilities that I have incorporated 

throughout the corridor. The painted bicycle facilities are matched with buffers near the turning 

points showed as small black dots. The striped boxes represent redesigned bus stops, replacing 

the older, less safe bus stop signs with full sheltered bus stops. The red lines indicate added 

width to the roadway medians, in which I recommended to extend and widen to minimize wide 

cornering from drivers and to lower speeds overall. Figure 10 also shows the crosswalk was 

painted in a bright green color for visibility, and the striping along the crosswalk was widened.  

 

Design Controls 
 According to NACTO, with the redesign and reconstruction of the Mission and Ajo 

Corridor, certain design controls such as; design speed, speed reduction mechanisms, and design 

vehicles will need to be met. The speed implemented in a design play a major role in the crashes 

Figure 10, displays the redesigned section of the road along Mission 
Road in front of the entrance to John F Kennedy Park which entails; 
painted bike facilities, buffered bikeay near turning points , sheltered 
bus stops, widened medians and narrowered automoblie lanes. Source: 
Carlos Valenzuela (author)  
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and the severity of the aftermath (NACTO 2013). Since one of the underlying goals of this 

research study was to determine factors influencing pedestrian-related accidents, the speed limits 

of the roadways in the corridor were evaluated for efficiency as well as safety for all users at all 

times of the day. From the observational analysis of the Mission and Ajo Corridor, it was 

determined the roadway was designed to accommodate driver error and higher speeds, which 

puts all road users in danger. I recommend the roadway speed limits be set to thirty-five miles 

per hour throughout the corridor. By lowering the speed limits by five miles per hour, the same 

traffic flow will be able to occur efficiently while almost reducing the crash and fatality risks in 

half (refer to figure 11)  

 

 

 

 Some speed reduction mechanisms are already present in the corridor; however, I 

recommend enhancing those mechanisms. Those mechanisms are the physical medians in the 

center of the roadways I recommended widening previously (refer to figures 8 and 10). By doing 

so, the area drivers have is minimized, slowing their speed down, and narrowing their peripheral 

vision (NACTO 2013). The roadways are already accommodating to large automobiles 

regardless of narrowing the automobile lane from eleven feet to ten. So the design vehicle 

control will have no issues accommodating emergency vehicles like ambulances and fire trucks 

and public transport vehicles like buses.  

 

 Additional notes  
Improving the roadway design and pedestrian infrastructure comes with many unintended 

benefits. One of these benefits is attracting and keeping market demand within the corridor. At 

the southeast end of the intersection of Mission and Ajo, there lay a desolate and abandoned 

shopping center once beaming with life. The only business prospering in that complex is a fast-

food burger chain that constructed an entirely new building right on the corner of the lot, new 

Figure 11, Table displaying speed, stopping distance, crash risks, and fatality risks. Source: (NACTO 2013)   
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parking spaces, and surrounded the business with vegetation. By improving the corridor's 

infrastructure to accommodate all users, there could potentially be more an increase of people on 

streets resulting in more commercial activity in the area. According to Alexander Garvin, private 

investment in infrastructures such as sewage, water, utility, and transport systems, will attract 

private developers due to the cost-effective changes. Garvin also states that attracting new 

customers will result in property owners replacing underachieving assets with larger scale 

buildings. The abandoned shopping center has the potential to regain business again and serve 

the community, offering places to shop, be entertained, and gather with one another.  

Another unintended benefit that the improvement of roadway design and pedestrian 

infrastructure may offer is ecological services. On the side of the desired benefits from added 

trees and vegetation such as a reduction in the Urban Heat Island Effect, protection from the 

natural environment, and reduction in air pollution, there will benefits such as mitigation of 

storm water runoff reduction and carbon storage and sequestration.  

 

Limitations  
Important limitations impacting this study are listed below: 

 

• The shutdown of the University of Arizona campus due to the Coronavirus pandemic 

limited the accessibility of in-person meetings with professors and faculty, department 

technology and resources (velocity speed gun, computer lab access, etc.) and workspace.  

• The statewide lockdown due to the Coronavirus pandemic impacted traffic volumes in 

the Mission and Ajo corridor resulting in a limitation to a scheduled eighty-fifth 

percentile speed study, which would have provided information on the average 

automobile speed along the corridor.  

• The in-person observation of the two areas (Mission and Ajo Corridor, and the 

intersection of East River Road and North Stone Avenue) was done during the months of 

March and April, which could potentially have impacted pedestrian traffic as seasonality 

was not considered during this part of the study.  
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Future Research  
Based on the recommendation to the roadway design and pedestrian infrastructure and 

the continuing development of Tucson, I have listed future research that can be conducted.  

• Police report data can be used to analyze traffic incidents related to pedestrian accidents, 

bicycle accidents, or automobile accidents. This data can help understand the various 

roadways in The City of Tucson and determine where roadway design and pedestrian 

infrastructure can be improved.  

• Temporary precautions and can traffic measures can be analyzed to determine its 
effectiveness.  
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 Chapter 5: Conclusion 
 

There is a need to design roadways to accommodate all users for the health and well-

being of a community. After observational analysis, US Census data analysis, and crash data 

analysis for the Mission and Ajo Corridor and at the intersection of River and Stone, it was 

determined that South Tucson offered fewer safety measures for pedestrians than in North 

Tucson. First American Community Survey (ACS) data was analyzed, and the patterns and 

trends were observed. It found that there were some trends between the two zip codes 85713 and 

85704 which are; the zip code 85713 had higher poverty status rates, the household income was 

significantly lower than in zip code 85704, the average population age was younger than in 

zipcode 85704, and that more people were cycling to work than in zip code 85704. Second, the 

crash data from The City of Tucson was sorted and inputted to ESRI's ArcMap. Two maps were 

created which displayed pedestrian-related accidents categorized into four categories. It found 

that there were more pedestrian-related accidents near the intersection of Mission and Ajo than 

there were near the intersection of River and Stone. Last, an observational analysis was 

conducted at the two sites; the intersection of Mission and Ajo and at the intersection of River 

and Stone. It found that less pedestrian infrastructure and roadway design elements were in place 

to protect all users of the Mission and Ajo Corridor than there were near the intersection of River 

and Stone. I have provided recommended roadway design and pedestrian infrastructure changes 

according to The National Association of City Transportation Officials Urban Street Design 

Guide and Urban Bikeway Design Guides'. 
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