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To:  City of Kirkwood 

From:  Alta Planning + Design 

Date:  September 8, 2021 

Re:  Kirkwood Vision Zero: Crash Data Analysis + High Injury Network Development 

 

Introduction 
The Kirkwood Vision Zero Action Plan relies on a thorough understanding of the motor vehicle, bicycle, and pedestrian 
crash trends to inform strategic investments in safety improvements aimed at decreasing fatal and severe injuries on 
Kirkwood streets. The Federal Highway Administration recommends that municipalities take a holistic view of Vision Zero 
plans to create a safe system that anticipates human mistakes and keeps impact energy on the human body at tolerable 
levels.i  

This technical memorandum provides a high-level summary of crash trends and characteristics and documents the High-
Injury Network (HIN). The HIN consists of the roadway corridors on which many people have been killed or severely injured 
due to motor vehicle crashes. This approach moves beyond typical crash history and allows for a better description of the 
types of roadways in Kirkwood where users are the most at risk. This allows Kirkwood to proactively work to minimize the 
occurrence and severity of crashes into the future.  

Crash History in Kirkwood, MO 
The crash analysis examines ten years of data for the motor vehicle, bicycle, and pedestrian crashes in the City of Kirkwood 
using the Missouri State Highway Patrol’s Statewide Traffic Accident Records System (STARS) data provided by the Missouri 
Department of Transportation. During the ten-year period from January 1, 2011, to December 31, 2020, a total of 7,519 
crashes occurred in the City of Kirkwood, ranging from a low of 597 in 2020 to a high of 878 in 2019 and averaging of 752 
crashes each year. Figure 1 shows the overall distribution for the years included in the study period.   
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Figure 1. City of Kirkwood, All Vehicular Crashes, by Year 
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Crash Severity and Types 
The Missouri State Highway Patrol’s STARS data is created from uniform police reports and uses standardized types to 
classify crashes. Crash severity is identified in the crash database and categorized into fatal, disabling injury, minor injury, 
suspected injury, and non-injury (where the crash caused property damage only). As shown in Figure 2, 101 crashes caused 
fatalities and severe injuries in Kirkwood between 2011 and 2020. To identify the causes of these fatal and severe crashes, 
it is important to delve deeper into the crash database and establish the relationship between fatal and severe crash and 
the manner of collision. The next sections of this report provide a closer examination of the crashes. 

 

 

 

 

 

 

 

 

 

Table 1 shows the crash type and frequency for all crashes in Kirkwood over the ten-year period. Overall, Rear End crashes 
accounted for 40.3% of all crashes in Kirkwood, with Left Turn crashes being the second most common crash type at 12.4%.  

Table 1. Proportion of All Vehicular Crashes by Type, Kirkwood, MO 

Crash Type Count 
Percent of Total 

Crashes 

Rear End 3,027 40.3% 

Left Turn 933 12.4% 

Parking or Parked Car 718 9.5% 

Out of Control 666 8.9% 

Right Angle 592 7.9% 

Passing or Changing Lane 589 7.8% 

Crash Type Count 
Percent of Total 

Crashes 

Right Turn 206 2.7% 

Head On 156 2.1% 

Pedestrian or Bicycle 135 1.8% 

Backing 116 1.5% 

Other (Animals, Fixed 

Object, Etc.) 
381 5.1% 

Figure 2. City of Kirkwood, All Vehicular Crashes, by Severity 
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Injury Crashes 

All Injury Crashes 

Of the 7,519 crashes analyzed, 1,250 (16.6%) resulted in some level of injury or death. Figure 3 shows the proportion of 
crash types that resulted in fatal, serious, minor, and no injuries, prioritizing crash types that resulted in higher injury rates. 
Approximately 90% of crashes involving cyclists or pedestrians involved some level of injury. Approximately 28% of Head On 
crashes caused injury or death. Four crash types resulted in fatalities: Pedestrian or Cyclist, Out of Control, Left Turn, and 
Head On. Conversely, under 20% of Right Angle and Rear End crashes resulted in injury, with most injuries that did occur 
being minor. 

 

  

Fatal or Serious Injury Crashes 

One life lost due to preventable traffic circumstances is one too many, and strictly analyzing crash injury percentages 
overlooks the fact that 101 people suffered life-changing injuries or death in Kirkwood over the ten-year span. The 
distribution of crashes where an individual was killed or seriously injured (KSI) by year is depicted in Figure 4.  
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 Figure 4. City of Kirkwood, All Vehicular Crashes Resulting in a Serious Injury or Fatality, by Year 

Figure 3. City of Kirkwood, Proportion of Crash Types, by Injury Severity 
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Figure 5 compares the proportion of KSI crashes and All crashes by crash type. Crashes involving pedestrians or cyclists 
accounted for more than a quarter of all KSI crashes (almost 27%), despite only accounting for less than 2% of all crashes. 
Conversely, Rear End crashes accounted for 40.3% of all crashes, but only 14% of KSI crashes. Left Turn crashes also notably 
account for a larger proportion of KSI crashes. The increased representation of Left Turn crashes among KSI crashes 
indicates that turning maneuvers may present multiple and particularly challenging conflicts for road users. Head On 
crashes exhibit a similar trend in being more likely to cause severe injury or death.  
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Figure 5. City of Kirkwood, Percentage of KSI Crashes Compared to All Vehicular Crashes, by Crash Type 
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Additional factors like lighting and roadway surface conditions can also influence the frequency and severity of crashes. 
Figure 6 below compares the percentage of KSI crashes and All Crashes that occurred after dark and on wet roadway 
conditions. Twenty-seven percent of KSI crashes (27 crashes) and 19% of all crashes occurred after dark. Additionally, 15% 
of KSI crashes and 20% of all crashes occurred when the roadway surface was wet. This information will be used to inform 
the countermeasure considerations for the high-crash locations. 

 

 

Increased Risks for Cyclists and Pedestrians  
Bicyclists and pedestrians have a notably higher risk of being involved in serious or fatal crashes compared to motorists 
which is evidenced by their overrepresentation in crashes that result in injury or death. Figure 7 provides a closer look at 
crashes involving bicyclists and pedestrians. As shown, while crashes that involved vulnerable road users (bicyclists and 
pedestrians) accounted for less than 2% of all crashes, almost 27% of KSI crashes included a bicyclist and/or pedestrian.  
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Figure 7. City of Kirkwood, Percentage of Bicycle and Pedestrian Crashes of All Vehicular Crashes, by Severity 

Figure 6. City of Kirkwood, Percentage of KSI Crashes and All Vehicular Crashes, by Crash Type 
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Bicycle Crashes 

Bicycle crashes accounted for 62 of the 7,519 total crashes analyzed in the study. Of the 62 bicycle crashes that occurred in 
Kirkwood over the studied period 55 (89%) resulted in an injury, eight (13%) of which were a serious injury. Bicycle crashes 
by severity are shown in Figure 8 below. 

 
 

Pedestrian Crashes 

Pedestrian crashes accounted for only 1% or 73 of the 7,519 total crashes analyzed in the study. However, of the 73 
pedestrian crashes that occurred in Kirkwood over the studied period, 67 (92%) resulted in an injury, 19 (26%) of which 
were a serious injury or death. Pedestrian crashes by severity are shown in Figure 9 below. 

 
 
The following map shows the location of all bicycle and pedestrian crashes that resulted in some level of injury in Kirkwood. 
Bicycle and pedestrian crashes that resulted in an injury tend to cluster in downtown Kirkwood, although the majority of 
injuries are minor in nature. Fatal and serious crashes tend to be more broadly spread, however, there is a cluster of serious 
injury pedestrian crashes in the southeast portion of the City, around Meacham Park. 
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Figure 9. City of Kirkwood, Percentage of Pedestrian Crashes, by Severity 
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High Injury Network Analysis 
A key aspect of adopting Vision Zero is for cities to identify the high injury network (HIN). The HIN for the study area was 
identified based on integrating the crash history with the existing roadway network. For this analysis, going beyond the 
spatial mapping of collisions was important to understand the factors that contribute to high-injury roadways in Kirkwood. 
To better understand factors influencing severe and crashes, Alta developed cross-tabulations of contextual factors along 
streets identified as part of the high injury network, including number of lanes, speed limits, and facility types to more fully 
describe the road typologies included in the Network. These typologies will aid the City of Kirkwood as it begins to identify 
priority projects that should be first implemented under its Vision Zero Action Plan. 

Weighted Crash Density 
First, crash data was summarized along the roadway network, taking into account the severity of each crash. For this 
analysis, federally-managed freeways and private railroads, as well as any crashes associated with these facilities were 
removed. The crash data also did not include any crashes that have occurred in private parking lots. The end result was a 
total of 7,519 crashes that were then costed by severity. Severity costing was determined from the Missouri Department of 
Transportation S-HAL: Safety Handbook for Locals, 4th Editionii, which lists societal costs of crashes by severity as follows: 

Table 2. Crash costs based on severity from the Missouri Department of Transportation 

Crash Severity  Crash Cost 

Fatal $4,008,900 

Disabling Injury $216,000 

Evident Injury $79,000 

Fatal/Injury $158,200 

Possible Injury $44,900 

PDO $7,400 

These values are based on Federal Highway Administration Highway Safety Manual (2010). In addition, according to the S-
HAL:  

“Since fatal crash costs are so high, and because fatal crashes are infrequent, an alternative approach to 
using fatal crash cost is to combine the fatal and injury crash categories into one ‘fatal/injury’ category. 
This combined category could prevent a single fatal crash from overwhelming the economic analysis.” 

Relating the values to the data in the City of Kirkwood, the following weights were used for crashes based on guidance 
provided by the Federal Highway Administration: 

Table 3. Severity weighting used in Kirkwood Vision Zero crash density 

Crash Severity Weight Value 

Fatal, Disabling Injury, or 

Suspected Serious Injury 

158.2 

Minor Injury 44.9 

Property Damage Only 7.4 
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Using these amounts, a Weighted Kernel Density Estimation was performed in GIS and assigned to the roadway network. 
The resulting crash densities are shown in the map below and represent Kirkwood’s High Injury Network.  

 

KIRKWOOD HIGH INJURY NETWORK 
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Determination of the High Injury Network 
Vision Zero necessitates reorienting the concept of safety in transportation. The premise of Vision Zero is that traffic deaths 
are preventable, roadway design should be forgiving, a systems safety approach is essential, saving lives is not expensive, 
and preventing fatal and severe injuries is especially critical. High injury networks identify streets with the largest 
concentrations of fatal and severe injury crashes These networks often illustrate that a small amount of the street network 
can address the majority of KSI crashes.   
 

Kirkwood High Injury Network  
The analysis revealed that 61% of all Kirkwood’s crashes over the studied ten-year span occurred on only 7% of the roads 
within the City. The HIN accounts for 59% of all KSI crashes, 31% of all bicycle crashes, and 42% of all pedestrian crashes. 
Therefore, investing in safety improvements along the high injury network is likely to make the greatest impact on the 
overall safety of travelers in Kirkwood.  

The HIN is primarily located along arterial roadways in Kirkwood. Specifically, a high concentration of KSI crashes occurred 
along Manchester Road, Kirkwood Road, and Big Bend Road. Some of the local streets, mainly where they cross these 
arterials in commercial areas, are also included in the HIN. Other locations with a high rate of KSI crashes include the 
intersections of Ballas Road at Dougherty Ferry and Geyer Road at Adams Road.  

Overall, as shown in Table 4, the HIN includes 6.70 miles of arterials, 1.65 miles of collectors, and 1.40 miles of local roads 
for a total of approximately 10 miles. Most of the roads on the HIN are 4-6 lane roadways, as shown in Table 5. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Characteristics of the High  
Injury Network 

 

Road Class & 
Speed Limit 

HIN 
Mileage 

ARTERIAL 7.89 

25 0.07 

30 3.78 

35 2.69 

40 1.28 

COLLECTOR 1.41 

25 1.14 

30 0.26 

LOCAL 4.69 

25 4.67 

Road Class & 
Speed Limit 

HIN 
Mileage 

ARTERIAL 6.70 

 25 MPH 0.07 

 30 MPH 2.60 

 35 MPH 3.33 

 40 MPH 0.70 

COLLECTOR 1.65 

 25 MPH 1.33 

 30 MPH 0.26 

 35 MPH 0.05 

LOCAL 1.40 

 25 MPH 1.40 

  

Table 5. High Injury Network  
Road Lanes 

 

Road Class 
& Speed 
Limit 

HIN 
Mileage 

ARTERIAL 7.89 

25 0.07 

30 3.78 

35 2.69 

40 1.28 

COLLECTOR 1.41 

25 1.14 

30 0.26 

LOCAL 4.69 

25 4.67 

Number 
of Lanes 

HIN 
Mileage 

2 3.15 

3 0.33 

4 2.73 

5 2.04 

6 1.33 

7 0.14 
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Equity Analysis 
Without access to transportation choices, many people in the City of Kirkwood may have a harder time getting to work, 
buying healthy food, seeing a doctor, going to school, or connecting with others. While there are multiple ways to travel, 
not everyone has equal access to convenient, safe and affordable means of transportation. This analysis identifies 
concentrations of residents that have been historically disadvantaged or are otherwise considered vulnerable to unsafe, 
disconnected, or incomplete active transportation facilities. 

Safe transportation infrastructure helps create opportunities for Kirkwood residents and reduces the disproportionate 
economic and health burdens experienced by its most vulnerable residents.iii Often, traditionally vulnerable populations, 
such as people of color, children and young adults, senior citizens, people living in poverty, residents with limited English 
proficiency, and households with no access to a motor vehicle, may rely heavily on walking, biking, and transit. 
Concentrations of vulnerable populations in areas with limited transportation infrastructure can contribute to longer travel 
times, more expensive commutes, and unsafe travel conditions. This section identifies locations in the City of Kirkwood with 
concentrations of vulnerable populations to better understand transportation needs and to inform the prioritization of the 
Vision Zero plan recommendations to support equitable investments in safer infrastructure.iv The section concludes by 
overlaying the previously identified HIN with areas with significant concerns related to equity, deemed Communities of 
Special Concern.  

Method 
The following list of historically disadvantaged and vulnerable populations was identified as indicators of potential equity 
concerns. Data for each indicator was obtained from 2015-2019 American Community Survey (ACS) block group estimates 
from the U.S. Census Bureau:  

• People of Color: This indicator shows the percent of the population that identifies as non-white, Hispanic, Latino, 
or multiple races/ethnicities.  

• Youths: This indicator shows the percent of the population that is under the age of 18. 
• Senior Citizens: This indicator shows the percent of the population age 65 and older. 
• Poverty: This indicator shows the percent of the population that is living at or below 200% of the Federal Poverty 

Level (FPL).  
• Limited English Proficiency: This indicator shows the percent of the population that identified as not speaking 

English well or at all. 
• No Access to a Motor Vehicle: This indicator shows the percent of households that said they did not have regular 

access to a motor vehicle. 

This technical memorandum shows the relative concentrations of these six equity indicators at the block group level in the 
City of Kirkwood. For each equity indicator, the corresponding maps reflect how each population is located throughout the 
City. The resulting maps will be overlaid with the high-injury network to help identify potential focus areas for new bicycle 
and pedestrian investments to address citywide equity concerns. 
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Equity Indicators 

Race (people of color) 

Importance: Racial or ethnic minorities are more likely to live in areas with poor or limited active transportation facilities, 
educational opportunities, job resources, and healthy food outlets.v,vi Nationally, non-white populations tend to be more 
dependent on transit and active transportation; black individuals are more than four times, and Hispanics are three times 
more likely to not have access to a household car compared to their white counterparts, regardless of income.vii In turn, 
these deficits exacerbate the disproportionate health burdens communities of color experience. For example, communities 
of color experience a greater proportion of pedestrian crashes and have an increased risk of mortality after pedestrian 
injury.viii, ix Improving active transportation facilities and connectivity may promote physical activity, enhance economic 
opportunities, and increase transportation safety. 

Results: Communities of color are located more often in the southeastern portion of Kirkwood than other areas of the City. 
According to the 2019 American Community Survey five-year estimates, the highest proportion of people of color is in the 
Meacham Park area at 67%. Just north of Meacham Park the overall block group population has 28% people of color.  

Children (under 18 years old) 

Importance: Children and young adults under the age of 18 have very different transportation needs than the adult 
population. The vast majority of this population are unable to drive a car and therefore rely more on walking, bicycling, 
public transit, carpooling, or motor vehicle rides from family, if available. Other youth-related vulnerabilities may include 
lacking knowledge of safe travel behaviors; greater susceptibility to environmental exposures, such as damage caused to 
developing bodies through emissions; and difficulty navigating poorly-designed areasv. Children and young adults especially 
need safe transportation to/from places to be physically active and to build social connectionsv. Research on transportation 
facilities shows that road design and sidewalk conditions are key factors in determining youth physical activity. Safe 
crossings, well-built sidewalks, and traffic calming strategies are all associated with greater physical activity in children and 
young adultsx . Promoting physical activity among this demographic is important for physical and social development, 
boosting academic achievement and self-esteem, and preventing costly chronic diseases.xi Further, physical and cognitive 
development impact a child’s ability to safely walk and bicycle in a high traffic scenario.xii,xiii For younger children in 
particular, this means that children lack the full awareness and ability to scan for traffic and identify safe locations to cross 
the street. Areas with high concentrations of youth populations will benefit from improved crossing conditions and 
additional separated facilities. 

Results: Children tend to live in the central and southeastern portions of Kirkwood. According to the 2019 American 
Community Survey five-year estimates, the highest proportion of children live in the Meacham Park area at 35%. Other 
areas with higher proportions of children include areas northeast and east of Woodhine Heights. 
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Senior Citizens (over 64 years old) 

Importance: The population over 64 years of age may have more mobility needs than the general adult population, 
specifically in that they may require more alternatives to driving. Older adults increasingly depend on active transportation 
modes, such as using public transit, walking and/or biking when they decrease or stop driving. Prioritizing active 
transportation needs enables older adults to maintain positive well-being, despite the onset of functional limitations.

xviii

xiv 
Walkable access to adequate public transportation is essential for older adults to maintain their daily activities and 
independence.xv Additionally, safe, walkable communities that promote physical activity help prevent or delay chronic 
diseases such as arthritis, osteoporosis, and diabetes in older adults.xvi As 61% of American adults ages 65 years or older 
have at least one activity-based limitation, creating communities where older adults can safely be active and access 
necessary resources is crucial to the future prevention of such disability.xvii Lastly, older adults are especially vulnerable to 
social isolation, which can result in significant declines in physical health; increasing walkability enhances older adults’ 
ability to connect with others. ,xv  

Results: Older adults tend to live in similar areas as children: central and southeast Kirkwood particularly. The areas with 
the greatest proportion of older adults include the northeast portion of Woodbine Heights, between Kirkwood Park and 
Upper Woodlawn, southwest Downtown Kirkwood just south of the railroad tracks, and southeast of Downtown Kirkwood 
just north of Big Bend Road.  

Poverty (Federal Poverty Status) 

Importance: Poverty is a socioeconomic vulnerability linked with disproportionate exposure to poor housing, homelessness, 
and limited access to resources, such as transportation services, quality food, recreation facilities. and health care 
facilities.v,xix,xx With transportation costs, especially those associated with vehicle ownership, often comprising the second 
largest portion of an individual’s income (second to housing), reduced access to transit and active transportation networks 
may lead to greater reliance on an automobile and therefore have significant financial impacts on poor households.xxi 

Results: Households in poverty are primarily located to the outer fringes of Kirkwood, with the exception of areas in the 
southern portions of Downtown Kirkwood just north of Big Bend Road. Approximately 10% of the households in these areas 
are in poverty. The highest proportion of households in poverty are located in the far southwestern corner of the City, at 
16%. Other areas of poverty include the block groups northwest, northeast and southeast of the intersection of Big Bend 
Road and Kirkwood Road.  
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Linguistic Isolation (Limited English Proficiency) 

Importance: Individuals with Limited-English Proficiency (LEP), or who identify as not speaking English well or at all tend to 
rely more on active transportation as their primary means of transportation than the average English speaker.

xxiii

xxii The 
general low economic status of LEP individuals may correlate with low car ownership rates and high reliance on active 
transportation facilities.  Given low car ownership and poor active transportation conditions, immigrants and LEP 
individuals are more likely to walk and ride along roads that lack appropriate biking and walking facilities, forcing individuals 
into unsafe transportation situations. Therefore, access to active transportation services is critical for LEP individuals to 
access basic employment and other necessities.xxiv Further, LEP individuals are less likely to participate in decision-making 
processes, in part due to barriers caused by limited English proficiency and in part due to the correlation with low-income 
status and implications of work schedule.xxv 

Results: According to the 2019 American Community Survey five-year estimates, the greatest proportion of Kirkwood 
households with limited English proficiency are located east of Kirkwood Road, primarily near the intersections of 
Manchester and southeast of Downtown. The greatest proportion of Kirkwood residents with limited English proficiency is 
near Manchester at approximately nine percent.  

Commute (no access to a motor vehicle) 

Importance: In less urbanized locations, specifically those with limited transit access and coverage, access to a motor 
vehicle carries strong implications for one’s ability to reach employment, access healthy foods, and reach basic services.xxvi 
A diverse transportation system that offers multiple modes, including transit, bicycling, and walking, reduces reliance on 
automobiles and can provide for more equitable access to services. Providing access via quality walking and bicycling 
infrastructure is one method for increasing equity in access for locations with limited vehicle availability.  

Results: Households with limited access to a personal vehicle are located in a variety of areas of Kirkwood. As one might 
expect, the most impoverished area is also the area with least access to personal vehicles.However, some of the block 
groups are in the central portions of the City including east of Downtown, and northeast portions of Woodhine Heights. 
These households could be older adults who drive less or not at all or could be households without vehicles by choice. 
Comparing older adults and vehicle access equity measures, the northeast area of Woodhine Heights in particular contains 
both a relatively large proportion of older adults as well as a relatively larger proportion of households without a vehicle. 
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Composite Equity 
The following map combines all six of the equity factors listed above with equal weighting into single map depicting a 
composite equity score. Like each of the individual factors, the composite equity map can serve as a valuable tool for 
identifying key locations for Vision Zero improvements and to prioritizing projects that serve populations who would benefit 
the most from these investments.  

As the map shows, the two block-groups in the southeast portion of Kirkwood have the highest overall composite equity 
score: Meacham Park and neighborhoods just to its north. Other areas of focus related to Vision Zero focus include 
southwest of Downtown near Big Bend Road, northeast portions of Woodbine Heights, neighborhoods northeast of the 
intersection of Kirkwood and Manchester, and areas in the far northwest portion of Kirkwood. 

Within these areas, the layering of different economic and social factors reinforces the compounding nature of economic 
and social disparities and highlights the overlapping need of different demographic groups for transportation choices to 
access housing, jobs, education, and recreation opportunities. 
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High Injury Network & Equity Overlay 
The following map combines the results of the Equity Analysis and High-Injury Network Analysis displaying the portions of 
the network where Vision Zero initiatives should focus. As shown in the map, there is a high correlation between the HIN 
and Communities of Special Concern identified in Equity Analysis southeast of Downtown Kirkwood, near the intersection 
of Big Bend Road and Kirkwood Road, and near the intersection of Kirkwood Road and Manchester Road. These areas also 
experienced small clusters of serious injury pedestrian crashes, potentially identifying increased traffic safety risks for 
community members walking or biking in the area. These areas should be prioritized in Kirkwood’s Vision Zero Action Plan 
and future Vision Zero projects. 
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