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Abstract

The Broadway grade crossing in Burlingame is one of the most hazardous at-grade crossings
along the Caltrain Corridor, with a recorded history of accidents involving trains and vehicles.
This paper examines the necessity of grade separation at Broadway through engineering decision-
making and risk analysis. Using Poisson processes, sensitivity analysis, and weighted scoring
methods, the study assesses accident data and evaluates alternative separation designs. Results
indicate that increasing traffic levels will further elevate accident probabilities, highlighting the
urgency of implementing an effective grade separation strategy.

1 Introduction

The Caltrain Corridor spans 71 miles between San Francisco and Gilroy, with 43 at-grade crossings,
many of which pose significant safety and traffic challenges [3]. Grade separation has proven to be an
effective solution at other locations, virtually eliminating train-vehicle collisions while also reducing
congestion. However, despite long-term corridor plans to separate additional crossings, the Broadway
crossing in Burlingame remains one of the most hazardous, with 8 recorded train-vehicle collisions
between 1985 and 2016 [5] and another 6 incidents between 2017 and 2021 [4]. In addition, the
adjacent Broadway intersections experience an average of 23 accidents per year [5]. While safety is
the primary concern, the Broadway crossing also significantly impacts traffic flow for cars, pedestrians,
cyclists, and Caltrain operations. As a result, this intersection was ranked second out of 38 projects
on the California Public Utilities Commission (CPUC) fund priority list, which allocates funding for
the elimination or modification of hazardous railroad crossings [5].

To evaluate potential solutions, this paper applies engineering decision-making and risk analysis
methods to the Broadway grade separation project. By modeling accident occurrences with Poisson
processes, conducting sensitivity analysis on traffic variations, and using weighted scoring to compare
separation alternatives, this study aims to identify the most effective and feasible solution.

1



2 Engineering Objectives

When evaluating the challenges of the Broadway Caltrain crossing, engineers must consider a range of
objectives and risks. The Fundamental Objective Hierarchy (Figure 1) outlines key engineering goals,
while the Influence Diagram (Figure 2) illustrates the decision-making framework. Many of these
factors are incorporated into the assessment of grade separation alternatives in Section 5: Decision
Analysis.

2.1 Objectives of the Engineer

• Minimize accidents at Broadway Intersection between all modes of transit:

– Train, automobiles, bicycles, pedestrians

• Improve traffic flow for all modes of transit

• Minimize traffic impact during construction

• Maximize structural safety of grade separation

• Minimize construction cost and time

• Comply with regulations

• Mitigate risks

2.2 Risks Faced by the Engineer

• Project funding challenges

• Construction delays

• Disruption to traffic flow

• Impact on local businesses

• Structural failure risks

• Regulatory compliance issues

Figure 1: Fundamental Objective Hierarchy
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Figure 2: Influence Diagram

Category Yearly Total
Vehicle Crossings (thousands) 9,855 305,505
Total Rail Incidents 0.258 8
Street Incidents 23 713

Table 1: Broadway Data From 1985–2016 (extrapolated) [5]

3 Crossing Safety Assessment

Between 1985 and 2016, a total of eight recorded accidents involved a train colliding with a vehicle at
the Broadway grade crossing, one of which resulted in a fatality. Additionally, the adjacent Broadway
intersections experienced an average of 23 accidents per year [5]. The data is summarized in Table 1.

A significant discrepancy exists between the 1985–2016 data and the Corridor Crossing Strategy
dataset [4], suggesting methodological differences in how accident occurrences were recorded or esti-
mated. The dataset records street incidents as the number of injuries and collisions between vehicles
and non-rail modes occurring within 250 feet of railroad crossings.

Of the 18 train-related accidents included in Table 3 or referenced in city council reports [5], 4 were
fatal, 1 resulted in severe injury (excluding fatalities), and 13 had no reported injuries or fatalities [5, 4].
This suggests a 72.22% probability of no injury occurring, likely due to vehicle occupants evacuating
before impact. If the occupant is unable to evacuate, there is an 80.00% probability of fatality.

Using these probabilities, the Mass Function of Train Incidents is computed and illustrated in Figure
3. The likelihood of at least one incident occurring in a year is 69.88%, with a 28.35% probability of
an injury and a 23.41% probability of a fatality.

The Annual Probability of Exceedance (APE) for accidents, injuries, and fatalities is computed as:

λa = 1.20, σa = 0.69, λi = 0.33, σi = 8.99, λf = 0.27, σf = 14.06 (1)

where the standard deviation is σ = 1
λ2 . Using these values, the Poisson process is applied for 0 to 5

accidents per year to generate the Mass Function of Train Incidents.

Category Yearly Total
Vehicle Crossings (thousands) 11,132 55,662
Total Rail Incidents 1.2 6
Street Incidents 1.8 9

Table 2: Broadway Data From 2017–2021 (extrapolated) [4]

3



Intersection Accidents Injuries Fatalities
Broadway 6 1 1
Whipple 1 1 1
Ravenswood 1 0 0
Castro 2 1 1
Total 10 3 3

Table 3: At-Grade Caltrain Crossings with at least 20,000 daily crossings (2017–2021) [5]

Figure 3: Mass Function plot of yearly train incidents at Broadway grade crossing

Figure 4: CDF of Broadway Caltrain crossing (Exponential distribution)
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Figure 5: Mass Function plot of yearly train incidents at other grade crossings

We can also create a Cumulative Density Function (CDF) using these same values. In Figure 4
this is shown with an exponential function found by using

1− e−λT (2)

for each of the three APEs where T is the time interval of ten years. The CDF shows that the probability
of at least one accident at Broadway over this time period is nearly 100%, assuming accident rates
from 2017–2021 remain constant. Similarly, the likelihood of a fatality is approximately 93%, while
the probability of an injury is around 96%.

To compare, we analyze three other at-grade crossings with more than 20,000 daily crossings:
Whipple Avenue in Redwood City, Ravenswood Avenue in Menlo Park, and Castro Street in Mountain
View. Their safety data is presented in Table 3. Applying the same analysis, the Mass Function shown
in figure 5 shows a 22.89% chance of at least one incident occurring annually, with a 6.97% probability
of injury and a 5.61% probability of fatality.

Similarly, we can also generate a CDF for these crossings using the same method as Broadway.
This is shown in figure 6. Here we can see significant safety improvements over the Broadway crossings
with the probability of an accident over the decade being around 93% (down from 100%). Further
the probabilities of an injury and fatality over the decade drop significantly down to 51% and 44%
respectively.

In an ideal world, all these values would be near 0%. we can see by a head-to-head comparison of
the Mass Functions and CDFs that the Broadway crossings are significantly more dangerous than the
average Caltrain at-grade crossing of this scale. For these reasons, it makes sense that the Broadway
crossing would be so heavily prioritized by Caltrain and the State of California for grade separation.

In the corridor, Crossing Strategy [4] it can be seen that there were 0 train-related incidents at
any of the grade-separated crossings along the Caltrain corridor. This shows that grade separation
provides a guaranteed safety solution to grade crossings that are usually limited by funding or political
pressure rather than the effectiveness of a grade separation.
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Figure 6: CDF of other similar Caltrain crossings (Exponential distribution)

4 Traffic Impact Assessment

We can analyze the impact of car and train traffic on accident rates by performing a sensitivity analysis
and predicting the accident rate in 2040 using projected traffic values. This is accomplished by fitting
a linear regression model to predict the Accident Probability per Year (APY) based on average daily
car crossings (ADC) and average daily train crossings (ADT). The model is expressed as:

APY = a×ADC+ b×ADT+ c

where a, b, and c are the coefficients to be determined through regression analysis. The regression
is conducted using the least squares method. Traffic data for daily car crossings (ADC) and daily train
crossings (ADT) are available for the years 1985, 2016, and 2021, along with the corresponding APY
values.

To create a comprehensive data set, I separated the 1985 and 2016 data, which were originally in
a single set. The 1985 train data was validated using historical Caltrain schedules, while the ADC
and APY values for 1985 and 2016, respectively, were estimated based on growth projections. These
estimates were necessary to provide a third data point, as using only two data points would result in
unrealistic negative coefficients, yielding a flawed relationship between traffic and accidents.

The data points used are as follows:

• 1985: 24,000 cars (estimated) and 76 trains, with an APY of 0.258 [2],

• 2016: 27,000 cars and 92 trains, with an (estimated) APY of 0.6 [2],

• 2021: 35,000 cars and 110 trains, with an APY of 1.2 [6],

• 2040 estimate: 50,000 cars and 150+ trains, with a projected APY of 1.5 [1].

Using the fitted regression model, the APY for 2040 is predicted based on these estimated traffic
values. Using this method, we find that the predicted APY for 2040 is 2.404 accidents per year.

A sensitivity analysis is performed by varying the ADC and ADT values by ±10%. This variation
represents an estimated fluctuation in both traffic types. The impact of these variations on the APY is
computed for all combinations of changes (i.e., ADC at -10%, baseline, and +10%, and ADT at -10%,
baseline, and +10%). The resulting APYs can be seen in Table 4.
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ADT−10% ADTBaseline ADT+10%

ADC−10% 1.9816 2.1714 2.3611
ADCBaseline 2.2143 2.4041 2.5938
ADC+10% 2.447 2.6368 2.8265

Table 4: Sensitivity analysis for ADT and ADC

Figure 7: Tornado plot of ADC and ADT effects on APY

Another value of note from this analysis is the coefficients a and b, where a = 0.000046 and
b = 0.0126. These coefficients represent how many accidents per year each car and train, respectively,
contribute. More clearly, every 20,000 cars or 80 trains per day will, on average, add 1 APY at the
Broadway intersection.

The results of the sensitivity analysis are visualized using a tornado plot, which illustrates the
change in APY for both positive and negative 10% variations in ADC and ADT. This plot highlights
which factor (ADC or ADT) has a greater effect on the predicted APY, as seen in Figure 7. From this
tornado plot it can be concluded that both train and car traffic have proportionally similar effects on
accidents, with changes in car traffic having just slightly more impact.

All of this analysis leads to the conclusion that the Broadway intersection, which is already in
critical need of grade separation today, will only continue to experience accidents at an increasing rate
until this is addressed. By 2040, the rate of accidents will more than double if the predicted train and
car traffic proves accurate.

5 Decision Analysis

Since it was concluded from both the Crossing Safety Assessment and the Traffic Impact Assessment
sections that a grade separation is both advantageous and necessary, lets assess the possible options
of what the grade separation may look like. The Burlingame Project Study Report [5] considers 6
alternatives.

• A - Partially Elevate Railroad and Partially Depress Roadway

• B - Partially Elevate Roadway and Partially Depress Railroad

• C - Railroad At-Grade and Depress Roadway
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• D - Railroad At-Grade and Elevate Roadway

• E - Roadway At- Grade and Depress Railroad

• F - Roadway At-Grade and Elevate Railroad

The Burlingame Project Study Report [5] evaluates six different grade separation alternatives.
While the study does analysis and compare these alternatives based on qualitative ranks, I chose to do
the analysis of the same categories based on multiple quantitative weighted criteria. The evaluation
is structured into several scoring categories, including environmental impact, railroad operations, user
experience, local issues, and cost. The final scores are used to determine the best alternative. For the
analysis in this report the qualitative ranks provided in The Burlingame Project Study Report where
converted to the following quantitative scores.

The scoring system assigns numerical values to different levels of impact:

• Significant Improvement (SI) = 10

• No Improvement (NI) = 0

• Minimal Impact (MiI) = -1

• Moderate Impact (MoI) = -3

• Severe Impact (SI) = -7

• Fatal Flaw (FF) = -20

These scores are used to quantify the performance of each alternative across different impact areas.
For each impact category, scores are assigned to each alternative. These categories include:

1. Environmental Impact

2. Railroad Operations

3. User Experience

4. Local Issues

5. Cost

Each category consists of sub-criteria with their respective weights. The weighted sum for each category
is computed as:

Sc =

n∑
i=1

Si ·Wi · Cw (3)

where Si represents the score for criterion i, Wi is the weight assigned to that criterion, and Cw is the
overall category weight.

The overall weights for each category are:

• Environmental: 0.2

• Railroad Operations: 0.3

• Users: 0.2

• Local Issues: 0.2

• Cost: 0.1

These weights reflect the relative importance of each factor in the decision-making process. The
Weights were determined by perceived importance.

The total score for each alternative is computed as the sum of the weighted scores across all
categories:

TS = SE + SR + SU + SL + SC (4)
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where SE , SR, SU , SL, and SC represent the weighted scores for Environmental, Railroad Operations,
Users, Local Issues, and Cost categories, respectively.

The alternative with the highest total score was Alternative A as shown in table 5 and should
be selected as the best option. This matches the conclusion found in The Burlingame Project Study
Report [5]. A visualization is shown in figure 8. makes clear that while A is the strongest alternative
B was a close runner up and could be considered as a back up if future issues arise with alternative A.
Alternatives C, D, and E scored the lowest due to significant issues related to Caltrain operations and
traffic during construction.

Table 5: Scores and Weights for Grade Separation Alternatives
Category Alt A Alt B Alt C Alt D Alt E Alt F

Environmental Scores (Weight: 0.2)
Greenhouse Gas Emissions (0.23) 10 10 10 10 10 10
Criteria Air Pollutants (0.23) 10 10 10 10 10 10
Noise (0.10) -3 -1 0 -1 -1 -7
Tree Removal (0.10) -3 -3 -3 -1 -3 -3
Historic Structures (0.23) -1 -1 -1 -1 -7 -1
Aesthetics (0.10) -1 -1 0 -7 -1 -7

Railroad Operations Scores (Weight: 0.3)
Service Outage (0.13) -1 -1 0 0 -7 -7
Station Closure (0.15) 0 0 0 0 -7 0
Operations Impact (0.15) -1 -1 0 0 -20 -20
Long Term Maintenance (0.13) -3 -7 0 0 -20 -1
Accommodates Station (0.13) -3 -3 0 0 -7 -7
Electrification (0.1) -3 -3 -1 0 -3 -3
Accommodates HSR (0.1) 0 0 0 0 0 0
Existing Pedestrian Xing (0.13) -3 -3 0 0 -3 -3

User Scores (Weight: 0.2)
Safety (0.24) 10 10 10 10 10 10
Community Connectivity (0.14) 10 10 10 10 10 10
Pedestrian & Bike Access (0.14) 10 10 10 10 10 10
Fuel Use (0.05) 10 10 10 10 10 10
Reliability (0.05) 10 10 10 10 10 10
Traffic Delays (During) (0.19) -3 -3 -20 -20 -3 -1
Traffic Delays (After) (0.19) 10 10 10 10 10 10

Local Issues Scores (Weight: 0.2)
R/W Issues (0.10) -3 -3 -3 -3 0 0
R/W Takes (0.19) -1 -3 -20 -20 -1 -1
Local Traffic Impact (0.14) 10 10 10 10 10 10
Business Disruption (0.24) -7 -7 -20 -20 -7 -7
Resident Disruption (0.24) -1 -1 -20 -20 -1 -1
Utility Infrastructure (0.05) -3 -3 -7 -1 -7 -3
Flooding/Groundwater Issues (0.05) -1 -7 -3 0 -20 -1

Cost Impact (Weight: 0.1)
Cost ($M) -2.50 -4.65 -3.45 -3.70 -9.10 -4.95

Final Score 1.27 0.81 -1.19 -1.22 -1.99 -0.20

6 Conclusion

The Broadway grade crossing poses a significant and growing safety risk, with statistical modeling
indicating a high probability of continued collisions, injuries, and fatalities if no intervention is made.
Traffic projections for 2040 suggest that accident rates could more than double, further exacerbating
risks to vehicles, pedestrians, and train passengers. Sensitivity analysis confirms that both train and
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Figure 8: Bar chart showing the relative scores of each alternative

car traffic, both of which are expected to increase, play a critical role in influencing accident probability,
reinforcing the need for proactive mitigation.

Among the grade separation alternatives, Alternative A emerges as the most effective solution,
balancing improved safety with minimized construction costs and community disruption. This study
highlights the urgency of prioritizing Broadway’s grade separation to prevent further incidents and
enhance transportation efficiency. Immediate action is essential to align with long-term safety goals
and infrastructure improvements along the Caltrain Corridor.
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