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Introduction

* Project Objective

— Develop approach to estimate pedestrian & bicyclist risk
(includes exposure) at several geographic scales

* Project Motivation

— Monitor safety performance measures
— ldentify high-priority areas and facilities

— Evaluate countermeasures and sites before and after
Improvements

— Need exposure in safety and risk analyses



Presenter
Presentation Notes
The primary objective of this project is to develop an approach to estimate pedestrian and bicyclist risk at several different geographic scales. Inherent in estimating risk is exposure – that is, a measure of the number of potential opportunities for a crash to occur. The need for better exposure data was very influential in the origin of this project.

It is important to note that we are not developing a brand new approach from scratch. Instead, we are trying to make it easier for practitioners to conduct risk assessments and estimate exposure for pedestrians and bicyclists, and we doing this by showing how the pieces of the puzzle fit together in a certain sequence. And we are trying to highlight best practices and lessons learned for more quickly putting the puzzle pieces together.
�We have documented numerous risk assessments in a synthesis that was published last year. 



Overview of Training

Overview of Scalable Risk Assessment Methods Shawn Turner, TTI

Exposure from Counts Shawn Turner, TTI

Exposure from Demand Estimation Models Ipek Sener, TTI

Exposure from Travel Surveys, Spreadsheet Tool Shawn Turner, TTI

Participant Exercise Stewart Robertson, Kimley-Horn

Ravi Wijesundera, Kimley-Horn




Overview of Scalable Risk
Assessment Methods

_



8 Ste p S Step 1. Determine use(s) of risk values

A 4

Step 2. Select geographic scale

. Facility-Specific Areawide
* Framework with a5 et
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Step 5. Select analytic method to estimate exposure
Facility-Specific Areawide

A 4

Step 6. Use analytic method to estimate
selected exposure measure

Facility-Specific Areawide

Step 7. Compile other required data
(based on definition of risk selected in Step 3)

Step 8. Calculate risk values



Presenter
Presentation Notes
We have outlined 8 steps for risk assessment. These 8 steps provide a general framework to follow, and allow flexibility in choosing different measures and methods for different contexts. 

There is a reason why Scalable is the first word in this project title – because scale matters…A LOT! The desired geographic scale will point you down a certain path, in terms of risk definitions, exposure measures, and exposure estimation methods.

Exposure is a key ingredient to risk. And because of that, exposure estimation was the focus in our project.

I’ll be walking you through these 8 steps in the next 10 minutes, and then we’ll go into a bit more detail on the exposure estimation methods, shown here in the green dashed box.


Step 1. Determine Use(s) of Risk Values

. Safety performance measures
Network screening, area-based
Network screening, facility-based
. Project prioritization

Countermeasure evaluation

mmooOwr

Site evaluation



Presenter
Presentation Notes
The first thing you need to figure out is how you plan to use the risk values. In other words, where do you want to end up when the process is complete?

We have outlined 6 of the most common uses here, but there may be other possibilities. 

And if you’re really ambitious, it may be that you want to use risk values for several of these applications. That’s fine too, but it’s important to know where you’re headed before you start the trip.
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Figure 2. Example of Pedestrian Fatality Risk in 50 Cities
Source: 2016 Benchmarking Report, Alliance for Biking & Walking.




Step 1. Determine Use(s) of Risk Values

B. Network screening, area-basec
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Step 1. Determine Use(s) of Risk Values

C. Network screening, facility-based

Severe
Major Pod/Bike
Intersection Route Speed Cross Tratic Corridor On/Mear  Primary Crash

[ ] D Syritlem Route Mo Description Limit Product® Control Speed Sy Curve Land Use  Density | Total Stars | Crash Cost
3 3210035 MM 210 ATH ST NWCSAH 20 M5A5103/BRNRD a5 L L] * L L] ok ko w | 51 050 200
150 3.024.009 N 24 CSAH 75/CLEARWATER 40 L * L L * -k 5747 600
36| 3.023.028 MiN 3 19 172 AVPST LD 35 * * * * * EhkEEw | 5574800
37] 3.023.050 MM 13 TH 25/FOLEY 45 * b * * * WAk Ew | 5558000
18] 3.027.01% MM 27 ATH ST MSAS 106/LITTLE FALLS 30 b - - b * LR 366,400
19 3023011 AN 13 RED RVR AWVCSAH 2/COLD SPRING 315 w L w W L o W 5292 B0
40) 3.023.020 MM 23 BTH AV 5 MSASL0T M5 WAITPE 40 w w - L w LA A8 8 %0

4i] 3210021 AL 210 ELDER DR SiA140/BAXTER 55 * * * * ek kk |510 558 200
42] 3012003 us 12 JOHNSOMN AVE M-54 LT/COKATD 35 w b * w wwE® | 510418000
43] 3.015.011 MN 15 N ICT TH 23 DIV 5T/ST CLOUD 45 w L) L L] LA 55,838,400
44] 3015012 MM 15 IRD ST N CSAHBL MSAS 114/5TC 45 * - * * wREEE | 54310200
451 31659004 Js 165 197TH AV MSAST1E M1 18 ELERY 55 * = - * i 21,696.200
45] 3.015019 MN 15 CSAH 29/SAUK RAPIDS i w L w - LA R 21,671,800
471 3010011 us 10 EMTTH 210 LT/MAQTLEY 1] L - - L] IR $1,612 200
a8 3210046 NN 210 ATH AT N MSAS1 14/BRAINERD i5 L L = L] o 51,241 800
a43] 3210027 MM 210 TH 3T1B RTM &0 LT/BRAINERD 35 w w w w L A 51,186,600
500 3023022 R 1] 13 WAITE AVEMEASI01 W AITEPARK 1] L - - * LR 451,146,000
53] 3.025%030 M % RIVER 5T MSAST 12/ MONTICELLD 30 * L L * LB SO01 400
54] 3.012.020 us 12 BUFFALD AVCSAH 13TH I5/MDNTR 35 * * * * & 641,000
550 3.023.088 NN 23 N ICT TH 65 CSAH &/MORA 30 w - L L LA B 622,200
560 3.025.029 MN 25 BROADAWAY CSAHT S MONTICELLD 30 w L L w e i 5519,600

Source: Report FHWA-SA-17-002, Systemic Safety Project Selection Tool Supplemental Case
Studies, December 2016.




Step 1. Determine Use(s) of Risk Values

D. Project prioritization

A B C D | ] M N 1]
1 Step 10A: Calculate Priority Score

4
Safety WEIGHTED Demand

5 1D GAP LOCATION Safety SCORE SCORE Demand SCORE | WEIGHTED SCORE | Prioritization Score
71 CENTRAL AVE 6.3 6.5 0.0 0.0 8.1 315 95.0
8|2 WASHINGTOMN/JEFFERSON CORRIDOR 4.2 41.7 7.1 57.1 3.4 33.6 132.4
9 |3 3RD 5T 9.6 95.8 4.3 34.3 3.8 15.0 145.2
10 4 12TH 5T 0.8 8.3 1.4 114 2.5 10.0 3.8
11| 5 15TH AVE 0.4 4.2 4.3 3.3 3.6 14.6 23.0
12 | & EMCANTO BLVD 6.3 62.5 4.3 34.3 1.7 30.9 1272.7
13| 7 OSBORN RD 2.8 B7.5 29 229 5.2 20.6 131.0
14 8 OAK 5T i85 7.5 29 129 4.0 16.0 76.4
15 |9 20TH 5T 2.1 20.8 0.0 0.0 3.1 12.6 334
16 |10 3RDY5TH 1.3 12.5 10.0 80.0 31 12.5 105.0
17 |11 DEER VALLEY DR i3 333 0.0 0.0 5.4 1.5 4.8
18 |12 UMNION HILLS DR 5.0 50,0 7.1 57.1 9.9 39.8 146.9
19 |13 19TH AVE 5.8 58.3 7.1 57.1 3.5 14.0 129.5
20 14 32ND 5T 8.8 B7.5 10.0 B0.0 6.8 27.3 154.8
21 (15 A0TH 5T 3.3 33.3 5.7 45.7 31 12.6 91.6

Source: NCHRP Report 803, Pedestrian and Bicycle Transportation Along Existing Roads—
ActiveTrans Priority Tool Guidebook, 2015.




E. Countermeasure evaluation

Step 1. Determine Use(s) of Risk Values

All Crashes with

Intersecting Street Name

Crashes coded as Intersection-
Related Crashes

Treatment Percent Percent
Group Measure Before After Change Before After Change

Frequency 11.0 9.2 -17 5.0 3.3 -34

Total crashes/MEVE&P 0.748 0.618 -17 0.341 0.223 -35
HAWK sites (21) | Severe crashes/MEV&P 0.265 0.210 -21 0.138 0.094 -32

Pedestrian crashes/MEV&P 0.029 0.005 -83 0.017 0.002 -86

Pedestrian crashes/MEP 3.081 0.511 -83 1.826 0.255 -86
Reference Frequency 449 41.9 -7 19.6 16.8 -14
group 1: Total crashes/MEVE&P 1.953 1.788 -8 0.854 0.716 -16
signalized Severe crashes/MEV&P 0.549 0.503 -8 0.294 0.241 -18
intersections Pedestrian crashes/MEV&P 0.020 0.016 -23 0.010 0.008 -16
(36) Pedestrian crashes/MEP 2.051 1.546 -25 1.025 0.839 -18
Reference Frequency 4.2 4.3 3 1.6 13 -17
group 1: Total crashes/MEVE&P 0.285 0.292 2 0.108 0.090 -17
unsignalized Severe crashes/MEVE&P 0.098 0.088 -10 0.043 0.038 -10
intersections Pedestrian crashes/MEV&P 0.006 0.009 52 0.003 0.004 42
(35) Pedestrian crashes/MEP 1.383 2.078 50 0.615 0.866 41
Reference Frequency 5.9 6.1 3 24 2.1 -9
group 2: Total crashes/MEV&P 0.418 0.430 3 0.166 0.150 -9
unsignalized Severe crashes/MEV&P 0.140 0.141 0 0.060 0.056 -6
intersections Pedestrian crashes/MEVE&P 0.006 0.011 93 0.001 0.003 143
(102) Pedestrian crashes/MEP 1.233 2.297 86 0.257 0.602 134

Crashes/MEV&P = Type of given crash (total, severe, or pedestrian crashes) per million entering vehicles and pedestrians.
Pedestrian crashes/MEP = Pedestrian crashes per million entering pedestrians.
Note: Frequency is expressed as the average annual number of total crashes for a site with the given intersection control

and study period.




Step 1. Determine Use(s) of Risk Values

F. Site evaluation

110.0 -
CC1 - Before MC1 - After C1 - December 17,2016 ®C1-March 4, 2017 mC1 - May 20, 2017
100.0 -

90.0 -

80.0 -
700 -
60.0

50.0 -
40.0 -

300 —

20.0

=il kel Ll

12:00 PM 1:00 PM 4:30 PM 5:30 PM

Conflict Rate
(Hourly Conflicts per Thousand Pedestrians/Bicyclists)

Time of Day

Figure 4. Example of Site Evaluation: Exclusive Pedestrian Phase at Single Intersection
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Presenter
Presentation Notes
To define our geographic scales, we looked at past practices in this area of risk assessment, and we also looked at other guides and manuals, like the Highway Safety Manual and the Highway Capacity Manual, to see how geographic scales were defined.

And here is what we came up with: 2 basic categories of facility-specific and areawide. 

Within facility-specific, it is useful to differentiate points, like specific intersection crossings, from segments, or continuous stretches that have similar characteristics.

Same with areawide: it is useful to differentiate between network and regional scales. A network is an interconnected set of facilities typically smaller than a city—usually this is a Census geography (like a Census block group or tract) or a traffic analysis zone.

Regional scale is typically city size or larger, such as multiple cities in a metropolitan planning area, or even a state.




.

Step 2. Select Geographic Scale

* |n many cases, your defined use(s) from Step 1
will also determine the scale to use

. Project prioritization

mm g 0O w >

Safety performance measures (typically AREAWIDE)
Network screening, area-based (AREAWIDE)
Network screening, facility-based ™

, — (FACILITY-SPECIFIC)
Countermeasure evaluation

Site evaluation



Presenter
Presentation Notes
In many cases, once you have defined how you plan to use the risk values, you may have also implicitly selected a geographic scale. 

I’m showing our six uses from Step 1 here, and you can see that the first 2 are oriented more toward areawide applications, whereas the last 4 are facility-specific, either at intersections or on road or street segments. 



Step 3. Select Risk Definition

1. Observed crash rate

2. Expected crashes

3. Additional risk indicators



Presenter
Presentation Notes
Once the desired scale is set, a risk definition is selected in Step 3.

I’ll talk briefly about these 3 definitions in the next few slides.




B
Step 3. Select Risk Definition

1. Observed crash rate
— Traditional approach

— Use with other crash Risk = _Opserved crashes

analysis tools Exposure

— Observed crashes on
specific facilities may not
accurately represent true
crash probability

— Preferred for areawide
scales



Presenter
Presentation Notes
Observed crash rate is the traditional risk definition, and is most likely to be compatible with other crash analysis tools. However, observed crashes on specific facilities may not accurately represent the true crash probability, especially for shorter time periods. It’s this reason why observed crash rate is preferred more for areawide analysis, whereby some of the facility-specific issues with observed crashes are fewer. 




Step 3. Select Risk Definition

2. Expected crashes

— Highway Safety Manual and other statistical models

* Function of pedestrian and bicyclist exposure, other road
and traffic variables

— Overcomes issues with observed crashes on specific
facilities

— Preferred for specific facilities, but requires advanced
statistical methods to estimate expected crashes



Presenter
Presentation Notes
The second definition is expected crashes, which uses statistical models to estimate the true probability of a pedestrian or bicyclist crash. And within these statistical models, one of the key determinants of the probability of a crash is the exposure, as well as other road and traffic variables.

Expected crashes overcome some of the issues with observed crashes on specific facilities. However, advanced statistical models are required to estimate expected crashes. There are some pedestrian and bicyclist models (what’s called a safety performance function) being developed now for inclusion in the Highway Safety Manual. But this is not an area in which most practitioners are familiar, at least not yet.





Step 3. Select Risk Definition

3. Additional risk indicators

— Systemic safety: risk score based on combining
pedestrian and bicyclist exposure with other road and
traffic variables (i.e., risk factors)

— Compatible with FHWA's Systemic Safety approach

— Risk is numeric score or rating, does not estimate
crashes

— Preferred for specific facilities if expected crashes not
feasible



Presenter
Presentation Notes
The third definition is what we call additional risk indicators, or surrogate risk indicators. This is essentially a risk score that combines risk factors into a numeric score or rating. 

As I mentioned earlier, sometimes observed crashes are not a good indicator of risk, especially on specific facilities. This definition of risk takes that into account, by identifying the risk factors – like exposure, and other road and traffic variables -- that typically lead to crashes, without actually developing an advanced statistical model to estimated expected crashes. 

This is essentially the concept within Systemic Safety – identifying the risk factors and improving locations with those risk factors, rather than relying only on observed crashes.

If your analysis is facility specific and estimating expected crashes is not feasible, using risk indicators may be the next best option.


Step 4. Select Exposure Measure

e VVolume/count
— E.g., crossing pedestrians, peds x motor vehicles

* Distance traveled

— E.g., Pedestrian-miles of travel
* Time traveled

— E.g., Pedestrian-hours of travel
* Trips made
e Population
— E.g., % of population that walks on regular basis



Presenter
Presentation Notes
There are several different ways to calculate exposure – and selecting the best exposure measure depends upon the desired geographic scale, and in some part, on the analytic method. That is, can the analytic method accurately estimate the data needed for that exposure measure?

I’m showing some example measures here, but I’d like to show the next slide, which puts the measures in context.


S
Step 4. Select Exposure Measure

Exposure
Measure Segment Region

Volume/count

Distance traveled ® ® ®
Time traveled

ime travele ') O ® ®
Trips made ® ®
Population



Presenter
Presentation Notes
We have developed guidance for which exposure measures work best at which scale, and I’ve summarized that here. 

A basic count – or in some cases, the product of non-motorized traffic and motorized traffic – is typically oriented to specific points, like intersection crossings.

Distance traveled – pedestrian miles or bicyclist miles of travel – is very common for segment analysis, especially within comparing segments with different lengths. And this quantity can also be aggregated up to other scales, like the network or region.

Time traveled – pedestrian hours or bicyclist hours of travel – is less common, because assumptions have to be made about travel speeds if you are using counts. However, time traveled is a great mode-neutral measure that facilitates comparisons across different modes, since pedestrian and bicyclist travel have different typical trip lengths, and both typically have shorter trip lengths than auto trips.

The last 2 measures – trips made and population – are best for areawide analyses. And they are probably my 2nd choice for exposure measures, since they don’t quantify the length or duration of the trips being made, and therefore the total quantity of exposure.



“Steps 5 & 6. Select and Use Analytic
Methods to Estimate Exposure

* Site counts ]- (FACILITY-SPECIFIC)

e Demand estimation models

* Travel surveys (AREAWIDE)



Presenter
Presentation Notes
The next 2 steps are selecting and then using an analytic method to estimate exposure. 

In a perfect world of exposure measurement, we would measure everyone walking and biking, and we would know exactly when they cross the street and how much motor vehicle traffic they are exposed to when they cross, and we would measure this continuously, 365 days a year, for all roads, even for parking lots and driveway crossings. 

Unfortunately, we do not live in a perfect world, and so we do lots of sampling and lots of estimating.

We have outlined 3 basic methods: site counts, demand estimation models, and travel surveys.

The first 2 methods shown here are used mostly for facility-specific applications. And in many cases, if you are using demand models, you will need some site counts to develop and calibrate your model.

The last – travel surveys – are used for areawide analysis.




“Steps 5 & 6. Select and Use Analytic

Methods to Estimate Exposure
* Limited number of facilities
— Site counts

 All facilities in city/region

— Site counts at sample locations used to develop and
calibrate demand estimation model for all facilities



Presenter
Presentation Notes
This is where we refer back to how we plan to use the risk values, which is Step 1. 

In other words, if we need exposure on a limited number of facilities, then it is likely that we will be able to do site counts and sample exposure on specific days of the year. I’ll talk a little bit more about counts later in the webinar.

However, if we are doing network screening, and we need to estimate risk everywhere in a city or region, then we are more likely to do site counts at a limited number of locations and then develop a demand estimation model for all other places where we can’t afford to count.


“Steps 5 & 6. Select and Use Analytic

Methods to Estimate Exposure
* Direct demand models (most common)

* Model variables:
— Population density
— Total employment
— Land use mix
— Presence of transit stops

— Presence of walking/biking facilities



Presenter
Presentation Notes
There are several different ways to estimate pedestrian and bicyclist demand, but one of the simplest and most commonly used methods is called a direct demand model. 

It is a regression model that is built by taking a sample of counts and looking at land use and street characteristics around the count, and developing a model that can then be applied citywide. Essentially, a simplified trip generation model.

From past efforts, some of the most highly correlated variables are shown here, and I think you can see how these might be good predictors of biking and walking activity.

Ipek Sener will go into more detail on direct demand models later in the webinar.


“Steps 5 & 6. Select and Use Analytic
Methods to Estimate Exposure

* Travel surveys
— National Household /
Travel Survey (NHTS) . A.:f_;f:_:ﬁ'-"’ o
— American Community
Survey (ACS) i o
— Regional travel survey e TR
* AREAWIDE uses only lT._..
* Spreadsheet tool for
state and MPO area ,,ﬂ._,f/
exposure estimates b f:%:/\/’ B



Presenter
Presentation Notes
The 3rd basic approach to estimate exposure is from travel surveys, and there are several possibilities here.

There is NHTS, ACS, and then regional travel surveys typically conducted by MPOs.

But it’s important to recognize that these travel surveys can only quantify areawide exposure, not exposure on specific facilities.

Michael Martin will be talking about this approach in more detail, and will tell you about a spreadsheet tool we developed that combines the best features of NHTS and ACS for states and MPOs.


“Steps 7 & 8: Compile Other Data,

Calculate Risk Values

e Step 7: Compile other required data (based on
risk definition from Step 3)

e Step 8: Calculate Risk Values



Presenter
Presentation Notes
At this point in the process, you have estimated exposure and you will need to compile the other required data. Depending upon your definition of risk, that could be observed crashes, expected crashes, or roadway inventory attributes that will be your risk indicators.

The final step is to calculate the risk values based on your definition. 



'S
Resources

e Guide: Scalable Risk Assessment (FHWA-SA-18-032)

— https://safety.fhwa.dot.gov/ped bike/tools solve/fhwas
al8032/

— Spreadsheet tool for statewide and MPO area exposure
estimates

* Phase 1: Synthesis of Methods (FHWA-SA-17-041)

— https://safety.fhwa.dot.gov/ped bike/tools solve/fhwas
al7041/index.cfm



Presenter
Presentation Notes
I know I’ve only hit the highlights – but I wanted to point you to the full Guide that has lots more detail.

We also produced a synthesis last year, that has been available for awhile, and it has more examples from current use.

With that, I think we should pause and see if there are any questions.

https://safety.fhwa.dot.gov/ped_bike/tools_solve/fhwasa18032/
https://safety.fhwa.dot.gov/ped_bike/tools_solve/fhwasa17041/index.cfm

Exposure from Site Counts

_
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Presenter
Presentation Notes
For the next 20 or so minutes, I wanted to do a deeper dive on the 3 analytic methods to estimate exposure. 

As I’ve said, exposure is a critical part part of the risk equation, but it has been a tough nut to crack, especially for pedestrians and bicyclists.

I’ll be talking briefly about counts, Ipek will talk about demand models, and Michael will talk about travel surveys.


Exposure from Site Counts

* Limited number of facilities
* Counts for model development
* Use of automated equipment

Custom-Built, Vandal-Resistant
Lockable Utility Box

— Annualizing short duration counts

e Balance number of count
locations and duration

Crowdsourced data on horizon


Presenter
Presentation Notes
If you are getting exposure from site counts, you will limited in terms of the number of segments or facilities you can cover. Unless, that is, you are getting counts to also develop a demand estimation model, which is next up.

There are counter technologies that help to automate biking and walking counts, I’ll point you to that guidance on the next slide. 

Unless you know for certain that you are collecting counts on a perfectly average day or week, it’s important to consider adjusting for the day of week or month of year. Crashes occur around the clock and year-round, so it’s important that you have a representative annual estimate.

It will also be important to balance the number of count locations and the duration. In other words, it may be preferable to have week-long counts at fewer sites than two-hour counts at many sites. I’d say this is more art than science at this point, a balancing act based on the equipment you use and the area you are trying to cover.

Finally, I’m hoping that all this talk about short-duration, fixed location counters goes away in a few years, thanks to crowdsourced data from GPS-enabled mobile devices. We are getting close, but I don’t think we are there just yet.


Counting Guides & Resources

R Traffic
M Monitoring
M Guide

* FHWA 2016 Traffic Monitoring Guide

(]

U, Dopariment o Tronsportaton
Federal Highway Admiristration

FHWA Bicycle-Pedestrian Count
Technology Pilot Project

* FHWA-HEP-17-012, Count Tech Pilot

» NCHRP Report 797, Guidebook on Data Collection NCHRP 5

B9 NCHRP

athods and Techn Hogies
for Pedestrian and Bicycke

* NCHRP Web-only Doc 229, Methods and Tech

Exploring Pedestrian Counting Procedures

FHWA-HPL-16-026, Ped Counting Practices

Foderal Highway Administration
Offce of Highway Policy Information



Presenter
Presentation Notes
We have played a lot of catch up in this area in the past few years, and learned a lot of best practices about how to do pedestrian and bicyclist counts. I’m listing a few of the national documents here, but there are more recent research papers and articles that dive into more details. 


Structure of Monitoring Program

* A few permanent continuous count sites
— Year-round traffic patterns to adjust short-duration counts

— Typically several perm counters per factor group, several
factor groups
* Commuting
* Recreational
* Mixed

* Larger number of short duration sites

— More geographic coverage
— ldeally 7 days, but some exceptions



Presenter
Presentation Notes
Describe the basic structure of a count monitoring program: a few continuous count sites that are used to annualize a larger number of short duration count sites.




.

Counter Technology
§ g:.ft::ge?vou Oﬂto ﬂ R.'FO{-O ﬂ. é{'o

Bicyclists Pedestrians Pedestrians & Pedestrians & Bicyclist

Technology Only Only Bicyclist Combined Separately Cost

Permanent Inductance Loops® . "l $S
A Magnetometer? ) $-55
Pressure Sensor? J P, U ) 58

Radar Sensor ) ) ) $-85

Seismic Sensor §5) () @, $S

2. How Long? | " a
Video Imaging:

Automated -/ v », v, 585
Infrared Sensor 3 \
(Active or Passive) =, . . ‘ ) 585
Pneumatic Tubes . ¢ 585
Y Video Imaging: e " P ;
Temporary/ | Manual - « - @ 5535
Short Term Manual Observers @) ® o E ) $5-585

Indicates what is technologically possible.
. Indicates a common practice.
‘ Indicates a common practice, but must be combined with another technology to classify pedestrians and bicyclists separately.
$. 55, $55: Indicates relative cost per data point.
1 Typically requires a unique loop configuration separate from motor vehicle loops, especially in a traffic lane shared by bicydists and motor vehicles.
? Permanent installation & typical for asphalt or concrete pavements; temporary installation is posible for unpaved, natural surface trails.
¥ Requires specific mounting configuration to avoid counting cars in main traffic lanes or counting pedestrians on the sidewalk.



Presenter
Presentation Notes
This slide describes the types of counter technology and which technology is most appropriate for certain contexts.


B
Counter Technology

Table 3-3. Comparison of common pedestrian and bicycle counting methods: resources.

Pasive IR + Radio Beam Radio Beam
Passive Active Preurmatic Inductive Piemelectric Inductive (One (High/Low Automated

Char sct e istic Infrared Infrared Tubes Loops Sensor Loops Frequency) | Frequency) Video' Manual Counts’
Equipment et 55 555 55 55 55 555 555 555 55 S
Preparation cost’ 55 55 55 555 555 555 55 55 55 5
Installation time™ J a1 ] ulu o] OO OOE J o @ N/A
Hourly cost” 5 S 55 5 S 5 S S 555 5555

Data collector training time D & o & @ d © 0 DOE
?.fc\btlﬂv: s +4 4 - - =+ ++ 4+ 4
Pavement cuts No No No Yes Yes Yes No No No No

Notes: N/A: not a pplca bie

This table presents generalized information speafic b parbaular counting iechnolog e s. Other aspects of counbing products, such as battery kfe and communication inte riaces, are alto impartant to
consider but are highly vendor-pecific. See the text following this exhibit for more detaills. See Chapter S for specfic detaik e g, typial costs) related to each technology.

(1) Exsting “awtomated wdeo™ systems may not e a completely automated counting process they may alio inarporate ma nual data cheds of automated video procesang

(2) Indudes manual counts from video images.

(3] $: equipment {not including permitting and inata Bation) typically cost less than 51,000 as of 2013, $5: typica By costs between 51,000 and $3,000, 555: typicaliy costs more than $3,000. The cost of most
counting technologie s is subject to economies of scale, 30 the per site st can be reduced by purchasing mare counters.

(4] Fewe r dolilar sgns (§) mdicate that it kes less bme [and therefore fewer financual resources) to find an approprste site and to obtan any required permats to install the countbing product. Pre paration
can range Fom lexs than one day for manual ounts to sewveral monthe for technologie s with more restrictive i tallybon require ments

(S) More clacks [ 2] are gven 1o methods that require more installation time [eg., cit pavement, secure the data logger, test and adjust the equipment). installsbon can range from no tme for manual
counts and ket than 30 minutes for panwe nfrared to more than half a dayfor inductive loaps

(6) More dollar signs (%) indiate that the method is more casty for an average hour of counts, given the typical munt duration for 3 particular method. These casts can range fom a few cents per howr for

automna ied technologies (the full equipment, preparation, and installation costis spread across months of counts) to mare than S50 per hour for manual cunts (including training pre par ation time,
management, and on<ite labor cosits)

(7] More clocks [ ©) indicate that more time & needed © prepare field data callectors to i mplement the counting method. A single dats cllector can be trained how to install or downkoad data from a
particular automated technology in less than 30 menutes, but it often takes more than one hour to thoroughly train data collectors to collea accurate marual counts.

(&) More phuses | ++) indicate that a counting technalogy is easier to mowe after it has been installed. A minus sign (—) indicates that the technology is generally not intended to be used in more than one
locaton bated on the installaton being permanent
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This slide describes the types of counter technology and which technology is most appropriate for certain contexts.





Counter Technology




Counter Tnology

:’ i " - >

’ - ' . .
: . . . .
4

Source: Eco-Counter




Counter Technology

- T
Custom-Built, Vandal-Resistant

Lockable Utility Box




Counter Technology
. r

ve Infrared Target

I [ ]

SR
- \

= W

il

Invisible Infrared Beam

-

< _i‘*u-l r"ﬂ

PTG, - SR TP S e

- T
ob F i i ——

Front View of . v
Counter Unit |

38




: automated and manual reduction

39



Site Selection

* What is purpose of counts?

 How will you use counts
— Exposure at safety hot spots? (high crashes)
— Before-after at future improvements? (maybe both)
— Document effectiveness? (high activity levels)

* Collecting counts for multiple purposes may
require balancing multiple criteria




Site Selection

* |Intersections vs. mid-block locations

SEGMENT

Facility-Specific

* Where are the safety problems?
* Where are the improvements?




Site Selection Criteria

* High-activity locations
* High-crash locations (Safety Action Plan)
* Planned improvements

* Representative facilities
— On-street facilities — different functional classes
— Shared use paths
— Sidewalks and crossings

* Designated bicyclist routes
* Local input




Site Selection: Mid-block Locations

* Most pedestrian traffic is local — short trips
e But can’t afford to collect everywhere

* Land use and trip generators
— Dense activity centers
— Schools, parks, recreational areas
— Multi-family housing
— Transit stops
* Intercept points

Practical consideration of equipment mountin




Short Duration Counts: How Long?

* Counts highly variable

— Discretionary trips

— Effects of weather
 Automated collection:

— 14 days preferred, 7 days minimum
 Manual collection:

— 12 hours preferred, 4-6 hours minimum

e Must consider tradeoffs — number of sites versus
duration at each site




Adjustments to Raw Count Data

* Time-of-day: if less than 24 hours

e Day-of-week: if less than 7 days (5 weekday, 2
weekend)

 Month-of-year (annualizing)

* Occlusion adjustment

— Address known equipment deficiency in high volumes




Example: Month-of-Year Adjustment

Pedestrian and Bicyclist Month-of-Year Count Adjustment Factors in Texas
200%

185%

180%

160%

144%

140% /
Aa4%

120% 109%
. 106% 107%|[104% °
100% 111%\> 92% 88%| [goo;

(4]
80% 3%] (g%

/101%

0 0 e
86/6 83/{‘! 76% ?6% 85% ?9% 79%

60%
Typical non-motorized data collection in Texas:
40% March through October

20%

Feb Mar Apr May Jun Jul Aug Sep Oct Nov

—#=—Pedestrians ==Bicyclists



Permanent counter - Commuters
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Permanent counter - Recreation
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Break!




Exposure from Demand
Estimation Models
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Demand Estimation Models

* Numerous models to estimate pedestrian and
bicyclist demand.

e Some have been more commonly used.

e Several rely on pedestrian and bicyclist count data.

 Some provide the volume estimate directly, some
must be integrated with other methods.




Demand Estimation Models

and flow
models

/ Trip
Data fusion/ generation

Have a potential :
Direct demand
role as non- | models

motorized / |
. Simulation-
plannmg tools based traffic Ll
models
that can be used models
in exposure / Discrete
estimation. choice |
models




Demand Estimation Models

Best
= ) Methodology?



Method Selection Matrix

Input Data Technical Popularity in Direct

Analytic Method § . : ili
nalytic Metho Requirements Complexity Practice Usability

Accuracy

@) e 2

Site counts O

O/0/®

Direct demand

models L D) O,/O . © O,/O

Regional TDM 0/ 00 O 0/0/® | O/0O/®

Trip generation

andcfilojw 0/® ©/0 O ® ©/®
e © o () ] /0

Discrete choice

models Of. OI(. ‘-} O D,’.

Demand Estimation Models

Simulation-

based traffic . . O . .

models

Data fusion & Of. O @ O;’.

O ® @

Travel surveys O

_Legend: O = low suitability; © = moderate suitability; @ = high suitability. |



Key Considerations

* Review the project goals and resources available.
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* Review the project goals and resources available.

A modelis as good as its input data.




Key Considerations

* Review the project goals and resources available.

A modelis as good as its input data.

* Learn and understand what is available in the region.




Key Considerations

* Review the project goals and resources available.
A modelis as good as its input data.
* Learn and understand what is available in the region.

* May not be directly transferable.
— re-design, re-implement,

and calibrate with respect

to local conditions



Step 5: Select

Overview, Considerations, Checklist & Resources

| Step 1. Determine use(s) of risk values |

—
—
‘ 7 (
S —

v

Step 2. Select geographic scale

Facility-Specific Areawide —
1. Point 3. Network N‘ H RP e
PROGRAM

4. Regi |
2. Segment egiona REPORT 765

A 4

Step 3. Select risk definition "
Analytical Travel
A. Observed B. Expected C. Additional Approaches for P
T Plannin
crash rate crashes risk indicators

White Paper Series

Bicycle and Pedestrian Forecasting Tools:

Exposure ¥ State of the Practice
Estimation Step 4. Select exposure measure PR
Steps A. Distance Traveled B. Time Traveled C. Volume/Count : P
(inside D. Trips Made E. Population B it
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Step 5. Select analytic method to estimate exposure

Facility-Specific Areawide

Estimating Bicycling

and Walking for Planning
and Project Development:
A Guidebook

A 4

Step 6. Use analytic method to estimate
selected exposure measure

Facility-Specific Areawide

www pedbikeinfo.org
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Step 7. Compile other required data
(based on definition of risk selected in Step 3)

Step 8. Calculate risk values

TRANSPORTATION RESEARCH BOARD




Step 6: Use

Detailed Overview, Development, Examples

| Step 1. Determine use(s) of risk values |

v

Step 2. Select geographic scale

Facility-Specific Areawide [
1. Point 3. Network
2. Segment 4. Regional

A 4

Step 3. Select risk definition

A. Observed B. Expected C. Additional
crash rate crashes risk indicators

Exposure : h 4
Estimation : Step 4. Select exposure measure
Steps : A. Distance Traveled B. Time Traveled C. Volume/Count
(inside D. Trips Made E. Population
dashed y -
Iterative or concurrent steps
box)
v may be necessary here

Step 5. Select analytic method to estimate exposure
Facility-Specific Areawide

i

Step 6. Use analytic method to estimate
selected exposure measure

Facility-Specific Areawide

Step 7. Compile other required data
(based on definition of risk selected in Step 3)

Step 8. Calculate risk values




Direct Demand Models

e Statistical models
— often based on regression analysis
— developed using different data sources

* Primarily used to develop
facility-specific demand estimations

— facility use or needs
— estimates of non-motorized activity

— connection between the built environment
and non-motorized demand




Direct Demand Models

* Simple, practical and
generally based on
available data

e Usually not

* Particularly useful for transferable

screening and
preliminary analyses
when resources are
limited

* Limited in terms of
capturing the
underlying behaviors
and travel patterns




Development of a Direct Demand Model

Phase A:
Study
|dentification

Phase B:
Data
Preparation

Phase C:

Model

Development

PHASE A:

' Study
Identification

Identify study area

l

Determine facility locations

l

Determine dependent variable (CV)

J¢— + SeeStep3of this Guide |

PHASE B:
Data
Preparation

|dentify and compile data for DV

[ Process OV cataset and perf{:rrﬁ data quality checks

If |dentify candidate independent variables (1Vs) and I
s

|
X

'

compile the needed data

b

|' Process IV dataset and perform data guality checks ]

L

Combine datasets of DV and Vs

.| SeeSit=Countspartof |
| StepGofthisGuide

| 5eeTable 16for alistof |
e e

PHASE C:
Model
Development

\f

3
|dentify statistical method that describes the
relationship between OV and IVs

l

-

{Estimatethe model, evaluate the model performance

Perform statistical checks toidentify |Vs to be tested

in the model

-

and re-specify the model as /it needed

K

:Different functional forms |
of [Vs may need to be !
_ considerad |

If preferred, morethan |

Perform model
validgation

Yes

|

one model canbe
estimated as final
alternatives to be

. examined

Do you have other data to validate the
developed?

=

No

|
¥

Model development is complete




Development Process Identify the
FOCUS

* Avoid any unnecessary process,
optimize the resources and limit the bias.

* Location-specific details?

— geographic scale, facility locations

e Main outcome?

— e.g. annual pedestrian crossing J L
intersection volume, peak hour

bicycle volume =




Development Process Prepare the

DJAYJAN

Dependent variable
e Site counts are the main ingredients

* Not feasible to collect site counts at all facility locations

— need a sampling strategy
* depend on the study focus

— need representative sample of site counts
* not just the worst crash locations or busiest sites




Development Process Prepare the

DJAYJAN

Explanatory variables

e Various different variables
— demographic profile (e.g. population density)
— bike/walk infrastructure (e.g. presence of bike facilities)
— interaction with vehicle traffic (e.g. speed limit)
— transit facilities (e.g. presence of transit stops)
— major generators (e.g. proximity to a university campus)
— land use (e.g. land use mix)




Development Process Prepare the

DATA

Explanatory variables

e Differences based on the mode

— neighborhood forms might be more influential on pedestrian
models; infrastructure and system characteristics more on
bicycle models

 Consideration of buffer widths

— some variables have the greatest influence on a large spatial
area, and some variables on a smaller spatial area

e Different forms of variables

— e.g. categorical or bin




Development Proces

Explanatory variables

ave an initial (desired) set of
eed guidance?

Final model variables
— intuitive, logical and

relevant to the action items
in the decision making process

Prepare the
DATA

variables?

Table 18. Key Explanatory Variables of Pedestrian and Bicyclist Direct Demand Models

Variable

Pedestrian

Bicycle

Category
Frequency Impact Freguency Impact
Population density [ )] + % | +
Total population (@] + O +
% of non-whita rasidents O + @) +
% of black residents O i (@) X
Proximity to a un| % residents with a college education O + [ 3] -
et ] % residents younger than 5 and oler than 65 o 2
years
pracipitation Household income (@] i [ ] +/-
‘Weather and Temperature Sociseconamic | Total emplayment O + O +
environmental
very warm tamp Employment density (@) +/- O +
+32'€) y
tumber of fanes + +/-
Residential land ] o
Land-use mix (arg anced bk o =
commercial spacs Hetwork/ anterial strast fof count location) O + o 52
Retal area interaction with. 7
vehicle traffic % major anterials O -
Collector street (of count lacation) O +
Industrial area Prasence of four-way intersection Q +
cultural and ente] Presence of bike lane (@) + O +
Job accessibility Prasence of sidewslk O +
Dwell count Footway pavement width @] +
e el Bicydesar On-street bicycle facility length [ ] +
pedestrian-
7
Maximum/mean specific fresnoc e e o s
infrastructure | gicycle-trail access +
Land use Traffic signal-conf o
Bike [ane or curb lane width (@] 3
Patch richness o
Separatad path ) i
singie-family rasi
Presence of bicycle markings on any approach ) +
Average visibility
¥ Number of bus/transit stops [} + [ 5] g
(it o e Prasence of subway station O + @) +
£ “Transit facilities
Job accessibility o Ry o "
Centrality Accessibility to an underground statian @ +
Low-density resid Z Distance from the central business
Major generators | gisricy/downtown © E

Prasence of threa approaches

Presence of parking entrance

Legend: ) = to a small extent(1,2); © = to a moderate extent (3.4); ® = to a great extent (>=5]
Source: Based on the literature review of 22 studies conducted by Munira and Sener 2017.




Development Process Develop the

MODEL

e Examine the data

— identify the statistical method

— screen variables and their
relationships

* (e.g. nature of the data,
correlations)

Dependent
variable



Development Process Develop the

MODEL

e Estimate

— evaluate & re-specify
as/if needed

— have data for model validation?

Explanatory |
variables

Estimate
the model

 Final model

— consider both statistical
robustness and intuitiveness

Dependent
variable




Direct Demand Model — Build

Demographics

Transportation
network
characteristics

Land use
characteristics

Build a model that
predicts walk or bike
facility use and
volumes based on
observed counts

Direct Demand

Estimate at locations where the
count data are collected

71



Direct Demand Model — Apply

Demographics

Transportation
network
characteristics

Land use
characteristics\

Apply the same model
to predict volumes at
locations where the
count data are not
available across the
study area

Estimate at locations where the
count data not available



Exposure from Travel Surveys,
Spreadsheet Tool

_



Travel Surveys

‘lll‘* ) AMERICAN

* American Community Survey (ACS) &%/ GHINTY

* U.S. CENSUS BUREAU

NHTS

* National Household Travel Survey (NHTS) M
*—l

* Regional Household Travel Survey %)\;3‘02,5



Presenter
Presentation Notes
A travel survey is a systematic effort to collect information about individual travel behavior. 

Travel surveys are typically collected from a statistical sample of travelers for a specified day or days (not an entire month or year), and typically gather aggregate trip information (travel mode, trip purpose, trip start and end location, trip length or time, etc.). 

Depending upon the number of travelers surveyed, trip information from travel surveys are often summarized into more aggregate geographic zones (not on specific facilities) to improve the statistical precision and accuracy of the survey data. 


American Community Survey (ACS)

* National ongoing survey of U.S. households
* Conducted by the U.S. Census Bureau

* Limited to commute trip information

* Data Availability

— 3- and 5-year estimates || / AMERICAN
best for small areas ( gg%l\él{,JNlTY

— 1-year estimates best for e s, covss e

larger population areas



Presenter
Presentation Notes
The ACS is a national ongoing survey of a sample of U.S. households by the U.S. Census Bureau that gathers a wide variety of information (e.g., demographic, social, economic, housing) in addition to their primary travel mode from home to work. Therefore, the ACS does not have trip information for non-commute trips (whereas NHTS does, but on a five- to seven-year cycle). Because the ACS only asks about the primary travel mode, it does not include modes of travel that may be considered secondary (such as walk trips to public transit). 

The 3-year or 5-year ACS has a large sample size relative 1-year estimates, making them beneficial for reducing the margin of error of estimates for small subpopulations; where the 1-year ACS is more beneficial for larger population areas, such as states or congressional districts.

In some cases with spatial units of smaller populations, the ACS samples may not provide reliable single-year estimates due to a smaller number of households. In these cases, multiple years (3 or 5) of data were merger, creating more statistically reliable estimates for less populated areas. 



National Household Travel Survey (NHTS)

* National ongoing survey of U.S. households
* Conducted by U.S. DOT / FHWA

 Information
— All trips

— Household & person demographics
— Vehicles I ‘

* Data Availability

— Conducted every 5 to 7 years
— Add-on samples can be purchased

NHTS



Presenter
Presentation Notes
Generally, household travel surveys collect data from respondents on the household characteristics, demographics of each member in the households, vehicle details, and trip attributes via a travel diary.

The NHTS is a nationwide survey of daily and long-distance travel that is conducted every five-to-seven years from a sample of U.S. households by the U.S. DOT/FHWA. 

The survey provides estimates of trips and miles by travel mode (including walking and bicycling), trip purpose, and other household attributes and demographics. 

Contains information about all trips, household and person demographics, and vehicle details.

Data Availability:
Typically conducted every 5 to 7 years since 1969.
Add-on samples can be purchased.
Recent surveys (2009 & 2017) are statistically valid at the state level.



B
Regional Household Travel Survey

* Conducted by an MPO/regional planning agency
 Stratified sample to represent local population

* Data Availability
— Conducted every 8 to 10 years
— GPS data may be collected



Presenter
Presentation Notes
A regional HH travel survey is typically conducted by an MPO for the purpose of developing a regional travel demand forecasting model. 

The frequency of these surveys varies from city to city, with some planning agencies conducting household travel surveys every eight to ten years or longer.  �
Data Availability
Conducted between 8 to 10 years.
Survey weights must be developed.
GPS data may be collected via smart phone apps.



Travel Surveys

Areas
Covered

Survey Type Frequency

Trip Types Other Limitations

Census Home-to-Work Does not capture trips by
ACS Yearly : :
Geographies Commute Only children/adults.
S le sizes b
NHTS Periodic State & All sa;nrseeail?rejallecggnfa hic
(57 years) CBSA P seograp
areas.
Regional High cost to conduct.
H hold Periodi E ti ired t
ouseho eriodic Local Customizable xpertise required to
Travel (8 — 10 years) process and analyze survey

Survey data.




B
Areawide Non-Motorized Exposure Tool

* Purpose

— Estimate non-motorized exposure to risk at different
geographic scales

* Annual exposure for walking & bicycling
— Trips
— Miles of travel

— Hours of travel



Presenter
Presentation Notes
The method uses nationwide travel survey data such as the ACS and NHTS.

Results available in both tabular and graphical formats.

Total fatalities & fatalities per hour of travel are also provided as an estimate of risk using the National Highway Traffic Safety Administration’s (NHTSA) Fatality Analysis Reporting System (FARS) person data.



Geographic Scales

e Statewide
— 2009 NHTS travel characteristics
— ACS 1-year estimates to fill gap

* Metropolitan Planning Organization (MPO)
— 2009 NHTS travel characteristics
— NHTS samples in CBSAs used as proxies for MPOs

— ACS 5-year estimates interpolated up to MPOs



Presenter
Presentation Notes
Statewide – uses more current yearly ACS data to fill gap between years when NHTS is conducted.

Metropolitan Planning Organization (MPO) – also uses NHTS and ACS data to estimate non-motorize exposure but for individual MPOs throughout the nation.



B
Statewide Non-Motorized Exposure

e Estimates walking and biking exposure at the
state-level for years 2009 — 2016

e 2009 NHTS trips adjusted to represent the
analysis year

— Changes in population
— Changes in relationship between commute trips and
total trips



Presenter
Presentation Notes

𝑃𝑇𝑖=𝑃𝐶𝑖×𝐴𝐹𝑝𝑜𝑝,𝑖×𝐴𝐹𝐶𝑇×365 

𝑃𝑇𝑖 = Estimated annual person trips by mode (biking or walking) in ith year for state
𝑃𝐶𝑖 = ACS daily persons commuting by mode in ith year for state
𝐴𝐹𝑝𝑜𝑝, 𝑖 = ACS population adjustment factor in ith year for state
𝐴𝐹𝐶𝑇 = Commute trip adjustment factor by mode for state

 𝐴𝐹 𝑝𝑜𝑝,𝑖 =  𝑃𝑂𝑃 𝑖   𝑃𝑂𝑃 2009   

 𝐴𝐹 𝑝𝑜𝑝,𝑖  = Population adjustment factor in ith year (i = 2009 to 2016) for state
 𝑃𝑂𝑃 𝑖  = ACS population estimate in ith year for state
 𝑃𝑂𝑃 2009  = ACS population estimate in 2009 for state

 𝐴𝐹 𝐶𝑇 =  𝑃𝑇 2009   𝑃𝐶 2009 ×365 

 𝐴𝐹 𝐶𝑇  = 	Commute trip adjustment factor by mode for state
 𝑃𝑇 2009  = 	NHTS annualized person trips by mode in 2009 for state
 𝑃𝐶 2009  = 	ACS daily persons commuting by mode in 2009 for state



@ewide Exposure Estimates

9 Select the source (Default or User Input) of the required inputs.
For the User Input option, values are required in the cell below.

State: New York o Select State of interest

Walking
2009 2010 2011 2012 2013 2014 2015 2016
Daily Persons Commuting | 574,322 542,579 575,553 568,540 574,861 576,752 583,151 577,983
Commute-to-Total Trips Adjustment Factor 25.49 25.49 25.49 25.49 25.49 25.49 25.49 25.49
Population Adjustment Factor | 1.00 0.99 1.00 1.00 1.01 1.01 1.01 1.01
Estimated Annual Pedestrian Trips 5,343,405,740 4,997,592,893 5,354,858,779 5,289,610,879 5,401,904,720 5,419,674,236) 5,479,804,926| 5,431,241,806
Source: Default Default Default Default Default Default Default Default
Average Trip Length (Miles) Default Value: 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
User Input Value: 1
Estimated Annual Pedestrian Miles of Travel 4,060,988,362 3,798,170,599 4,069,692,672 4,020,104,268 4,105,447,587 4,118,952,419 4,164,651,744 4,127,743,772
Source: Default Default Default Default Default Default Default Default
Average Trip Duration (Minutes) |Default Value: 14.82 14.82 14.82 14.82 14.82 14.82 14.82 14.82
User Input Value:
Estimated Annual Pedestrian Hours of Travel 1,319,821,218 1,234,405,445 1,322,650,118 1,306,533,887 1,334,270,466 1,338,659,536 1,353,511,817 1,341,516,726
Fatalities 290 288 273 287 293 262 295 300
Fatalities/Million Hours of Travel 0.220 0.233 0.206 0.220 0.220 0.196 0.218 0.224
Bicycling
2009 2010 2011 2012 2013 2014 2015 2016
Daily Persons Commuting | 39,185 41,232 44,418 53,119 62,021 58,198 61,618 66,595
Commute-to-Total Trips Adjustment Factor 11.54 11.54 11.54 11.54 11.54 11.54 11.54 11.54
Population Adjustment Factor | 1.00 0.99 1.00 1.00 1.01 1.01 1.01 1.01
Estimated Annual Bicyclist Trips 165,051,139 171,936,574 187,093,058 223,742,540 263,851,041 247,587,154 262,136,590 283,309,847
Source: Default Default Default Default Default Default Default Default
Average Trip Length (Miles) Default Value: 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93
User Input Value:
Estimated Annual Bicyclist Miles of Travel 318,548,697 331,837,588 361,089,602 431,823,102 509,232,508 477,843,207 505,923,618 546,788,006
Source: Default Default Default Default Default Default Default Default
Average Trip Duration (Minutes) |Default Value: 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81
User Input Value:
Estimated Annual Bicyclist Hours of Travel 57,245,237 59,633,335 64,890,109 77,601,371 91,512,336 85,871,478 90,917,707 98,261,299
Fatalities 28 36 57 42 36 46 36 36
Fatalities/Million Hours of Travel 0.489 0.604 0.878 0.541 0.393 0.536 0.396 0.366
Non-Motorized
2009 2010 2011 2012 2013 2014 2015 2016
Estimated Annual Non-Motorized Trips 5,508,456,878 5,169,529,467 5,541,951,837 5,513,353,419 5,665,755,761 5,667,261,390 5,741,941,515 5,714,551,653
Estimated Annual Non-Motorized Miles of Travel 4,379,537,059.48 | 4,130,008,186.64 | 4,430,782,273.63 | 4,451,927,370.05 | 4,614,680,095.64 | 4,596,795,626.23 | 4,670,575,361.39 | 4,674,531,778.15
Estimated Annual Non-Motorized Hours of Travel 1,377,066,454.24 | 1,294,038,779.66 | 1,387,540,227.31 | 1,384,135,258.03 | 1,425,782,801.77 | 1,424,531,014.16 | 1,444,429,523.79 | 1,439,778,024.83
Non-Motorized Fatalities 318 324 330 329 329 308 331 336
Non-Motorized Fatalities/Million Hours of Travel 0.231 0.250 0.238 0.238 0.231 0.216 0.229 0.233



Presenter
Presentation Notes
Key Assumptions
Relationship between commute and total trips remains constant;
Average trip lengths remain constant;
Average trip durations remain constant.

Tool provides opportunity for user input
Average trip length (miles);
Average trip duration (minutes).

NHTSA Fatality Analysis Reporting System (FARS) person data.

Fatalities defined as individuals classified as a bicyclist or pedestrian that sustained a fatal injury in a motor-vehicle crash.

Source: https://www.nhtsa.gov/research-data/fatality-analysis-reporting-system-fars
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Presentation Notes
First column shows how the different exposure measures compare over time for combined non-motorized modes and then walking and bicycling separately.

Second column shows how walking and bicycling modes differ per type of exposure measure.

Third column contains total annual fatalities per mode and then annual risk per mode based on million hours traveled.


MPO Non-Motorized Exposure

e Estimates walking and biking exposure at the
MPO-|level for years 2009 — 2016

e 2009 NHTS trips adjusted to represent analysis
year

— Changes in commute trip making between 2009 and
analysis year
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Presentation Notes
𝑃𝑇𝑖 =  𝑃𝑇𝑅2009 × 𝑃𝑂𝑃𝑖 × 365  𝑃𝐶𝑖 𝑃𝐶2009  

𝑃𝑇𝑖 = Estimated annual person trips by mode in ith year for MPO 
𝑃𝑇𝑅2009 = 2009 NHTS average daily person trip rate by mode for CBSA peer group 
𝑃𝑂𝑃𝑖 =  ACS 5-year population estimate in ith year for MPO 
𝑃𝐶𝑖 = ACS 5-year daily persons commuting by mode estimate in ith year for MPO 
𝑃𝐶2009 = ACS daily persons commuting by mode in 2009 for MPO



MPO Exposure Tool (BETA)
State: Oregon OSelect State of interest OSeIect the source (Default or User Input)
. Portland Area Comprehensive Transportation of the required inputs. For the User

: Select MPO of interest
System (OR) 9 Input option, values are required in the

cell below.
Walking
2009 2010 2011 2012 2013 2014 2015 2016
Source: Default Default Default Default Default Default Default Default 9
Person Trip Rate Default Value: 0.63156 0.63156 0.63156 0.63156 0.63156 0.63156 0.63156 0.63156
User Input Value:
Source: Default Default Default Default Default Default Default Default O
MPO Population Estimate Default Value: 1,382,368 1,397,685 1,418,280 1,438,803 1,459,111 1,477,113 1,499,485 1,519,651
User Input Value:
Source: Default Default Default Default Default Default Default Default 9
Population Adjustment Factor Default Value: 1.00000 1.04175 1.03828 1.12315 1.13918 1.13549 1.16579 1.19087
Userlnput Value:
Estimated Annual Pedestrian Trips 318,661,769 | 335,643,597 | 339,455,956 | 372,516,428 | 383,167,403 | 386,637,020 | 402,965,257 | 417,169,821
Source: Default Default Default Default Default Default Default Default 9
Average Trip Length (Miles) Default Value: 0.67978 0.67978 0.67978 0.67978 0.67978 0.67978 0.67978 0.67978
User Input Value:
Estimated Annual Pedestrian Miles of Travel 216,619,443 | 228,163,326 | 230,754,886 | 253,228,687 | 260,468,992 | 262,827,562 | 273,927,149 | 283,583,107
Source: Default Default Default Default Default Default Default Default O
Average Trip Duration (Minutes) |Default Value: 14.49607 14.49607 14.49607 14.49607 14.49607 14.49607 14.49607 14.49607
User Input Value:
Estimated Annual Pedestrian Hours of Travel 76,989,059 | 81,091,888 | 82,012,959 | 90,000,408 | 92,573,696 | 93,411,959 | 97,356,881 | 100,788,720
Fatalities 12 21 14 25 20 21 24 32
Fatalities‘MiIIion Hours of Travel 0.156 0.259 0.171 0.278 0.216 0.225 0.247 0.317
Bicycling
2009 2010 2011 2012 2013 2014 2015 2016
Source: Default Default Default Default Default Default Default Default 9
Person Trip Rate Default Value: 0.05439 0.05439 0.05439 0.05439 0.05439 0.05439 0.05439 0.05439
User Input Value:
Source: Default Default Default Default Default Default Default Default e
MPO Population Estimate Default Value: 1,382,368 1,397,685 1,418,280 1,438,803 1,459,111 1,477,113 1,499,485 1,519,651
User Input Value:
Source: Default Default Default Default Default Default Default Default 9
Population Adjustment Factor Default Value: 1.00000 1.11245 1.18615 1.25574 1.27402 1.34042 1.39129 1.45871
User Input Value:
Estimated Annual Bicyclist Trips 27,445,001 30,869,364 33,399,511 35,870,766 36,906,645 39,309,202 41,418,949 44,010,206
Source: Default Default Default Default Default Default Default Default 9
Average Trip Length (Miles) Default Value: 3.07657 3.07657 3.07657 3.07657 3.07657 3.07657 3.07657 3.07657
User Input Value:
Estimated Annual Bicyclist Miles of Travel 84,436,561 | 94,971,865 | 102,756,049 | 110,359,046 | 113,546,004 | 120,937,645 | 127,428,439 | 135,400,630
Source: Default Default Default Default Default Default Default Default
Average Trip Duration (Minutes) |Default Value: 22.69772 22.69772 22.69772 22.69772 22.69772 22.69772 22.69772 22.69772
User Input Value:
Estimated Annual Bicyclist Hours of Travel 10,382,317 11,677,738 12,634,881 13,569,745 13,961,613 14,870,489 15,668,597 16,648,857
Fatalities 4 1 4 3 1 1 2 7
Fatalities/Million Hours of Travel 0.385 0.086 0.317 0.221 0.072 0.067 0.128 0.420
Non-Motorized
2009 2010 2011 2012 2013 2014 2015 2016
Estimated Annual Non-Motorized Trips 346,106,770 | 366,512,961 | 372,855,467 | 408,387,194 | 420,074,048 | 425,946,221 | 444,384,207 | 461,180,027
Estimated Annual Non-Motorized Miles of Travel  ]301,056,004.07|323,135,191.75| 333,510,935.19| 363,587,732.43( 374,014,995.15| 383,765,207.22| 401,355,587.76| 418,983,736.98]
Estimated Annual Non-Motorized Hours of Travel | 87,371,375.61 | 92,769,626.10 | 94,647,839.42 |103,570,152.69(106,535,309.07| 108,282,448.44| 113,025,477.79| 117,437,577.47|
Non-Motorized Fatalities 16 22 18 28 21 22 26 39
Non-Motorized Fatalities/Million Hours of Travel 0183 0237 0.190 0270 0.197 0.203 0.230 0.332
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Presentation Notes
CBSA Peer Groups – Since Core-base statistical area (CBSA) is the smallest geography in the NHTS data, this geography was used as proxies for MPOs in terms of developing travel estimates from 2009 NHTS. To increase sample sizes CBSAs were grouped based on 2009 ACS 1-year estimates for bicycle and walk commute percentages (two different sets of peer groups). For each year, the MPOs were assigned a CBSA peer group based on the ACS 5-year estimates for bicycling and walking commute percentages. 

Key Assumptions
Estimates based on estimated average for respective CBSA peer group;
Average trip lengths remain constant;
Average trip durations remain constant.

Tool provides opportunity for various user inputs
Person trip rate;
MPO population estimate;
Population adjustment factor;
Average trip length;
Average trip duration.



Participant Exercise

_



Objectives

* Apply the 8-step process for a location in Broward
County

* Discuss considerations of each step
— Data sources
— Assumptions

* Applications of results




Location: NW 31 Avenue between MLK Boulevard

and Atlantic Boulevard, Pompano Beach
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The Context for Location Selection

* NW 31 Avenue is within a Census Block Group
identified as a pedestrian crash hotspot in the

County

e Astudy is being done to define the scope of
improvements to address pedestrian safety

* The “risk assessment” is one of the analysis tools
used in the study
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Figure 42. Locations of hot spots in Broward County
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Presentation Notes
Hot Spots – Block Group based analysis.


Step 1: Determine Uses of Risk Values

e Use risk values (in addition to crash data) to
prioritize intersections/segments within the study
corridor for countermeasures

e Estimate risk for “Before” conditions for a future
Before-After evaluation

— To quantify effectiveness of countermeasures




Exercise: List Location Characteristics

* Type of road Use Google Streetview
* Posted speed limit

* Major intersections

* |Intersection control methods

* Existing pedestrian and bicycle facilities

e Street lighting

* Transit?

* Key land uses/pedestrian trip generators

» Risk factors for pedestrians/bicyclists




Location Characterlstlc

* Length: 0.85 miles
e 4-lane road with TWLTL
* Posted speed: 40 mph

* Two signalized
intersections

e Bike lanes and sidewalks

e Street lighting on the west
side

* Land Uses: School, single
family residential, mobile
homes, truck stop, motels,
fast food restaurant, adult
entertainment

* No crosswalks other than
at signalized intersections
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Exercise


“Exercise: Divide Study Location into
Points and Segments

* How many points? Explain the rationale

* How many segments? Explain the rationale

Use Google Streetview
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How to identify important nodes (points) and segments


Study Corridor (from North to South)




Study Corridor (from North to South)

WIS OL LON

|+




Study Corridor (from North to South)
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Step 2: Divide Study Location into
Points and Segments

Point/ Location/
Segment Limits

Point 1 MLK Blvd Signalized intersection,
expressway entry/exit

Segment1 MLKBIvd—-  Motels, overnight truck
Canal parking, fast-food
restaurant

Segment 2 Canal—NW School, mobile homes,
8 St storage facilities

Segment3 NW 8 St - Residential, retail, adult
Atlantic Blvd entertainment

Point 2 Atlantic Blvd Signalized intersection;
two State roads

If this were a county-wide network screening, what
would be your approach?



Step 3: Select Risk Definition

* Observed crash rate

Rick = Observed Crashes

Exposure

* Expected crashes

Highway Safety Manual’s Predictive
Method

e Additional risk indicators

Risk score based on road and traffic
variables




Step 3: Possible Crash Data Sources

 What are the possible crash data sources?

CAR Online Signal Four Analytics

<]
crash cnclysls reporting on-line SAFETY OFFICI

FPCAR on-lin®. ® ~— N SIGNAL FOUR

Querying by Location on the State Highway System

[ rrtpy/idotup2 dotstateflus/CrashAnalyssReporting/ 0 - C /230 Entrpise Web Appicaton] B Welcome t Cash Aabss - ||
Fle Edit_View favories Tools Welp

uest
l @AIB @ I \ W"‘"”“"Q This Signal Four information page is currently offline due to maintenance.

crash analysis reportmg on-line .
Crash Analysis Reportng | State Roads | A AllRoads | Q Subssts | @ Crash Anaysis | GoLogOff | 8 User: Benjamin Jacobs | @ Help However the Signal Four Analytics application is fully operational. You may access it
by clicking the Log in link above in the upper right corner.

Crash Analysis Reporting

For questions, or to learn more about Florida Signal Four Analytics, contact project
“The information contained in this syshm (report, schedule, list, or data) has been compiled from information collected for the purpose of identifying, evaluating, or N . . . . . )
planning safety used for the purpose of highway safety projects which director Dr. Ilir Bejleri by email at ilir@ufl.edu or by phone at 954-214-7885.%
may be implemented utilizing ledem l-aid highway funds. Any document displaying this notice shall be used only for those purposes deemed appropriate by the

Florida Department of Transportation. See Title 23, United States Code, Section 409.

FD OT FLORIDA DEPARTMENT OF TRANSPORTATION
ruotl Contact Help: Email Service Desk o call 1-866-955-4357(HELP)
[remet T M Web Policles and Notices - Accessibility Statement Using the keyboard in this website

The GeoPlan Center UF | UNIVERSITY of

Department of Urban & Regional Planning

© University of Florida, Gainesville, FL 32611 ! FLORIDA
01




Step 3: Crash Data Sources

Drwsource o

Crash Analysis Reporting .
(CAR) Online

 FDOT .
Signal Four Analytics .
* University of Florida .

* https://s4.geoplan.ufl.edu/

Local (law enforcement)
agencies

Needs a User ID and password (or request the data from
FDOT)

Both State and local road data

Can be downloaded to Excel

Lag in entering data (currently 2015 is the most recent
complete data)

Needs a User ID and password

Both State and local road data

Typically crash data are uploaded quickly
Crash data and police reports available
Graphic User Interface

Excel and GIS compatible

Data formats, completeness, and duration varies by
agency

Limited to the jurisdiction of the agency

For small geographic areas, more recent and complete
data may be available

May take more time and effort to obtain the data



https://s4.geoplan.ufl.edu/

Exercise: Pedestrian/Bicycle Crash Data

* How many years of crash data should be used?
— Two years
— Three years
— Five years

 Summarize the crash data (see diagrams)

— By point/segment




Step 3: Crash Data (Corridor from N to S)

FTWIE OL LON

! Fatal, pedestrian,
nighttime

Pedestrian, daytime,
turning vehicle

=
.




B
Step 3: Crash Data (Corridor from N to S)

[ FaIRWAY DR S8

N

Elderly pedestrian on a

wheelchair, nighttime

Elderly pedestrian on a wheelchair,
nighttime, transit user

Pedestrlan,
nighttime

Fatal, pedestrian,
nighttime, wet pavement
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Five pedestrian crashes between Fairway Drive and Pompano Truck Stop


Step 3: Crash Data (Corridor from N to S)




Step 3: Crash Data (Corridor from N to S)
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Exercise: Summarize Pedestrian/Bicycle
Crash Data by Year

Segmen/pomt 2011 | 2012 | 2013 | 2014 | 2015 | Total_

Point 1 (MLK Blvd)

Segment 1 (MLK Blvd — Canal)
Segment 2 (Canal — NW 8 St)
Segment 3 (NW 8 St — Atlantic Blvd)
Point 2 (Atlantic Blvd)

Total




Step 3: Pedestrian/Bicycle Crash Data
by Year

semeneam 2o 2oz avi Lviaa0is L e

Point 1 (MLK Blvd)

Segment 1 (MLK Blvd — Canal) 0 0 0 0 2 2 0.4
Segment 2 (Canal — NW 8 St) 0 1 1 2 0 4 0.8
Segment 3 (NW 8 St — Atlantic Blvd) 0 0 0 0 1 1 0.2
Point 2 (Atlantic Blvd) 0 0 0 0 1 1 0.2
Total 0 1 1 2 6 10 2.0




“Step 3: Pedestrian/Bicycle Crash Data

Crashes by Severity

Segment/Point m Non-Injury

Point 1 (MLK Blvd)

Segment 1 (MLK Blvd — Canal) 1
Segment 2 (Canal — NW 8 St) 1
Segment 3 (NW 8 St — Atlantic Blvd) 1
Point 2 (Atlantic Blvd) 0
Total 3

i ©O O N -
N B O - O

Crashes by Lighting Condition

Segment/Point m Daylight

Point 1 (MLK Blvd) 2 0

Segment 1 (MLK Blvd — Canal) 1 1 2
Segment 2 (Canal — NW 8 St) 4 0 4
Segment 3 (NW 8 St — Atlantic Blvd) 1 0 1
Point 2 (Atlantic Blvd) 1 0 1
Total 8 2 10
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What are the initial observations based on crash data?


Step 4: Select Exposure Measure

* Point: volume/count
— Number of peds/bikes crossing
OR

— Number of peds/bikes crossing x
motor vehicles

* Segment:

— Number of peds/bikes (crossing) x
motor vehicles x segment length

— Depends on the study purpose

* Pedestrians: crossing vs. using
sidewalk

* Bicyclists: crossing vs. riding with

traffic vs. riding on sidewalk

POINT

'

SEGMENT




Exercise: Pedestrian/Bicycle Counts

Segment/Point Pedestrian | Bicycle | Motor Vehicle
Count? Count? | Count?

Point 1 (MLK Blvd)

Segment 1 (MLK Blvd — Canal)
Segment 2 (Canal — NW 8 St)
Segment 3 (NW 8 St — Atlantic Blvd)
Point 2 (Atlantic Blvd)

 What are the factors considered when selecting count
locations?

e How many hours per day?
e How many days?
* Count technology?

 What would be different if the data is collected as part of a
network screening effort?




B
Steps 5 & 6: Estimate Exposure

* A hypothetical example for an intersection

Point ]
Average Daily Volume

Crosswalk | Pedestrians | Bicyclists | Motor
Vehicles*

A 7,000
B 40 25 3,000
C 80 10 6,800
D 30 20 2,600

* Motor vehicles entering the intersection
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Exercise


Steps 5 & 6: Estimate Exposure

* Pedestrian and Bicycle Exposure = (Annual ped/bike volume x
annual traffic volume)/100,000,000

— Crosswalk A = (((120+15) X 364) X (7,000 X 364))/100,000,000 = 1,252
— Crosswalk B = (((40+25) X 364) X (3,000 X 364))/100,000,000 = 258

— Crosswalk C = (((80+10) 364) X (6,800 X 364 ))/100,000,000 = 810

— Crosswalk D = (((30+20) X 364) X (2,600 X 364 ))/100,000,000 = 172

— Cumulative Exposure for the Intersection = 2,492




Steps 7 & 8: Calculate Risk

* Pedestrian/Bicycle Crashes in 5 years = 10
— Average crashes peryear =10/5=2.0

Risk = Observed Crashes

Exposure

Risk = 2.0/2,492
=8 X10%

 How can you account for the severity of crashes?




Hypothetical Risk Estimates for Study
Corridor

Segment/Point Average Risk =
Crashes Crashes/Exposure
per Year

Points (Intersections)

Point 1 (MLK Blvd) 0.4 500 8 X104

Point 2 (Atlantic Blvd) 0.2 400 5X10*
Segments

Segment 1 (MLK Blvd — Canal) 0.4 2,000 2 X104

Segment 2 (Canal — NW 8 St) 0.8 1,600 5X104

Segment 3 (NW 8 St — Atlantic Blvd) 0.2 800 2.5 X10*

e Which points/segments would you prioritize for
improvements?

 What countermeasures do you consider?




Applications of Results

How do you use the results in a Before-After
study? Consider the hypothetical results below.

“After” Conditions

Segment/Point Average Risk =
Crashes Crashes/Exposure
per Year

Points (Intersections)

Point 1 (MLK Blvd) 0.4 800 5X 104

Point 2 (Atlantic Blvd) 0.2 500 4X10*
Segments

Segment 1 (MLK Blvd — Canal) 0.5 2,500 2 X104

Segment 2 (Canal — NW 8 St) 0.5 2000 2.5X10*

Segment 3 (NW 8 St — Atlantic Blvd) 0.2 2 X104




Discussion

* Follow up with us:

— Shawn Turner S-Turner@tti.tamu.edu
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