
 

Greenman-Pedersen, Inc.                     100 Corporate Drive, Suite 301                     Lebanon, NJ 08833         p 908-236-9001 

Additional Offices located at: 54 Shrewsbury Avenue, Suite A, Red Bank, NJ 07701   
458 Woodbine-Ocean View Road, Suite B, Ocean View, NJ 08230 

An Equal Opportunity Employer 

NJ Regional Curve Inventory and Safety Assessment 
Summary Memorandum 
PREPARED FOR:  DVRPC & SJTPO   

COPY TO:  File 

DATE:  April 21, 2020 

REVISION NO.:  Original 

Introduction 

In  February of 2018, Greenman Pedersen,  Inc.,  supported by  subconsultants  Jacobs  Engineering 

Group, Inc. (formerly CH2M Hill, Inc.) and MBO Engineering, Inc. (hereafter referred to as the GPI 

Team),  initiated work under  a  contract with  the Delaware Valley Regional Planning Commission 

(DVRPC) and South Jersey Transportation Planning Organization (SJTPO) for the purpose of 1) curve 

advisory  speed evaluations on  county and municipal  roadways  in  the New  Jersey  sub‐regions  to 

improve  driver  safety  by  studying  horizontal  curves  and  determining  travel  advisory  speeds 

consistent with criteria set forth in the 2009 Manual for Uniform Traffic Control Devices (MUTCD), 

and 2) using the newly collected curve data and New Jersey crash data,  identify curves with over‐

represented  crash  trends  using  a  New  Jersey  Department  of  Transportation  (NJDOT)‐approved 

criteria, to be improved with Federal Highway Safety Improvement Program (HSIP) funds.  

This  project  was  conducted  as  a  collaborative  effort  between  DVRPC  and  SJTPO,  and  closely 

coordinated with NJDOT  and  Federal Highway Administration  – New  Jersey Division  (FHWA‐NJ). 

Additionally, it was performed as part of a program of three projects, conducted for the purpose of 

completing this scope of work for curves on all State, US, Interstate, County and Municipal routes (of 

functional classification minor collector and higher), within the state of New Jersey. 

This  memo  summarizes  project  activities  and  associated  deliverables  developed  through  this 

contract. 

Detailed Scope of Work and Deliverables 

During delivery of the contract, the GPI Team performed the following activities: 

Task 1 ‐ Curve Advisory Speed Evaluations  

In accordance with current MUTCD and NJDOT approved guidelines and requirements relative to 

horizontal curve advisory  speeds  for  roadways,  the GPI Team performed a curve assessment  for 

curves on county and municipal routes with functional classification of collector and higher  in the 
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DVRPC  and  SJTPO  regions utilizing Rieker,  Inc.’s Curve Advisory Reporting  Service  (CARS).   CARS 

combines an electronic version of a ball‐bank indicator with an internal GPS, integrated software and 

a  tablet  computer,  to  automatically  and  accurately measure  and  record  the  radius,  length  and 

superelevation of each curve and calculate the recommended/required curve advisory speed and 

sign placement for each curve to meet current MUTCD requirements. The data collected in the field 

auto‐saves to the secure Rieker data portal to be used for post‐processing at the office and allows 

the driver and  field  technician  to continuously  survey miles of  road without  stopping.   Roadway 

telemetry is recorded to a tablet computer as a permanent record for later analysis using the CARS 

software.    Additionally,  the  curve  information  can  be  geo‐referenced  using  the  counties’  linear 

referenced  road  layers  so  that  the  advisory  speed  evaluations  can  be  delivered  in  a  format 

compatible with existing county asset management systems.   

The NJDOT’s NJ_FC_Street_Name_11_01_13 functional classification GIS layer was used to identify 

the routes to be inventoried as part of this project. The total centerline mileage was created through 

the ArcGIS “Calculate Geometry” tool, which calculated the length of each identified road segment 

into US Miles based on the native coordinate system of the functional class; NAD 83 State Plane New 

Jersey FIPS 2900 Feet. A summary mileage table, excluding state routes, toll routes & rural local and 

urban local routes, was created and categorized by County, DVRPC, SJTPO and the combined region 

evaluated  under  this  contract.  Table  1  below,  summarizes  the  county  and municipal  routes  of 

function classification minor collector or higher within the project area: 500 Series, 600 Series, 700 

Series or Local Roads.  

Table 1: Centerline Mileage of County and Municipal Routes 

  Routes (County and Municipal) 
Total  CL 
Mileage 

MPO / County 
500 
Series 

600 
Series 

700 
Series 

Local 
Roads 

DVRPC  454.64  775.84  86.38  387.34  1704.2 

Mercer  100.59  82.12  0.00  168.54  351.25 

Burlington  172.30  282.91  0.00  79.74  534.95 

Camden  84.31  182.53  83.67  107.46  457.97 

Gloucester  97.44  228.28  2.71  31.60  360.03 

SJTPO  333.82  596.25  11.8  177.4  1119.27 

Atlantic  162.24  149.71  1.87  103.52  417.34 

Cape May  22.50  128.25  0.00  30.65  181.4 

Cumberland  93.88  193.02  9.93  38.52  335.35 

Salem  55.20  125.27  0.00  4.71  185.18 

Total CL Mileage by Route Type:  788.46  1372.09  98.18  564.74  2823.47 
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To complete the CARS data collection activity GPI used the following approach:   

 Two‐person field crews (a driver and a technician with the technician operating the computer) 

collected the curve attribute data and made field notations as appropriate.  Data was collected 

for curves within each of the eight (8) counties as noted in the above table.   

 Roadway horizontal curves were driven in both directions a minimum of two (2) times to allow 

comparison of data points for quality assurance and control.   

 Each vehicle was also equipped with a GoPro camera and Distance Measuring Instrument (DMI) 

which was used to capture video of the roadways with milepost information embedded during 

the data collection process.   The videos documented the curve  locations and the presence of 

existing horizontal curve warning signs.  The videos were used as a post‐processing tool by GPI 

for quality control and to obtain additional roadway attributes at the curve locations for inclusion 

in the systemic analysis and were not identified as a deliverable as a part of the project.   

Upon  completion  of  the  CARS  data  collection,  the  field  data  was  reviewed  for  accuracy  and 

completeness as part of the QA/QC procedures.  Once the data was approved for post‐processing, 

the GPI Team performed the curve analyses of the field data using the CARS software.  All identified 

curves were post‐processed in the CARS software, named by SRI and milepost, and curve advisory 

speed reports were generated.   

Task 1 Data Reporting & Support 

The  curve  reports  that  were  created  for  each  identified  curve  contained  the  following  data: 

approximate milepost start and end locations based on DMI readout and linear referenced roadway 

network file, route SRI number, posted speed limit, lateral friction limit (12, 14, or 16 degrees based 

on 2009 MUTCD), curve direction, point of curvature lat/long coordinates, point of tangent lat/long 

coordinates,  curve  radius,  curve  length,  deflection  angle,  vertical  profile  classification, 

superelevation, and CARS  calculated advisory  speed.   A  sign placement  summary  table was also 

developed  for  each  curve  that  shows  if  horizontal  curve  and  chevron  signs  are  optional, 

recommended or required (based on MUTCD Table 2C‐5) as well as chevron spacing distances.   

The GPI Team also provided web conference‐based support to the counties that will be implementing 

the associated digital database developed under this project’s scope.  

Task 1 Deliverables 

The primary project deliverables for this task consisted of the curve advisory speed reports for each 

curve.  In addition to the advisory speed reports, an excel summary table and an ArcGIS shapefile 

containing the Rieker CARS reports data for each analyzed curve including all of the data shown on 

the CARS  reports were provided  to DVRPC and SJTPO  so  that  the  curves  could be easily  sorted, 

grouped and queried for County review  in the ArcGIS spatial environment.   The deliverables were 
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provided in electronic format via thumb drive on January 30, 2019.  See Attachment A for a copy of 

the transmittal memo that accompanied the deliverables submitted to DVRPC and SJTPO. 

Task 2 – Systemic Roadway Departure Mitigation  

Under Task 2, The GPI Team was tasked with providing solutions/assistance to help alleviate roadway 

departure crashes on the  local roadway system  (e.g.: county and municipal roads with  functional 

classification of collector and higher). The primary focus was roadway departure crashes on roadway 

sections with curves,  identified as a critical focus area  in the New Jersey Strategic Highway Safety 

Plan.  

Using  the  newly  collected  curve  data  from  Task  1,  New  Jersey  crash  data,  etc.,  the  GPI  Team 

conducted a  systemic analysis  for  roadway/lane departure crashes on curves  for  the county and 

municipal routes within the DVRPC and SJTPO region. The process followed guidance established by 

the Federal Highway Administration (FHWA) in the Systemic Safety Project Selection Tool publication 

FHWA‐SA‐13‐019  (July  2013).  The  Systemic  Tool  provides  a  step‐by‐step  process  for  conducting 

systemic safety analysis through which an agency can proactively address the potential for crashes 

to occur on a system.  The systemic safety evaluation process is based on the premise that a focus 

crash  may  be  more  likely  to  occur  if  certain  risk  factors  (for  example,  geometric  or  traffic 

characteristics) exist at a given location, even if the location has a limited history of focus crashes. In 

such  locations,  using  targeted  improvements  regardless  of  the  presence  or  frequency  of  focus 

crashes can reduce the potential for a crash.  

This systemwide crash analysis and systemic safety assessment process involves identifying the risk 

factors  (that  is, roadway characteristics) commonly associated with each  focus crash type  (in this 

case  roadway  departure  crashes  on  curves)  and  then  identifying  and  prioritizing  the  potential 

locations across the system based on the presence of those factors. The crash potential of a site is 

determined by the number of risk factors present at that location. The greater the number of factors 

indicates a greater potential  for a  future crash and higher relative priority. This systemic process 

yields a list of prioritized projects that the supporting agency can work to implement. By conducting 

a  systemic analysis, an agency develops a comprehensive plan  for addressing crashes across  the 

entire analysis roadway network. The resulting improvements can then be implemented over time 

as funding and resources permit.  

The  following  describes  the  activities  performed  during  Task  2,  and  the  resulting  deliverables 

generated for DVRPC and SJTPO: 

Task 2A ‐ Data Summary and Analysis  

The GPI Team obtained crash data in electronic database format from the NJDOT that included all 

crash data for the counties within the DVRPC and SJTPO regions.  The crash datasets were reviewed 

and  formatted  to perform database screening.   Specifically,  the data was disaggregated  for each 

region (DVRPC and SJTPO) and along crash emphasis areas for all crashes.  To identify trends related 

to the locations and attributes of total (all severity) crashes within each region for roadway departure 
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crashes,  the GPI Team evaluated and disaggregated  the crash data  through means of crash data 

trees, tables, and matrices.  This initial summary and screening process focused on a review of system 

wide total crash  (all severity) history to determine common types of crashes and the  facilities on 

which these crashes typically occurred. 

Similarly, the GPI team also obtained a copy of the most recent NJDOT Straight Line Diagram (SLD) 

database, from which roadway characteristics for the curves identified in Task 1 could be obtained.  

This database was converted  into GIS  format  for use  in  the systemic safety analysis. While most 

roadway data needed to conduct a typical systemic analysis was available  in this database, some 

supplemental data collection was  required. Additional  roadway data attributes  for  the  identified 

curve  locations was collected using desktop methods  including Google Earth and the GoPro video 

logs from Task 1. 

The systemic process requires that both crash and roadway data for the system be available and that 

they be  cross‐referenced geospatially and  in  the  same  coordinate  system.   Once both  the  crash 

database  and  roadway  inventory  database were  complete,  the  two were  joined  for  use  in  the 

systemic evaluation of lane departure crashes on curves within the two regions. 

Task  2A  deliverables  included  focus  crash  type  summaries  including  crash  trees,  emphasis  area 

matrices and emphasis area tables.  See Attachment B for the memorandum submitted documenting 

the Task 2A deliverables. 

Task 2B ‐ Systemic Analysis 

The GPI Team used the databases developed  in Task 2A to conduct systemic analysis of roadway 

departure on curves.   The systemic approach  involves evaluating the crash history for focus crash 

types, in this case roadway departure crashes at curves.  Risk factors were identified by documenting 

the most  common  roadway  characteristics  associated with  the  curves where  crashes  had  been 

recorded within the two regions.   Additionally, the Highway Safety Manual and NCHRP 500 Series 

Reports were referenced to identify and validate the selection of contributing risk factors commonly 

associated with roadway departure crashes at curves.  Based on this initial list, DVRPC, SJTPO and 

the Counties provided  input and confirmed the risk  factors that were then used  for the systemic 

review of their facilities for roadway departure crashes.   

The GPI  Team  then  screened  all  curves  identified  in  Task  1  for  the  identified  risk  factors.    This 

screening resulted in a list of locations, irrespective of crash history, with similar characteristics as to 

those where crashes had occurred.  Each curve was then scored based on the number of risk factors 

present.  The more risk factors present, the greater the potential for roadway departure crashes at 

the subject curve.  The end result was a listing of curve locations in spreadsheet format with priority 

based on the magnitude of risk factors present.  

Task 2B Deliverables included Horizontal Curve Risk Factor Analysis and Identification Memoranda 

and Risk Factor Scoring Tables (in Excel format) for both DVRPC and SJTPO regions. See Attachment 
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C  for  the Horizontal Curve Risk  Factor  Identification Memoranda  and Risk  Factor  Scoring  Tables 

developed for each region. 

Task 2C ‐ Identification of Low‐Cost Countermeasures 

Once a priority listing of curves was identified, the GPI Team utilized information contained in the 

National  Crash Modification  Clearinghouse, Highway  Safety Manual, NCHRP  500  Series  Reports, 

NHTSA’s  Countermeasures  That Work,  and  FHWA’s  Twenty  Proven  Safety  Countermeasures  to 

develop a draft list of safety countermeasures focusing on potential improvement projects to address 

roadway departure crashes.  The list included a brief description of the countermeasure, anticipated 

effectiveness, and an estimate of cost to implement.  

The DVRPC, SJTPO and the Counties provided input into the final list of proposed countermeasures 

which was  then used  as  the basis  for developing  curve‐specific  recommendations  for mitigating 

roadway departure crashes.   To  facilitate a  logical application of  the  treatments  to  the curves, a 

project development decision tree was developed specific to each region.   Through application of 

the  project  development  decision  logic,  it  was  possible  to  identify  one  or  more  specific 

countermeasures for application at each curve, based on the various risk factor conditions.  The end 

result of the project development logic was a program of projects for each region.  These projects 

are documented in Systemic Safety Project Recommendation spreadsheets that included prioritized 

lists of project recommendations comprised of the safety countermeasures determined to be the 

most appropriate for addressing the characteristics with potential to contribute to future crashes 

present at each curve. 

Task 2C deliverables  included a Countermeasure Selection Memorandum (see Attachment D) and 

individual Project Development Logic Trees (see Attachment E), Project Recommendation Tables (see 

Attachment F), and Project Recommendation Table User Guides (see Attachment G) for DVRPC and 

SJTPO.  The Project Recommendation Tables were also provided to both agencies in Excel format to 

allow DVRPC, SJTPO, and the Counties the flexibility to select and implement, at their discretion, the 

countermeasures  in  a manner  that  best  fits  their  individual  programs,  resources,  and  funding 

availability. 
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ATTACHMENTS: 

Attachment A – Task 1 Deliverable Memo 

Attachment B – Focus Crash Type Summary Memorandum 

Attachment C – Horizontal Curve Risk Factor Analysis and Identification Memoranda and Risk Factor   

Scoring Tables  

Attachment D – Countermeasure Selection Memorandum 

Attachment E – Project Development Logic Trees 

Attachment F – Project Recommendation Tables 

Attachment G – Project Recommendation Table User Guides 



Attachment 

Attachment A 

Task 1 Deliverable Memo 
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To:  DVRPC & SJTPO 
Project: NJ Regional Curve Inventory and Safety Assessment  
Date:  January 30, 2019 
Subject: Task 1 Deliverables (on attached thumb drive) 
 
The GPI Team completed Task 1 (Curve Advisory Speed Evaluations) relative to the above referenced project.  Each County 
is receiving the following digital project deliverables: 

• Rieker CARS reports in PDF format for each analyzed horizontal curve including the approximate milepost start and 
end locations based on the linear referenced roadway network file, route SRI number, posted speed limit, lateral 
friction limit (12, 14, or 16 degrees based on 2009 MUTCD), curve direction, point of curvature lat/long coordinates, 
point of tangent lat/long coordinates, curve radius, curve length, deflection angle, vertical profile classification, 
superelevation, and CARS calculated advisory speed. A sign placement summary table will be included on each 
report that shows if horizontal curve and chevron signs are optional, recommended or required (based on MUTCD 
Table 2-C5) as well as chevron spacing distances. The second page of this report contains two Google Streets 
location maps showing the curve location.  

o The CARS sign placement summary table does not take into account site specific issues, such as crash 
history, sight distance limitations, etc., that may call for additional horizontal curve warning signs or other 
warning signs to be installed along the roadway. 

o The CARS sign placement summary table does not take into account adjacent curves that are within 600 
feet where Reverse Curve, Reverse Turn and Winding Road signs may be needed. When sign design 
activities are being performed, Section 2C.07 of the 2009 MUTCD manual should be referenced for correct 
horizontal curve signage in these situations. 

o The CARS sign placement summary table does not take into account for signing at ramp or exit locations. 
Horizontal curve signing in advance and at ramp/exit locations will need to be determined during design 
consistent with County practices and guidance contained in the MUTCD. 

o Determinations on the need and/or use of large arrow signs, combination horizontal alignment/intersection 
signs, or custom curve signs should be reviewed as part of sign design. 

o Existing horizontal curve warning signs along roadways were not inventoried or reviewed as part of this 
project and should be evaluated as part of sign design. 

 
• Rieker CARS reports Excel Summary table including all of the data for each analyzed curve shown on the CARS 

reports so that the curves can be easily sorted, grouped and queried for County review 
• An ArcGIS shapefile containing the Rieker CARS reports data for each analyzed curve which included all of the data 

shown on the CARS reports so that the curves can be easily sorted, grouped and queried for County review in the 
ArcGIS spatial environment 

 
Based on our contracted scope of work, GPI will provide up to a total of two (2) days of web conference-based technical 
support to the Counties to review the information and to answer questions.  The sessions will be coordinated to include more 
than one (1) County at a time so as to maximize our support.   
 
The thumb drive with this package includes the four (4) counties that are within your New Jersey region. 
 
Please contact Erich Hizer at GPI if you have any questions. 
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GIS Data Notes: 
 
 Item Description: 

County Curve Data – Curve data was collected for each represented county using the CARS system in 2018. All 
fields related to the signage of the curve can be found on the corresponding PDF report. Necessary fields have been 
added to an excel report to easily sort, group and query data. 
 
Description of Data: 
GPI utilized a system recently developed by Rieker, Inc., known as the Curve Advisory Reporting Service (CARS), to 
collect curve data along County owned/maintained roadways in 2018. The CARS system consisted of an electronic 
version of a ball-bank indicator with an internal GPS, integrated software and a laptop computer to automatically 
record road telemetry for later analysis. Each curve was driven in both directions, twice, to ensure valid data 
recordings. 
The collected roadway field data was then loaded into the CARS Web Portal Application to determine the appropriate 
horizontal curve advisory speeds. The included data are the results of the analysis. Each curve evaluated has been 
named according to the SRI and the approximate milepost start and end locations based on the linear referenced 
roadway network file. Each curve was driven two times in each travel direction. Each travel direction is therefore 
represented by two separate data lines. The pass that was chosen to represent the necessary signage for the curve 
based on the CARS system is listed as YES under selected pass. 
 
Field Descriptions: 
Curve_Name – The name of the curve derived from the SRI and the approximate milepost start and end locations based on the linear 

referenced roadway network file. 
Pass_Num – Each curve was driven a total of twice in each travel direction. This number corresponds to the order that the pass is listed 

on the corresponding PDF report for the curve. 
Pass_Selc – Each curve was driven a total of twice in each travel direction. The pass that was chosen to represent the necessary 

signage for the curve based on the CARS system is listed as YES.  
NFLID_Start – The SRI that the curve begins on. 
NFLID_End – The SRI that the curve ends on. 
CTL_Begin – The approximate milepost of the start of the curve based on the linear referenced roadway network file. 
CTL_End - The approximate milepost of the end of the curve based on the linear referenced roadway network file. 
Posted_Sp – The posted speed limit of the road. Curves that fall within two different speed zones were analyzed with separate reports 
using the appropriate approach speed. 
Sign – The direction of curvature according to the travel direction. 
Travel_Dir – The travel direction. 

 Latitude – The latitude of the start of the curve. 
 Longitude - The longitude of the start of the curve. 
 Latitude1 - The latitude of the end of the curve. 
 Longitude1 - The longitude of the end of the curve. 
 Curve_Radi – The radius of the curve. 
 Curve_Leng – The length of the curve. 
 Calc_Min_A – The calculated minimum advisory speed for the curve. 
 Rec_Adv_Sp – The recommended advisory speed for the curve.  
 Deflection – The deflection angle of the curve. 

Elevation – The elevation at apex for the curve. 
 Curve_Class – The curve classification. 
 Curve_Grad – The curve grade. 
 GPS_Fit – The fit represents how well the actual curve aligns with the chosen model (parabolic or circular). 
 Average_Sp – The average test speed of the field collection. 
 Differenti – The difference between the posted speed limit and proposed advisory speed. 
 Curve_Sign – The recommended curve sign based on the CARS analysis. 
 Curve_SI_1 – A description of if the curve sign is recommended, required, or not needed. 
 Advisory_S – The recommended advisory speed plaque for the curve. 
 Speed_Sign - A description of if the advisory plaque is recommended, required, or not needed. 
 Chevron_SI – A description for chevron spacing if needed. 
 Chevron_Sp – A description of if chevrons are recommended, required, optional or not needed. 
 Chevron_Re – States whether the recommended advisory speed is at or above the posted speed limit. 



Attachment 

Attachment B 

Crash Summaries and Data References Memorandum 

   



SJTPO Region, County and Municipal Routes 
Task 2A Crash Summaries and Data References 

PREPARED FOR: DVRPC & SJTPO  

COPY TO: File 

DATE: April 20, 2020 

REVISION NO.: Original 

 

Under Task No. 2, Systemic Roadway Departure, the GPI Team conducted a safety review of the New 
Jersey (NJ) local roadway system in the South Jersey Transportation Organization (SJTPO) and Delaware 
Valley Regional Planning Commission (DVRPC) regions. This initial screening process focused on a review 
of system wide total crash (all severity) history to determine the types of crashes that are overrepresented 
and the facilities on which these crashes typically occur within the two study regions.  This memorandum 
has been developed to accompany the submittal of the Task 2A – Crash Summaries/ Analysis deliverables.  
Included in this memorandum are brief descriptions of the deliverables and documentation of 
the sources of the data used to compile the deliverables.   

1 Task 2A Deliverables 
information compiled during execution of Task 2A.  Specifically, the Task 2A deliverables include: 

Focus crash type summaries for total (all severity) crashes for each of the two study regions. The 
submitted files include: 

• Crash Trees - for the NJ local roadway system that disaggregate the data statewide and by 
Metropolitan Planning Organization (MPO) by: state vs. local, divided vs. undivided, intersection 
vs. segment, curve, speed limit, and lane departure.  Includes detailed breakdown by Fatal, Fatal 
+ Injury, and All crash severities. 

• EA Matrices – for all emphasis areas by Fatal, Fatal and Injury, and All Crashes, showing the 
overlap of crashes relationships to all emphasis areas. (e.g. 42.8% of motorcycle crashes can also 
be included in aggressive driver EA) 

• EA Tables – summarizing crashes by safety emphasis area and severity by MPO, and comparing 
percentage representation of EAs to national data. Includes detailed breakdown by Fatal, Fatal + 
Injury, and All crash severities. 

These files are being submitted in both original and PDF format.   

The data sources used in the production of the tables and figures for the Task 2A Deliverables are as 
follows. 

• National Fatalities Percentages – National Highway Traffic Safety Association (NHTSA) and US 
Department of Transportation 

• Crash Data – New Jersey Department of Transportation (NJDOT) and NJ Voyager 
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• Emphasis Area Definitions - SQL query definitions (from NJDOT)  

• Roadway Data – NJDOT Straight Line Diagram (SLD) Database 

• New Jersey Strategic Highway Safety Plan (SHSP) 

• New Jersey Highway Safety Improvement Program (HSIP) Manual 

2 Data References 
Crash Data: 2012‐2016 

• NJDOT Bureau of Transportation Data and Safety (BTDS). 2012-2016 Raw Crash Data and Master 
File Layout. Accessed 10 April 2018. http://www.gpiprojects.com/HSIP 

• NJDOT BTDS. Safety Voyager Geodatabase 2012‐2016. Personal Communication 
[fileshare.gpinet.com] with CH2M HILL. 19 April 2018. 

Roadway and Traffic Information 

• NJDOT BTDS. Geocoded SLD Database. Personal Communication [fileshare.gpinet.com] with CH2M 
HILL. 2 April 2018. 

• NJDOT BTDS. TMS Database. Accessed 21 June 2018. http://www.gpiprojects.com/HSIP 

• NJDOT BTDS. ADT Flow Layers. Personal Communication [email] with CH2M HILL. 12 June 2018. 

Reports 

• NJDOT. New Jersey Strategic Highway Safety Plan. August 2015. 

• NJDOT. New Jersey Highway Safety Improvement Program Manual. September 

http://www.gpiprojects.com/HSIP
http://www.gpiprojects.com/HSIP
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184,336 Fatal+Injury Crashes
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DVRPC Horizontal Curve Crashes on the Local System

1 Source: New Jersey Crash Database, 2014-2016
2 Displayed data may not add to 100% due to omission of select categories
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Crashes Percentage Crashes Percentage Crashes Percentage

Statewide Crash Totals3

Aggressive Driver 36% 85 43% 8,650 46% 28,902 33%

Drowsy/Distracted Driver 12% 80 41% 10,721 57% 46,921 54%

Heavy Vehicle 12% 15 8% 644 3% 5,719 7%

Impaired Driver 31% 24 12% 1,047 6% 2,805 3%

Intersection 21% 58 30% 8,411 45% 27,432 32%

Lane Departure 52% 98 50% 5,558 29% 30,166 35%

Motorcycle 14% 33 17% 548 3% 744 1%

Old Driver 16% 45 23% 3,869 20% 15,221 18%

Pedestrian/Bicyclist 15% 49 25% 1,489 8% 2,034 2%

Train 1% 2 1% 5 0% 9 0%

Unbelted Occupants 34% 55 28% 1,366 7% 10,289 12%

Work Zone 2% 1 1% 113 1% 617 1%

Young Driver 8% 29 15% 4,271 23% 16,685 19%

On Horizontal Curve4 N/A 39 20% 1,578 8% 6,424 7%

Notes:

1 Data Definitions Source: New Jersey Department of Transportation, 2017

2 From New Jersey Strategic Highway Safety Plan, 2015

3 Columns are not additive due to instances of crashes assigned to multiple emphasis areas

4 Not included as an Emphasis Area in the New Jersey Strategic Highway Safety Plan

196 18,895 86,404

DVRPC Local System Crashes by Safety Emphasis Area and Severity - 2014 to 2016

Safety Emphasis Area1

National Fatalities Percentage2

DVRPC Local System

Fatal Crashes Fatal + Injury Crashes All Severity Crashes
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EA: Aggressive 
Driver

- 46.2% 40.0% 66.7% 57.9% 44.3% 69.7% 45.5% 18.8% 100.0% 42.6% 0.0% 65.5% 43.5%

EA: Drowsy/
Distracted Driver

42.9% - 53.3% 41.7% 47.4% 41.2% 51.5% 29.5% 39.6% 0.0% 38.9% 100.0% 37.9% 40.4%

EA: Heavy Vehicle 7.1% 10.3% - 0.0% 5.3% 5.2% 0.0% 13.6% 10.4% 0.0% 0.0% 100.0% 0.0% 7.8%

EA: Impaired Driver 19.0% 12.8% 0.0% - 15.8% 15.5% 12.1% 6.8% 12.5% 50.0% 14.8% 0.0% 3.4% 12.4%

EA: Intersection 39.3% 34.6% 20.0% 37.5% - 20.6% 45.5% 45.5% 22.9% 100.0% 25.9% 100.0% 44.8% 29.5%

EA: Lane Departure 51.2% 51.3% 33.3% 62.5% 35.1% - 36.4% 52.3% 6.3% 0.0% 64.8% 100.0% 51.7% 50.3%

EA: Motorcycle 27.4% 21.8% 0.0% 16.7% 26.3% 12.4% - 9.1% 2.1% 0.0% 25.9% 0.0% 27.6% 17.1%

EA: Old Driver 23.8% 16.7% 40.0% 12.5% 35.1% 23.7% 12.1% - 4.2% 50.0% 11.1% 0.0% 13.8% 22.8%

EA: Pedestrian/
Bicyclist

10.7% 24.4% 33.3% 25.0% 19.3% 3.1% 3.0% 4.5% - 0.0% 24.1% 0.0% 10.3% 24.9%

EA: Train 2.4% 0.0% 0.0% 4.2% 3.5% 0.0% 0.0% 2.3% 0.0% - 0.0% 0.0% 0.0% 1.0%

EA: Unbelted 
Occupants

27.4% 26.9% 0.0% 33.3% 24.6% 36.1% 42.4% 13.6% 27.1% 0.0% - 0.0% 24.1% 28.0%

EA: Work Zone 0.0% 1.3% 6.7% 0.0% 1.8% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% - 0.0% 0.5%

EA: Young Driver 22.6% 14.1% 0.0% 4.2% 22.8% 15.5% 24.2% 9.1% 6.3% 0.0% 13.0% 0.0% - 15.0%

Fatal Crashes Ocurring On Local System - DVRPC

Emphasis Area

Primary Emphasis Area
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EA: Aggressive 
Driver

- 33.9% 44.9% 40.6% 56.9% 38.2% 46.5% 48.9% 20.1% 60.0% 31.5% 46.0% 53.4% 45.8%

EA: Drowsy/
Distracted Driver

42.0% - 57.5% 63.2% 54.4% 54.9% 44.9% 57.6% 40.0% 20.0% 50.2% 50.4% 57.6% 56.7%

EA: Heavy Vehicle 3.3% 3.5% - 1.2% 3.2% 3.1% 0.4% 3.2% 2.4% 0.0% 2.7% 7.1% 2.0% 3.4%

EA: Impaired Driver 4.9% 6.2% 2.0% - 3.6% 12.6% 4.7% 2.2% 5.3% 20.0% 11.0% 10.6% 2.8% 5.5%

EA: Intersection 55.3% 42.7% 41.6% 28.9% - 31.2% 42.2% 47.8% 43.9% 60.0% 37.0% 35.4% 47.9% 44.5%

EA: Lane Departure 24.5% 28.4% 26.4% 67.0% 20.6% - 29.6% 22.3% 1.1% 20.0% 43.6% 21.2% 27.8% 29.4%

EA: Motorcycle 2.9% 2.3% 0.3% 2.5% 2.7% 2.9% - 1.5% 0.8% 0.0% 21.2% 4.4% 1.4% 2.9%

EA: Old Driver 21.9% 20.8% 19.1% 8.2% 22.0% 15.5% 10.4% - 14.0% 20.0% 7.5% 21.2% 13.4% 20.5%

EA: Pedestrian/
Bicyclist

3.5% 5.5% 5.4% 7.5% 7.8% 0.3% 2.2% 5.4% - 0.0% 30.9% 13.3% 2.4% 7.9%

EA: Train 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% - 0.0% 0.9% 0.0% 0.0%

EA: Unbelted 
Occupants

5.0% 6.4% 5.7% 14.3% 6.0% 10.7% 52.9% 2.6% 28.3% 0.0% - 10.6% 2.9% 7.2%

EA: Work Zone 0.6% 0.5% 1.2% 1.1% 0.5% 0.4% 0.9% 0.6% 1.0% 20.0% 0.9% - 0.5% 0.6%

EA: Young Driver 26.4% 22.9% 13.0% 11.4% 24.3% 21.4% 10.8% 14.8% 6.8% 20.0% 9.2% 19.5% - 22.6%

Fatal and Injury Crashes Ocurring On Local System - DVRPC
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Primary Emphasis Area
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EA: Aggressive 
Driver

- 24.8% 21.4% 31.6% 48.3% 20.6% 44.6% 39.1% 18.9% 44.4% 13.9% 30.3% 44.3% 33.4%

EA: Drowsy/
Distracted Driver

40.3% - 61.0% 67.8% 54.9% 53.0% 47.8% 57.6% 39.8% 44.4% 45.0% 56.4% 57.4% 54.3%

EA: Heavy Vehicle 4.2% 7.4% - 1.6% 5.1% 9.2% 1.2% 4.7% 1.9% 0.0% 5.4% 21.2% 2.6% 6.6%

EA: Impaired 
Driver

3.1% 4.1% 0.8% - 2.6% 6.6% 4.2% 1.3% 5.0% 22.2% 3.7% 3.6% 1.7% 3.2%

EA: Intersection 45.9% 32.1% 24.5% 25.8% - 20.6% 40.6% 36.4% 46.0% 66.7% 20.0% 32.6% 36.5% 31.7%

EA: Lane 
Departure

21.5% 34.1% 48.5% 70.6% 22.6% - 30.9% 22.0% 1.0% 22.2% 75.5% 31.3% 26.7% 34.9%

EA: Motorcycle 1.1% 0.8% 0.2% 1.1% 1.1% 0.8% - 0.6% 0.9% 0.0% 3.5% 1.0% 0.5% 0.9%

EA: Old Driver 20.6% 18.7% 12.5% 7.2% 20.2% 11.1% 11.8% - 13.5% 22.2% 3.6% 20.7% 11.1% 17.6%

EA: Pedestrian/
Bicyclist

1.3% 1.7% 0.7% 3.6% 3.4% 0.1% 2.4% 1.8% - 0.0% 5.8% 3.1% 0.9% 2.4%

EA: Train 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% - 0.0% 0.2% 0.0% 0.0%

EA: Unbelted 
Occupants

4.9% 9.9% 9.8% 13.4% 7.5% 25.8% 47.7% 2.4% 29.3% 0.0% - 10.4% 2.7% 11.9%

EA: Work Zone 0.6% 0.7% 2.3% 0.8% 0.7% 0.6% 0.8% 0.8% 0.9% 11.1% 0.6% - 0.5% 0.7%

EA: Young Driver 25.6% 20.4% 7.5% 10.2% 22.2% 14.8% 11.3% 12.2% 7.0% 11.1% 4.3% 14.3% - 19.3%

All Crashes Ocurring On Local System - DVRPC
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1,657 Fatal Crashes

184,336 Fatal+Injury Crashes

841,034 Total Crashes
3-Year Crashes 1,2
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Fatal %

Fatal + Injury %
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Legend

1 Source: New Jersey Crash Database, 2014-2016
2 Displayed data may not add to 100% due to omission of select categories

SJTPO Horizontal Curve Crashes on the Local System
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SJTPO Local System Crashes by Safety Emphasis Area and Severity - 2014 to 2016

Crashes Percentage Crashes Percentage Crashes Percentage

Statewide Crash Totals3

Aggressive Driver 36% 55 49% 3,723 45% 10,981 33%

Drowsy/Distracted Driver 12% 42 37% 4,585 56% 17,769 53%

Heavy Vehicle 12% 9 8% 271 3% 1,981 6%

Impaired Driver 31% 10 9% 581 7% 1,498 4%

Intersection 21% 30 27% 3,117 38% 8,947 27%

Lane Departure 52% 73 65% 2,743 33% 12,747 38%

Motorcycle 14% 14 12% 270 3% 358 1%

Old Driver 16% 26 23% 1,703 21% 6,369 19%

Pedestrian/Bicyclist 15% 22 19% 819 10% 1,017 3%

Train 1% 0 0% 1 0% 4 0%

Unbelted Occupants 34% 36 32% 658 8% 3,893 12%

Work Zone 2% 0 0% 67 1% 298 1%

Young Driver 8% 20 18% 1,867 23% 6,416 19%

On Horizontal Curve4 N/A 19 17% 607 7% 2,037 6%

Notes:

1 Data Definitions Source: New Jersey Department of Transportation, 2017

2 From New Jersey Strategic Highway Safety Plan, 2015

3 Columns are not additive due to instances of crashes assigned to multiple emphasis areas

4 Not included as an Emphasis Area in the New Jersey Strategic Highway Safety Plan

113 8,213 33,692

Safety Emphasis Area1

National Fatalities Percentage2

SJTPO Local System

Fatal Crashes Fatal + Injury Crashes All Severity Crashes
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EA: Aggressive 
Driver

- 45.2% 55.6% 50.0% 80.0% 60.3% 78.6% 65.4% 9.1% 0.0% 52.8% 0.0% 60.0% 48.7%

EA: Drowsy/
Distracted Driver

34.5% - 44.4% 70.0% 23.3% 41.1% 28.6% 19.2% 31.8% 0.0% 36.1% 0.0% 35.0% 37.2%

EA: Heavy Vehicle 9.1% 9.5% - 0.0% 10.0% 9.6% 0.0% 15.4% 4.5% 0.0% 0.0% 0.0% 0.0% 8.0%

EA: Impaired Driver 9.1% 16.7% 0.0% - 3.3% 9.6% 7.1% 0.0% 18.2% 0.0% 8.3% 0.0% 5.0% 8.8%

EA: Intersection 43.6% 16.7% 33.3% 10.0% - 19.2% 42.9% 57.7% 31.8% 0.0% 13.9% 0.0% 20.0% 26.5%

EA: Lane Departure 80.0% 71.4% 77.8% 70.0% 46.7% - 50.0% 57.7% 4.5% 0.0% 77.8% 0.0% 80.0% 64.6%

EA: Motorcycle 20.0% 9.5% 0.0% 10.0% 20.0% 9.6% - 15.4% 0.0% 0.0% 13.9% 0.0% 10.0% 12.4%

EA: Old Driver 30.9% 11.9% 44.4% 0.0% 50.0% 20.5% 28.6% - 13.6% 0.0% 8.3% 0.0% 15.0% 23.0%

EA: Pedestrian/
Bicyclist

3.6% 16.7% 11.1% 40.0% 23.3% 1.4% 0.0% 11.5% - 0.0% 13.9% 0.0% 5.0% 19.5%

EA: Train 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% - 0.0% 0.0% 0.0% 0.0%

EA: Unbelted 
Occupants

34.5% 31.0% 0.0% 30.0% 16.7% 38.4% 35.7% 11.5% 22.7% 0.0% - 0.0% 40.0% 31.9%

EA: Work Zone 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% - 0.0% 0.0%

EA: Young Driver 21.8% 16.7% 0.0% 10.0% 13.3% 21.9% 14.3% 11.5% 4.5% 0.0% 22.2% 0.0% - 17.7%

Fatal Crashes Ocurring On Local System - SJTPO
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EA: Aggressive 
Driver

- 35.1% 40.6% 37.9% 63.5% 37.1% 43.7% 50.0% 24.2% 100.0% 29.4% 47.8% 53.4% 45.3%

EA: Drowsy/
Distracted Driver

43.2% - 54.2% 72.1% 51.1% 54.0% 43.0% 57.7% 35.2% 100.0% 48.9% 65.7% 55.7% 55.8%

EA: Heavy Vehicle 3.0% 3.2% - 1.7% 3.2% 2.6% 0.7% 3.5% 2.9% 0.0% 1.5% 16.4% 1.9% 3.3%

EA: Impaired Driver 5.9% 9.1% 3.7% - 4.2% 14.3% 6.3% 2.2% 7.1% 0.0% 16.4% 7.5% 3.3% 7.1%

EA: Intersection 53.2% 34.7% 37.3% 22.7% - 18.4% 27.8% 48.2% 44.6% 0.0% 21.0% 32.8% 40.9% 38.0%

EA: Lane Departure 27.3% 32.3% 26.6% 67.5% 16.2% - 35.2% 21.2% 0.5% 0.0% 56.6% 14.9% 32.0% 33.4%

EA: Motorcycle 3.2% 2.5% 0.7% 2.9% 2.4% 3.5% - 2.1% 0.4% 0.0% 24.5% 3.0% 1.6% 3.3%

EA: Old Driver 22.9% 21.4% 21.8% 6.5% 26.3% 13.2% 13.3% - 15.5% 100.0% 5.0% 26.9% 13.5% 20.7%

EA: Pedestrian/
Bicyclist

5.3% 6.3% 8.9% 10.0% 11.7% 0.1% 1.1% 7.5% - 0.0% 22.4% 6.0% 3.9% 10.0%

EA: Train 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% - 0.0% 0.0% 0.0% 0.0%

EA: Unbelted 
Occupants

5.2% 7.0% 3.7% 18.6% 4.4% 13.6% 59.6% 1.9% 17.9% 0.0% - 6.0% 4.3% 8.0%

EA: Work Zone 0.9% 1.0% 4.1% 0.9% 0.7% 0.4% 0.7% 1.1% 0.5% 0.0% 0.6% - 0.7% 0.8%

EA: Young Driver 26.8% 22.7% 13.3% 10.7% 24.5% 21.8% 10.7% 14.8% 8.8% 0.0% 12.2% 19.4% - 22.7%

Fatal and Injury Crashes Ocurring On Local System - SJTPO
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EA: Aggressive 
Driver

- 25.4% 19.0% 29.7% 56.0% 21.4% 41.6% 37.9% 22.7% 50.0% 11.2% 31.5% 44.2% 32.6%

EA: Drowsy/
Distracted Driver

41.0% - 58.7% 74.3% 51.8% 52.0% 45.3% 58.8% 34.7% 50.0% 40.5% 66.1% 56.0% 52.7%

EA: Heavy Vehicle 3.4% 6.5% - 1.3% 4.4% 7.6% 1.4% 4.2% 2.4% 25.0% 4.6% 19.1% 2.5% 5.9%

EA: Impaired 
Driver

4.1% 6.3% 1.0% - 3.3% 8.5% 6.4% 1.3% 6.6% 0.0% 5.6% 5.0% 2.4% 4.4%

EA: Intersection 45.6% 26.1% 20.0% 19.6% - 12.6% 27.1% 34.9% 44.8% 0.0% 12.0% 25.5% 32.7% 26.6%

EA: Lane 
Departure

24.8% 37.3% 48.8% 72.2% 18.0% - 36.3% 22.5% 0.5% 0.0% 75.8% 31.5% 30.0% 37.8%

EA: Motorcycle 1.4% 0.9% 0.3% 1.5% 1.1% 1.0% - 0.7% 0.3% 0.0% 5.2% 0.7% 0.7% 1.1%

EA: Old Driver 22.0% 21.1% 13.4% 5.4% 24.9% 11.2% 13.1% - 15.1% 25.0% 3.9% 25.8% 11.9% 18.9%

EA: Pedestrian/
Bicyclist

2.1% 2.0% 1.2% 4.5% 5.1% 0.0% 0.8% 2.4% - 0.0% 5.2% 2.3% 1.4% 3.0%

EA: Train 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% - 0.0% 0.0% 0.0% 0.0%

EA: Unbelted 
Occupants

4.0% 8.9% 9.0% 14.5% 5.2% 23.1% 56.4% 2.4% 20.0% 0.0% - 8.7% 2.9% 11.6%

EA: Work Zone 0.9% 1.1% 2.9% 1.0% 0.8% 0.7% 0.6% 1.2% 0.7% 0.0% 0.7% - 0.6% 0.9%

EA: Young Driver 25.8% 20.2% 8.2% 10.2% 23.5% 15.1% 12.0% 12.0% 8.8% 0.0% 4.9% 13.1% - 19.0%

All Crashes Ocurring On Local System - SJTPO
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1 Introduction 

1.1 The Systemic Analysis Process 

The systemic approach  involves evaluating  the crash history  for  focus crash  types occurring across a 
roadway system.  Risk factors are identified by documenting common roadway characteristics at sites 
where focus crashes have occurred. Once risk factors are identified, all sites with the system are scored 
for the number of risk factors present. All sites are prioritized based on risk score, with higher risk scores 
indicating  locations  where  crashes  are  more  likely  to  occur.  Finally,  countermeasures  targeted  at 
addressing the focus crash type are identified for the system, with implementation generally based on a 
combination of priority ranking and optimization of benefits considering budget and other factors.  This 
memo  focuses  on  the  identification of  risk  factors  for  roadway/lane departure  crashes occurring on 
horizontal  curves  on  the  County  and  Municipal  Routes  in  the  Delaware  Valley  Regional  Planning 
Commission  (DVRPC)  jurisdiction.    Subsequent  steps  including  network  screening,  diagnosis  and 
selection of countermeasure, and program development and implementation will be addressed in later 
documents.  
 
The location and geometry of the horizonal curves on the DVRPC’s local system was identified from data 
collected through the Curve Advisory Reporting Service (CARS), the NJDOT Straight Line Diagrams (SLD) 
database, and through additional manual data collection. Potential risk factors at horizontal curves on 
County and Municipal routes in the DVRPC region were identified by comparing the proportion of injury 
crashes associated with a specific roadway feature to the proportions of curves with this feature.  Injury 
crashes include K, A, B, and C severity crashes based on the National Safety Council’s KABCO scale as 
defined in the following table: 
 

Crash Severity Code  Highest Injury Sustained in Crash 
K  Killed 
A  Incapacitating Injury 
B  Non‐incapacitating Injury 
C  Possible Injury 
O  No Injury (Property Damage Only) 

Source: https://safety.fhwa.dot.gov/hsip/resources/fhwasa09029/sec4.cfm 
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Roadway  feature  data,  collected  and  documented  in  other  tasks,  describe  the  infrastructure  and 
operation for each curve. The presence, or absence, of a roadway feature was classified as a risk factor 
when  the proportion of  total  injury crashes  related  to a  specific  feature exceeded  the proportion of 
curves. The degree of overrepresentation was defined as the difference between the portion of fatal and 
injury  crashes  compared  to  the  proportion  of  curve  inventory.  Consider  the  following  figure  as  an 
example.  

 
Charts  like  this  one  help  to  initially  visualize  overrepresentation  of  risk  factors  across  the  analysis 
network. In the above chart, the green vertical bars represent the proportion of fatal and injury crashes 
occurring on curves with specific posted speed limits along the x‐axis. The solid grey line represents the 
proportion of curves within each speed limit group. 
 
When the green bar is above the grey line a roadway feature is considered overrepresented.  When the 
green  bar  is  below  the  grey  line  a  feature  is  not  considered  overrepresented.  The  degree  of 
overrepresentation is determined as the difference between the green bar (proportion of fatal and injury 
crashes) and the grey line for proportion of curves.  In the above example, curves with a posted speed 
limit of 40 MPH represent 19.8% of injury crashes and 26.6% of the regional curve inventory.  This means 
the  number  of  injury  crashes  at  the  curves  in  suburban  areas  are  higher  than  would  be  expected 
considering the proportion of total curves (as compared to the rest of the system) that are in suburban 
areas.  The attribute ‘Posted Speed Limit of 40 MPH’ is overrepresented by 6.8% (the difference between 
the percent of injury crashes and the curve inventory line). Similarly, curves with posted speed limits of 
45 MPH and 50 MPH are also overrepresented, though to a lesser degree (3.2% and 4.0%, respectively). 
These factors may be combined into a single recommended risk factor, ‘Posted Speed Limit of 40 MPH 
and Greater’.  Further, curves with posted speed limits less than 40 MPH are not overrepresented. 
  
For the analysis documented within this memo, the study curves are the curves within the DVRPC region 
occurring on County and Municipal routes as identified by the CARS analysis. The referenced crashes are 
the lane departure crashes occurring on the identified study curves. Each curve in this regional network 
will be assigned a risk score based on the number of primary and secondary risk factors (as defined in 
this memo) present at the curve. One point will be added to the risk score for each primary risk factor 
present  along  the  curve  and  one‐half  point  for  each  secondary  risk  factor.  Separate  analyses  were 
conducted  for  the DVRPC  and  South  Jersey  Transportation Planning Organization  (SJTPO)  regions  to 
ensure  appropriate  risk  factors  are  identified  for  each  region. While  both  analyses  are  presented  in 
uniform  memos,  not  all  figures  or  recommendations  will  match  between  the  two  regions.  Certain 
attributes require different groupings/bin sizes to determine any overrepresentation within the region. 

13.1%

26.6%

23.3%

19.8%

0.00%
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40.00%

15 mph 20 mph 25 mph 30 mph 35 mph 40 mph 45 mph 50 mph

Example ‐ Posted Speed Limit

Total Lane Departure Crashes (1,192 Crashes) Injury (KABC) Lane Departure Crashes (383 Crashes)

Severe Injury (KA) Lane Departure Crashes (30 Crashes) Horizontal Curves (1,339 Curves)

OverrepresentedNot
Overrepresented
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1.2 Risk Factors 

Roadway features are determined to be risk factors based on the degree of overrepresentation of the 
crashes associated with that feature across the network based on the following criteria: 

 Primary risk factors exhibit overrepresentation of 5% or more across the analysis network. 

 Secondary risk factors exhibit overrepresentation greater than or equal to 1% but less than 5% 

across the analysis network.  

 Potential risk factors that were analyzed but found to exhibit overrepresentation of less than 1% 

are not recommended as risk factors.  

Continuing with the previous example, the overrepresentation of fatal and injury crashes on curves with 
posted speed limits of 40 MPH and greater are overrepresented by a combined 14.0%, which makes it a 
primary risk factor. 
 
An  important  benefit  of  the  systemic  analysis  is  that  while  an  individual  site  may  not  show  an 
overrepresentation for a specific factor, if the risk factor is present at the site it will still be scored; the 
presence of the risk factor indicates there is a greater potential for a crash to occur compared to sites 
without  the  risk  factor  present.  This method  of  analyzing  risk  for  fatal  and  injury  crashes  uses  the 
presence of risk factors to rank and prioritize locations, irrespective of whether a crash has occurred at 
the  site.    This  is  particularly  important  for  rural  and  lower  classification  routes where  volumes  and 
associated crash frequency are relatively low. 
 
Roadway/lane departure crash data was collected for 1,339 identified curves within the DVRPC region 
for the period of 2014‐2016. Crash data was obtained from two sources: 

 New Jersey Department of Transportation  (NJDOT) Bureau of Transportation Data and Safety 
(BTDS).  2012‐2016  Raw  Crash  Data  and  Master  File  Layout.  Accessed  10  April  2018. 
http://www.gpiprojects.com/HSIP 

 NJDOT  BTDS.  Safety  Voyager  Geodatabase  2012‐2016.  Personal  Communication 
[fileshare.gpinet.com] with CH2M HILL. 19 April 2018. 

A total of 1,192 crashes (383 fatal and injury and 809 property damage only) were identified from this 
data set as having occurred within the limits of the 351 curves. 
The following table contains a summary of the recommended primary and secondary risk factors.  
 
 
 

Primary Risk Factors – 1 point 
(full risk point weighting) 

Absence of guide rail with edge risk rating of 2C 
Adjacent intersection present (internal or within 50 feet of the curve) 
Area Type ‐ suburban 
Curve length between 500 feet and 800 feet  
Functional Classification(s) ‐ Other Principal Arterials and Minor Arterial 
Posted speed limit ‐ 40 MPH and greater 
Superelevation of 6% to 8% 
Presence of fatal or severe injury crash 
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Secondary Risk Factors – ½ point 
(half‐point risk weighting) 

Curve radius ‐ between 200 and 500 feet 
Number of lanes – four  
Visual trap 

 
Factors assessed for safety but determined not to be risk factors include: 

•  Turn lane 

•  Highway lighting 

•  Lane width 

•  Sidewalk 

•  Shoulder type 

•  Shoulder width 

•  Horizontal curve warning signs 

•  Highway division 

•  Curve delineation (including raised 
pavement markers, chevrons, and reflective 
delineators) 

Additional analysis  for each recommended risk  factor  is presented  in Sections 2 and 3 of  this 
document. Section 4 of this document contains additional analysis of each factor analyzed but 
not recommended as a risk factor. 
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2 Primary Risk Factors 

The following seven roadway factors were identified as primary risk factors through an evaluation 
of overrepresentation of injury crashes. In the following charts, a roadway feature is considered 
overrepresented when the green bar is above the grey line.  When the green bar is below the 
grey  line  a  factor  is  not  considered  overrepresented.  The  degree  of  overrepresentation  is 
determined as the difference between the green bar (proportion of injury crashes) and the grey 
line (proportion of curves). Primary risk factors are those where the degree of overrepresentation 
is 5% or greater. The following primary risk factors are presented in alphabetical order. There is 
no recommended prioritization of these factors based on degree of overrepresentation or other 
considerations.  
 

2.1   Area Type 

 
Area type is classified based on the ITE Context Zone Definitions 
(https://www.ite.org/pub/?id=e1cfb244‐2354‐d714‐517d‐2004292b5f99) where: 
 

 “Rural” indicates a natural landscape or agricultural activity and natural features (ITE 
zones C‐1 and C‐2). 

 “Suburban” indicates detached buildings with landscaped yards (ITE zone C‐3). 

 “Urban” indicates everything from predominantly detached buildings with a balance 
between landscape and buildings with pedestrians present, to attached buildings 
forming a sense of enclosure and continuous street wall landscaping within the 
public right of way with high pedestrian and transit activity (ITE zones C‐4, C‐5, and 
C‐6).  

Suburban  area  types  are  overrepresented  by  7.8%,  as  shown  in  the  above  figure.  As  such, 
suburban area type is recommended as a primary risk factor.  
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60.00%

Rural Suburban Urban
Total Lane Departure Crashes (1,192 Crashes) Injury (KABC) Lane Departure Crashes (383 Crashes)

Severe Injury (KA) Lane Departure Crashes (30 Crashes) Horizontal Curves (1,339 Curves)
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2.2 Adjacent Intersection 

 
Adjacent  intersection  pertains  to  any  curve with  an  intersecting  roadway  anywhere  along  or 
within 50 feet of the beginning or end points of the curve. Curves with adjacent intersections are 
overrepresented by 26.4%, as  shown  in  the above  figure. Adjacent  intersections  (internal or 
within 50 feet of the curve) are recommended as a primary risk factor. 

2.3 Curve Length 

 
The  length  of  the  curve  (as  measured  from  PC  to  PT)  is  a  geometric  property  of  curves  as 
measured in the field. Curves with a length between 500 feet and 800 feet account for 12.3% of 
study curves and 22.2% of fatal and injury crashes, an overrepresentation of 9.9%. Curves with a 
length greater than or equal to 500 feet and less than 800 feet are recommended as a primary 
risk factor. 
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2.4 Functional Classification 

 
Functional  classifications  found  on  curves  within  the  region  ranged  between  Other  Principal 
Arterials  to Minor  Collectors.  Roads  with  a  classification  of  ‘Local’  were  not  included  in  the 
investigation. Other Principal Arterial and Minor Arterial classified curves are overrepresented by 
a combined 18.5%. Functional classifications of Other Principal Arterial and Minor Arterial are 
recommended as a primary risk factor. 
 

2.5 Guide Rail and Edge Risk Rating 

 
Guide rail installations are roadside barriers which reduce the severity of crashes when vehicles 
leave the roadway. Guide rail is intended to prevent a vehicle from striking fixed objects along 
the roadside or entering an otherwise unrecoverable roadside condition. The absence of guide 
rail was found to be 2.0% overrepresented on its own. This is a valid result given that guide rail is 
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intended to reduce severity of crashes and keep vehicles from striking more dangerous roadside 
objects when there are issues with the clear zone outside of the curve. The relationship with the 
absence of guide rail was further tested to determine if the overrepresentation and potential risk 
trend was enhanced  through a combination evaluation with edge  risk  rating. Edge  risk  rating 
refers to the condition beyond the traveled way in terms of vehicle recovery once a vehicle leaves 
the travel lane. Edge risk ratings are specifically defined as: 

1 – Usable shoulder, reasonable clear zone 

2S – No usable shoulder, reasonable clear zone 

2C – Usable shoulder, roadside with fixed objects 

3 – No usable shoulder, roadside with fixed objects 

These two conditions are highly related in terms of traffic safety. Guide rail is typically installed 
only where the roadside is inadequate for a vehicle to recover, conditions captured by edge risk 
ratings  2C  and  3.  Evaluation  of  guide  rail  and  edge  risk  rating  together  shows  that  the  only 
significant overrepresentation occurs when guide rail is not present, and the edge risk rating is 
2C (sufficient shoulder without reasonable clear zone). Absence of guide rail with an edge risk 
of 2C is recommended as a primary risk factor. 
 

2.6 Posted Speed Limit 

 
Posted speed limit refers to the posted speed limit of the roadway that the curve lies along; this 
is  not  an  advisory  or  warning  speed.  Curves with  posted  speed  limits  of  40 MPH  exhibit  an 
overrepresentation of 14%, as shown in the above figure. Posted speed limits of 40 MPH and 
greater are recommended as a primary risk factor.  
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2.7 Superelevation 

 
Superelevation is the amount the outer edge of a curve is banked above the inner edge of the 
curve. Superelevation between 5 and 8 percent exhibit a combined overrepresentation of 7.4%. 
Due to this overrepresentation, superelevation greater than or equal to 5 percent and less than 
8 percent is recommended as a primary risk factor.  

2.8 Presence of a Fatal or Severe Injury (KA) Crash 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Curves  with  at  least  one  fatal  or  severe  injury  (K  or  A)  crash  during  the  study  period  are 
overrepresented for injury lane departure crashes by 14.2% and are recommended as a primary 
risk factor. This risk factor will help to prioritize lane departure KA crashes within the region. 
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3 Secondary Risk Factors 

The  following  three  roadway  factors  were  identified  as  secondary  risk  factors  through  an 
evaluation of overrepresentation of injury crashes. In the following charts, a roadway feature is 
considered overrepresented when the green bar is above the grey line.  When the green bar is 
below the grey line a factor is not considered overrepresented. The degree of overrepresentation 
is determined as the difference between the green bar (proportion of  injury crashes) and the 
grey line (proportion of curves). Secondary risk factors exhibit overrepresentation greater than 
or equal to 1% but less than 5% across the analysis network. The following secondary risk factors 
are presented  in alphabetical order.  There  is  no  recommended prioritization of  these  factors 
based on degree of overrepresentation or other considerations.  

3.1 Curve Radius 

 
Curve radius is a geometric design property of curves, which is measured to the center of the 
inside  most  traveled  lane.  Curves  with  a  radius  between  200  feet  and  700  feet  are 
overrepresented by a combined 4.5%.  Curve radius greater than 200 feet and less than 700 feet 
is recommended as a secondary risk factor.  
 
 

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

Total Lane Departure Crashes (1,192 Crashes) Injury (KABC) Lane Departure Crashes (383 Crashes)

Severe Injury (KA) Lane Departure Crashes (30 Crashes) Horizontal Curves (1,339 Curves)



 

Page 11 of 19 

3.2 Number of Lanes 

 
Number of  lanes refers to the number of through travel  lanes present along the entirety of a 
curve.  The  count  does  not  include  turn  lanes.  As  shown  above  curves  with  four  lanes  are 
overrepresented by 3.3%. As such, total through lane count equal to four is recommended as a 
secondary risk factor. 
 

3.3 Visual Trap  

 
A visual trap is a minor road, tree line, powerline, or other feature located along the tangent of a 
curve which may make the road appear to continue straight instead of following the curve. An 
example of a visual trap is shown in the figures below.  
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Within the region, a visual trap presence was overrepresented by 1.9%. As such, visual trap is 
recommended as a secondary risk factor. 
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4 Features Not Recommended as Risk Factors 

The following factors were considered but are not recommended as primary or secondary risk 
factors. There are three primary reasons for potential factors to be excluded as risk factors: 

1. There is no apparent overrepresentation relating the factor to increased risk of a 
lane departure crash at curves. 

2. The overrepresentation exhibited by the factor is directly related to the 
overrepresentation exhibited by another factor. If two factors highlight the same risk 
pattern, only one factor should be considered to avoid duplicating the risk those 
factors represent.  

3. There is mild overrepresentation for a factor, however the factor does not logically 
relate to an increase risk for a crash, i.e. the presence of sidewalks in the region is 
mildly overrepresented (1.3%), however the presence of sidewalks does not lead to 
a logical connection with or potential project for lane departure crashes at curves. 
This distinction is based on engineering judgement. 

The following factors are presented in alphabetical order. Additional information is provided for 
each factor as to why it is not recommended as a primary or secondary risk factor. 

4.1 Curve Delineation (RPMs, Chevrons, Retroreflective Delineators) 

 
Delineators, including raised pavement markers, chevron signs, arrow boards, and retroreflective 
delineators are installations meant to serve as visual guides and to assist drivers  in navigating 
curves.  Among  study  curves,  36.8%  had  no  delineation  present.  These  curves  are  not 
overrepresented within the region. Conversely, it is worth noting that curve warning signs and 
delineation measures are typically a countermeasure used to reduce crash frequency at curve 
locations.   
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It is likely that the warning signs or delineators may have been installed at locations that were 
or are consistently experiencing a high frequency of crashes or have been proactively installed 
given  they  are  a  proven  safety  countermeasure  known  to  reduce  and  prevent  crashes  on 
curves.  
 
Due to the purpose for which the warning signs and delineators have likely been installed, the 
presence of either  should not be considered as a  risk  factor and should not be evaluated  for 
overrepresentation. 

4.2 Highway Lighting  

 
Highway  lighting  helps  drivers  navigate  curves,  identify  other  vehicles,  and  alert  drivers  to 
unexpected  roadway  features  such  as  intersections  in  curves.  Unlit  curves  are  not 
overrepresented with the region, as shown in the above figure. Furthermore, highway lighting 
may  have  been  installed  as  a  countermeasure  at  locations  experiencing  a  high  frequency  of 
crashes. Absence of highway lighting (unlit curves) are not overrepresented and therefore are 
not recommended as a primary or secondary risk factor.  
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4.3 Horizontal Curve Warning Sign  

 
Approximately  19.2%  of  curves  did  not  have  curve  warning  signs.    These  curves  showed  no 
overrepresentation for lane departure crashes, indicating that the absence of horizontal curve 
warning signs should not be a risk factor.  Conversely, it is worth noting that curves with warning 
signs are overrepresented based on proportion of curve inventory. However, curve warning signs 
are typically a countermeasure used to reduce crash frequency at curve locations.   
 
It  is  likely  that  the warning  signs were  installed  at  locations  that were  or  are  consistently 
experiencing a high  frequency of  crashes or have been proactively given  they are a proven 
safety countermeasure known to reduce and prevent crashes on curves.  
 
Due to the purpose for which the warning signs have likely been installed, the presence of curve 
warning signs should not be considered as a risk factor.  However, installing appropriate curve 
warning  signs,  as  directed  by  the  Manual  for  Uniform  Traffic  Control  Devices,  should  be 
considered as one potential step to reduce the frequency of lane departure crashes in the next 
steps of this project. 
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4.4 Lane Width 

 
Curves  with  12  to  12.5‐foot  lanes  initially  showed  significant  overrepresentation,  when 
considered alone. However, 12‐foot lanes are generally accepted as the base condition for safety. 
The perceived overrepresentation of the safer condition warrants further investigation to try to 
explain if there are additional factors or a combination of factors that better represent risk across 
the network. Several combinations of risk factors were developed to better understand the risk 
associated with 12‐foot wide lanes including the following: 
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The  combination  with  posted  speed  limit  showed  that  the  12  and  12.5‐foot  lanes  are  only 
overrepresented where the posted speed is equal to or greater than 40 MPH. This range has already 
been noted as a primary risk factor. Also, the figure above shows that the posted speed limit risk 
factor is also present in other lane widths. As such, lane width nor any combination risk factor with 
lane width is not recommended as a primary or secondary risk factor.  

 

4.5 Median Presence 

 
 
 
 

Curves with  a median  (including  grass,  raised pavement,  or painted but  excluding  two‐way  left‐turn 
lanes)  accounted  for  8.0%  of  study  curves  and  8.9%  of  injury  crashes.  These  curves  are  not 
overrepresented and  therefore, median presence or absence  is not  recommended as a primary or 
secondary risk factor. 

4.6 Shoulder Type  
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Shoulder type refers to the material immediately adjacent to the traveled way. Well‐designed shoulders 
allow vehicles to safely return to the traveled way after a roadway departure. The initial assessment of 
shoulder type indicated that paved shoulder appeared overrepresented, however, when a combination 
of factors is used to analyze shoulder type with quality of clear zone (based on edge risk rating of 2C or 
3), the overrepresentation for paved shoulder is only apparent where the clear zone is not adequate. 
This indicates that adequate clear zone is the more significant risk factor. Clear zone is captured in the 
risk factor for absence of guide rail with an edge risk rating of 2C. Shoulder type is not recommended as 
a primary or secondary risk factor. 

4.7 Shoulder Width 

 
The initial investigation of shoulder width shows potential overrepresentation at widths of 1 foot, 2 feet, 
4‐5 feet, 7‐8 feet and 9 feet. These scattered widths generally represent all shoulder widths, which is not 
logical. Enhanced shoulders allow vehicle an opportunity return safely to the traveled way.  
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Further investigations show that shoulder widths overrepresentation is related to presence of guide rail. 
As guide rail and inadequate clear zone are already recommended as a risk factor, shoulder width is not 
recommended as a primary or secondary risk factor. 

4.8 Sidewalk 

 
 
 

Curves with presence of a sidewalk represent 34.1% of study curves and account for 33.4% of  injury 
crashes. Sidewalk presence or absence are not overrepresented and are therefore not recommended 
as a primary or secondary risk factor. 
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1. Introduction 
1.1 The Systemic Analysis Process 

The  systemic  approach  involves  evaluating  the  crash  history  for  focus  crash  types  occurring 
across  a  roadway  system.    Risk  factors  are  identified  by  documenting  common  roadway 
characteristics at sites where focus crashes have occurred. Once risk factors are  identified, all 
sites within the system are scored for the number of risk factors present. All sites are prioritized 
based on risk score, with higher risk scores indicating locations where crashes are more likely to 
occur. Finally, countermeasures targeted at addressing the focus crash type are identified for the 
system,  with  implementation  generally  based  on  a  combination  of  priority  ranking  and 
optimization  of  benefits  considering  budget  and  other  factors.    This  memo  focuses  on  the 
identification of risk factors for roadway/lane departure crashes occurring on horizontal curves 
on the County and Municipal Routes in the South Jersey Transportation Planning Organization 
(SJTPO) jurisdiction.  Subsequent steps including network screening, diagnosis and selection of 
countermeasure,  and  program  development  and  implementation  will  be  addressed  in  later 
documents.  

The location and geometry of the horizontal curves on the SJTPO local system was identified from 
data  collected  through  the Curve Advisory Reporting  Service  (CARS),  the NJDOT Straight  Line 
Diagrams (SLD) database, and through additional manual data collection. Potential risk factors at 
horizontal  curves  on  County  and  Municipal  routes  in  the  SJTPO  region  were  identified  by 
comparing  the proportion of  injury crashes associated with a  specific  roadway  feature  to  the 
proportions of  curves with  this  feature.  Injury  crashes  include K, A, B,  and C  severity  crashes 
based on the National Safety Council’s KABCO scale as defined in the following table. 
 

Crash Severity Code  Highest Injury Sustained in Crash 
K  Killed 
A  Incapacitating Injury 
B  Non‐incapacitating Injury 
C  Possible Injury 
O  No Injury (Property Damage Only) 

Source: https://safety.fhwa.dot.gov/hsip/resources/fhwasa09029/sec4.cfm 
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Roadway feature data, collected and documented in other tasks, describe the infrastructure and 
operation for each curve. The presence, or absence, of a roadway feature was classified as a risk 
factor when  the proportion of  total  injury  crashes  related  to  a  specific  feature exceeded  the 
proportion of curves. The degree of overrepresentation was defined as the difference between 
the portion of fatal and injury crashes compared to the proportion of curve inventory. Consider 
the following figure as an example. 

 
Charts like this one help to initially visualize overrepresentation of risk factors across the analysis 
network. In the above chart, the green vertical bars represent the proportion of lane departure 
injury crashes occurring on curves with specific posted speed limits along the x‐axis. The solid 
grey line represents the proportion of curves within each speed limit group.  
 
When the green bar  is above  the grey  line a  roadway  feature  is considered overrepresented.  
When the green bar  is below the grey  line, a  feature  is not considered overrepresented. The 
degree of overrepresentation is determined as the difference between the green bar (proportion 
of lane departure injury crashes) and the grey line (proportion of curves).  In the above example, 
curves with a speed limit of 45 MPH represent 20.6% of fatal and injury crashes for curves and 
only  14.1%  of  the  regional  curve  inventory.   What  this means  is  that  a  higher  than  average 
number of fatal and severe injury crashes at the curves with a speed limit of 45 MPH would be 
expected considering the proportion of total curves (as compared to the rest of the system) that 
the  curves  represent.  The  feature  ‘Speed  Limit  45  MPH’  is  overrepresented  by  6.5%  (the 
difference  between  the  percent  of  fatal  and  injury  crashes  and  the  proportion  of  the  curve 
inventory). Further, curves with a posted speed  limit of 40 MPH are also overrepresented for 
fatal and injury crashes.  Following a similar process for speed limits of 45 MPH, the feature is 
overrepresented by 2.6%. 
 
For the analysis documented within this memo, the study curves are the curves within the SJTPO 
region  occurring  on  County  and  Municipal  routes  as  identified  by  the  CARS  analysis.  The 
referenced crashes are the lane departure crashes occurring on the identified study curves. Each 
curve in this regional network will be assigned a risk score based on the number of primary and 
secondary risk factors (as defined in this memo) present at the curve. One point will be added to 
the risk score for each primary risk factor present along the curve and one‐half point for each 
secondary  risk  factor.  Separate  analyses were  conducted  for  the  SJTPO  and  Delaware  Valley 
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Regional Planning Commission (DVRPC) regions to ensure appropriate risk factors are identified 
for  each  region.  While  both  analyses  are  presented  in  uniform  memos,  not  all  figures  or 
recommendations  will  match  between  the  two  regions.  Certain  attributes  require  different 
groupings or bin sizes to determine any overrepresentation within the region.  

1.2 Risk Factors 

Roadway features are determined to be risk factors based on the degree of overrepresentation 
of the crashes associated with that feature across the network based on the following criteria: 

 Primary risk factors exhibit overrepresentation of 5% or more across the analysis network. 

 Secondary risk  factors exhibit overrepresentation greater  than or equal  to 1% but  less 

than 5% across the analysis network.  

 Potential risk factors that were analyzed but found to exhibit overrepresentation of less 

than 1% are not recommended as risk factors.  

Continuing with  the  previous  example,  the  overrepresentation  of  fatal  and  injury  crashes  on 
curves with posted speed  limits of 40 MPH or 45 MPH  is 9.1%, which makes  it a primary risk 
factor. 
 
An important benefit of the systemic analysis is that while an individual site may not show an 
overrepresentation, if the risk factor is present at the site it will still be scored; the presence of 
the risk factor indicates there is a greater potential for a crash to occur compared to sites without 
the risk factor present. This method of analyzing risk for fatal and  injury crashes uses the risk 
factors linked to crashes as the means to rank and prioritize locations, irrespective of whether a 
crash has occurred at the site.   This  is particularly  important  for rural and  lower classification 
routes where volumes and associated crash frequency are relatively low. 
 
Roadway/ lane departure crash data were collected for the 673 identified curves within the SJTPO 
region for the period of 2012‐2016. Crash data was obtained from two sources: 

 New Jersey Department of Transportation (NJDOT) Bureau of Transportation Data and 
Safety (BTDS). 2012‐2016 Raw Crash Data and Master File Layout. Accessed 10 April 2018. 
http://www.gpiprojects.com/HSIP 

 NJDOT  BTDS.  Safety  Voyager  Geodatabase  2012‐2016.  Personal  Communication 
[fileshare.gpinet.com] with CH2M HILL. 19 April 2018. 

 A total of 524 lane departure crashes (183 Injury and 341 property damage only) were identified 
from this data set as having occurred within the limits of the 673 curves. 
 
The following table contains a summary of the recommended primary and secondary risk factors.  
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Primary Risk Factors – 1 point 

(full risk point weighting) 
Adjacent intersection present (internal or within 50 feet) 
Curve length greater than or equal to 500 feet and less than 800 feet 
Lane width ‐ 12 feet and greater with a curve radius of 1,000 feet or less 
Posted speed limit ‐ 40 or 45 MPH 
Shoulder width greater than 5.5 feet with edge risk rating of 2C 
Superelevation greater than or equal to 3% and less than 4% 
Presence of fatal or severe injury crash 

Secondary Risk Factors – ½ point 
(half‐point risk weighting) 

Area Type ‐ Urban 
Functional classification ‐ Other Principal Arterials 
Median present 
Shoulder width greater than 5.5 feet with edge risk rating of 1 

Factors assessed for safety but determined not to be risk factors include: 

 Curve delineation 

 Guide rail 

 Highway lighting 

 Horizontal curve warning sign(s) 
present 

 Number of lanes 

 Shoulder type 

 Sidewalk 

 Visual trap 

 
Additional analysis  for each recommended risk  factor  is presented  in Sections 2 and 3 of  this 
document. Section 4 of this document contains additional analysis of each factor analyzed but 
not recommended as a risk factor. 
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2 Primary Risk Factors 

The following six roadway factors were identified as primary risk factors through an evaluation 
of overrepresentation of injury crashes. In the following charts, a roadway feature is considered 
overrepresented when the green bar is above the grey line.  When the green bar is below the 
grey  line  a  factor  is  not  considered  overrepresented.  The  degree  of  overrepresentation  is 
determined as the difference between the green bar (proportion of injury crashes) and the grey 
line (proportion of curves). Primary risk factors are those where the degree of overrepresentation 
is 5% or greater. The following primary risk factors are presented in alphabetical order. There is 
no recommended prioritization of these factors based on degree of overrepresentation or other 
considerations. 

2.1 Adjacent Intersection 

 

Adjacent intersection includes any curve with an intersection roadway anywhere along or within 
50  feet  of  the  beginning  or  end  points  of  the  curve.    Curves with  adjacent  intersections  are 
overrepresented  by  7.7%,  as  identified  in  the  above  figure.  As  such,  presence  of  adjacent 
intersections (internal or within 50 feet) are considered a primary risk factor.  
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2.2 Curve Length 

 
Curve  length refers to the total  length of the given curve. Among study curves, 22.9% have a 
curve length of between 500 feet and 800 feet. Based on the above figure, curves with a length 
greater than or equal to 500 feet and less than 800 feet are recommended as a primary risk 
factor.   

2.3 Lane Width and Curve Radius 

 
Initial investigation of lane width indicated that curves with lanes that are 12‐foot wide or greater 
are overrepresented. However, 12‐foot lanes are generally accepted as the base condition for 
safety. The perceived overrepresentation of the safer condition warrants further investigation to 
try to explain if there are additional factors or a combination of factors that better represent risk 
across the network. Several combinations of risk factors were developed to better understand 
the risk associated with 12‐foot wide lanes including: 
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 Area type 

 Posted speed limit 

 Functional classification 

 Superelevation 

 Curve radius 

Of all the test factors it was noted that the overrepresentation for 12‐foot wide lanes was only at curves 
with a radius of  less than 1,000 feet. Curve radius  is a geometric design property of curves, which  is 
measured to the center of the inside most traveled lane. Based on the above figure, lane width of 12 
feet with a curve radius of less than 1,000 feet is recommended as a primary risk factor. 

2.4 Posted Speed Limit 

  
Posted speed limit refers to the posted speed limit of the roadway the curve lies along; this is not an 
advisory  or  warning  speed.  Curves  with  posted  speed  limits  of  40  to  45  MPH  exhibit  an 
overrepresentation of 9.1%, as shown in the above figure. Posted speed limits of 40 MPH and 45 MPH 
are recommended as primary risk factors.  
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2.5 Shoulder Width and Edge Risk 

 

Shoulder width is measured as the width of pavement, or other roadway material outside of the traveled 
way. This area is important for allowing vehicles to recover if they leave the designated traveled way. 
Initial investigation found that shoulder 5.5 feet and wider were overrepresented. Similar to lane width, 
widening shoulders is a proven effective safety countermeasure. Charts developed to further investigate 
the overrepresentation of shoulder widths include combinations with the following: 
 

 Posted speed limit 
 Area type 

 Absence of guard rail 
 Edge risk rating 

 
Edge risk rating refers to the condition beyond the traveled way in terms of vehicle recovery once 
a vehicle leaves the travel lane. Edge risk ratings are specifically defined as: 

 1 – Usable shoulder, reasonable clear zone 

 2C – Usable shoulder, roadside with fixed objects 

 2S – No usable shoulder, reasonable clear zone 

 3 – No usable shoulder, roadside with fixed objects 

Curves with  shoulders widths  of  5.5  feet  or  greater  and  a  clear  zone  rating  of  2C  exhibit  an 
overrepresentation of 13.3%. Shoulder widths that are 5.5 feet or greater and an edge risk of 
2C should be considered as a primary risk factor. Shoulder widths of 5.5 feet or greater and an 
edge  risk  rating  of  1  show  mild  overrepresentation  (2.7%)  and  are  recommended  as  a 
secondary risk factor.  
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2.6 Superelevation 

  
Superelevation is the amount the outer edge of a roadway curve is banked above the inner edge of the 
curve. Superelevation equal or greater than 3 percent and less than 4 percent are overrepresented by 
5.9%, as shown in the above chart. Due to this overrepresentation, superelevation greater than or equal 
to 3 percent and less than 4 percent is recommended as a primary risk factor.  

2.7 Presence of a Fatal or Severe Injury (KA) Crash 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Curves  with  at  least  one  fatal  or  severe  injury  (K  or  A)  crash  during  the  study  period  are 
overrepresented for injury lane departure crashes by 9.1% and are recommended as a primary risk 
factor. This risk factor will help to prioritize lane departure KA crashes within the region. 
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3 Secondary Risk Factors 

The following three roadway factors were identified as secondary risk factors through an evaluation of 
overrepresentation  of  injury  crashes.  In  the  following  charts,  a  roadway  feature  is  considered 
overrepresented when the green bar is above the grey line.  When the green bar is below the grey line 
a  factor  is  not  considered  overrepresented.  The  degree  of  overrepresentation  is  determined  as  the 
difference between the green bar (proportion of injury crashes) and the grey line (proportion of curves). 
Secondary risk factors exhibit overrepresentation greater than or equal to 1% but less than 5% across 
the analysis network. The following secondary risk factors are presented in alphabetical order. There is 
no  recommended  prioritization  of  these  factors  based  on  degree  of  overrepresentation  or  other 
considerations.  

3.1  Area Type 

 
Area  type  is  classified  based  on  the  ITE  Context  Zone  Definitions 
(https://www.ite.org/pub/?id=e1cfb244‐2354‐d714‐517d‐2004292b5f99) where: 
 

 “Rural” indicates a natural landscape or agricultural activity and natural features (ITE zones C‐1 
and C‐2). 

 “Suburban” indicates detached buildings with landscaped yards (ITE zone C‐3). 

 “Urban” indicates everything from predominantly detached buildings with a balance between 
landscape and buildings with pedestrians present to attached buildings forming a sense of 
enclosure and continuous street wall landscaping within the public right of way with the highest 
pedestrian and transit activity (ITE zones C‐4, C‐5, and C‐6).  

Urban  area  type  is  overrepresented  by  2.9%.  Due  to  this  overrepresentation,  urban  area  type  is 
recommended as a secondary risk factor. 
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3.2 Functional Classification 

  
Minor Arterial curves are overrepresented by 3.7%. As a result of this overrepresentation Minor Arterial 
curves are recommended as a secondary risk factor.  
 

3.3 Median  

 

Presence of a median includes grass, raised pavement, or painted medians but excludes two‐way left‐
turn lanes. Median presence is overrepresented by 2.6%. While presence of a median accounts for a 
small portion of study curve, presence of a median is recommended as a secondary risk factor. 
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4 Features Not Recommended as Risk Factors 

The following factors were considered but are not recommended as primary or secondary risk factors. 
There are three primary reasons for potential factors to be excluded as risk factors: 

 There is no apparent overrepresentation relating the factor to increased risk of a lane departure crash at 
curves. 

 The overrepresentation exhibited by the factor is directly related to the overrepresentation exhibited by 
another factor. If two factors highlight the same risk pattern, only one factor should be considered to 
avoid duplicating the risk those factors represent.  

 There is mild overrepresentation for a factor, however the factor does not logically relate to an increase 
risk for a crash, i.e. the presence of sidewalks in the region is mildly overrepresented (1.3%), however 
the presence of sidewalks does not lead to a logical connection with or potential project for lane 
departure crashes at curves. This distinction is based on engineering judgement. 

The following factors are presented in alphabetical order. Additional information is provided for each 
factor as to why it is not recommended as a primary or secondary risk factor. 

4.1 Curve Delineation 

 

Delineators,  including  raised  pavement  markers,  chevron  signs,  arrow  boards,  and  retroreflective 
delineators are installations meant to serve as visual guides and to assist drivers in navigating curves. 
The absence of delineation is not overrepresented within the region. Conversely, it is worth noting that 
curve  delineation measures  are  a  proven  countermeasure  used  to  reduce  crash  frequency  at  curve 
locations.   
 
It  is  likely  that  the delineators may have been  installed  at  locations  that were or  are  consistently 
experiencing a high frequency of crashes or have been proactively installed given they are a proven 
safety countermeasure known to reduce and prevent crashes on curves.  
 
Due to the purpose for which delineators have likely been installed and the lack of overrepresentation, 
the absence of delineators  is not  recommended as a  risk  factor. Furthermore,  improving delineation 
should be considered as one potential step to reduce lane departure crashes in the next steps of this 
project. 
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4.2 Guide Rail 

 
Guide rail installations are roadside barriers which reduce the severity of crashes when vehicles leave 
the roadway. Sites where guide rail is absent show no overrepresentation.  
 
It  is  likely  that  guide  rail  may  have  been  installed  at  locations  that  were  or  are  consistently 
experiencing a high  frequency of  severe  lane departure  crashes or have been proactively  installed 
given they are a proven safety countermeasure known to reduce the severity of crashes on curves.  
 
Due to the purpose for which guide rail may have likely been installed and the lack of overrepresentation, 
the absence of guide rail is not recommended as a risk factor. Furthermore, installing guide rail should 
be considered as one potential step to reduce the severity of lane departure crashes in the next steps of 
this project. 

4.3 Highway Lighting 
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Highway lighting helps drivers navigate curves, identify other vehicles, and alert drivers to unexpected 
roadway  features  along  curves.  Unlit  curves  are  underrepresented  by  20.3%.  Furthermore,  highway 
lighting may have been  installed  as  a  countermeasure  at  locations experiencing  a high  frequency of 
crashes.    This  underrepresentation means  absence  of  highway  lighting  is  not  recommended  as  a 
primary or secondary risk factor. 
 

4.4 Horizontal Curve Warning Sign  

 
Approximately  29.6%  of  curves  did  not  have  curve  warning  signs.    These  curves  showed  no 
overrepresentation for lane departure crashes, indicating that the absence of horizontal curve warning 
signs  should  not  be  a  risk  factor.    Conversely,  it  is worth  noting  that  curves with warning  signs  are 
overrepresented based on proportion of curve inventory. However, curve warning signs are typically a 
countermeasure used to reduce crash frequency at curve locations. 
   
It is likely that the warning signs were installed at locations that were or are consistently experiencing 
a high frequency of crashes or have been proactively given they are a proven safety countermeasure 
known to reduce and prevent crashes on curves.  
 
Due to the purpose for which the warning signs have likely been installed, the presence of curve warning 
signs should not be considered as a risk factor.  However, installing appropriate curve warning signs, as 
directed by the Manual for Uniform Traffic Control Devices, should be considered as one potential step 
to reduce the frequency of lane departure crashes in the next steps of this project. 
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4.5 Number of Lanes 

 
Number of lanes refers to the number of through travel lanes present along the entirety of a curve. The 
count  does  not  include  turn  lanes.  The  number  of  lanes  along most  curves  in  the  region was  two, 
accounting for 88.1% of all curves. These curves are overrepresented by 2.2%, however, 2‐lane roads are 
considered the base condition for safety. Deviations from 2‐lanes should be considered for potential risk, 
particularly  given  how  uncommon  it  is.  No  other  number  of  lanes  shows  any  overrepresentation; 
therefore, number of lanes is not recommended as a risk factor.  
 

4.6 Shoulder Type 

 
Shoulder type refers to the material immediately adjacent to the traveled way. Well‐designed shoulders 
allow vehicles to safely return to the traveled way after a roadway departure. Within the region, paved 
shoulders exhibit overrepresentation of 8.9%. Despite this overrepresentation, paved shoulders should 
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not be  considered a  risk  factor as  the  risk associated with  these  curves  is  already  captured  in  the 
shoulder width/edge risk combined risk factor. 
 

4.7 Sidewalk 

 
Curves with sidewalks represent an overrepresentation of 1.3%. The presence or absence of sidewalks 
does not directly or indirectly impact lane departure crashes at curves. If sidewalks were identified as a 
risk factor, there are no actionable countermeasures related to sidewalks that could improve safety at 
curves, in terms of lane departure crashes. Despite this mild overrepresentation, presence of a sidewalk 
is not recommended as a primary or secondary risk factor. 
 

4.8 Visual Trap  

 
A visual trap is a minor road, tree line, powerline, or other features located along the tangent to the 
minor road which may make the road appear to continue straight instead of curved. An example of a 
visual trap is shown in the figures below. 
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Within  the  region,  a  visual  trap  was  overrepresented  less  than  1%.  As  such,  visual  trap  is  not 
recommended as a primary or secondary risk factor. 
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Introduction 

Traffic safety countermeasures broadly include roadway treatments, educational outreach, and law 
enforcement efforts designed to reduce the frequency and/or severity of specific crash types. 
Countermeasure identification and selection for the systemic safety analysis of County and Municipal 
curves in the Delaware Valley Regional Planning Commission (DVRPC) and South Jersey 
Transportation Planning Organization (SJTPO) regions focused specifically on roadway treatments 
applied to curves.  Countermeasures are selected with the goal of future project development. The 
development of effective systemic application of projects and treatments requires the selection of 
countermeasures that are proven to be effective, feasible to implement, and applicable to the study 
sites. The purpose of this memo is to document: 

• The method by which countermeasures were initially identified  
• Pertinent countermeasure information including effectiveness and planning level costs 
• Countermeasure screening criteria 

• Final selection of countermeasures. 

The countermeasures identified in this document were developed to address the risk factors 
previously identified in the DVRPC/SJTPO Region, County and Municipal Routes Horizontal Curve Risk 
Factor Analysis and Identification Memos. 

Countermeasure Identification 

A key aspect of countermeasure identification is proven effectiveness. The initial list of potential 
countermeasures was developed from reliable national publications and programs to ensure that 
potential projects will be likely to reduce roadway departure crashes at curves. Countermeasures 
were initially identified from the following sources: 

• Federal Highway Administration (FHWA) Office of Safety Proven Safety Countermeasures – This 
list of twenty countermeasures contains treatments and strategies stakeholders should strongly 
consider to reduce roadway departure, intersection, pedestrian, and bicycle crashes.  For more 
information, see https://safety.fhwa.dot.gov/provencountermeasures/. 

https://safety.fhwa.dot.gov/provencountermeasures/
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• National Cooperative Highway Research Program (NCHRP) Report 500 – This series of guides 
was developed to assist state and local agencies in reducing injuries and fatalities in targeted 
areas. The guides correspond to the emphasis areas outlined in the AASHTO Strategic Highway 
Safety Plan. For more information, see http://www.trb.org/Main/Blurbs/152868.aspx.  

• FHWA Every Day Counts (EDC) – EDC is a State-based model that identifies and rapidly deploys 
proven, yet underutilized innovations to shorten the project delivery process, enhance roadway 
safety, reduce traffic congestion, and integrate automation. Proven innovations promoted 
through EDC facilitate greater efficiency at the State and local levels, saving time, money and 
resources that can be used to deliver more projects. For more information, see 
https://www.fhwa.dot.gov/innovation/everydaycounts/.  

• FHWA Roadway Safety Professional Capacity Building Community of Practice – The FHWA 
Office of Safety’s Roadway Safety Professional Capacity Building Program (RSPCB) provides 
resources to help safety experts and specialists develop critical knowledge and skills within the 
roadway safety workforce. The RSPCB highlights noteworthy practices from stakeholders around 
the country. For more information, see https://rspcb.safety.fhwa.dot.gov/Default.aspx. 

• Crash Modification Factors (CMF) Clearinghouse – CMFs are a measure of countermeasure 
effectiveness that allow for estimation of crash reduction.  The CMF Clearinghouse provides a 
source for CMFs developed and rated by the transportation safety community. The CMF 
clearinghouse provides information on the reliability and applicability of CMFs (and therefore 
countermeasures) as well as information on developing, selecting, and using CMFs. For more 
information, see http://www.cmfclearinghouse.org/. The CMF clearinghouse also provides 
planning-level cost estimates for various treatments and countermeasures.  For more 
information on cost information, see http://www.cmfclearinghouse.org/resources_analysis.cfm.  

In addition to these sources, the project team also considered input from state, local, and regional 
stakeholders to establish a comprehensive list of potential countermeasures. Countermeasures are 
broadly broken down by cost (low, medium, and high) and implementation time (short-term, 
medium-term, and long-term). During the program and project development steps of the systemic 
analysis process, preference is usually given to low cost, short-term projects as they can be quickly 
implemented across the study network. Cost and time criteria of projects are based on research and 
accepted community of practice designations and do not refer to specific monetary or time 
thresholds. Table 1 contains the initial list of countermeasures for consideration.

http://www.trb.org/Main/Blurbs/152868.aspx
https://www.fhwa.dot.gov/innovation/everydaycounts/
https://rspcb.safety.fhwa.dot.gov/Default.aspx
http://www.cmfclearinghouse.org/
http://www.cmfclearinghouse.org/resources_analysis.cfm
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Countermeasure Screening 

The initial list of countermeasures represents a broad list of potential treatments and strategies to 
reduce roadway departure crashes on County and Municipal curves in the DVRPC and SJTPO regions. 
Implementation of all the identified countermeasure treatments and strategies is not feasible due to 
budget and time constraints. Furthermore, certain treatments cannot be effectively and 
simultaneously implemented (i.e. high friction surface treatment and pavement grooving). As such, 
it is necessary for countermeasures to be screened to decide which treatments and strategies offer 
the most reasonable chance to reduce the frequency and severity of crashes. Countermeasures are 
screened based on the following criteria: 

• Applicability – Does the countermeasure apply to roadway departure crashes on curves? 

• Accuracy – Is the CMF reliable/does the backing study accurately relate to the site constraints? 

• Cost – Does the unit cost prohibit extensive implementation across the study network? 

• Implementation – Are there other barriers to implementing the countermeasure (i.e. political 
resistance, public perception, etc.)?  

• History – Has the countermeasure been successfully deployed in a portion of the study network? 
Has the countermeasure already been systemically/systematically deployed? Have previous 
implementations of the countermeasures proven ineffective? 

The final countermeasures are identified based on these criteria. These countermeasures will form 
the body of treatments and strategies that are developed into projects through the project 
development selection tree in the next steps of the systemic analysis project.  

Final Countermeasure List 

A meeting was held on July 19, 2019 with DVRPC and SJTPO to review the preliminary list of 
countermeasures for treating run off the road crashes at curves. Based on the feedback received, it 
was decided that all countermeasures with potential to reduce crashes should be included as options 
moving forward, provided they are applicable and offer safety benefits. The lists in Tables 1 and 2 
were reviewed for applicability and updated with average historical installation costs based on 
applicable past projects in New Jersey.  
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1 Background 

In conjunction with the New Jersey Regional Curve Inventory and Safety Assessment contract, a 
study was performed to identify and diagnose the curves with the greatest potential to 
experience run off the road crashes.  The study was performed utilizing FHWA’s Systemic Safety 
Project Selection Processes. The systemic approach to safety is a method of safety management 
that typically involves lower unit cost safety improvements that are widely implemented based 
on the presence of risk factors.   
 
For this project, risk factors were identified by documenting common roadway characteristics at 
sites within the Delaware Valley Regional Planning Commission (DVRPC) region where run off the 
road crashes at curves had occurred. Once the risk factors were identified, the MPO’s roadway 
system was then screened for curves with the identified risk factors, regardless of whether 
crashes were present.  The curves with risk factors were scored for the number of risk factors 
present and prioritized based on risk score, with higher risk scores indicating locations with a 
greater potential to experience future crashes.  Countermeasures targeted at addressing the run 
off the road crashes were identified for consideration at each identified curve and a program of 
project recommendations was developed for the MPO. 
 
The project recommendations developed through this process are documented in a Systemic 
Safety Project Recommendation Spreadsheet that summarizes the results of the systemic safety 
study of lane departure crashes at curves on County and Local Roads within the DVRPC region of 
New Jersey.  The spreadsheet includes a prioritized list of project recommendations comprised 
of the safety countermeasures determined to be the most appropriate for addressing the 
characteristics with potential to contribute to future crashes present at each curve.  This memo 
provides detail on how the Project Recommendation Spreadsheet can be utilized for 
prioritization and optimization when planning improvement projects. 
 

2 Spreadsheet Overview 

The Systemic Safety Project Recommendation Spreadsheet was created in Microsoft Excel and is 
comprised of the following sections: Curve Identification, Curve Attribute Data, Lane Departure 
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(LD) Crash Data, Risk Factors (primary and secondary), Project Recommendations, and Project 
Costs. All columns within each section are sortable to provide easy user interaction. The following 
describes the purpose and content of each section: 
 
Curve Identification 
The Curve Identification section is indicated by grey column headers and contains general 
information about the curve and its location. Specifically, there is a unique curve ID for every 
curve that was analyzed, along with the county in which each curve is located and the route that 
the curve lies on with its starting and ending mile points. 
 
Curve Attribute Data 
The Curve Attribute Data section is indicated by purple column headers and is a sub selection of 
the available site information obtained for each curve. These attributes were selected from the 
full data set to help guide risk factor identification and project recommendations. A summary 
data dictionary is included in the second tab of the Excel workbook. 
 
Within this section there are three columns titled “Task 1 Chevron Required/ Recommended/ 
Optional”, “Task 1 Warning Sign Required/ Recommended”, and “Task 1 Speed Plaque Required/ 
Recommended”. These columns refer to Task 1 of this project in which signing at each curve 
location was analyzed to comply with MUTCD (Manual on Uniform Traffic Control Devices) 
standards. The columns specify whether the specified signing is optional, required, 
recommended, or none (not recommended per MUTCD standards) at each location based on the 
conclusions of Task 1. It is important to note that any signage that was deemed “Recommended” 
or “Required” as per Table 2C-5 of the 2009 MUTCD should not be treated as a project 
recommendation, but rather as a requirement so that each curve meets federal regulations. The 
column titled “Task 1 Chevron Spacing (ft) indicated the calculated spacing of chevron signs if 
they were to be implemented at each given curve. Counties were informed of these MUTCD-
based signing requirements under Task 1 of this project and the update and/or replacement of 
signs to meet standards will be performed independent of the systemic safety project 
development/implementation. 
 
Lane Departure (LD) Crash Data 
The Lane Departure (LD) Crash Data section is indicated by orange column headers and contains 
the crash information for each curve. This section gives the total number of lane departure 
crashes and breaks them down by severity into Fatal and Severe Injury, All Injury, and Property 
Damage Only crashes. The number of crashes that occurred in wet conditions and at nighttime 
are also provided; these crash types were used to guide selection of certain countermeasures. 
 
Risk Factors 
The Risk Factors section is indicated by green column headers and contains the attributes 
recommended as risk factors. These attributes were identified at curves with historically high 
lane departure crashes and were therefore flagged as potential indicators of run off the road 
crashes at all curves on the system being evaluated.  Within the Primary Risk Factor columns, a 
solid/black star symbol ( ) indicates a curve has the specific primary risk factor present. Similarly, 
a hollow/white star symbol ( ) indicates a curve has the specified secondary risk factor present.  
There is also a Total Risk Score column on the far right of this section that shows the sum of all 
the risk factors for each curve. Note that the Primary Risk Factors are given a value of 1.0 and 
Secondary Risk Factors are given a value of 0.5. See the Risk Factor Technical Memorandum for 
further information on primary and secondary risk factors. 
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Project Recommendations 
The Project Recommendations section is indicated by blue column headers and contains the 
recommended countermeasures proposed to address the risks factors present at each curve. The 
presence of a black triangle symbol ( ) indicates that a specific countermeasure is recommended 
for a curve. Signing specific requirements and recommendations that were identified in Task 1 of 
the study are included in the recommendations section within the spreadsheet for reference.  
However, implementation of required sign upgrades should be addressed in a separate 
implementation effort.   Costs for Task 1 signage are also included in the associated Project Costs 
section. 
 
Project Costs 
The Project Costs section is indicated by red headers and contains the estimated cost of each 
project recommendation. Notice that a cost is only listed in columns in which corresponding 
project recommendations are also listed. Specific corresponding project unit costs can be found 
on the “Unit Cost” tab of the spreadsheet tool. The costs are based on latest NJDOT average bid 
prices for respective pay items when available. This tab provides the user the ability to adjust unit 
prices as needed.  Actual project costs could be subject to locations, quantity, and general 
contract costs (i.e. Mobilization, Traffic Control Plan, etc.) depending how these are deployed.   
 
Some curves have more than one recommendation, therefore, there is a Total Recommendation 
Cost column on the far right of this section that is the sum of all recommendation costs that may 
apply to a curve. The row labeled contingency/other on the “Unit Cost” tab provides the user 
with the ability to add a lump sum that will be added to the total recommendation cost of each 
curve.  
 

3 User Guide Examples 

The following sections describe methods in which the information in the spreadsheet can be 
sorted and used in project identification and implementation. Note, the recommendation 
spreadsheet is “frozen” for the user to always view headers along with Curve ID. 
 

3.1 Prioritization/Sorting by Risk Factor Score 

Project prioritization by Risk Factor Score allows the user to select projects to proactively 
address potential crashes at the locations with the highest number of risk factors. For example, 
if the user wanted to identify and select projects at the top 3 ranked curves, they would 
proceed with the following steps: 
 

• Step 1: Sort spreadsheet by Total Risk Factor Score. 

Using the pull down in cell AX2, the user can sort spreadsheet by Total Risk Factor Score 
in descending order, to order the curves with the highest risk score (most risk factors 
present) at the top of the list. In this example the highest Total Risk Score is 7.5, with 
the next 3 highest rated curves having a score of 7. When risk factor scores are the 
same, as in this example, it is up to the user to decide what other factors to use when 
prioritizing. The user may use total cost, project recommendation type or even crash 
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history to determine which curves are a higher priority. For this example, we will use 
total lane departure crash history as a secondary filter to address the top three ranked 
intersections; projects to improve conditions at these three curves would be selected. 
Using this logic, curves D0979, D0223, and D0399 have been identified for analysis. 
Figure 1a shows the curve information for these three curves on the far left of the 
recommendation spreadsheet. 

 
• Step 2: Review identified curve(s). 

Once a curve or group of curves is identified, the spreadsheet can be used to reference 
the curve attribute data. This step provides the user a chance to check that all relevant 
curve attributes match what is currently in the field for a given curve. The curve 
attribute data was collected through a combination of field and desktop data 
collection; thus, it is important to review the attributes and identify potential updates. 
See Figure 1a. 

 
• Step 3: Review project recommendations and costs. 

At this point the user would review the project recommendations for each selected 
curve, along with the project costs. Figure 1b shows the project recommendations 
(with cost)  for the three previously selected curves include: Centerline and Edgeline 
Rumble Strips ($1,821.51), Chevron Signing ($880), Advisory Speed Plaque ($580), 
Advanced Intersection in Curve Warning Signs ($1,590), Intersection Lighting 
($20,900), Speed Reduction Markings ($6,594), Dynamic Curve Warning Systems 
($144,000), and High Friction Surface Treatment (HFST) ($12,450.83). If the user were 
to combine the total cost for all three selected curves, improvements at the three sites 
would cost approximately $188,816.34. See Figure 1b. 

 
• Step 4: Select project implementation approach. 

It is in this step the user determines the implementation approach for the project 
recommendations.  This allows for full or phased implementation of the project 
recommendations.  For example, the user may review the total cost of project 
recommendations and conclude that the dynamic curve warning system cost is 
substantially higher than all other recommendations and/or that no crashes have 
occurred in the past at the location that would imply the immediate need for the 
treatments.  The user may choose to install the lower cost project recommendations 
at the curves as an initial project, while monitoring the location closely in the future 
for crashes.  Dynamic curve warning systems may act as an additional phase of project 
implementation to address crashes should they occur.  This would decrease the initial 
total cost of the projects to $44,816.34, approximately 24% of the cost if all 
recommendations are made. 

 
In this example, the user had to choose two of three curves that are all ranked equally according 
to risk factor scores.  If the desire is to treat only one or two of these curves with equal rankings, 
the user may need to apply judgment and consider cost and potential for crash reduction.  If a 
comparison of the relative safety benefits of the recommended countermeasures (or subset of 
countermeasures) considering both cost and crash reduction at each site is desired to determine 
of priority, additional consideration of available funding, safety performance history, perceived 
benefit at each site, and specific site conditions may be needed. 
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3.2 Filter by Project Type 

Project prioritization by Project Type allows the user to select projects that that are specific for one 
recommendation type. This would allow the user to organize project recommendations by 
countermeasure which could then be completed as a grouping of projects or systemwide deployment. 
For example, if the user wanted to identify every curve for which implementing post mounted 
delineation is recommended, they would proceed with the following steps. For this example, we will 
identify every curve where post mounted delineation is recommended.   
 

• Step 1: Filter project recommendation spreadsheet by selected treatment / countermeasure. 

To identify locations with a specific countermeasure recommendation, the user will first 
identify the column associated with the post mounted delineation countermeasure, column 
BM.  Using the pull down in cell BM2, the user then selects for the cells that indicate the 
recommendation of post mounted delineation.  This will hide all curves in which post mounted 
delineation is not a recommendation. See Figure 2b. For this specific example, there are a total 
of 357 curves that have post mounted delineation as a project recommendation. Only 
approximately 20 of these curves are shown in Figure 2b for spacing purposes, however, the 
total costs of all curves will be carried through this example. 

 
• Step 2: Review identified curve(s). 

Once a group of curves is identified, the spreadsheet can be used to reference the curve 
attribute data. This step provides the user a chance to check that all relevant curve attributes 
match what is currently in the field. This curve attribute data was collected through a 
combination of field and desktop data collection; thus, it is important to review the attributes 
and identify any potential changes. See Figure 2a. 

 
• Step 3: Review project recommendations and costs. 

Filtering the recommendation spreadsheet to show only curves in which post mounted 
delineation is recommended, allows the user to see the costs for each of these 
recommendations in the Post Mounted Delineation Cost column (column CB), see Figure 2b. 
The spreadsheet shows all project recommendation costs for the 357 selected curves. If the 
user were to combine the safety edge costs for all 357 selected curves, this example would 
cost approximately $188,512.  
 
The user may also wish to break this method down further, say to be subdivided by County. 
This can be done by filtering the County column (column B) by the desired County. If this were 
to be done for this example, the results would be as follows: 

 
County No. of Curves Sum of Safety Edge Costs 

Burlington 186 $89,440 

Camden 21 $11,782 

Gloucester 71 $44,978 

Mercer 79 $42,312 

Total 357 $188,512 
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3.3 Project Planning and Programming 

The provided project recommendation spreadsheet created from the results of systemic safety 
analysis allows the user to select projects based on multiple different methods. As previously 
mentioned, the user may select a project based on the risk factor score or based on individual 
countermeasures. The project recommendation spreadsheet can also be used for project planning 
and programming. For example, if a pavement resurfacing project is planned along a specific route in 
the future, a user could see if there are recommendations from this study that could be incorporated 
into the planned resurfacing project. The user can use the project recommendation spreadsheet to 
check for all curves along the route that fall within the project limits to determine if any safety 
countermeasures are recommended. Sorting the spreadsheet by Route Number (column D) and then 
referencing the Begin MP and End MP will reveal the number of curves that fall along a particular 
route within given project limits. The user can then decide if they would like to include any or all of 
the recommended safety countermeasures as part of the resurfacing project. 
 

4 Conclusions 

The DVRPC Systemic Safety Project Recommendation Spreadsheet was developed to provide the DVRPC 
with recommendations for safety countermeasures that can effectively and proactively address run off 
the road crashes on curves within their jurisdiction.  While the outcome of Task 1 of this project was 
intended to define the requirements for signing that are needed to comply with MUTCD standards, it 
was not intended for the recommendations generated from Task 2, the systemic process, to be 
requirements.  Rather, the Systemic Safety Project Recommendation Spreadsheet has been developed 
to provide the DVRPC and member counties the flexibility to select and implement, at their discretion, 
the countermeasures in a manner that best fits their individual programs, resources, and funding 
availability.    When considering the implementation of the countermeasures at a given site or group of 
sites the recommendations can be implemented in a phased manner or as complete projects. The 
spreadsheet allows for sorting by rank, countermeasure type, county, and route to facilitate a variety of 
implementation approaches. 
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1 Background 

In conjunction with the New Jersey Regional Curve Inventory and Safety Assessment contract, a 
study was performed to identify and diagnose the curves with the greatest potential to 
experience run off the road crashes.  The study was performed utilizing FHWA’s Systemic Safety 
Project Selection Processes. The systemic approach to safety is a method of safety management 
that typically involves lower unit cost safety improvements that are widely implemented based 
on the presence of risk factors.   
 
For this project, risk factors were identified by documenting common roadway characteristics at 
sites within the South Jersey Transportation Planning Organization (SJTPO) region where run off 
the road crashes at curves had occurred. Once the risk factors were identified, the MPO’s 
roadway system was then screened for curves with the identified risk factors, regardless of 
whether crashes were present.  The curves with risk factors were scored for the number of risk 
factors present and prioritized based on risk score, with higher risk scores indicating locations 
with a greater potential to experience future crashes.  Countermeasures targeted at addressing 
the run off the road crashes were identified for consideration at each identified curve and a 
program of project recommendations was developed for the MPO. 
 
The project recommendations developed through this process are documented in a Systemic 
Safety Project Recommendation Spreadsheet that summarizes the results of the systemic safety 
study of lane departure crashes at curves on County and Local Roads within the SJTPO region of 
New Jersey.  The spreadsheet includes a prioritized list of project recommendations comprised 
of the safety countermeasures determined to be the most appropriate for addressing the 
characteristics with potential to contribute to future crashes present at each curve.  This memo 
provides detail on how the Project Recommendation Spreadsheet can be utilized for 
prioritization and optimization when planning improvement projects. 
 

2 Spreadsheet Overview 

The Systemic Safety Project Recommendation Spreadsheet was created in Microsoft Excel and is 
comprised of the following sections: Curve Identification, Curve Attribute Data, Lane Departure 
(LD) Crash Data, Risk Factors (primary and secondary), Project Recommendations, and Project 
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Costs. All columns within each section are sortable to provide easy user interaction. The following 
describes the purpose and content of each section: 
 
Curve Identification 
The Curve Identification section is indicated by grey column headers and contains general 
information about the curve and its location. Specifically, there is a unique curve ID for every 
curve that was analyzed, along with the county in which each curve is located and the route that 
the curve lies on with its starting and ending mile points. 
 
Curve Attribute Data 
The Curve Attribute Data section is indicated by purple column headers and is a sub selection of 
the available site information obtained for each curve. These attributes were selected from the 
full data set to help guide risk factor identification and project recommendations. A summary 
data dictionary is included in the second tab of the Excel workbook. 
 
Within this section there are three columns titled “Task 1 Chevron Required/ Recommended/ 
Optional”, “Task 1 Warning Sign Required/ Recommended”, and “Task 1 Speed Plaque Required/ 
Recommended”. These columns refer to Task 1 of this project in which signing at each curve 
location was analyzed to comply with MUTCD (Manual on Uniform Traffic Control Devices) 
standards. The columns specify whether the specified signing is optional, required, 
recommended, or none (not recommended per MUTCD standards) at each location based on the 
conclusions of Task 1. It is important to note that any signage that was deemed “Recommended” 
or “Required” as per Table 2C-5 of the 2009 MUTCD should not be treated as a project 
recommendation, but rather as a requirement so that each curve meets federal regulations. The 
column titled “Task 1 Chevron Spacing (ft)” indicates the calculated spacing of chevron signs if 
they were to be implemented at each given curve. Counties were informed of these MUTCD-
based signing requirements under Task 1 of this project and the update and/or replacement of 
signs to meet standards will be performed independent of the systemic safety project 
development/implementation. 
 
Lane Departure (LD) Crash Data 
The Lane Departure (LD) Crash Data section is indicated by orange column headers and contains 
the crash information for each curve. This section gives the total number of lane departure 
crashes and breaks them down by severity into Fatal and Severe Injury, All Injury, and Property 
Damage Only crashes. The number of crashes that occurred in wet conditions and at nighttime 
are also provided; these crash types were used to guide selection of certain countermeasures. 
 
Risk Factors 
The Risk Factors section is indicated by green column headers and contains the attributes 
recommended as risk factors. These attributes were identified at curves with historically high 
lane departure crashes and were therefore flagged as potential indicators of run off the road 
crashes at all curves on the system being evaluated.  Within the Primary Risk Factor columns, a 
solid/black star symbol ( ) indicates a curve has the specific primary risk factor present. Similarly, 
a hollow/white star symbol ( ) indicates a curve has the specified secondary risk factor present.  
There is also a Total Risk Score column on the far right of this section that shows the sum of all 
the risk factors for each curve. Note that the Primary Risk Factors are given a value of 1.0 and 
Secondary Risk Factors are given a value of 0.5. See the Risk Factor Technical Memorandum for 
further information on primary and secondary risk factors. 
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Project Recommendations 
The Project Recommendations section is indicated by blue column headers and contains the 
recommended countermeasures proposed to address the risks factors present at each curve. The 
presence of a black triangle symbol ( ) indicates that a specific countermeasure is recommended 
for a curve. Signing specific requirements and recommendations that were identified in Task 1 of 
the study are included in the recommendations section within the spreadsheet for reference.  
However, implementation of required sign upgrades will be addressed in a separate 
implementation effort.  Costs for Task 1 signage are also included in the associated Project Costs 
section. 
 
Project Costs 
The Project Costs section is indicated by red headers and contains the estimated cost of each 
project recommendation. Notice that a cost is only listed in columns in which corresponding 
project recommendations are also listed. Specific corresponding project unit costs can be found 
on the “Unit Cost” tab of the spreadsheet tool. The costs are based on latest NJDOT average bid 
prices for respective pay items when available. This tab provides the user the ability to adjust unit 
prices as needed.  Actual project costs could be subject to locations, quantity, and general 
contract costs (i.e. Mobilization, Traffic Control Plan, etc.) depending how these are deployed.   
 
Some curves have more than one recommendation, therefore, there is a Total Recommendation 
Cost column on the far right of this section that is the sum of all recommendation costs that may 
apply to a curve. The row labeled contingency/other on the “Unit Cost” tab provides the user 
with the ability to add a lump sum that will be added to the total recommendation cost of each 
curve.  
 

3 User Guide Examples 

The following sections describe methods in which the information in the spreadsheet can be 
sorted and used in project identification and implementation. Note, the recommendation 
spreadsheet is “frozen” for the user to always view headers along with the Curve Identification 
information. 

3.1 Prioritization/Sorting by Risk Factor Score 

Project prioritization by Risk Factor Score allows the user to select projects to proactively 
address potential crashes at the locations with the highest number of risk factors. For example, 
if the user wanted to identify and select projects at the top 3 ranked curves, they would 
proceed with the following steps: 
 

• Step 1: Sort spreadsheet by Total Risk Factor Score. 

Using the pull down in cell AX2, the user can sort spreadsheet by Total Risk Factor Score 
in descending order, to order the curves with the highest risk score (most risk factors 
present) at the top of the list. In this example the highest two Total Risk Scores are 6, 
with the next 2 highest rated curves having a score of 5.5. When risk factor scores are 
the same, as in this example, it is up to the user to decide what other factors to use 
when prioritizing. The user may use total cost, project recommendation type or even 
crash history to determine which curves are a higher priority. For this example, we will 
use total lane departure crash history as a secondary filter to address the top three 
ranked intersections; projects to improve conditions at these three curves would be 
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selected. Using this logic, curves S452, S553, and S491 have been identified for analysis. 
Figure 1a shows the curve information for these three curves on the far left of the 
recommendation spreadsheet. 

 
• Step 2: Review identified curve(s). 

Once a curve or group of curves is identified, the spreadsheet can be used to reference 
the curve attribute data. This step provides the user a chance to check that all relevant 
curve attributes match what is currently in the field for a given curve. The curve 
attribute data was collected through a combination of field and desktop data 
collection; thus, it is important to review the attributes and identify potential updates. 
See Figure 1a. 

 
 

• Step 3: Review project recommendations and costs. 

At this point the user would review the project recommendations for each selected 
curve, along with the project costs. Figure 1b shows the project recommendations 
(with cost)  for the three previously selected curves include: Centerline and Edgeline 
Rumble Strips ($1,487.40), Advanced Intersection in Curve Warning Signs ($1,060), 
Intersection Lighting ($20,900), Supplemental Flashing Beacons ($8,236), Speed 
Reduction Markings ($6,594), Dynamic Curve Warning Systems ($144,000), High 
Friction Surface Treatment (HFST) ($38,901.39), and Post Mounted Delineation 
($2,236). If the user were to combine the total cost for all three selected curves, 
improvements at the three sites would cost approximately $223,494.79. See Figure 1b. 

 
• Step 4: Select project implementation approach. 

It is in this step the user determines the implementation approach for the project 
recommendations.  This allows for full or phased implementation of the project 
recommendations.  For example, the user may review the total cost of project 
recommendations for the curves and conclude that the dynamic curve warning system 
costs are substantially higher than other recommendations and/or that no crashes 
have occurred in the past at the location that would imply the immediate need for the 
treatments.  The user may choose to install the lower cost project recommendations 
at these curves as an initial project, while monitoring the location closely in the future 
for crashes.  Dynamic curve warning systems could be considered as a second phase of 
project implementation to address crashes should they occur.  This would decrease the 
total cost of the projects to $79,494.79, approximately a 36% of the cost if dynamic 
curve warning system recommendations are made. 

 
In this example, the user had to choose one of two curves that were both equally ranked by 
risk factor score.  If the desire is to treat only one of these curves with equal rankings, the user 
may need to apply judgment and consider cost and potential for crash reduction.  If a 
comparison of the relative safety benefits of the recommended countermeasures (or subset 
of countermeasures) considering both cost and crash reduction at each site is desired to 
determine priority, additional consideration of available funding, safety performance history, 
perceived benefit at each site, and specific site conditions may be needed. 
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3.2 Filter by Project Type 

Project prioritization by Project Type allows the user to select projects that are specific for one 
recommendation type. This would allow the user to organize project recommendations by 
countermeasure which could then be completed as a grouping of projects or systemwide deployment. 
For example, if the user wanted to identify every curve for which implementing post mounted 
delineation is recommended, they would proceed with the following steps. For this example, we will 
identify every curve where post mounted delineation is recommended. The user should note that 
along with post mounted delineation recommendations, there are also median post mounted 
delineation recommendations. For the purposes of this example, median post mounted delineation 
will not be included. 
 

• Step 1: Filter project recommendation spreadsheet by selected treatment / countermeasure. 

To identify locations with a specific countermeasure recommendation, the user will first 
identify the column associated with the post mounted delineation countermeasure, column 
BM.  Using the pull down in cell BM2, the user then selects for the cells that indicate the 
recommendation of post mounted delineation.  This will hide all curve with in which post 
mounted delineation is not recommended. See Figure 2b. For this specific example, there are 
a total of 214 curves that have post mounted delineation as a project recommendation. Only 
approximately 20 of these curves are shown in Figure 2b for spacing purposes, however, the 
total costs of all curves will be carried through this example. 

 
• Step 2: Review identified curve(s). 

Once a group of curves is identified, the spreadsheet can be used to reference the curve 
attribute data. This step provides the user a chance to check that all relevant curve attributes 
match what is currently in the field. This curve attribute data was collected through a 
combination of field and desktop data collection; thus, it is important to review the attributes 
and identify any potential changes. See Figure 2a. 

 
• Step 3: Review project costs. 

• Filtering the recommendation spreadsheet to show only curves in which post mounted 
delineation, independent of median post mounted delineation, is recommended, allows the 
user to see the costs for each of these recommendations in the Post Mounted Delineation 
Cost column (column CB). See Figure 2b. The spreadsheet shows all project recommendation 
costs for the 214 selected curves. If the user were to combine the post mounted delineation 
costs for all 214 selected curves, this example would cost approximately $127,538.  The user 
may also wish to break this method down further, say to be subdivided by County. This can be 
done by filtering the County column (column B) by the desired County. If this were to be done 
for this example, the results would be as follows: 

 
County No. of Curves Sum of Safety Edge Costs 

Atlantic 61 $31,562 

Cape May 58 $32,938 

Cumberland 51 $37,410 

Salem 44 $25,628 

Total 214 $127,538 
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3.3 Project Planning and Programming 

The provided project recommendation spreadsheet created from the results of systemic safety 
analysis allows the user to select projects based on multiple different methods. As previously 
mentioned, the user may select a project based on the risk factor score or based on individual 
countermeasures. The project recommendation spreadsheet can also be used for project planning 
and programming. For example, if a pavement resurfacing project is planned along a specific route in 
the future, a user could see if there are recommendations from this study that could be incorporated 
into the planned resurfacing project. The user can use the project recommendation spreadsheet to 
check for all curves along the route that fall within the project limits to determine if any safety 
countermeasures are recommended. Sorting the spreadsheet by Route Number (column D) and then 
referencing the Begin MP and End MP will reveal the number of curves that fall along a particular 
route within given project limits. The user can then decide if they would like to include any or all of 
the recommended safety countermeasures as part of the resurfacing project. 
 

4 Conclusions 

The SJTPO Systemic Safety Project Recommendation Spreadsheet was developed to provide the SJTPO 
with recommendations for safety countermeasures that can effectively and proactively address run off 
the road crashes on curves within their jurisdiction.  While the outcome of Task 1 of this project was 
intended to define the requirements for signing that are needed to comply with MUTCD standards, it 
was not intended for the recommendations generated from Task 2, the systemic process, to be 
requirements.  Rather, the Systemic Safety Project Recommendation Spreadsheet has been developed 
to provide the SJTPO and member counties the flexibility to select and implement, at their discretion, 
the countermeasures in a manner that best fits their individual programs, resources, and funding 
availability.    When considering the implementation of the countermeasures at a given site or group of 
sites the recommendations can be implemented in a phased manner or as complete projects. The 
spreadsheet allows for sorting by rank, countermeasure type, county, and route to facilitate a variety of 
implementation approaches. 
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