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CTPP Program 

 

 

 

 

 

 Journey-to-work traveler behavior dynamics 

 Data sampling issues and improving the data structure  

 The implications for new travel demand models 



Research Objective 

 

 

Demonstrate the application of CTPP for the purpose of 
advancing Transportation Performance Management (TPM) 



Performance Measurements 

 Improving safety 

 Maintaining infrastructure condition 

 Reducing traffic congestion 

 Improving efficiency of the system and freight movement 

 Protecting the environment 

 Reducing delays in project delivery 

 



Transportation Performance Metrics 

 

 

 

 

 

Safety  

 

Mobility 

 

Accessibility 



Case Study 

 



Data Collection 

 DOT Crash Data 
 Vehicle-only crashes, pedestrian 

crashes, bicyclist crashes 

 

 CTPP Data 
 Population, employment, income, 

vehicle ownership, work commute trips 

 

 Open City Data 
 Multimodal infrastructure, vehicle miles 

traveled, trips by mode 

CTPP Data 

Open Data Crash Data 



Safety 

Safety Performance Function (SPF): 

 

 
 

θi - expected number of crashes for census tract “i” 

β0- intercept 

βi - coefficients quantifying the effect of the “j” explanatory variables characterizing census tract “i” on θi   

Exp1 and Exp2 – measures of exposure in census tract “i” 

xi - a set of “j” explanatory variables that characterize census tract “i” and influence θi 

εi - disturbance term corresponding to census tract “i” 

 

𝜃𝑖 = 𝑒
𝛽0+𝛽1 ln Exp1𝑖 +𝛽2 ln Exp2𝑖 + 𝛽𝑗 𝑥𝑖𝑗𝑗 +𝜀𝑖  



Safety Evaluation Methods 

 SPFs for vehicle-only, pedestrian and bike crashes: 

 
 CTPP data                                        (exposure from ACS commute trips) 

 CTPP data + Open data                   (exposure from ACS commute trips) 

 CTPP data                                        (exposure from regional travel demand models) 

 CTPP data + Open data                   (exposure from regional travel demand models) 

 

 Total of 12 statistical safety models developed 

 

 Used bootstrapping for model validation and AIC for comparison 

 



Safety Evaluation Results:  
Vehicle-only crashes 
 SPF based on CTPP data, exposure from ACS: 

 

 

 SPF based on CTPP data, exposure from CMAP: 

 

 

 SPFs based on CTPP + Open Data: 

𝑉𝑒ℎ𝑖𝑐𝑢𝑙𝑎𝑟 𝑐𝑟𝑎𝑠ℎ𝑒𝑠𝑖 = 𝑒
5.55+3.64×10−4×Workers Driving+4.00×10−6×Income−2.99×10−3×Median Age  

𝑉𝑒ℎ𝑖𝑐𝑢𝑙𝑎𝑟 𝑐𝑟𝑎𝑠ℎ𝑒𝑠𝑖 = 𝑒
0.23+0.54×l n(DVMT)+1.00×10−6×Income−1.33×10−3×Median Age  Coefficients: Estimate Std. Error Z value P value Coefficients: Estimate Std. Error Z value P value

Intercept 5.552000 0.144700 38.382 0.000 *** Intercept 0.234100 0.192200 1.218 0.223

Workers Driving 0.000364 0.000042 8.601 0.000 *** ln(DVMT) 0.545300 0.017760 30.711 0.000 ***

Income per Capita 0.000004 0.000001 2.995 0.003 ** Income per Capita 0.000000 0.000001 -0.099 0.921

Median Age -0.002998 0.004373 -0.686 0.493 Median Age -0.001337 0.003114 0.429 0.668

AIC 10921.63 AIC 10296.14

Coefficients: Estimate Std. Error Z value P value Coefficients: Estimate Std. Error Z value P value

Intercept 4.726000 0.121800 38.790 0.000 *** Intercept 1.215000 0.227300 5.348 0.000 ***

Workers Driving 0.000255 0.000033 7.848 0.000 *** ln(DVMT) 0.403200 0.022540 17.886 0.000 ***

Income per Capita 0.000004 0.000001 3.807 0.000 *** Income per Capita 0.000000 0.000001 0.472 0.637

Median Age -0.005388 0.003269 -1.648 0.099 . Median Age -0.001696 0.002899 -0.585 0.559

Arterial Network 0.249600 0.021620 11.547 0.000 *** Arterial Network 0.033860 0.022240 1.523 0.128

Intersection Density 0.001062 0.000338 3.143 0.002 ** Intersection Density 0.000907 0.000302 3.006 0.003 **

Bus Stops 0.032590 0.002651 12.297 0.000 *** Bus Stops 0.025420 0.002394 10.618 0.000 ***

AIC 10363.79 AIC 10167.14

CTPP Data + Open Data with CMAP Exposure

CTPP Data with CMAP ExposureCTPP Data

CTPP Data + Open Data



Safety Evaluation Results:  
Vehicle-pedestrian crashes 
 SPF based on CTPP data, exposure from ACS: 

 

 

 SPF based on CTPP data, exposure from CMAP: 

 

 

 SPFs based on CTPP + Open Data: 

𝑃𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛 𝑐𝑟𝑎𝑠ℎ𝑒𝑠𝑖 = 𝑒
(3.42+1.47×10−4×Workers Driving+1.76×10−3×Workers Walking+⋯ ) 

𝑃𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛 𝑐𝑟𝑎𝑠ℎ𝑒𝑠𝑖 = 𝑒
(0.98+0.17×ln DVMT +0.41×ln Ped.Trips +⋯ ) 

*** - 99.9% statistical significance; ** - 99% statistical significance; * - 95% statistical significance; . – 90% statistical significance 



Safety Evaluation Results:  
Vehicle-bicyclist crashes 
 SPF based on CTPP data, exposure from ACS: 

 

 

 SPF based on CTPP data, exposure from CMAP: 

 

 

 SPFs based on CTPP + Open Data: 

𝐵𝑖𝑐𝑦𝑐𝑙𝑖𝑠𝑡 𝑐𝑟𝑎𝑠ℎ𝑒𝑠𝑖 = 𝑒
(−0.02+4.36×10−4×Workers Driving+5.26×10−2×Workers Biking+⋯ ) 

𝐵𝑖𝑐𝑦𝑐𝑙𝑖𝑠𝑡 𝑐𝑟𝑎𝑠ℎ𝑒𝑠𝑖 = 𝑒
(−2.77+0.27×ln DVMT +0.50×ln Bike Trips +⋯ ) 



Safety: Summary 

SPFs based on combined CTPP/Open data perform the best 

Using CMAP exposure metrics improves the estimated SPFs 

Open data enables capturing system-wide effects on safety 



Mobility 

 Efficiency of movement: How congested transportation system is? 

 CTPP Data-based metrics: 

Number of workers driving Average travel time to work 



Mobility Evaluation Methods 

Daily Vehicle Miles Traveled: 
𝐷𝑉𝑀𝑇𝑖 = 𝐴𝐴𝐷𝑇𝑖𝑗 × 𝐿𝑖𝑗

𝑖𝑗

 

𝐷𝑉𝑀𝑇𝑖 - the total daily vehicle miles traveled in census tract “i” 

𝐴𝐴𝐷𝑇𝑖𝑗 – the estimated AADT on road segment "j" within census tract "i"   
𝐿𝑖𝑗 − the length of road segment "j" within census tract "i" in miles 

 

Commuter Travel Time Index: 
𝐶𝑇𝑇𝐼𝑖 =

𝑇𝑇𝐼𝑖𝑗

𝑊𝑇𝑇𝑖
 

𝑇𝑇𝐼𝑖𝑗  - the average travel time to work for census tract “i” and mode “j” 

𝑊𝑇𝑇𝑖 – total average travel time to work in census tract “i”  

 Daily Vehicle Miles Traveled 



Mobility Evaluation Results 

 

Travel time by car relative to the 
average travel time to work 

Travel time by public transit relative to 
the average travel time to work 



Mobility: Summary  

Macroscopic mobility more challenging and less accurate to 

measure 

Missing travel time estimates present in current CTPP database 

Possibilities to develop area-wide LOS should be explored 



Accessibility 

 The ability to reach desired destinations within 
the given spatial and temporal constraints 
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Polygon-based (center) versus parcel-based (right) land use inventory in Chicago (CMAP) 



Accessibility Evaluation Methods 

𝐴𝑖𝑘 =   𝑑𝑖𝑗 ∈ 𝑁 𝑇𝑖𝑗 ≤ 𝑇𝑗𝑖    
                                          

Where: 
Aik–  total number of destinations accessible from origin i within time T, using mode k 
dij − destination j accessible from origin i within time 𝑇𝑖𝑗  

N –  total number of available destinations 
Tij –  time needed to reach destination j from origin i 

T –  available time budget (5, 10, 15…120 minutes) 

  

  

𝐴1,𝑡𝑟𝑎𝑛𝑠𝑖𝑡 = d12 + d13 + d14 + d15 + d17 



Accessibility Evaluation Results 
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Accessibility: Summary  

Accessibility should be prioritized in multimodal networks 

Measuring accessibility is challenging based on CTPP data 

Computational complexity increases with desired accuracy  



Summary of Findings 

 Safety performance measurement: the access to crash data is required in 
addition to CTPP data to develop the simplest form of SPFs. Further, the 
developed SPFs are improved if exposure metrics from sources other than CTPP 
are used. 

 

 Mobility performance measurement: CTPP data can be used to derive 
conclusions about city-wide mobility, however, the metrics based on data 
combined from different sources are more informative when it comes to 
comparing different modes of transportation.  

 

 Accessibility performance measurement: requires multimodal network 
infrastructure data and basic information about speeds for different modes to 
enable the computation of accessible opportunities available from CTPP 
datasets.  

 



Summary of Findings 

 

Performance Measurements Required Data Input 
Available from 

CTPP Database 

Available from Other 

Data Sources 

Safety 
Crash data No Yes 

Exposure data Yes Yes 

Mobility 
Travel time by mode Yes Yes 

Travel demand by mode Yes Yes 

Accessibility 
Multimodal infrastructure No Yes 

Trip origins and destinations Yes Yes 



Recommendations 

Consider gaps in the existing CTPP data available to the public 

Integrate CTPP data with other data sources whenever feasible 

Develop TPM conscious of various transportation users/modes 

Ensure that TPM is applicable in small towns and major cities 

Continue to explore innovative data source capabilities 
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Questions? 

 



Facilitated Discussion 

• Identify/share other innovative approaches 

• Data concerns and issues 

• User community needs 

 

 

 



Discussion # 1: Innovative Approaches 

How are others using CTPP for Transportation Performance 
Management? Which performance areas and measures? 

 

Are practitioners combining other data with CTPP? How? 

 

What new, innovative data sources are being used? 



Discussion # 2: Data Concerns and Issues 

What limits use of CTPP/Census Data for performance 
measures? 

 

What are the pitfalls or limitations to combining CTPP with other 
data sources? 

 

What impediments exist to implementing demonstrated 
measures immediately? 

 



Discussion # 3: User Community Needs 

What tools, trainings, or other resources can be developed by 
the CTPP Program to facilitate use of CTPP data for 
performance measures? 

 

What additional research would help advance the use of CTPP 
data for performance measures? 

 

 

 


