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2017-2040
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Provide updated 
datasets for the 4-
step and Activity-
based models.

Take advantage of 
GPS technology to 

improve data 
collection.

Create a snapshot of 
household trip 

linkages and chaining.

Complete and 
validated household 

travel for all members 
of the household. 

Purpose
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Sampling Plan

• Special Considerations:
• Hispanic/Minority
• Transit Users
• Zero Car & Auto Deficient

• Data Collected:
• Minimum of one 24 hour period of 

travel for all members of the household. 
• Paper diary or online entry for children 

under the age of 16.
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Data Collection Timeline

TMIP Webinar October 18, 2017: Presentation 1 - MAG Regional Household Travel Survey 6

Pre-Test: Spring -
Summer 2015

• Pre-Test 1: March 2015
• Pre-Test 2: June 2015

Pilot Test: Fall 2015

• Batch 1: August 2015
• Batch 2: August 2015
• Batch 3: August 2015
• Batch 4: September 2015
• Batch 5: October -

November 2015

Main Study: Spring 
2016 - Spring 2017

• Spring 2016:  March -
June 2016

• Fall 2016: August -
December 2016

• Spring 2017: January -
May 2017
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Closely monitored metrics:
• Response rates

• Survey burden

• Costs

Project Goal:  Collect a robust set of GPS-enabled 
high-quality household travel surveys backed  
by exhaustive prompted recall

Key to Success:  Flexibility, monitoring, and communication



Step 1. 
Household member fills out recruit survey
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Completed Household Requirement:  
Answers must be filled out completely, with a 

few exceptions



Step 2.
Household members are assigned GPS logger or Smartphone App
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Completed 
Household 

Requirement:  
Two days of GPS 

data for each 
person aged 16+



Step 3.
Detailed travel and activity data is validated by household members

TMIP Webinar October 18, 2017: Presentation 1 - MAG Regional Household Travel Survey 10

Completed Household Requirement:
One day of validated travel for each person, 

aged 5+, on same travel day

Child 
Diary

Prompted 
Recall
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Traditional recruitment
Multi-level incentive
Minimal help desk

Option of GPS Logger 
or SmartphonePilot

User-friendly 
interface

Informal assistance

Recruitment GPS Travel Prompted Recall
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Traditional recruitment
Multi-level incentive
Minimal help desk

Option of GPS Logger 
or Smartphone

Assigned GPS Logger 
or Smartphone

Formalized hands-
on personalized 

assistance

Pilot

Spring 2016
Simplified incentive
Extensive help 

desk

User-friendly 
interface

Informal assistance

Recruitment GPS Travel Prompted Recall
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Traditional recruitment
Multi-level incentive
Minimal help desk

Option of GPS Logger 
or Smartphone

Assigned GPS Logger 
or Smartphone

Formalized hands-
on personalized 

assistance

Pilot

Spring 2016

Fall 2016 Convenience 
sampling Smartphone only

Simplified incentive
Extensive help 

desk

User-friendly 
interface

Informal assistance

Recruitment GPS Travel Prompted Recall

No change
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Traditional recruitment
Multi-level incentive
Minimal help desk

Targeted sampling
High incentive

Option of GPS Logger 
or Smartphone

Assigned GPS Logger 
or Smartphone

No change

Formalized hands-
on personalized 

assistance

No change

No change

Pilot

Spring 2016

Fall 2016

Spring 2017

Convenience 
sampling Smartphone only

Simplified incentive
Extensive help 

desk

User-friendly 
interface

Informal assistance

Recruitment GPS Travel Prompted Recall



Convenience Sampling
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In-person 
Intercepts

School 
Districts

Social 
Media

E-mails

Local 
Champions

Paid Ads
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Community 
Outreach & 
Social Media

Materials: 
Custom 
Instructions, 
FAQ’s, Emails, 
Texts, Website 

Communications: 
• Study Confirmation 
• Emailed Instruction 
• Reminders
•Notified Complete



By The Numbers
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Travel Study Coordinators
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WHY: 
Complex survey requirements.

WHO: 
Customer-focused staff with technical skills.

HOW: 
Customized integrated project management software.

Integration + Automation =  100% Productivity 

Travel Study Coordinator (TSC)



Training and Coaching
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• Project Orientation
• Data collection
• Verification Process
• Role Playing & Shadowing
• Recording/Auditing



Responsive, Proactive & Positive 
Communication
• Respond quickly

• Answers on-demand 

• Establish rapport 

• Mitigate frustration 

• Proactive support

• Prompt intervention
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0%
5%

10%
15%
20%
25%
30%
35%
40%
45%

Communication Method



Project Management and Automation
• Custom integration with Smartphone Application
• Real-time travel information / household status 
• Manage staffing assignments and communication
• Automated status reporting and data transfer
• Perpetual access to status reports and data exports
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Streamlined project management 
Real-time project status



Management Dashboard
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Household Status
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Communication
ABILITIES: 

• Document all inbound and 
outbound communications

• Assign follow-up date and time

• Flag household for later review

• Produce reports on types and 
quantities of communication
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Presented by: 
Vladimir Livshits, Ph.D., MAG
Edward Brown, MAG
Aaron Hekele,  ETC Institute
Anurag Komanduri, Cambridge Systematics

Project Team:

Traffic Research & 
Analysis

Presentation 2:
MAG Establishment & 
Commercial Vehicle Survey
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Recruitment Target & Results

Sector
Central Near Periphery

0-9 10-149 0-9 10-149 0-9 10-149 150+
Commerce 5% 2% 9% 5% 4% 2% 27%
Edu & Personal 7% 2% 16% 4% 6% 2% 37%

Industrial/Heavy/Construction 4% 6% 2% 4% 16%
Professional services 6% 9% 3% 18%
Total 27% 50% 21% 3% 100%

• Project Goal: 2,000 Establishments
• Establishments Recruited: 2196 Establishments
• Employee Surveys: 5,891 from 1,105 Establishments
• Visitor Surveys: 5,692 from 550 Establishments
• GPS Truck Data: 508 Trucks
• Commercial Vehicle Survey: 422 Establishments



Survey Fieldwork Procedures

• Pre-implementation phase
• Training
• Survey design and technology

• Field implementation phase
• Data collection and QA/QC
• Labor intensive

• Back-end cleaning
• Additional QA/QC and hand over to analysts
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Interviewer Training

• Weeklong training
• Classroom training
• Field training – pre-pretest

• Training Outline
• Focus on purpose and need – get staff motivated
• Describe dos and do nots
• Prescribe procedures all the way to attire
• Describe role of supervisors
• STAY COOL and SAFE at all times.
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Interview Approach

• Interview always voluntary
• Surveys take an average of 3-5 minutes to conduct 
• Record refusals for accurate visitor counting
• Reach every possible employee/visitor – minimize bias

• Interviewer responsibilities
• Conduct themselves in a professional manner
• Enlist the cooperation of respondents
• Clarify any confusion from respondents
• Reach out to supervisors when issues arise
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Field Procedures
• Web-based intercept interviews using tablets

• Real-time geocoding capabilities
• Real-time dashboards allowed supervisors to QAQC trip

• Types of intercept surveys collected:
• Visitors
• Employees
• Commercial Vehicle/Delivery Drivers

• Surveys from “before” open to 
“after” close
• Counts conducted concurrently
• Ensure visitors/employees are entering 

target establishment
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Field Procedures
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Field Procedures
• Preliminary procedures

• Count parking spaces + pre-existing cars
• Confirm functioning equipment
• All tablets GPS-enabled – location tracked for QA

• In-Field QA – surprise visits by supervisors
• Video recording at every site

• Post-field debrief
• Any unusual occurrences
• Challenges with data completion
• Hand-over all data products – quick QA/QC

• Customize approach based on site type
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Free Standing: The United States Post Office shown above is a free standing site. There are 
two clearly defined entrances and exits that lead only to the post office and no 
possibility/likelihood of pedestrian traffic coming from another site.
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Non-Free Standing: (In red): Cheddar’s Casual Café, Mimi’s Café and Outback Steakhouse are ALL non-free 
standing sites. This is because there is no clearly defined start or end to parking lots between the three sites. 
Outlined in blue, On the Border, is a free standing site because it has clearly defined entrances/exits to their parking 
lot that do not serve any other workplace.



Fieldwork Challenges

• Establishments ask why they must participate
• Extremely large survey catchment area

• Conduct survey by zip to maximize crew efficiency
• Conduct tracking of completes by geography

• Multiple site types – careful planning required
• Manager shifts change

• Survey information does not transfer
• Complex sampling targets require monitoring
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Establishment Survey Results
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Sampling Plan Development

• Driven by modeling needs
• Capture differences in geography

• Affects mode of access and time-of-day of travel
• Capture differences in industry type

• Affects visitor types, activity duration, time-of-day
• Also affects seasonality of travel

• Capture differences in number of employees
• Surrogate for activity measurement
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Sampling Targets
• Recruited Establishments

• Establishments with Visitor/Employee Surveys
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Central Near Periphery
Sector 0-9 10-149 0-9 10-149 0-9 10-149 150+ Total

Commerce 94 47 189 96 76 40

50

542
Edu & Personal 145 45 311 75 115 40 731
Industrial/Heavy/Construction 89 120 40 76 325
Professional services 111 172 67 350

Total 531 1,003 414 50 1,998

Central Near Periphery
Sector 0-9 10-149 0-9 10-149 0-9 10-149 150+ Total

Commerce 52 26 104 53 42 22

28

298
Edu & Personal 80 25 171 41 63 22 402
Industrial/Heavy/Construction 49 66 22 42 179
Professional services 61 95 37 193

Total 292 552 228 28 1,099



Survey Responses
• Counts + Employee Surveys
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Central Near Periphery
Sector 0-9 10-149 0-9 10-149 0-9 10-149 150+ Total

Commerce 16 12 46 21 12 8 0 115
Edu & Personal 38 8 111 34 32 12 4 239
Industrial/Heavy/Construction 22 9 27 10 8 4 1 81
Professional services 21 14 57 8 19 1 0 120

Total 97 43 241 73 71 25 5 555

Central Near Periphery
Sector 0-9 10-149 0-9 10-149 0-9 10-149 150+ Total

Commerce 29 14 56 23 33 24 1 180
Edu & Personal 37 17 63 26 30 15 2 190
Industrial/Heavy/Construction 10 13 27 13 9 4 2 78
Professional services 13 18 34 11 22 3 1 102

Total 89 62 180 73 94 46 6 550

• Counts + Employee Surveys + Visitor Surveys or Counts + Truck Diaries



Sampling Adherence
• Survey Targets

• Actual Completes

TMIP Webinar October 18, 2017: Presentation 2 - MAG Establishment & Commercial Vehicle Survey 43

Central Near Periphery
Sector 0-9 10-149 0-9 10-149 0-9 10-149 150+ Total

Commerce 52 26 104 53 42 22

28

298
Edu & Personal 80 25 171 41 63 22 402
Industrial/Heavy/Construction 49 66 22 42 179
Professional services 61 95 37 193

Total 292 552 228 28 1,099

Central Near Periphery
Sector 0-9 10-149 0-9 10-149 0-9 10-149 150+ Total

Commerce 45 26 102 44 45 32 1 295
Edu & Personal 75 25 174 60 62 27 6 429
Industrial/Heavy/Construction 54 54 23 25 3 159
Professional services 66 110 45 1 222

Total 291 567 236 11 1,105



Scale of Survey
• Sample Universe

• Sample Used
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Central Near Periphery
Sector 0-9 10-149 0-9 10-149 0-9 10-149 150+ Total

Commerce 5,443 2,370 10,931 4,835 4,490 1,885 380 30,334
Edu & Personal 11,105 2,960 23,770 4,983 9,407 1,997 557 54,779
Industrial/Heavy/Construction 4,542 2,026 9,499 2,491 4,999 735 349 24,641
Professional services 6,622 1,610 11,344 1,589 4,630 392 181 26,368

Total 27,712 8,966 55,544 13,898 23,526 5,009 1,467 136,122

Central Near Periphery
Sector 0-9 10-149 0-9 10-149 0-9 10-149 150+ Total

Commerce 5,066 2,317 10,490 4,714 4,283 1,841 337 29,048
Edu & Personal 10,945 2,916 23,440 4,893 9,273 1,973 507 53,947
Industrial/Heavy/Construction 3,699 1,785 8,350 2,118 4,095 569 309 20,925
Professional services 6,429 1,584 11,189 1,549 4,550 378 161 25,840

Total 26,139 8,602 53,469 13,274 22,201 4,761 1,314 129,760



Employee Surveys
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Participation Rate Count of 
Establishments # of Surveys Total # of 

Employees
Avg. Employee 

Size
0%* 77 0 671 9

0-10% 31 66 1,185 38
10-20% 63 149 941 15
20-30% 60 399 1,587 26
30-40% 94 647 1,847 20
40-50% 121 403 865 7
50-60% 48 657 1,183 25
60-70% 99 664 1,005 10
70-80% 62 364 480 8
80-90% 48 592 688 14

90-100% 7 161 172 25
100% 392 1,785 1,475 4
Total 1,102 5,887 12,099 11

*Establishments with 0% participation are truck GPS only locations



14%

33%

20%

18%

15%

Employee Household Size

1
2
3
4
5+

11%

21%

21%22%

18%

6%
1%

Employee Age
18-24
25-34
35-44
45-54
55-64
65-74
75+

Employee Survey Findings

TMIP Webinar October 18, 2017: Presentation 2 - MAG Establishment & Commercial Vehicle Survey 46

0

200

400

600

800

1,000

1,200

Employee Income Distribution



0

1,000

2,000

3,000

4,000

5,000

6,000

Home Someplace
Else

Work School

Non-Work Trip Ends

To Work From Work

Employee Survey Findings
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Visitor Surveys
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Participation
Rate

Count of 
Establishments # of Surveys Total # of 

Visitors
Avg. Visitor 

Size
Basic 0% 555 0 51,330 92

Full

0%* 117 20 3,487 30
0-10% 95 1,455 34,295 361

10-20% 95 1,243 8,772 92
20-30% 77 1,247 5,013 65
30-40% 52 493 1,444 28
40-50% 51 573 1,256 25
50-60% 16 319 581 36
60-70% 18 111 170 9
70-80% 9 83 110 12
80-90% 3 44 52 17
90-100% 1 13 14 14

100% 16 91 78 5
Total 550 5,692 106,602 194

*Establishments with 0% participation are truck GPS only locations



Visitor Survey Findings
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Visitor Survey Findings
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Visitor Survey Findings
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Data Fusion
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Maximize Use of Data Collected
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Fusion Opportunities & Value

• Unique data collection effort – all major surveys from the same 
timeframe

• Independent estimates of non-home activities
• Are the activity rates same for both surveys?
• Scale surveys to provide consistent estimates

• Comparison across multiple dimensions
• Commute trips by geography by ToD
• Modal choices by geography and travel purpose
• Trip length distributions by establishment type

TMIP Webinar October 18, 2017: Presentation 2 - MAG Establishment & Commercial Vehicle Survey 54



0%

10%

20%

30%

40%

50%

60%

18-34 35-54 55+

Age (Excluding 17 or Younger)

MAG Add-on 2008-09 ACS 2014 MAG HTS 2016 ETS Employee Survey ETS Visitor Survey



Survey Expansion
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Household 
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Household 
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Survey Expansion
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Household 
Survey 

Expansion

Household 
Variables

Person 
Variables

NO 
TRIP 

COUNTS

Establishment 
Survey 

Expansion

Counts by 
Time-of-Day

Universe of 
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NO 
SOC-DEM



Commercial Vehicle Survey
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Commercial Vehicle Survey
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• Logistics operators, or shipping managers to be interviewedPhone-based Survey

• Firms who own and lease trucks, receive truck deliveries
• Firms who don't get any deliveries – TERMINATEScreener

• IB/OB trucks by size
• Deliveries from/to which type
• Commodity type
• Trip lengths, External

Data to collect



Commercial Vehicle Survey
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Outline

• Introduction
• Data Collection
(Vehicle Trajectory)
• Data Analytics and 
Visualization (Web Demo)
• Future Work
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Introduction - Objectives

TMIP Webinar October 18, 2017: Presentation 3 - MAG Bottleneck Study 3

Collect and acquire 
necessary datasets to 
establish congestion 
measurement on all 
bottlenecks.

Collect vehicle 
trajectory data in 
congestion to facilitate 
understanding of 
traffic flow 
characteristics at 
bottlenecks.



Introduction - Study Phases

Phase 1
• Bottleneck Identification
• Measurements

Phase 2

• Vehicle Trajectory Data Collection
• Data Processing
• Data Analysis

Phase 3
• Bottleneck Study Visualization
• Micro-simulation
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Data Collection

Data Analytics 
&

Visualization

http://bottleneckstudy.azmag.gov/download/Generating%20A%20Veh%20Trajectory%20DB%20from%20TLAP_Paper_Revision%20for%20TRR_02252016.pdf


Phase 1 – Bottleneck Identification & Measurements
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Freeway bottlenecks identification
• Based on NPMRDS data and TMC network

Measurements/Analysis for 2014-2016, for 
each calendar day

Ranking bottlenecks by congestion measure 
and by peak period
• Vehicle delay, traveler delay, truck delay, duration of 

congestion, congestion’s spatial and temporal percentage 
by time…etc.



Phase 2 – Vehicle Trajectory Data Collection/Data 
Processing/Data Analysis
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- Images cover 5x2 
square-mile area, sec 
by sec for 2 hours in 
each peak period
- Semi-automatic data 
processing
- Origin-Destination
- Vehicle movement by 
lane (lane change, 
speed, travel time)

Vehicle Trajectory

Time-Lapse 
Aerial 
Photography 
(TLAP)

Method
Several 
heavily 
congested 
bottlenecks

Focus



Phase 2 - TLAP Survey Planning
• A five‐mile section of I‐10 at Phoenix downtown, features top 3 

bottlenecks in the region. 

• TLAP surveys scheduled for a midweek period in October 2014 for 
an expected  "normal“ seasonal conditions.
• October: the peak traffic season and the least chance of rain/cloud in Phoenix
• Two surveys per peak period were conducted in case potential incidents that 

might occur.
• Use NPMRDS historical travel time data as reference, on October 15th and 

16th, two AM peaks from 06:30 to 08:30 & two PM peaks from 15:45 to 17:45
were selected.
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TLAP (2 helicopters, 6 cameras)

Width up to 1.75 miles

(Hover 1 mile high)

up to 3 miles up to 3 miles

up to
1.25 
miles



Actual photo-board consisted with 6 images
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West Helicopter East Helicopter



Survey Images – Full Resolution Detail
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1/4
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2/4

Survey Images – Full Resolution Detail
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3/4

Survey Images – Full Resolution Detail
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4/4

Survey Images – Full Resolution Detail



Phase 2 - Ground cameras for I-10 tunnel matching
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Phase 2 - Re-identifying vehicles after exiting tunnel:
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At tunnel entrance At tunnel exit>> Few minutes later >>



Phase 2 - Data Extraction & Analysis -
Design Assignment Lines for Tracing
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WB Tunnel, forward and 
backward tracingWB on ramp 7th Ave., 

forward tracing

WB off ramp 7th St., 
backward tracing

EB Tunnel, forward and 
backward tracing

EB on ramp 7th St., 
forward tracingEB off ramp 7th Ave., 

backward tracing

Tunnel

12 origins (yellow) and 
12 destinations (blue) 
plus 10 HOV 
entrances/exits

Six assignment lines 
(AL) defined to 
effectively contain and 
sample all Os/Ds



Phase 2 - Determine Sampling Rate
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A tool was developed to decide 
sampling rate for each AL by time 
interval that would optimize
confidence levels without 
exceeding the overall labor budget. 

Simultaneous traffic volume/speed 
data in this area known.

In this case, an average sample 
rate of 10% would meet a goal of 
95% confidence level with 10% 
margin of error.



Phase 2 - Summary on Vehicle Tracing
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Traced Vehicle 
Composition:

Vehicle Sampling

Samples selected according to vehicle 
type percentage: largely PC and SUV, 
also pickup, medium truck and heavy 
truck

Samples evenly pulled from each lane

Vehicle matching at two sides of tunnel 
(for tunnel ALs);

Avoid bus, RV and motorcycle

Vehicle Type
Heavy Truck 5%
Light Truck/Pick-up 12%
Medium Truck 5%
PC 65%
SUV 12%
Commercial Van 1%

Vehicle Color
Biege 2%
Black 1%
Blue 4%
Gray 2%
Green 2%
Orange 1%
Red 11%
Silver 6%
White 67%
Yellow 4%

Vehicle Tracing

White cars frequently seen, but not always 
easy to trace (due to platooning)

95% success rate

Backward or forward tracing

Data such as O-D, travel time, and lane 
change frequency are obtained

Trace (from easy to hard):
<< Heavy truck, medium truck
<< yellow green white car
<< blue red car
<< black gray car

Tracing time = 3.5 x actual travel time



Phase 3 – Bottleneck Study Visualization and Micro-
simulation

• Build visualization tools to summarize phase 1 and phase 2 
work

• A visual analytic tool to present bottleneck information on:
• congestion measures, travel patterns, trending, and congestion causes.
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http://bottleneckstudy.azmag.gov/
(web demo)

http://bottleneckstudy.azmag.gov/


Phase 3 – Bottleneck Study Visualization and Micro-
simulation
• Fully calibrated with vehicle trajectory data from the field.
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• Courtesy of Caliper          and Lan Jiang (MAG)        https://www.youtube.com/watch?v=DSAMX1b53PA

https://www.youtube.com/watch?v=DSAMX1b53PA


Future Work

• Keep updating the website on regular basis. 
• Develop new components:

• Reliability measures
• Truck/freight measures
• Arterial bottleneck measures
• Economic impact measures
• New visualization tools
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Questions and Comments

• Maricopa Association of Governments
• Wang Zhang (wzhang@azmag.gov)
• Vladimir Livshits (vlivshits@azmag.gov)
• Shuyao Hong (shong@azmag.gov)

• Contacts of consultant teams:
• Greg Jordan (jordan@skycomp.com)
• Shawn Turner (shawn-turner@tamu.edu)
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