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What’s inside your 
smartphone? 



 Turns out, a lot 
 Important things: 
◦ A-GPS: derives your location using a clock, relativity, at least 3 

satellites, wifi, and bluetooth 
◦ Gyroscope: detects very precise changes in movement and direction 
◦ Accelerometer: tracks changes in speed 



What does your 
smartphone know 
about you? 



 Turns out, a lot 
  
 Important things: 
◦ Your location (as long as it’s on your person) 
◦ Changes in speed, direction 
◦ Frequent/favorite locations (e.g. work, home, school, 

favorite bars/restaurants) 
◦ State of your health 
◦ Which websites you like to go to 

 
 



What can we use this 
data for? 





Number and location of pot holes 
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Distance, speed, and elevation gain of bicycle trips.  
Race others, or yourself!  

 
Data cost: roughly $0.80 per user 

St
ra

va
 







St
ea

m
bo

at
 S

pr
in

gs
, C

O
 

Low(er) density, actual canyon effects  low accuracy 



Apprx. 1.4 million origin-destination points generated  
from cell phone movements within the region over a 30-day period 



Contracts start ~$10k, but can be as low as 
$3500 depending on the sample size 
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Can’t control your data collection? Collect it yourself!  



PROS               vs               CONS 
◦ Terrabytes of data, obtained quickly                                         

_ 
 
◦ Relatively cheap data, compared to other 

data collection techniques  
 
◦ More complete understanding of travel 

patterns, “do-it-yourself” sampling 
 

◦ More data = more power! … 
 
 
 

◦ Can you store this much data? Can you do it 
securely? Both have associated costs 
 

◦ Expensive “entry”; e.g. data storage, legal 
costs, public processes, etc.  
 

◦ Dubious validity with selective sampling                                 
_ 

 
◦ But correlation & causation become very 

muddy with too much data. Sampling is still 
necessary 
 



THANK YOU 

Drew Stiehl 
Boulder County Transportation 

Multimodal Division Intern 
MURP ‘15 

 
Drew.Stiehl@gmail.com 

314-583-2053 



Electric Vehicles in Colorado:
It’s not your Dad’s Olds

APA Colorado State Conference
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What are EVs



Keeping it real since



Owned by Denver’s most prominent famlies



Hydro-electric powered charging stations
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Aspen



Colorado EV ownership

*per 1,000 residents



How do you charge them?































What do they mean for CO’s 
economy?





Car center of the universe changing

Detroit Silicon Valley





What do they mean for 
GHG?







EV recycling market 
is just emerging



Less to leak over time and during crashes



Lowers the “silent oil” spill



What is the government 
doing?





Sad but still true…







http://cleanairfleets.org/programs/charge-ahead-colorado





vehicle miles traveled 
estimating and forecasting 



VMT 101 

[traffic volume]  x  [roadway length] = VMT 

X 
xx miles 



why is VMT useful 
• performance monitoring indicator 

– amount of driving 
– mode share 
– GHG and other vehicle emissions 
– roadway capacity 

• track trends 
• compare to other locations 



national VMT trends 

source: State Smart Transportation Initiative (FHWA and Census Bureau data) 



VMT per capita 

-6% 

Source:  FHWA and US Census Bureau 

western states 2006-2012 

-6% -1% -1% -8% 

          

US CO ID MT WY 

                    

VMT 

-2% -4% +7% +6% -2% 

US CO ID MT WY 



measuring VMT 

image credit: flashreport.org 



define area being measured 

corridor internal attributable 



polygon model 

• biased toward higher volume streets 
• does not account for external travel 
• includes pass-through traffic 
• good reality check 
• provides no analytics (trip purpose, traveler type, etc.) 
 

miles of street x traffic volume = vmt 
(GIS) (counts) 



activity model 

• aggregated from behavioral data 
• draws from studies 
• combined with demographic data 
• supports estimation of external travel 
• provides some data on trip purpose, traveler type 
• provides some data on seasonality 

vehicle trips x trip length = vmt 
(survey data) (survey data) 



case study: Teton County, WY 

internal 



PMT* Model 

Person 
Trips 

PMT – 
Person 

Miles of 
Travel 

VMT – 
Vehicle 
Miles of 
Travel 

Land 
Use 

Trip 
Rates 

Trip 
Lengths 

Mode 
Share 

*person miles of travel 11 



VMT by group 

resident 

visitor 

in-commuter 

population 

dwelling units 

lodging units 

census data 



VMT by group 

winter 

summer 

shoulder 

season 

occupancy rate 
trip length 





forecasting VMT 

baseline scenario: no change in travel behavior 
plan scenario: 5% mode shift from SOV 



informing cost estimates 



monitoring VMT overtime 



case study: Aspen, CO 

attributable 



VMT activity model 

Season

Data
Effective 

Popu-
lation

SOV 
Mode 
Share

MOA 
Mode 
Share

MOA 
Vehicle 

Occ.

Daily 
Trips

Trip 
Length

SOV VMT
MOA 
VMT

Daily 
VMT

Residents 7,792 29% 18% 2.6 3.7 3.8 31,911 7,503 39,414
Commuters 5,821 45% 13% 2.5 3.3 4.5 39,588 4,379 43,967
RFV Visitors 2,386 39% 20% 2.6 3.7 4.5 15,434 3,062 18,496
Other Visitors 12,885 15% 59% 2.6 3.7 4.5 32,456 48,445 80,901
RFTA Bus 2,667
Single Unit Truck 965
Comb Truck 1,954
TOTAL 28,884 119,389 63,390 188,364

Summer



example: commuter travel behavior 
Commuters
Definition: Workers who work in the Aspen EIB and live outside the EIB
Description Summer Winter Shoulder Annual Source

Pitkin County jobs 15,597 17,594 13,930 15,707 Bureau of Labor Statistics, Quarterly Census of Employment and Wages (2013)
Seasonal variation -0.7% 12.0% -11.3% 0.0%
Pitkin County workers 16,660 18,793 14,879 16,777 2013 American Community Survey Workers by Workplace Geography
% working in Aspen TAZ 78% 78% 78% 78% 2014 Regional Travel Patterns Survey
Aspen EIB workers 12,935 14,591 11,552 13,026
% commute 70% 70% 70% 70% 2014 Regional Travel Patterns Survey
Aspen EIB commuters 9,055 10,214 8,087 9,118
Days per week commuting 4.5 4.5 4.5 4.5 Estimate
Average daily commuters 5,821 6,566 5,199 5,862

Aspen employee SOV 36% 38% 2014 Regional Travel Patterns Study
Aspen employee MOA 10% 16% 2014 Regional Travel Patterns Study
Aspen employee Bus 35% 38% 2014 Regional Travel Patterns Study
Aspen employee Walk/Bike 20% 10% 2014 Regional Travel Patterns Study
In-commute SOV 45% 42% 44%
In-commute MOA 13% 18% 15%
In-commute bus mode share 44% 42% 43%

Average MOA vehicle occupancy (per trip per vehicle) 2.51 2.51 2.51 2.51 2013 American Community Survey Means of Transportation to Work by Workplace Geography (Aspen)

Average daily trips per person 3.3 3.3 3.3 3.3 Assumed to be 90% of resident trip rate

Trip length from EIB boundary to downtown Aspen 5.0 5.0 5.0 5.0
Average commute trips per commute day 2.0 2.0 2.0 2.0
Average Trip Length by Commuters in EIB 4.5 4.5 4.5 4.5

Trip Length

Commuter Population

Commute Mode Share

Vehicle Occupancy of Carpool Trips

Trip Rate



by travel group 

non-local visitors 

commuters 

residents 

local visitors* 

large trucks 

RFTA buses (1%) 

(44%) 64m 

(26%) 37m 

(16%) 23m 

(9%) 13m 

5% 8m 

1.1m 

*from Roaring Fork Valley outside Aspen 



by season 

summer  

winter 

shoulder 

(38%) 56m 

(36%) 53m 

(26%) 38m 

summer = Jun - Sep 
winter = Dec - Mar 
shoulder = Apr - May & Oct - Nov 
 



by vehicle and fuel type 

Car (sedan, wagon, small SUV, crossover) Gasoline 24.4 38.1% 55,791,068 2,287,611

Car (sedan, wagon, small SUV, crossover) Diesel 25.0 0.4% 514,322 20,593

Car (sedan, wagon, small SUV, crossover) Electric n/a 0.03% 39,406 0

Truck (med/large SUV, pickup, van, minivan) Gasoline 17.9 50.0% 73,273,931 4,082,787

Truck (med/large SUV, pickup, van, minivan) Diesel 17.6 4.4% 6,518,415 370,400

Motorcycle Gasoline 43.5 1.0% 1,508,814 34,650

RFTA Bus (standard) B5 Biodiesel 4.3 0.6% 874,468 205,757

RFTA Bus (BRT) CNG 5.8 0.1% 196,641 34,199

Single-Unit Truck (& other bus) Gasoline 7.3 0.4% 617,226 83,982

Single-Unit Truck (& other bus) Diesel 7.3 0.6% 837,532 113,958

Combination Truck (semi, tractor-trailer) Diesel 5.8 4.4% 6,384,608 1,091,479

Total 100% 146,556,433 8,325,416

Fuel TypeVehicle Type
Miles per 

Gallon
Gallons of Fuel 

Consumed
% of Total 

VMT
Annual VMT
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