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Travel Time-Based
Performance
Measures




Learning Outcomes

Define travel time and travel time reliability
Discuss the importance of travel time and travel time reliability
List performance measures related to travel time

Define the terms Cumulative Distribution Function and
Probability Density Function and explain their use in
measuring performance

Explain the use of the Travel Time Index and the Planning Time
Index in measuring performance

Calculate performance measures from raw data

Discuss how decision makers use performance measures



Performance Measures

® Defined as statistically based evidence used to track the
progress towards preset objects

® Used in a variety of disciplines (health, business, etc.)
® Name some non-transportation performance measures

® In transportation, performance monitoring using performance
measures has become essential under the Moving Ahead for
Progress in the 21t Century Act (MAP-21)



® Every aspect of
transportation
engineering has a set of
performance measures to
keep track of how well
facilities operate.

WMATA.com (12/16/2014)

Transportation Performance
Measures

Scorecard
Vital Signs Report (Q3 2014) Metro's Strategic Goals
032014 Results Using Performance to Drive Resutts
SAFETY J  QUALITY SERVICE
EMPLOYEE INJURIES ON-TIME PERFORMANCE

Employee Injury Rate 4.4

per 200,000 hours @ Bus78% ¢ Rail 90.8% @ MetroAccess 92%

CUSTOMER INJURIES

) BUS RELIABILITY RAILCAR RELIABILITY
® Cus?mfner !n!ury Rate 2.1 @ MDBF 7,301 @ MDBD 63,576
PO Miles between failures Miles between delays > 3 min

CRIME RATE

@ Bus 0.7 ESCALATOR AVAILABLITY ELEVATOR AVAILABILITY

@ Rail6.7 @ Escalators 92.9% (] Elevators 96.8%

arking Lots 0.
@ Parking Lots 0.8
per million passenger trips CUSTOMER SATISFACTION
@ Bus81% @ Rail 77%

CONNECT COMMUNITIES | PEOPLE AND ASSETS

TBD Compared to Annual Targets
Operating Expenses on Budget 1%
FY 2014 Q4 (Apr - Jun) Target -2 - 0%/Fy 14
Capital Funds Invested 93%
FY 2014 Q4 (Apr - Jun) Target 85%/F 14
Vacancy Rate 6%

Jun to Sep 2014 Target §%/CY 14




Transportation Performance
Measures

Maryland’s 2014 Annual
Attainment Report of
Transportation System
Performance

SHA & MDTA: Percent of Roadway Miles
with Acceptable Ride Quality*

The traveling public has identified acceptable ride quality {i.e., the smoothness
or roughness of the pavement) as a priority. Ride quality facilitates mobility,
efficiency and safe movement of people and goods within Maryland.

A00%

TARGET &5% Short Terrn (2013) TRGEE 34%Long Term (2019

PERCENTOF ROADWAY MILEAGE

;04 05 06 2007 FO0E 2008 M0 201 EMEZ 2E
CALENDAR YEAR

¥ Ride quality is represented by the Intemational Roughness Index (IR The SHA inventory
af mainiine divectional miles, wiichis a component of this measure, now iclude routes
of less than one mile i length so that the SHA network is move accurately and completely
representad

WA2013 data is premiiminary and sulject to change.




What is Travel Time and Travel Time
Reliability?

® Travel time (how long it takes to get from A to B) is a measure
of the impact of recurrent (repeatable) congestion

® Travel time reliability (how the time it take to A to B can vary)
is @ measure of the impact of non-recurrent (non-repeating)
congestion

® Recurrent congestion is caused by commuter traffic, shopping
traffic, etc.

® Non-recurrent congestion is caused by unanticipated events
such as crashes, special events, weather and construction



Why are Travel Time and Travel
Time Reliability Important?

Travel time and travel time reliability are transportation system
measures of mobility

These two measures are extremely important to travelers and
shippers

Transportation costs are influenced by the values of travel time and
travel time reliability

They are among the most significant transportation performance
measures

They are usually based on travel time percentiles which often follow
statistical distributions



Performance Measures Based on
Travel Time

® Copious amounts of travel time data made available
through third-party vendors have allowed DOTs to utilize
travel time/speed for their performance measures

® These performance measures quantify travel time and

travel time reliability in a way that the performance of
facilities with different lengths and or capacity can be
compared using the same metric



Terminology — Statistics

® Probability Density Function (PDF) —describes the
likelihood that a variable will assume a (range of) given
value(s).

® Cumulative Distribution function (CDF) — the probability
that a variable with a given distribution will assume a
value less than or equal to a given value.



PDF CDF Examples

Probability Density Function (PDF):
Plots of several hypothetical normal ol
distributions with various means (u) and
variance (0?). For transportation
applications, horizontal axis could

represent various travel times while
vertical axis could represent the ﬁ
probability of their occurrence. E
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Cumulative Distribution Function (CDF): 7 7
The CDF is a plot of the same data as the . _
PDF. Curves with the same colors
represent the corresponding PDF plot.
These curves indicate the probability that
the travel time will be less than or equal to
the value on the X axis.
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The Probability Density Function
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Cumulative Distribution Function
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Using Values from CDFs for
Performance Measures

oo
[N

. g5t Percentile
® Percentiles from the CDF along

with free flow travel time are used
to calculate several different type
of performance measures
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Less Then or Equal to

0 2 4 6 8 10

Travel Time (Minutes)
‘L =3 min, o =.5min

Probability of Travel Time Being

® DOTs either create their own or use commonly adopted performance measures,
which ever meet their needs

® Seethe next few slides for the performance measures many jurisdictions use



Travel Time (Index)

® Travel time by itself cannot quantify recurrent congestion since it is
dependent on a facility’s length

® TheTravel Time Index (TTI) is often used instead

® TTlrepresents the order of magnitude the free flow travel time increases
during the time period the travel times were collected (usually rush hour)



TTIlQuestions

® The less a roadway’s TTl is, the the road suffers
from recurrent congestion

® If the free flow travel time on your commute to work is
15 minutes and the rush hour TTl is 1.33, how long does
it take you on average to get to work during rush hour?



Planning Time Index

® Planning Time Index (PTI) is a travel time reliability
performance measure

® PTlis a multiplier that can be applied to the free flow travel
time to get the travel time needed to be on time 95% of the
time

® PTI compares how bad roads’ worst travel times are and how
much roads suffer from non-recurrent congestion



PTIl Questions

® The greater a roadway’s PTl is, the reliable a
roadway is

® Can aroadway have a relatively high PTl and low TTI?



Calculate the PTlI and TTI* if the free flow
travel time is the 15t™" percentile

100% /./_4""

Probability of Travel Time Being Less
Then or Equal to

30 40 50 60 70

Travel Time (Minutes)
* Use 5o percentile travel time for calculating TTI



Where does data come from?

® Travel time data can come from a variety of sources from
devices along roadways to cell phone/ GPS data collected
by third party vendors (vehicle probe data)

® The I-95 Corridor Coalition allows states to purchase third
party travel time with a set a tools used to use the travel
time data

® This initiative is called the Vehicle Probe Project



Calculating PM from Raw Data

ThIS data come from the |-95 tmc_code measurement_tsspeed  average_sreference travel_tim confidenc cvalue

. c /1 : .
Corridor’s Vehicle Probe T VY e e e e e R I
H H = 110P0446] 1,-"1,-"2013 702 56 57 57 0.31 20 1]
PrOJeCt SUIte MaSSIVe RaW |110P0446] 1,-"1,-"2013 7:03 56 57 57 0.31 20 1]
Data DOWﬂloader 110P04461  1/1/2013 7:04 56 57 57 0.31 20 0
110P0446] 1,-"1,-"2013 7:05 56 57 57 0.31 20 0
. 110P0446] 1,-"1,-"2013 7:06 56 57 57 0.31 20 o
Data comes in tables 110P04461  1/1/2013 7:07 56 57 57 0.31 20 0
110P0446] 1,-"1,-"2013 7:08 56 57 57 0.31 20 o
. . . . 110P0446] 1,1’1,1’2013 7:09 56 57 57 0.31 20 o
TMC_COde Identlfles a Certaln 110P0446] 1,1’1,1’2013 7:10 56 57 57 0.31 20 o
110P0446] 1/1/2013 7:11 56 57 57 0.31 20 o
StretCh Of road 110P0446] 1/1/2013 7:12 56 57 57 0.31 20 o
Measurement-tstamp refers to
when the speed reading was
taken .
® Reference_speed is the free flow
Speed is the speed of traffic at speed the stretch of roadway (MPH)
the time stamp on the stretch _ , .
of road (MPH) ® Travel_time is the travel time
derived from the speed reading
Average_speed is the average (minutes)

speed of the stretch of road . f' .
during that time period Confidence_score and cvalue refer

throughout the year (MPH) to the accuracy of the speed data.




1. Download Data

TS '“-'ARDEEN ST

1. Roads
Road | Region | List of TMC codes | Saved TMC Set What geog raphy?

Enter your TMC codes as a comma-separated list (e.q.

110+04645,110P04645,110+04646). [+ Auto refresh map
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1
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cnssmursr

~
5 o0
) Add TMC codes T 95
©
(2]
L2534

103+04133

Your selected roads () ¥ Remaove all

X@lE‘l_tm_c -

’ B Save as TMC set |

e What date range?

|01/01/2013| 7] - [12/31/2013] [
1 LN

| == Add another date range |
What days of the

3. Days of week

Sun |Man Tﬁ qu Tﬂ Fri | Sat Week? \WE '}
f day © GG Vr
4. Time of da H i
d What time £

S GFH ST

[07] ~ |:[oa] ~ | am [~] -to- [09] ~]:[0a] ~[[am |~ ][ Reset time |

(02|~ J-[oo ~ [ pm_| | -to- [os[ - [-[oo] ~ [ pm |~ |[ Resettime | ofday?

| = Add another time of day | | |
E OREGON .'atll-"'E
5. Fields @ . :
) Speed [+ Histaric average speed [ reference speed Wh IC h
E Trawvel time E Confidence score B C-\alue fl e | d 57

6. Averaging @
(®) Don't average (_) 5 minutes ()10 minutes What

()15 minutes () 30 minutes (21 hour
granularity: e

7. Description @




2. Create Percentiles

! I J €
[=}
100 Percentiles
100 0.05
) 100 0.1
Open the data up in MS Excel 100 &

. 100
Save as an Excel File 100

. 100
Create a column of the percentiles you want 100

Excel to calculate

5% granularity is advisable because most
percentile based performance measures are
divisible by 5




3. Calculate Percentiles

K3 - f || =PERCENTILE.EXC($CS2:$C537361,13)
I J K L M N
1
® Use Excel’'s PERCENTILE.EXC i , F’erﬂegt[i:glspi_d%l
command which calculates 7 o1 =

percentiles based on a selected
array =PERCENTILE.EXC({5C52:5C537361,13)

® Don'tforget to use ‘s’ when
referring to the array

- (Speed/Travel Time Array, Percentile)

11 0.45 62

® If you had travel time data for a > 0c o3
given period of time, how could 13 0.55 63

14 0.6 63

you calculate performance e oo -
measures? 16 0.7 64

17 0.75 64

18 0.8 64

19 0.85 65

20 0.9 66

21 0.95 67



Calculate Performance Measures

) K L M N
1
2 |Percentile Speed
3 0.05 58
4 0.1 59
5 0.15 60
6 | 0.2 61 I X/Y
7 0.25 61 |
® To calculate percentile-based 8 03 62
f imply pluginthe |~ 0-35 o2
per ormance measures simply p g 0 0.4 o

percentiles calculated into the 11 045 62

performance measure equation 12 0.5 63
13 0.55 63
14 0.6 63

o ) : :
Free-flow travel time can be given or R o
assumed (85" percentile, reference 16 0.7 64

speed, speed limit, etc.) ; o.org 22
® What would the TTI be? (X &Y) ;2 05; 22
21 0.95 67

22 |Free flow



Using Performance Measures

® |f performance measures are available for a whole
roadway network, it gives decisions makers information
of which parts of the transportation network are
operating well and which need investment to improve
operations

® If a particular stretch of roadway is monitored before and
after an improvement, the resulting performance
measures can show if the improvement was justified



Performance Measure Application
Example (General Awareness)

PM Peak Hour (5PM-6PM)

91 mi
5%

254 mi
15‘

157 mi
9%

Highway Mileage by TTI

Legend

Uncongested (TTI < 1.15)
Light (TT1 1.15-1.3)
Moderate (TTI 1.3-2.0)
Severe (TTI > 2.0)

Notes:

- Based on Travel Time Index (TTI), the ratio of the average
travel time to the free fiow travel ime of the segment.

- For example, a TTl of 1.5 means that a trip that takes 10
minutes in uncongested conditions will take 15 minutes in

average peak hour traffic.

Source: 2013 Maryland Mo

Maryland Freeway/Expressway Congestion Map

What are some areas with
bad congestion?

ility Report

PM Peak:

- 20% of the freeway/expressway

system is congested

- 33% of the VMT on the freeway/

expressway system occurs in
congested conditions

Copyright: ©2013 Esri, Del orme, NAVTEQ




Performance Measure Application
Example (Investment Prioritization)

® Rankings of the worst segments in an area help decision makers focus on
key areas

® Engineering judgment, politics, and policy also play a role

B. Top 30 Unreliable Segments

The Planning Time Index (PTI) is a measure of the variability in travel time a motorist should plan for taking into
account potential impacts due to such elements as weather. The PT| was calculated for the AM peak hour
(7-8 AM) and the PM peak hour (5-6 PM) for expressways/freeways based on INRIX data limits which
define multiple sections between interchanges. The top 30 most unreliable roadway segments for the AM
and PM peak hour are listed in the following tables.

TOP 30 UNRELIABLE SEGMENTS AM PEAK 2012

2012 Rank Road Location Direction 2012 PTI | 2011 Rank | Rank Change
1 1-495 1-95 to Montgomery CO/L Outer Loop 6.30 1 ]
2 1-495 @ MD 650%* Outer Loop 6.00 4 -2
3 1-495 Prince Georges CO/L to MD 650 Outer Loop 6.00 2 +1
4 I-495 MD 650 to MD 193** Outer Loop 5.25 9 -5
5 1-695 MD 147 to MD 41 Outer Loop 5.17 8 -3

Source: 2013 Maryland Mobility Report




Performance Measure Application
Example (Investment Justification)

2013 Mary[am{ State Highway Mobility Report

CHANGE IN CONGESTION LEVELS IN THE MD 200 REGION BETWEEN 2010
(BEFORE) AND 2012 (AFTER)

Before (2010) and After (2012) Comparison of Congestion: AM Peak Hour (8:00-9:00 am)

Legend
icC
Travel Time Index Changesxcna nges
,—lr"n:ruw:'-dlw-lﬂ"ﬁ N

yoday Ayjiqo puejAieln €Toz :924n0S
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