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WHY ALL THIS?

To Design Policies

We Want to Understand Needs and Habits
of People

and

Develop Policy Simulation of Qatar

* Travel of people by different means
* Activities are the key to understanding and modeling people’s travel behavior

* We are social animals and for this reason understanding human interaction is
Important

* This means define policies for different people and account for interactions

* Then create models that help us predict what will happen in the future under
different policy scenarios

* Model need to be sensitive to changes in space, time, and attributes of
transportation system



A Few Definitions
To Understand

Activities
Trip -In home stay (sleep, eat, personal
- A - care)
Origin Destination -Work
-Eat meal

Stage 2

sl — G
- Trip with two stages o

-Means of travel is called mode of travel (drive alone, car sharing,
taking a bus, cycling, walking)



Time

Activities in Time and Space
The Activities

Activities:
H ... Home




Activities in Time and Space
The Activities
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Eventually we want this for different policy scenarios




Sequence of QSTM-ABM
Models

Year t=0 Every year after  Framework
Initialization t=0

Spatial Distribution
People and Activities

Population
Synthesis

Growth
Forecast

Long Term Choices Long Term Choices

Household
Evolution

Daily Schedules &
Choices

Daily Schedules &
Choices

Land Use —
Regional
Econom

Routes & Routes &

Assignment to

Networks Assignment to Networks

Pollutant Emissions Pollutant Emissions &
&

Traffic Simulation

Traffic Simulation




Sequence of QSTM-ABM
Models

Year 1 Year 2 & Later
Initialization

Spatial Distribution

PopGen People and Activities

N

CEMSELTS POPGEN: For each spatial unit recreates resident
population person by person and household by
household using externally provided data
(Municipality, Planning Zone, & Traffic Analysis
Zone Levels)

CEMDAP

DTA/TRANSIMS Uses data at the person and household level jointly
& with seed tables of relationships among control

Static Assignment

variables of our choice (Household Interview)

MicroEmissions
&
EMFAC




Sequence of QSTM-ABM
Models

Year 1 Year 2 & Later
Initialization

PopGen Spatial Distribution
P Peoble and Activities

CEMSELTS: For each person and household
generated by PopGen, additional attributes are
created here using econometric models, lookup

tables, and consistency rules

Attributes added to each household and person:
education, employment attributes (employed or
not, work duration, work flexibility, work location,

DRSS industry), driver’s license holding, student status
Static Assignment and school location, number of cars, etc.

MicroEmissions MicroEmissions
& &
EMFAC
EMFAC

CEMSELTS




Sequence of QSTM-ABM
Models

Year 1 Year 2 & Later
Initialization
o

CEMDAP: Creates a complete day for each
person with activities, locations, tours,
trips, mode used etc.

CEMDAP

It also ensures consistent schedules within
a household and allocates cars to each

DTA/TRANSIMS . .
& person/tour/trip following a set of models
Static Assignment
MicroEmissions MicroEmissions
& &
EMFAC EMFAC

10
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Year 1
Initialization

CEMSELTS
CEMDAP

DTA/TRANSIMS
&
Static Assignment

MicroEmissions
&
EMFAC

Sequence of QSTM-ABM
Models

Year 2 & Later

Spatial Distribution
People and Activities

Assignment -> traffic on the network and
passengers on transit
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Year 1
Initialization

PopGen

CEMSELTS

CEMDAP

DTA/TRANSIMS
&
Static Assignment

MicroEmissions
&
EMFAC

Sequence of QSTM-ABM

Year 2 & Later

Spatial Distribution
People and Activities

vAwnaith

Possibly Depending on Information
Available

(at @ minimum we can compute
greenhouse gas emissions from vehicle
kilometers and type of vehicles)

Models



CEMSELTS

Models (Base Year)

Individual Level Household Level
Models Models

Household Income

Residential Tenure

No
School Status RSN Labor
Participation

Yes

Employment
Industr

Housing Type

Employment

Location Vehicle Fleet

Work Duration

Vehicle Make Choice

Work Flexibility

Primary Driver Allocation

*
*
!
*
—
*

Annual Mileage i




Synthetic Schedule Simulation
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Representing Activity-travel

Patterns
Recognizing Fixities
Non-Workers Workers
= No obvious activity with spatialand = The “work” activity has spatial
temporal fixities and temporal fixities
= Person more flexible in scheduling = Person schedules his/her
his/her activities activities around the work activity



Available Time and
Accessibility

A) B) C) D)
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Los Angeles County - Finance and Insurance
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Transit Accessibility

60 meters / min walking speed  °
6 min penalty for switching transit lines
Max time set at 3 hours ¢
Sparse distance matrix in output
Do not report if >3 hours —

~Access Points to Public Routes of Public Transportation

. Transportation R




Walk Time Isochrones Example

Legend
A Origin
transit
scag_taz_lu
173320_walk

Minutes
161.19 - 180

I 142.379-161.19
B 123569 - 142.379
Il 104759 - 123.569
I 85.949 - 104.759

P 67.138-85.949
B 48.328-67.138

20.518 - 48.328
10.707 - 29.518




Transit Travel Time Isochrones Example

Legend
A Origin
transit
Transit time 9:30(D) 173320
Minutes
161.19 - 180
142,379 - 161.19
B 123569 - 142.379
I 104.759 - 123.569
I 85.949 - 104.759
P 67.138 - 85.949
B 48.328-67.138
29.518 - 48.328
10.707 - 29.518
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AM Peak

AM Peak

AM Peak

Maximum number of reachable retail employees for a 20-minute
buffer by time of day in Central Los Angeles by Private Car

Midday PM Peak

Maximum number of reachable retail employees for a 20-minute buffer by transit
by time of day in Central Los Angeles.

Night Time

PORTUNITY-BASED ACCESSIBILITY
) A€, : A
i,

/6 .\ ‘ /:\\ /{ ® /.'\ '

Midday

PM Peak Night Time

Maximum number of reachable education employees for a 20-minute buffer by
transit by time of day in Central Los Angeles.

Night Time AM Peak Night Time

Maximum number of reachable education employees for a 20-
minute buffer by time of day in Central Los Angeles by Private Car

Sit




Representing Activity-travel
Patterns

Workers

Temporal

fixity

Start of day T

Leave for Arrive at

work work

Temporal
fixity
T End of day
Leave Arrive back

work home



Representing Activity-travel
Patterns

Workers
Temporal
fixity
Before work Home to work
period | commute J
v A A
Start of day
Leave for Arrive at
work work
Temporal
fixity
Work-based Work to home After-work
period commute period
> |—— >le

A A

End of day
Leave work Arrive back home



Representing Activity-travel
Patterns

Workers

Temporal
fixity

3a.m.on
dayd

Home-Work
Commute

Before-Work Tour

Home-Stay Duratio Home-Stay Duration ork-Stay Duration

A 4
A
A

A 4

A 4

A 4
A

| |
A A A
Sl SZ

Leave home
for non-work activities

Temporal
fixity

Work-Home
Commute

After Work Tour

Work-Based
Tour

ome-Stay Duration

ork-Stay Duration

Arrive back home Leave for work Arrive at work Leave work

3 a.m.on
day d+1

Home-Stay Duration

for non-work activities

28

i 1 | |
£ yy A LT yy yy IS_I Is_l Y
S, S, 5 6
Arrive back at work Leave work Arrive back home Leave home Arrive back home
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Representing Activity-travel
Patterns

Workers

* Start and end times of the work activity

* For the Work-Home and Home-Work commutes:
— Mode(s)
— Number of stops
— Duration

®* Number of tours

— Before work, based at work, and after work
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Representing Activity-travel
Patterns

Workers

* For each tour:
* Mode(s)
* Number of stops
* Duration
* Home-stay duration before tour
* Work-stay duration before tour

* For each stop:
* Activity type
e Activity duration
* Travel time to activity
* Location of activity
* Mode to the location



Representing Activity-travel
Patterns

Non-Workers

3 a.m. on day

d
Home-Stay Duration before

Morning Home- Stay Duration
2" Tour

\ 4

\ 4
y N

Sy S,
First Return-Home Episode Departure for Third Stop (S;)

Departure for First Stop
(S,)

3 a.m. on day
d+1

Home-Stay Duration before Last Home-
Mth Tour Stay Duration

\ 4
P\ 4

Departure for Mth Return-Home Episode

(M-1)th Return-Home
(K-1)* Stop (S.,)

Episode

31
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Non-Workers

Representing Activity-travel
Patterns

* Number of tours during the day

* For each tour:
— Mode(s)
— Number of stops
— Duration
— Home-stay duration before tour

* For each stop:

Activity type

Activity duration
Travel time to activity
Location of activity
Mode to the location



Representing Activity-travel
Patterns
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Output/Deliverables
(typical travel model KPI summary)

Emissions and Fuel Model 1 Model 2
Consumption

Organic Gases (g/mile) 0.943 0.926
CO (g/mile) 9.498 9.348
NOx (g/mile) 1.929 1.955
CO2 (g/mile) 561.340 543.545
Gasoline (gallons/mile) 0.051 0.050
Gasoline (mile/ gallons) 19.377 20.203
Diesel (gallons/mile) 0.102 0.101
Diesel (mile /gallons) 9.833 9.893
Organic Gases (g/person-day) 22.291 21.333
CO (g/person-day) 224.553 215.388
NOx (g/person-day) 45.606 45.050
CO2 (g/person-day) 13271.790 12524.452
Vehicle Km Travel/person-day 23.643 23.042




* For each person daily schedule of
activities and trips in tours

* For each household joint and joint s SRS RIS s
activities with other members R NS . B

*For each car areport on how it was  » Siiismeidefraie ===
used 5 L a L T

» Sensitivity to policies at all levels JEEEE o Gpns TN e
(car ownership, daily pattern of PO B 1l -
activity and travel, tour level, Shntys LIS N S Y

duration of activities, destinations,
mode to each destination)
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We want exact location from the destination
choice(McKenzie’s Dissertation)

o3
/Q’@ S Marker Category Distance (m)

A Bakery 39.2
9 B Nightclub 41.4
Q Q C Nightclub 69.9
> D American Restaurant 62.7
@ 6}@/ (@q“’ o E Bakery 73.7
@6} Q/O F Fast Food 65.0
e G Apparel Store 85.8
H Ice Cream Shop 82.6
Q I Movie Theater 94.2
J Pub 88.9
o > K Cosmetics Shop 60.9
& L Diner 70.0
Q/O Q M Italian Restaurant 45.7

Q N Furniture / Home Store 114.9

O Grocery Store 147.8
‘ P BBQ Joint 82.3
S o @ Q Burrito Place 88.1
2 Y% R Italian Restaurant 93.6

$ s
@
O



If we have temporal sighatures for each place
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| 1 |
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|
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Nightclub

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Airport

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

We can “distort” space by the probability of most likely activity location
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Marker Actual Distorted

@ Dist.(m) Dist.(m)
A 39.2 25.8
L Q (BAD) B 41.4 71.4
C 69.9 99.9
D 62.7 79.8
' E 73.7 60.3
Q @ F 65.0 59.5
G 85.8 95.6
H 82.6 106.7
I 94.2 112.8
J 88.9 116.1
H K 60.9 61.1
0 L 70.0 60.6
@ M 45.7 64.5
N 114.9 109.5
o) 147.8 143.9
@ P 82.3 110.5
N Q 88.1 115.2
R 93.6 112.4

The bakery wins (point A)

Spatial allocation assignment probability can be done with a variety of other methods
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McKenzie’s Dissertation on Temporal Signatures

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Accessories Store

Hookah Bar
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Big data in this case

18 million synthetic people, their households, and cars
Millions of business establishments e
All networks for cars, buses, metro, railways °

Complete enumeration of opportunities and destination
choices

Imagine combinations of data we can test usinga °
simulator like this as a test bed!



