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|. Long Distance Travel Patterns
— With destination attractiveness as one geographic context
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LIST A CODES - TRIP PURPOSE LIST B CODES - METHOD OF TRAVEL

I Going to work NON-MOTORIZED: Il Private Shuttle (SuperShuttie. employer. hotel. etc.) 21 Dial-A-Ride / ParaTransit (Access Services. etc.)
2 Business (work-related meeting | convention | seminar) 1 Walk 12 Greyhound Bus 21 Amtrak Bus
3 Combined business and pleasure 2 Bike 13 Airplane 13 Other Bus
4 Schookrelsted actviy 1 Wheelchasr | Mobility Scooter 14 Other Private Transit Rail / Subway
5 Vst inends | relatives | wedding | funeral 4 Other Non-Motorired (skateboard. etc.) PUBLIC TRANSIT: 24 BART, Matro Red / Purple Line
& Medical PRIVATE VEHICLE: Bus 25 ACE, Amtrak, Caltrain, Coaster, Metrolink
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7 Carpool / Vanpool Galden Gote Trowelt. oic) Trolley | Orangs | Bhus | Green, VTA Light Rail
8  Motorcycle / Scooter | Maped 17 Promium Bus (Metro Orange / Silver Line) gs«-g:mc.
PRIVATE TRANSIT: 18 School Bus Other
9  Taxi / Hired Car | Limo 19 Pubkc Transit Shuttle (DASH, Emery Go-Round., erc.) :;ﬂ',’

NSF Mobility Workshop o e e ke A




Data - Survey

e 18,008 (42.44%) from the total of 42,431 CHTS households

#of Total
HH # of # of # of Dail HHs
Size # of Workers Students Drivers  Cars Tripsyin in
Diary CHTS
Households 2.59 1.31 0.65 1.98 2.02 9.36 18,008
that Report
Long
Distance
Travel
Households 2.56 1.15 0.64 1.78 1.75 7.50 24,423
that do not
Report*
Long
Distance
Travel
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Preliminary Analysis

1. Binary Logit model — model whether a household Contexts (household)
haS LD travel or nOt USIng ItS baSIC CharaCterIStICS (dependent variable: 0 = reported long distance and 1 did not report long distance trips)

Estimate Std. Error z value

Selected results: Hispanic households are more likely  (ntereep) 1236 oom 1624
to report LD travel but when the interview was done # Workers DS 00 2397
in Spanish they are less likely to report LD travel. # Cars 0101 0.013 7650
Interview in Spanish 0.610 0.063 9.749
Hispanic Household -0.198 0.028 -7.190

Household Income is
$10,000 to $24,999 -0.168 0.070 -2.389
$25,000 to $34,999 -0.390 0.073 -5.365
. . . . . $35,000 to $49,999 -0.534 0.070 -7.585
1. Zero-inflated Poisson/Negative Binomial $50.000 t0 $74.999 0736 0069 10,695
. $75,000 to $99,999 -0.921 0.070 -13.100
regression— model the count of LD $100.000 t0 $149,999
$150,000 to $199.,999 -1.076 0.077 -13.983
$200,000 to $249,999 -1.179 0.089 -13.225
Selected results: the more persons/workers in a S2500000rmore e 0058 e
household, the fewer number of LD travels — intra- Income Refised 002 0076 2180
household constraints. Lives in single family home -0.082 0.033 -2.462
Lives in mobile home 0.190 0.070 2,723
Lives in bldg with 20+ apartments 0.210 0.053 3.984
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How about external (geographic)

contexts ?

 However, CHTS provides data about the main outbound leg and
return leg but not the access and egress portion of a tour; it also
does not provide information about opportunities for activity
participation at the access and egress station, home location
and primary destination.

Qutbound leg

Access Primary
Station Destination

Access
mode

L e Long Distance Conceptual Tour Structure (reproduced from CSI, 2014) (0@



Geographic Contexts
(Semantic Signhatures)

 Why is this destination attractive to the household?

Data: Foursquare
Method: the N nearest POls are queried for each destination

- Popularity of the neighborhood

» check-ins, number of users, number of tips, ratings (quantiles, distance-
weighted statistics, distance-buffering statistics)

- Semantics of the neighborhood

« feature types
« convex area of the nearest POIs — spatial arrangement
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Geographic Contexts
(Semantic Signhatures)

 Feature tvpes — topics of the neiahborhood

L. A. INTERNATIONAL AIRPORT, LOS ANGELES, CA, -118.402943, 33.042878 HOME, SANTA BARBARA, CA, -119.805985, 34.452963
i
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divel _',-_..I‘.: C . .
5 S z :
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©

BIKE RACE, REDDING, CA, -122.359935, 40.569064 HAPUNA BEACH PRINCE HOTEL, KAMUELA, HI, -155.821209, 20.002854
= americanrestaurant
H B - seafoodrestaurant
2. 8 C s taurant = ot
= S park c.5 restaurant
: I 5 ) grocery o O japa t t
T u = =
: 90 @ café ol B mcafe
ot @ 2opat ayhotel
. hardwarestore P CD
ital alr‘rcsIaLur_ai'wtd: = e
- nliiaran O steakh 3] -Q t
ire O . 59olfcourse
mexicanrestaurant g pourmet

Entropy of feature type: the
diversity of the neighborhood
Topic modeling (Latent Dirichlet
Allocation): as an analogue to the
text mining, we regarded each
destination as an document, with
its N neighbors' feature types as
the words in the document — 50
topic distribution for each
destination



Geographic Contexts
(Semantic Sighatures)
« Convex hull:

The convext hull of Knapp's Castle
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Modeling the LD pattern

» Behavior outcome variables (dependents)

- Transportation Mode: miles traveled by air, by car, by public transportation, Overnight tour:
overnight stays of the tour;

- Temporal: the season during which the tour was made,
- Spatial: indicator whether the tour was in CA

- Purposes: the main purpose of the tour, number of trips in work related business, vacation,
and outdoor recreation.

« Behavior determinate variables (independents)

- Household: home type, household size, number of employed, number of vehicles, home type,
Hispanic, block group category ...

- Foursquare: rating, number of users, convex hull area ...
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Modeling the LD pattern

e Structural Equation Model

(with latent variables)

e 072¢005)

2107.133)

Measurement model fory: y=A n+é&

Jo02 (.000)

Measurement model for x: x=A &+

318 (.032)

Structural model: y =B +I'é+ &

miles
1.000 (.000) transit
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Observations

« Overall we see that in addition to the household characteristics
Influencing long distance travel, the place and type of
residence play an important and significant role in shaping long
distance travel patterns.

 We also see that foursquare does provide significant indicators
of attractiveness of the main travel destination and shows it is
worthwhile continuing the collection of data of this type via an
observatory that combines behavioral data from diaries with
land use data of the residence and social media data.
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purpuse;

Modeling the LD pattern — —
 Structure Equation Model
(without latent variables) X — e
y=By+Ix+¢& S e
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Observations

* Higher income are more likely to travel by air for longer
distances but larger households with many cars, living in
exurbs and rural environments, and Hispanic households
are less likely to travel by air long distances. They are more
likely to fly long distance when one or more trips in a tour are
for work related business and/or vacation.

* The foursquare relationships show tours with more air miles are
more likely to be in denser areas (e.g., big cities) that received
higher foursquare ratings.
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ll. GeoSpatial Semantic Signatures
- A framework to quantify geographic contexts
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Topic 312

Semantic Sighatures

 Thematic Signature:

can be computed out of
unstructured text using topic
modelings from sources such
as Wikipedia, travel blogs,
news article, and so forth

arnp, o ow, park, high {ee iE

gaong, abov, plung, Upper, pool, VIEw, Ser L3

Adams, B. and Janowicz, K. (2015) Thematic Signatures
for Cleansing and Enriching Place-Related Linked Data.
International Journal of Geographical Information
Science. Volume 29, Issue 4.
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Football (American) Stadium Airport

00 02 04 O8

 Temporal Signatures:

Temporal (Check-in) Probability

analyze on the time

trend of phgckins, or ant %I______ J------_
other activities, at an ¢ oM T oWt oF s e owotowot ok s

instance/feature type o -

using social media data . ! II
pom ““"I'III."' L.'

60 02 04 06

----‘.IIII
W HHAWITESENEBRE N

* pen
McKenzie, G., and Janowicz, K. (2015) Where is also
about time: A location-distortion model to improve
reverse geocoding using behavior-driven temporal

signatures. Computers, Environment and Urban ..Illlllll-l- ' . -lllll.lllll.lllll

Systems. Volume 54, November 2015, pp. 1-13
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Spatial Point Pattem Spatial Association Spatial Interaction with Place-based Statistics
Other Geographic
. . Features
S m t S t Inensiy Global Moran | min Number of distinc sates
e an IC Igna ureS Mean distance to max ——
Standard deviation of mean Entropy of states (or counties)
distance o nearest
L] L] W
e Spatial Signatures: o by | _ ,
Semivariogram value (& first minof shortest | Number of adjacency states (or
distance lag) distance counties) that also have features
- - - N [ with the Larget type
use spatlal statistics to didh) i
. . Loal Ripley's K (range) Network | mean of shortest | Number of distinct feature types
guantify the spatial tma_ | tewmrighn
Ripley's K (mean std. of shortest
: : deviation) distance
Organlzatlon Of places Semivariogram value (at median Entropy of nearest |  Entropy of feature types for
distance lag) road types nearest neighbor
Standard deviation Mean precipitation
ellipse (rotation)
Standard deviation Std precipitation Mean KL Divergence
ellipse of the topic
(stdl. along x-axis) distribution
Smdad_ deviation Mean Tmax LDA- Enltupy uf me topic
(4 gy iy Sebaiop e a1t | Ciae | S Tous | bied s
| mtensity Mean Tmin
. . 1 Kerndl density (range) Mean T
Zhu, R., Hu, Y., Janowicz, K. , and McKenzie, G. o wml;: m;:m
(2016) Spatial Signatures for Geographic Feature widt) pressure
Types: Examining Gazetteer Ontologies using el

Spatial Statistics. Transactions in GIS
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Applications

« Current applications of using signatures to integrate geographic
contexts

- Place name disambiguation

- Map user locations from spaces to places

- Geo-spatial ontology / feature type schema alignment
- Coreference resolution

- Place attractiveness for modeling travel patterns
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Conclusions & Discussions

« Discussed our initial results of modeling long distance travel patterns
at California with context augmentation at destinations;

* Introduced semantic signatures for quantifying geographic contexts.

However, there are still some open questions:

 How to use semantic signatures, or the guideline we provided, to
guantify contexts for modeling mobility (for both human and

animals)?
 How to model the trajectory context?
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Thanks for your attention!

Question/comments?




Tour

Long Distance Travel Origins (8-week Record)

o Potentially Usable FTe P =
Completeness Criteria Characteristics e . fﬁt' L A
Category W Sk N caally
+ One rip . Or1g1.n and dest.matlon - "‘-'-;i":; : : o 4
o locations and distance from 3 .
: : « No continuity with other LD ~4 \
Single Trip . . home :
trips reported by this :
+ Single mode used
household . .
» Single trip purpose
« Multiple trips in sequence I B
» Trip destinations generally » Duration (floor only)
Partial Tour match next origin, but * Multiple locations
discontinuity is allowed « Mix of modes
« Start and/or end may not beat  + Mix of purposes -
home
« Multiple trips in sequence
« Trip destinations always match =« Duration (precise)
Combplete T next origin * Multiple locations : =
omplete 1our . Ol'lgll’l of first tl‘lp and « Mix of modes Long D Travel Destmatlo?s .(8-week Record)
destination of last trip are at * Mix of purposes & — . o2 : x
home : . Y 5'-5&__‘4_;. : o
Single Trip Partial Tour Complete ~ 3 5 B <8
Single Day - 970 7,688 - f ,.'
One Overnight - 593 1,924 b
2-6 Overnights -- 1,545 5,207
7+ Overnights - 1,979 2,122 R B oo M
Unknown Duration 18,298 172 678
Total Tours 18,298 5,259 17,619
Total Trips 18,298 12,690 37,194
Households with at 9,513 3,560 9.540
least one such trip

Rui Zhu
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Measurement model fory: y=A n+¢ (Eq L)
Measurement model forx: x=A £+ (Eql.2)
Structural model: n =B+ T'E+ & (Eq. L.3)

where y = px1 vector of observed endogenous variables.
x = g x1 vector of observed exogenous variables.
n =mx1 vector of latent endogenous variables.
& =nx1 vector of latent exogenous variables.
£ = px1 vector of measurement errors in y.
0 = g x1 vector of measurement errors in X.

A, = pxm matrix of coefficients of the regression of y on 7.

A, =g xn matrix of coefficients of the regression of x on &.

B = mx m matrix of coefficients of the 7 -variables in the structural relationships.

I' = m x n matrix of coefficients of the& -variables in the structural relationships.

£ = mx1 vector of equation errors in the structural relationships.

NSF Mobility Workshop

y=By+Ix+{ (Eq. 1.4)

where y = px1 vector of observed endogenous variables.
x = ¢ x| vector of observed exogenous variables.
B = p x p matrix of coefficients of the y-variables.
[" = p x ¢ matrix of coefficients of the x-variables.

£ = p x1 vector of equation errors.
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