
  1
NSF Mobility Workshop Rui Zhu

Quantifying the Attractiveness of 
Destinations for Modeling Long Distance 

Travel Patterns

Rui Zhu

STKO Lab
Department of Geography

University of California, Santa Barbara



  2
NSF Mobility Workshop Rui Zhu

Outline

I.  Long Distance Travel Patterns

II. Semantic Signatures 



  3
NSF Mobility Workshop Rui Zhu

I. Long Distance Travel Patterns

– With destination attractiveness as one geographic context
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Motivations
● California Household 

Travel Survey (CHTS)

● develop profiles of long 
distance travel in 
California at a 
household scale to be 
used in a variety of 
planning activities
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Data - Survey

● 18,008 (42.44%) from the total of 42,431 CHTS households 
provide information about their long distance (LD) travel. 
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Preliminary Analysis  

1. Binary Logit model → model whether a household 
has LD travel or not using its basic characteristics 

Selected results: Hispanic households are more likely 
to report LD travel but when the interview was done 
in Spanish they are less likely to report LD travel.  

1. Zero-inflated Poisson/Negative Binomial 
regression→ model the count of LD 

Selected results: the more persons/workers in a 
household, the fewer number of LD travels → intra-
household constraints. 

Contexts (household)
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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.  
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Geographic Contexts 
(Semantic Signatures)

● Why is this destination attractive to the household? 

Data: Foursquare
Method: the N nearest POIs 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 Signatures)

● Feature types → topics of the neighborhood

● 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
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Geographic Contexts 
(Semantic Signatures)

● Convex hull:
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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

● Structural Equation Model

(with latent variables)
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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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Modeling the LD pattern

● Structure Equation Model

(without latent variables)
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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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II. GeoSpatial Semantic Signatures

- A framework to quantify geographic contexts
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Semantic Signatures

● Thematic Signature: 

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

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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Semantic Signatures

● Temporal Signatures:

analyze on the time 
trend of checkins, or ant 
other activities, at an 
instance/feature type 
using social media data

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 
Systems. Volume 54, November 2015, pp. 1-13
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Semantic Signatures

● Spatial Signatures:

use spatial statistics to 
quantify the spatial 
organization of places

Zhu, R., Hu, Y., Janowicz, K. , and McKenzie, G. 
(2016) Spatial Signatures for Geographic Feature 
Types: Examining Gazetteer Ontologies using 
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 

quantify 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?
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