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What are the distinguishing characteristics of 
networks in geography? 

Kalinigrad, Russia by OpenStreetmap.org (2010) 
Wind Cave by Bernie Szukalski and NPS (2010) 
Lawrence Livermore IP routing graph by Graphserver (2010) 
;  
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SLEUTH of Washington, D.C., by NASA & USGS (2004) 
Dublin, Ireland, by OpenStreetMap.org (2010) 

Tantalus Creek Hydrology by USGS (2007) 
General Transportation Problem by Glennon 

Christaller k=4 by Wikipedia.org (2010) 
Random Walk by Wikipedia.org (2010) 

Shortest Path by Graphserver project (2010) 



Geographically Embedded Network 

“GENet” 

Image: Bonnie Long 2011; flickr.com/photos/68527152@N05/6235796437/ 



Types of GENets 
 
 

Physical GENet 
Pathways tangibly exist in 
geographic space 

 
Abstract GENet 
Actors are embedded in 
geographic space, but 
pathways are conceptual 
 

  

Source: Szukalski/NPS (2010) and Slavevoyages.org (2013) 



Operations Research 
 Dijkstra, 1959 
 Moore, 1959 
 Ahuja, Magnanti, and Orlin, 1993 
 
Transportation 
 Garrison 1958 
 Kansky, 1963 
 Haegerstrand, 1970 
 
Hydrology 
 Horton, 1945 
 Shreve, 1967 
 Maidment, 2002 
 
Simulation 
 von Neuman, 1966 
 Conway, 1970 
 Wolfram, 2002 
 
GIS 
 Tomlinson’s CGIS, 1970 
 Goodchild, 1991 
 Albrecht, 1997 
 



Tom Cova 

Matt Niblett Mei-Po Kwan 



G = (V, E) 
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VECTOR                                                  RASTER 



Source:  http://www.flickr.com/photos/tofuart/7185212974/ 



Source:  http://www.flickr.com/photos/tofuart/7185212974/ 











Data Modeling: GENet Flow 
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Use cases represented as 
UML data models 
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Mapped and uncertain 
routes 
 
Dynamic attributes as a 
function of space 



Selecting streets bounding a city block                                Calculating shortest path 

NETWORK ANALYSIS 
Comparison 
Optimization 
Simulation 
Process 



Simulating urban growth near a road 



Constructing a stream network from a Digital Elevation Model 



Dijkstra’s Shortest Path 
Algorithm 



Simulation Workflow 



Workflow for 
constructing a stream network from 

a Digital Elevation Model 



Parameters 
For characterizing 
GENet operations 
(modified from 
Mitchell 2000)  



Is a model spatial?                                       four possible tests (Goodchild 2012) 
 
 
invariance test 
spatially explicit models are variant under relocation of the objects of study 
 
representation test 
spatially explicit models include representation of location in their 
implementations 
 
formulation test 
concepts such as location or distance appear directly in the model 
in algebraic expressions or behavioral rules 
 
outcome test 
spatial structures of inputs and outputs are different 
it modifies the landscape on which it operates   
 



Properties of GENets 
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Source: USGS and Glennon 
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Source: USGS and Glennon 



Properties of GENets 
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Source: Google Maps 2013 



Properties of GENets 
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Plaza Mayor, Madrid 

Source: Google Maps and Jose Saleta 



Plaza Mayor, Madrid 

Properties of GENets 
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Properties of GENets 
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http://www.westernwatersheds.org/images/watersheds/eforksalmon-watershed.jpg 



C o n s i d e r i n g  G E N e t  P ro p e r t i e s  
 
• Construct more useful and appropriate algorithms: 

identification of leverageable characteristics, limitations of 
various analytical approaches 
 

• Development of best practices 
 

• Create maps that afford human understanding of networks 

LEFT: A walk seeded by the first 166,000 digits of pi (Davis 2012); RIGHT: map of Jewel Cave, South Dakota (NPS 2008)  









Castle                         Daisy                        Grand                     Old Faithful                Riverside 

July 4, 2012, Prediction Windows 



I t inerary  Strategies  
 
Naive 

No planning; a random 
walk through basin 

 
Informed 

Assess predictions and 
make an itinerary at the  
beginning of the day 

 
Expert 

Continuously update 
itinerary with respect to 
incoming, real-time data 

 



Imagery: Bing Maps 2013 



Imagery: Bing Maps 2013 



Imagery: Bing Maps 2013 









Geyser Notebook 



Informed Scheduler 



Expert Scheduler 



Castle                         Daisy                        Grand                     Old Faithful                Riverside 

July 4, 2012, Prediction Windows 
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GTP Itinerary Results 



Using  GENet  propert ies  to  improve  
analyt ica l  resul ts  

 
SCALE: harmonizing the granularity of the path and events 
 
SPATIAL UNCERTAINTY: data stream verification; “Tragedy of the  
Data Collection Commons” (missing data); finer scale in 
important areas to reduce utility ambiguity 
 
AREAL INTERACTION: viewsheds (the neighborhood) affect utility 
along path; future: leverage spatial autocorrelation of events 
 
CONSTITUENT HETEROGENEITY: possible to achieve more than 
one objective at the same place; consider other path properties 
(like path width and wind direction) 



Contr ibut ions  to  the  F ie ld  
 
• The identification of an initial set of GENet characteristics and 

description of methods for uncovering more such properties  
 

• A technique for creating geographic data models 
 

• The development of a geographic data model for GENet flow; 
formalization of known and uncertain linkages with respect to  
flow  
 

• The development of a GIS workflow for GENet itinerary 
creation that addresses: recurrent visits and satiation; multiple 
objectives at a single location; and real-time activities with 
uncertain completion times  



What ’s  Next ?  
 
• Look for more GENet properties; find people to help 

 
• Explore methods for integrating dynamic GENet attributes 

 
• Characterize Abstract GENets 

 
• Describe linear programming formulation for optimal solution to GTP 

 
• Generalize GTP to other itinerary creation domains 

 
• Explore the nature of geyser eruption moving means 

 
• Continue exploration of real time mobile decision making (egocentric spatial analysis) 

 
• Enumerate and describe a “Naïve Geography” of networks in geography 

 
• Study, describe, and explore alternatives to overcome the “Tragedy of the data collection 

commons” 
 

• Participate in time comparison research in GIS 
 

• Create, use, and encourage general optimization tools for GIS 
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