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Exploring 12.5+ billion statements 
with Faceted Search



A Need for Information Retrieval

➔ The development of tools that support knowledge discovery lags the pace of knowledge 

graph development, in general…

➔ and with respect to spatial and temporal data, 

in particular.

➔ We need to effectively utilize, navigate, and understand the statements… 

➔ contained within the KnowWhereGraph.



Knowledge Explorer (Liu et al.)

A faceted search 
interface for…

➔ Enables more search functionalities under complex search 

conditions.

➔ Helps address a wide range of tasks ranging from cross-gazetteer 

place search to disaster management to expert search. interactively 
browsing and 

navigating the 
KnowWhereGraph

Liu, Z., Gu, Z., Thelen, T., Estrecha, S. G., Zhu, R., Fisher, C. K., ... & Hitzler, P. (2022, November). Knowledge explorer: exploring the 12-billion-statement KnowWhereGraph using faceted search (demo paper). In 
Proceedings of the 30th International Conference on Advances in Geographic Information Systems (pp. 1-4).

https://stko-kwg.geog.ucsb.edu

https://stko-kwg.geog.ucsb.edu


Architecture

➔ Built with Angular JS *which we have recently changed to Angular 2

➔ Deployed with Node.js

➔ Backed by GraphDB enhanced by ElasticSearch

➔ Map display and control with Leaflet

➔ URI dereferencing with extended Phuzzy.link framework (Regalia 

et al.)

➔ Source code, setup instructions, and further documentation on 

GitHub: 

https://github.com/KnowWhereGraph/kwg-faceted-search

Regalia, B., Janowicz, K., & Mai, G. (2017, October). Phuzzy. link: A SPARQL-powered Client-Sided Extensible Semantic Web Browser. In VOILA@ ISWC (pp. 34-44).

https://github.com/KnowWhereGraph/kwg-faceted-search


Query Generation

➔ Faceted search queries are generated modularly by a function that calls sub-functions to 

construct their subsets, …

➔ and these queries can also be expanded to 

more complex ones.

➔ Not all geospatial relations that directly link places from different gazetteers have been 

computed and stored in the triplestore… ➔ so we implemented an S2 cell–based 

information retrieval method.



In the KnowWhereGraph, S2 cells connect 
places through pre-computed RCC8 relations 
(Shimizu et al).
➔ The S2 cells where geographic features of 

interest are located were identified first.

➔ Then, we examined these cells to determine 

whether they are topologically linked to the 

administrative region of interest. 

Shimizu, C., Zhu, R., Mai, G., Fisher, C., Cai, L., Schildhauer, M., ... & Stephen, S. (2021, December). A Pattern for Features on a Hierarchical Spatial Grid. In Proceedings of the 10th International Joint 
Conference on Knowledge Graphs (pp. 108-114).



S2 Cell–based Information Retrieval

➔ Our querying strategy is to consider hierarchical grids as intermediate nodes to obtain 

possible answers.

➔ We leverage discrete global grids as a unified spatial reference system to link disconnected 

geographic entities in the graph.

https://s2geometry.io/



Elasticsearch Index Management

➔ Although GraphDB does not support native text retrieval, we integrated it with 

Elasticsearch to enable full-text search and result ranking. 

➔ An Elasticsearch GraphDB connector instance

◆ We enabled all literal fields to be analyzed, and synchronized all values of those 

properties with multiple values.

◆ The index is set to be automatically updated to be synchronized with the graph as it 

evolves.



Dereferencing

➔ We extended Phuzzy.link’s support for information display about densely linked entities and 

customized its display for specific triple patterns. 

➔ This system also supports a “follow-your-nose” type of browsing for both machines and 

humans, with content negotiation in place for easy exploration of related entities. 

➔ We linked faceted search results to the dereferencing interface so that users can find 

additional information about a particular entity which, in turn, opens more possibilities for 

subsequent searches.



User Interface Interaction



Knowledge Explorer Demo

http://www.youtube.com/watch?v=gIcgwwNSIZo


A KnowWhereGraph- and 
Geovisualization-Empowered 
Cyberinfrastructure



Supporting Disaster Response

➔ When a disaster occurs, it is important to acquire information about the potentially affected 

area, its infrastructure, and its people in order to…

➔ develop situational awareness and plan a 

response to address the humanitarian needs 

of the affected population.

➔ This requires rapid assembly of multi-source geospatial data that need to be organized 

and… ➔ visualized in a way to support disaster-relief 

efforts.



An Integrated Schema for Disaster Management

➔ Location Ontology

➔ Storm Track Ontology 

➔ Health Index Ontology

➔ Disaster Expert Ontology

➔ Disaster Impact Ontology



Descriptions and Sources of Datasets



Our visualizations system both selects subgraphs 

and integrates them to meet decision needs.

● The visual scenes are not necessarily organized as a 

single decision path.

● The VIEW can be split into multiple branches to form 

a decision tree.

In a disaster relief scenario, three scenes are used 

to contextualize disasters and potential risks.

● A fourth scene is used to find experts with 

specialized knowledge to facilitate an effective 

response.

Scene-based Visualization Strategy

1. Identify subgraphs based on a humanitarian relief use case

2. Map subgraphs to scenes in a visualization workflow



The GeoGraphVis Framework

Li, W., Wang, S., Chen, X., Tian, Y., Gu, Z., Lopez-Carr, A., ... & Zhu, R. (2023). Geographvis: a knowledge graph and geovisualization empowered cyberinfrastructure to support disaster response and 
humanitarian aid. ISPRS International Journal of Geo-Information, 12(3), 112.

➔ React.js

➔ DeckGL

➔ The D3 library



GeoGraphVis Resources

➔ Hosted on http://cici.lab.asu.edu/kwg/vis/

➔ Github repository: https://github.com/KnowWhereGraph/GeoGraphVis

http://cici.lab.asu.edu/kwg/vis/
https://github.com/KnowWhereGraph/GeoGraphVis


GeoGraphVis Demo

http://www.youtube.com/watch?v=U1zBiWOfSJ0


Cropland Impact Assessment Tool



Cropland Impact Assessment Tool Demo

http://www.youtube.com/watch?v=0KzHtx_09F0


Using GeoEnrichment Extensions for 
QGIS and ArcGIS



GeoEnrichment in GI Systems Supports 
Decision-Making.
➔ Esri’s GeoEnrichment service enables analysts to enrich their local data on-demand with a 

range of up-to-date demographic variables apportioned to their area of concern and need.

https://www.esri.com/en-us/arcgis/products/arcgis-platform/services/geoenrichment

https://www.esri.com/en-us/arcgis/products/arcgis-platform/services/geoenrichment


Advantages of GeoEnrichment Services

➔ Data are always up-to-date and does not age on 

the analyst’s hard disk.

➔ In times of misinformation and information 

overload, the data come from a trusted resource.

➔ The data are tailored to the analyst’s study area.

➔ The data can be directly processed, analyzed, and 

displayed by GI systems.

Janowicz, K., Hitzler, P., Li, W., Rehberger, D., Schildhauer, M., Zhu, R., ... & Currier, K. (2022). Know, Know Where, KnowWhereGraph: A densely connected, cross-domain knowledge graph and geo-enrichment 
service stack for applications in environmental intelligence. AI Magazine, 43(1), 30-39.

https://www.esri.com/en-us/arcgis/products/arcgis-platform/services/geo
enrichment

https://www.esri.com/en-us/arcgis/products/arcgis-platform/services/geoenrichment
https://www.esri.com/en-us/arcgis/products/arcgis-platform/services/geoenrichment


GI System Functionalities

➔ Spatial analysis

➔ Mapping patterns of geographic processes

➔ Geo-data management

➔ …

https://www.esri.com/en-us/arcgis/about-arcgis/overview

https://www.esri.com/en-us/arcgis/about-arcgis/overview


Still… There are Key Limitations (Janowicz et al., 
2022).
➔ They only serve data for a small set of predefined categories, such as demographic data.

➔ They are closed data silos that encode just one domain/cultural perspective.

➔ Because they are centrally maintained, scalability and timely updates become bottlenecks 

when those services try to incorporate more (diverse) data.

➔ They do not have an integration layer that enables follow-up queries over the enriched 

data.

Janowicz, K., Hitzler, P., Li, W., Rehberger, D., Schildhauer, M., Zhu, R., ... & Currier, K. (2022). Know, Know Where, KnowWhereGraph: A densely connected, cross-domain knowledge graph and geo-enrichment 
service stack for applications in environmental intelligence. AI Magazine, 43(1), 30-39.



Toward KG-based Geo-enrichment (Services)

➔ A new approach is needed that combines the strength of geo-enrichment services, that is, 

seamless access to contextual information for an analyst’s areas of concern, with a 

technology that provides open, densely integrated, cross-domain data across a wide range 

of perspectives. (Janowicz 2021)

➔ The KnowWhereGraph provides a solution.

Janowicz, K. (2021). Knowwheregraph drives analytics and cross-domain knowledge. ArcUser (2021), 16-19.



What We Can Contribute Back to GI 
Systems.
➔ Extensions to both commercial and open-source GIS software packages, e.g., ArcGIS and 

QGIS.

https://www.esri.com/en-us/arcgis/about-arcgis/overview https://www.qgis.org/en/site/

https://www.esri.com/en-us/arcgis/about-arcgis/overview
https://www.qgis.org/en/site/


Starting from An Early Work
➔ Region-based spatial data retrieval

➔ Property enrichment for geographic entities

➔ Direct relation exploration among geographic entities

➔ N-degree relation identification



Demo within ArcGIS (&QGIS) 

http://www.youtube.com/watch?v=QwG1LvnddII


Resources on Installation and Usage
➔ Github repository for the ArcGIS Extension: 

https://github.com/KnowWhereGraph/geoenrichment-qgis

➔ Github repository for the ArcGIS Extension: 

https://github.com/KnowWhereGraph/geoenrichment-arcgis

➔ Geo-Enrichment Extension Documentation

https://www.knowwheregraph.org/tools/geoEnrichment/

https://github.com/KnowWhereGraph/geoenrichment-qgis
https://github.com/KnowWhereGraph/geoenrichment-arcgis
https://docs.google.com/document/d/1vlvjD0ukkcXmgoiR1DG85rMxFCuX7wJLMLaUAI3Lw6U/edit?usp=sharing
https://www.knowwheregraph.org/tools/geoEnrichment/


● Why spatial is special in knowledge graphs?

● The KWG’s ontology, data, and pilots

● Spatial Data Integration via S2 cells

● Querying the KWG & Geovisualization

● Building tools on top of the KWG

Summary and Ongoing Work


