Workflows and Spatial Analysis in the Age of GeoBlockchain: A Land
Ownership Example
Constantinos Papantonioua*, Brian Hilton, Ph.D.a
a

Center for Information Systems and Technology, Claremont Graduate University,
Claremont, USA
* constantinos.papantoniou@cgu.edu, cpapantoniou@esri.com
Keywords: blockchain, geoblockchain, geospatial, gis, land ownership, spatial

Introduction
Blockchain is a cutting-edge and emerging technology today. However, there are mixed
views and attitudes from users due to the complexity of the technology, its maturity
level, and unconventional usage that do not highlight the real value of blockchain. The
first implementations of blockchain were cryptocurrencies artifacts such as Ethereum
and Bitcoin (Yuan and Wang, 2016). While unusual, these use cases proved that
blockchain technology could orchestrate valid transactions across a distributed network
and store those transactions in unalterable ledgers across multiple nodes (Sharma et al.,
2019). Each transaction becomes a new block; blocks are organized chronologically to
form a blockchain. The main advantages of blockchain are the speed of transactions,
data accessibility, and data accuracy (Yuan and Wang, 2016). The value of its use is the
increase in transparency and visibility among partners while reducing the risk of
corrupted information flow and the overall cost of moving items within the system
chain and organization network (Croxson et al., 2019).
Geographic Information System (GIS) technology, an inherently location-based
technology, can help answer the question of where a blockchain transaction has
occurred (Wingreen et al., 2019). The combination of blockchain with GIS underlie the
concept of GeoBlockchain. This new tool can be used to support the analysis of spatialtemporal trends of blockchain transactions via a geospatially-enabled blockchain. The
result of this research was the design, development, and implementation of a prototype
land ownership GeoBlockchain solution.
Method
As mentioned, blockchain and GIS are the main technologies that connect the front-end
and back-end components. Specifically, Hyperledger Fabric, an IBM product, was the
primary framework for the blockchain component while ArcGIS Enterprise provides the
GIS capabilities and is also used as the technology integration platform (Figure 1).

Figure 1: GeoBlockchain Architectural Design
There were three main phases for the creation of this prototype. Phase-1 was the design
and development of the back-end components where the IBM Hyperledger Fabric
blockchain API service was utilized along with the ArcGIS Enterprise GIS API rest
service. Phase-2 was the creation of various coding artifacts that connect the blockchain
API services and GIS API services resulting in the creation of the GeoBlockchain.
Finally, Phase-3 involved the creation of the front-end; an interactive dashboard that
visualizes the GeoBlockchain results in a web-based application that include various
widgets and map-based output (Figure 2). This tool also allows the user to add and edit
land ownership transactions.

Figure 2: GeoBlockchain Dashboard
Results
The outcome of this research was the instantiation of a GeoBlockchain for land
ownership transactions and a related dashboard. Through this prototype, participants
(land owners, customers, and other stakeholders) can exchange (buy or sell) land
through the blockchain component, and instantly view the results through the GIS
component. As displayed in Figure 2, a single-family property with ID 2001, and USD
price of $750,000, was transferred from Owner A to Owner B. The Geoblockchain
dashboard allows participants and stakeholders to track overall land ownership and
various statistics such as average price at the selected geographic location and/or
examine the individual land price using the GIS-based statistical tools.
Discussion and Conclusion
Discussion:
The main limitations of the current research include: (1) further iterations are required
to improve this prototype, (2) a production enterprise environment is required for realworld testing, and related to this, (3) the prototype needs to be tested with a larger data
set, and finally, (4) a formal end-user assessment needs to be conducted.
Future plans include: (1) completing the next generation of solution prototype artifact;
(2) multiple iterations to improve artifact blockchain design; (3) improving the
suitability evaluation analysis; (4) research other types of blockchains such as hybrid
blockchains for suitability and relevance; and (5) completing the pre-test and post-test
evaluation in order to add assess the GeoBlockchain framework.

Conclusion:
The outcome of this research, a working prototype, demonstrates that blockchain
technology can be integrated with geospatial technology resulting in a GeoBlockchain.
The value that blockchain gives to geospatial technology is security, immutability, and
trusted data information. On the other hand, geospatial technology provides the power
of location to the blockchain. The result is a concept that should impact society by
simplifying the land ownership transaction experience for organizations, citizens, and
government.
Acknowledgements:
We want to acknowledge the Advanced GIS Lab at Claremont Graduate University;
Environmental Systems Research Institute, Inc.; IBM; Several Blockchain consortiums;
and the various stakeholders that collaborated with this study.
References
Brambilla, G., Amoretti, M., & Zanichelli, F. (2016). Using Blockchain for Peer-to-Peer
Proof-of-Location. Retrieved from http://arxiv.org/abs/1607.00174
Coignard, J., Munsing, E., MacDonald, J., Mather, J., & Ieee. (2018). Co-simulation
Framework for Blockchain Based Market Designs and Grid Simulations. In 2018
Ieee Power & Energy Society General Meeting. New York: Ieee.
Crompton, S., & Jensen, J. (2018). Towards a Secure and GDPR-compliant Fog-toCloud Platform. In A. Sill & J. Spillner (Eds.), 2018 Ieee/Acm International
Conference on Utility and Cloud Computing Companion (pp. 296-301). New York:
Ieee.
Croxson, A., Sharma, R., & Wingreen, S. (2019). Making Sense of Blockchain in Food
Supply-Chains 2 Background Review. 1–11.
Cvetkova, I. (2018). CRYPTOCURRENCIES LEGAL REGULATION. Brics Law
Journal, 5(2), 128-153. doi:10.21684/2412-2343-2018-5-2-128-153
Dasu, T., Kanza, Y., & Srivastava, D. (2018). Unchain Your Blockchain. Proc.
Symposium on Foundations and Applications of Blockchain, 1(March), 16–23.
Dimitropoulou, C., Govind, S., & Turcan, L. (2018). Applying Modern, Disruptive
Technologies to Improve the Effectiveness of Tax Treaty Dispute Resolution: Part
2. Intertax, 46(12), 960-970.
Ferreira, J. C., & Martins, A. L. (2018). Building a Community of Users for Open
Market Energy. Energies, 11(9), 21. doi:10.3390/en11092330
Kamel Boulos, M. N., Wilson, J. T., & Clauson, K. A. (2018). Geospatial blockchain:
promises, challenges, and scenarios in health and healthcare. International Journal of
Health Geographics, 17(1), 25. https://doi.org/10.1186/s12942-018-0144-x
Kianmajd, P., Rowe, J., Levitt, K., & Ieee. (2016). Privacy-Preserving Coordination for
Smart Communities. In 2016 IEEE Conference on Computer Communications
Workshops. New York: Ieee.

Li, K. J., Li, H., Hou, H. X., Li, K. D., Chen, Y. L., & Ieee. (2017). Proof of Vote: A
High-Performance Consensus Protocol Based on Vote Mechanism & Consortium
Blockchain. New York: Ieee.
Lin, Y.-P., Petway, J., Lien, W.-Y., & Settele, J. (2018). Blockchain with Artificial
Intelligence to Efficiently Manage Water Use under Climate Change. Environments,
5(3), 34. https://doi.org/10.3390/environments5030034
Lynch, S. (2018). OpenLitterMap.com – Open Data on Plastic Pollution with
Blockchain Rewards (Littercoin). Open Geospatial Data, Software and Standards,
3(1). https://doi.org/10.1186/s40965-018-0050-y
McGinn, D., McIlwraith, D., & Guo, Y. (2018). Towards open data blockchain
analytics: a Bitcoin perspective. Royal Society Open Science, 5(8), 14.
doi:10.1098/rsos.180298
Montes, G. A., & Goertzel, B. (2019). Distributed, decentralized, and democratized
artificial intelligence. Technological Forecasting and Social Change, 141, 354-358.
doi:10.1016/j.techfore.2018.11.010
Pahl, C., El Ioini, N., Helmer, S., Lee, B., & Ieee. (2018). An Architecture Pattern for
Trusted Orchestration in IoT Edge Clouds. New York: Ieee.
Parikh, T. (2018). The ERP of the Future : Blockchain of Things. International Journal
of Scientific Research in Science, Engineering and Technology, 4(1), 1341–1348.
https://doi.org/10.5281/ZENODO.1184459
Ryskeldiev, B., Ochiai, Y., Cohen, M., & Herder, J. (2018). Distributed metaverse:
Creating decentralized blockchain-based model for peer-To-peer sharing of virtual
spaces for mixed reality applications. ACM International Conference Proceeding
Series. https://doi.org/10.1145/3174910.3174952
Sharma, R. S., Wingreen, S., Kshetri, N., & Hewa, T. M. (2019). Design principles for
use cases of blockchain in food supply chains. 25th Americas Conference on
Information Systems, AMCIS 2019, 1–10. Retrieved from
https://aisel.aisnet.org/cgi/viewcontent.cgi?article=1300&context=amcis2019
Wingreen, S., Sharma, R., jahanbin, pouyan, Wingreen, S., & Sharma, R. (2019). a
Blockchain Traceability Information System for Trust Improvement in Agricultural
Supply Chain. Research-in-Progress Papers, 5–15. Retrieved from
https://aisel.aisnet.org/ecis2019_rip/10
Yuan, Y., & Wang, F. Y. (2016). Towards blockchain-based intelligent transportation
systems. IEEE Conference on Intelligent Transportation Systems, Proceedings,
ITSC, (October 2017), 2663–2668. https://doi.org/10.1109/ITSC.2016.7795984

