
Peter’s Research Program
GEOG 5803

January 16th, 2024
Online



Theoretical Approach

• GIS vs. GiScience

• Map Making vs. Cartography



Collaboration Approach



Core Concept of Program: 
Interoperability



Interoperability

• Simple definition: the ability of (geographic) information systems to 
readily share information and operations.

• Syntactic (e.g character sets)
• Schematic (e.g. database structure) 
• Semantic (e.g. terminology, classification systems, meaning)



Evolution of Perspective



Theme 1: Data Management
Foundation of interoperability and geomediation



DATA LIFE CYCLE



Grounding the Lifecycle Approach
● Findable 
● Accessible
● Interoperable 
● Reusable 
● “FAIR” principles

https://www.force11.org/group/fairgroup/fairprinciples

https://commons.wikimedia.org/wiki/File:FAIR_data_principles.jpg



Data Management Planning

https://dmptool.org/

https://dmptool.org/public_templates



Data Publication
https://www.datacite.org/



Schema.org + Google Data Search

https://toolbox.google.com/datasetsearch



Cloud Platforms/Virtual Research Environments

Polar Thematic Exploration Platform

Google Earth Engine

https://researchworkspace.com

https://earthengine.google.com

https://portal.polar-tep.eo.esa.int



Theme 2: Building Communities 
of Practice





IASC Data Statement



Arctic Data Committee
• Formed Nov ‘14
• IASC-SAON partnership
• National and voluntary 

members + Indigenous 
(2017)
• Promote and enable:

• Understanding the system
• Effective data policy
• Infrastructure
• Ethically open access
• Attribution
• Standards and 

interoperability

http://arcticdc.org



“Polar Data Planning Summit”
22-24 May, 2018, Boulder, Colorado

Award 1749243



Arctic Observing Summit – Davos, June 2018



Polar Data and Systems 
Architecture Workshop
28 – 30 November 2018, Geneva



2nd Arctic Science Ministerial Science Forum (26 Oct 
2018, Berlin): policy dimensions

https://www.arcticscienceministerial.org/en/





Data Service or Science?



Using Systems Science and Domain Visualization 
to Model & Understand the System

Dr. Katia Kontar



A Complex, Diverse Socio-Technical Polar 
Information Ecosystem

Visualization & data courtesy Arctic Data Committee; P. Pulsifer; Polder ; R. Duerr

Pulsifer, P.L. Kontar, Y., Berkman, P.A., Taylor, D.R.F. (2019). Chapter 12. Information Ecology to Map the Arctic Information 
Landscape. In Sustainability of Shared Marine Regions. Volume 1. Governing Arctic Seas: Regional Lessons from the Bering 
Strait and Barents Sea, edited by Oran R.Young, P.A. Berkman, P.A. and Alexander N. Vylegzhanin. Springer.



Modeling Networks

http://staging.arctic-data-ecosystem.apps.nsidc.org/

http://staging.arctic-data-ecosystem.apps.nsidc.org/


Prototype Demonstration

https://develop.gcrc.carleton.ca/mdpe/index.html



Themes 1 & 2 Summary

● Fundamental research in the areas of data management methods, 
standards, and technology is enabling the next generation of 
(geographic) analysis tools

● Next generation tools are emerging from the intersection of many 
different areas of expertise and disciplines

● Communities of practice are an integral part of the system

● We need to increase our understanding of how these communities form 
and thrive



● Berez-Kroeker, Andrea L, Lauren Gawne, Susan Smythe Kung, Barbara F Kelly, Tyler Heston, Gary 
Holton, Peter Pulsifer, et al. “Reproducible Research in Linguistics: A Position Statement on Data 
Citation and Attribution in Our Field.” Linguistics 56, no. 1 (2018): 1–18.

● Brown, Nicholas, Stephan Gruber, Peter Pulsifer, and Emilie Stewart-Jones. “Permafrost Data 
Workshop 2020,” 2020.

● Hayes, Amos, Peter L Pulsifer, and JP Fiset. “The Nunaliit Cybercartographic Atlas Framework.” In 
Modern Cartography Series, 5:129–140. Elsevier, 2014.

● Lauriault, Tracey P, Peter L Pulsifer, and DR Fraser Taylor. “The Preservation and Archiving of Geospatial 
Digital Data: Challenges and Opportunities for Cartographers.” In Preservation in Digital Cartography, 
25–55. Springer, 2010.

● Lauriault, Tracey P, DR Fraser Taylor, and Peter L Pulsifer. “Will Today’s Internet Maps Be Available 
Tomorrow? The Preservation and Archiving of the Cybercartographic Atlas of Antarctica through 
Action Research.” In International Perspectives on Maps and the Internet, 417–436. Springer, 2008.

● Pulsifer, P, L Yarney, Øystein Godøy, Julie Friddell, W Vincent, Taco DeBruin, and M Parsons. “Data 
Management for Arctic Observing.” Arctic Observing Summit, White Paper, 2013.

● Pulsifer, Peter L. “Enhancing a Socio-Technical Data Ecosystem for Societally Relevant, Sustained Arctic 
Observing.” AGUFM 2017 (2017): C11C–0924.

● Pulsifer, Peter L. “The Cartographer as Mediator: Cartographic Representation from Shared 
Geographic.” Cybercartography: Theory and Practice, 2006, 149.

● Pulsifer, Peter L, Yekaterina Kontar, Paul Arthur Berkman, and DR Fraser Taylor. “Information Ecology to 
Map the Arctic Information Ecosystem.” In Governing Arctic Seas: Regional Lessons from the Bering 
Strait and Barents Sea, 269–291. Springer, 2020.

● Pulsifer, Peter L, Sandra McCubbin, Stein Sandven, and Mark A Parsons. “Developments in Polar Data 
Management 2006-2019 and Beyond: Standardization and Community-Building in Support of 
Enhanced Interoperability.” In EGU General Assembly Conference Abstracts, 22498, 2020.

● Pulsifer, Peter L, and DR Fraser Taylor. “The Cartographer as Mediator: Cartographic Representation 
from Shared Geographic Information.” In Modern Cartography Series, 4:149–179. Elsevier, 2005.

● Tanhua, Toste, Sylvie Pouliquen, Jessica Hausman, Kevin M O’Brien, Pip Bricher, Taco De Bruin, Justin 
James Henry Buck, et al. “Ocean FAIR Data Services.” Frontiers in Marine Science 6 (2019): 440.



Despite the available data resources, 
structures and technologies, we are still 

unable to easily, efficiently and quickly use 
arctic data for interdisciplinary research or 

complex applications…

... we lack effective data mediation 
(mediators)



Theme 3: Geographic Information 
Mediation



Simple Definition of Geographic Information 
Mediation

“The process of sharing geographic information across differences.”  
(Pulsifer, Parsons)

Note: sharing implies understanding between parties



Selected Dimensions of Geographic 
Information Mediation
• Many kinds of mediation
• (Geo)Informatics: “middleware”
• Cartography: sensory mediation
• Communications and media 

studies, critical theory: social 
construction of information
• Cognitive research: knowledge 

models
• Legal, diplomacy: dispute 

resolution
• Linguistics: translation



Technical Mediators
• Full standardization across 

communities is difficult
• Mediators can aggregate, 

transform, re-distribute
• Mediators use 

infrastructure and can be 
developed and funded 
separately
• Brokering is emerging as a 

potential solution to some 
interoperability issues

http://gtnp.arcticportal.org/
http://www.esrl.noaa.gov/psd/iasoa/
http://www.arcticobservingviewer.org
https://ace.arsc.edu/
http://eloka-arctic.org

http://gtnp.arcticportal.org/
http://www.esrl.noaa.gov/psd/iasoa/
http://www.arcticobservingviewer.org/
http://eloka-arctic.org/


Mediation for Serving Multiple Audiences



Community Mediators
• Frascati 2016 workshop result:
Key current challenges are social and organizational rather 

than technical : supporting human networks, promoting 
standards, and aligning policy with implementation



Interdisciplinary Research Approach

Researching mediation requires collaboration and participation:
• Geographers
• Indigenous knowledge holders
• Indigenous knowledge scholars
• Social scientists
• Physical scientists
• Computer scientists, Human Computer Interaction
• Linguists
• Science diplomacy, public policy researchers
• Anthropology
• Archaeology



Influences

• Many Indigenous scholars (e.g. 
Daniel Wildcat, Jay Johnson, Renee 
Pualani Louis, Deborah McGregor)
• Susan Leigh Star
• George Lakoff
• Mark Parsons
• Geosemantics (e.g. Barry Smith, 

Frederico Fonseca, Mark Gahegan)
• Mei Po Kwan 

• Fraser Taylor
• Nadine Schuurman
• Daniel Sui
• Arun Agrawal
• Jeremy Crampton
• Nigel Thrift
• …



Case Study: Linking Documented 
Indigenous Knowledge & Science
Geo-Semantic Mediation



https://gcrc.carleton.ca



ELOKA
http://eloka-arctic.org/



Geosemantic Mediation Research 
and Application Opportunities



Challenges of Sharing Knowledge Language

Communicating Inuit Muskoxen and Environmental Knowledge



Cyber tools for information translation for and with end users

One of our project activities and outcomes is to mobilize genomics and Indigenous Knowledge for decision making   

Considering the potential practical, economic, legal and ethical issues of mobilizing genomics for decision making 

– including those pertaining to Indigenous perspectives and rights, Indigenous data sovereignty
and national and international frameworks and commitments that may influence policy at different levels of government



Linked Open Data and Semantic 
Solutions



Semantic Methods and Technologies



Triples



Linked Open Data &
Semantic Web

https://lod-cloud.net/

http://wiki.openstreetmap.org/wiki/OSM_Semantic_Network

https://toolbox.google.com/datasetsearch

http://wiki.openstreetmap.org/wiki/OSM_Semantic_Network


Opportunities

• Reduced effort in knowledge modeling
• Ability to expand and share representations (models)
• Search, analysis, support of advanced application development
• Powerful linking capabilities across domains
• Potential to infer new knowledge through reasoning



Communicating Geo Knowledge from 
Nunatsiavut

Prototype from http://www.arcticnet.ulaval.ca/research/summary.php?project_id=72

C. Furgal, 
T. Sheldon PIs

Pulsifer, P.L., Brauen, G. (2017). Geo-Semantic Web. In Understanding Spatial 
Media, edited
by Kitchin, Rob Lauriault, Tracey P. Wilson, Matthew W., Sage , 136-148, Art No. 13, 
isbn:
9781473949683



Wildlife and Subsistence (tangible)



Policy Frameworks (less tangible)



Communicating Geo Knowledge

Integrated map allows user to explore real world instances of a 
particular concept (e.g. Caribou)



Space and Time
Timeline slider along with map allows 
exploration of concepts over time and space



Temporal Filtering
Governance

Industry

Understanding change over time is critical, and 
thus the tool includes the ability to filter 
results on both the concept and geographic 
maps based on when a concept or geographic 
feature existed. 



Understanding Iñupiat Sea Ice Knowledge

Photo	credit:	Matthew	Druckenmiller



Concept Mapping with Iñupiat Sea Ice Expert

Lewis Brower
Utqiagvik, Alaska



Focus on Processes



Function: Safety a Priority



Intricate Environmental Observing Process



Goal: Geo-Semantic Mediation Across 
Knowledge Domains (ideal)

Cape Dorset WMO (SSIII)

https://sikuatlas.ca/index.html WMO Nomenclature



Semantic Challenges

Iñupiaq:

Siguliaq
Young ice, gray or gray-white in 

color,  in the transition stage 
between nilas and first-year ice, 

that is 10-30 cm in thickness



Critical Ontology Questions

•The development of new knowledge modeling 
and representation techniques raises important 
questions



Implications of Translating Knowledge to Code



Reflexive Approach to Mediation Research

• Are these methods appropriate for modeling all kinds of knowledge 
(e.g. Indigenous)?
• How might modeling in this way affect knowledge access and control?
• What are the risks of misrepresentation?
• Will linking to other knowledges ‘dilute’ or negatively transform 

different kinds of knowledge?
• Increased risk of knowledge appropriation?



• Duerr, Ruth E, James McCusker, Mark A Parsons, SiriJodha Singh Khalsa, Peter L Pulsifer, Cassidy Thompson, Rui Yan, Deborah L McGuinness, and Peter Fox. “Formalizing the Semantics of Sea Ice.” Earth Science 
Informatics 8, no. 1 (2015): 51–62.

• Eicken, Hajo, Finn Danielsen, Matthew Druckenmiller, Maryann Fidel, Donna Hauser, Lisbeth Iversen, Noor Johnson, et al. “Community-Based Observations Help Interface Indigenous and Local Knowledge, Scientific 
Research, and Education in Response to Rapid Arctic Coastal Change.” In EGU General Assembly Conference Abstracts, 12248, 2020.

• Eicken, Hajo, Mette Kaufman, Igor Krupnik, Peter Pulsifer, Leonard Apangalook, Paul Apangalook, Winton Weyapuk Jr, and Joe Leavitt. “A Framework and Database for Community Sea Ice Observations in a Changing 
Arctic: An Alaskan Prototype for Multiple Users.” Polar Geography 37, no. 1 (2014): 5–27.

• Eicken, Hajo, Sandy Starkweather, Henry W Loescher, Raychelle Daniel, Peter Pulsifer, Matt Jones, Will Ambrose, Alice Bradley, and Craig Lee. “A Roadmap from Coordination to Implementation–Actions in Support of 
Sustained Coordinated Observations of Arctic Change White Paper Outline, v. 5–3 May 2019,” n.d.

• Eicken, Hajo, Sandy Starkweather, Henry W Loescher, Raychelle Daniel, Peter Pulsifer, Matt Jones, Amber Budden, et al. “Collaborative Research: Research Networking Activities in Support of Sustained Coordinated 
Observations of Arctic Change Proposal to NSF-AON, Final Version, Submitted 31 May 2019,” n.d.

• Jäger, Mary Beth, Daniel Ferguson, Orville Huntington, Michael Johnson, Noor Johnson, Amy Juan, Shawna Larson, et al. “Building an Indigenous Foods Knowledges Network through Relational Accountability.” Journal 
of Agriculture, Food Systems, and Community Development 9, no. B (2019): 1–7.

• Johnson, Noor, Lilian Alessa, Carolina Behe, Finn Danielsen, Shari Gearheard, Victoria Gofman-Wallingford, Andrew Kliskey, et al. “The Contributions of Community-Based Monitoring and Traditional Knowledge to 
Arctic Observing Networks: Reflections on the State of the Field.” Arctic, 2015, 28–40.

• Johnson, Noor, Carolina Behe, Finn Danielsen, EM Krümmel, Scot Nickels, and Peter L Pulsifer. “Community-Based Monitoring and Indigenous Knowledge in a Changing Arctic: A Review for the Sustaining Arctic 
Observing Networks.” Sustain Arctic Observing Network Task 9 (2016).

• Ljubicic, Gita J, Peter L Pulsifer, Amos Hayes, and DR Fraser Taylor. “The Creation of the Inuit Siku (Sea Ice) Atlas.” In Modern Cartography Series, 5:201–218. Elsevier, 2014.

• McCann, Heidi S, Peter L Pulsifer, and Carolina Behe. “9 Sharing and Preserving Indigenous Knowledge of the Arctic Using Information and Communications Technology.” Indigenous Notions of Ownership and Libraries, 
Archives and Museums 166 (2016): 126.

• Pulsifer, Peter, Shari Gearheard, Henry P Huntington, Mark A Parsons, Christopher McNeave, and Heidi S McCann. “The Role of Data Management in Engaging Communities in Arctic Research: Overview of the Exchange 
for Local Observations and Knowledge of the Arctic (ELOKA).” Polar Geography 35, no. 3–4 (2012): 271–290.

• Pulsifer, Peter L, Gita J Laidler, DR Fraser Taylor, and Amos Hayes. “Creating an Online Cybercartographic Atlas of Inuit Sea Ice Knowledge and Use.” In SIKU: Knowing Our Ice, 229–254. Springer, 2010.

• Pulsifer et al.. “Towards an Indigenist Data Management Program: Reflections on Experiences Developing an Atlas of Sea Ice Knowledge and Use.” The Canadian Geographer/Le Géographe Canadien 55, no. 1 (2011): 
108–124.

• Pulsifer, Peter, Scott Stephenson, and Jessica Graybill. “Introduction to the Special Issue ‘Community Adaptation to Changing Weather and Sea Ice Conditions.’” Polar Geography 41, no. 4 (2018): 237–240.

• Pulsifer, PL, JA Collins, M Kaufman, H Eicken, MA Parsons, and S Gearheard. “Applying Agile Methods to the Development of a Community-Based Sea Ice Observations Database.” AGUFM 2011 (2011): IN54A–08.

• Pulsifer, PL, M Kaufman, D Young, JA Collins, H Eicken, and S Gearheard. “Using Schema-Less Database Technology to Develop a Web Application for Sea Ice Monitoring.” AGUFM 2010 (2010): IN31B–1292.

• Pulsifer, PL, MA Parsons, RE Duerr, PA Fox, SS Khalsa, JP McCusker, and DL McGuinness. “Interoperability and Different Ways of Knowing: How Semantics Can Aid in Cross-Cultural Understanding.” AGUFM 2012 (2012): 
IN34A–04.

• Raymond-Yakoubian, Julie, Peter L Pulsifer, DR Fraser Taylor, Camilla Brattland, and Tero Mustonen. “Mapping and Indigenous Peoples in the Arctic.” In Governing Arctic Seas: Regional Lessons from the Bering Strait 
and Barents Sea, 293–319. Springer, 2020.



Theme 4: GCRC





ITK National Inuit Strategy on 
Research (NISR) 2018

https://www.itk.ca/wp-
content/uploads/2020/10/ITK-National-Inuit-

Strategy-on-Research.pdf

https://www.itk.ca/wp-content/uploads/2020/10/ITK-National-Inuit-Strategy-on-Research.pdf


NISR Priority Area 4: Ensure Inuit access, ownership, 
and control over data and information
Actions:
4.1 Advocate for the consistent production and sharing of Inuit-specific and 
Inuit-relevant indicators and data, including the Inuit Health Survey
4.2 Invest in culturally-relevant, community-based technology to facilitate 
access to and management of data and information 
4.3 Develop Inuit-specific guidelines on data accessibility, ownership, and 
control
4.4 Create and invest in digital Inuit Nunangat data repositories that are 
inclusive of Inuit knowledge in ways that are respectful of its distinctive forms 
as well as the Inuit norms that govern its use and sharing



Nunaliit
● Collect, organize, present, preserve, 

collaborate
● Multiple representations (oral histories, 

maps, graphs, timelines, spoken 
features, custom visualizations, etc.)

● Relate qualitative and quantitative data
● Multiple simultaneous uses from single 

system
● Distributed architecture
● Co-developed with communities
● Open Standards, Open Source



GCRC and its partners around the world are using and hosting instances of Nunaliit. This 
map highlights the network of Indigenous and local knowledge initiatives making use of the 
framework and contributing to its development as of 2019.



Atlas examples:
http://gcrc.carleton.ca/atlases/

http://gcrc.carleton.ca/atlases


The Arctic Bay Atlas spoken map contains local place names collected from Elders by 
youth in the community. You would also record the pronunciation of the place 
names and add them to the atlas along with photos, video, and artwork.



Arctic Bay Elders work with Rex Willie to edit the spoken place names map, now 
also a part of inuitplaces.org

http://inuitplaces.org/


Frank Analok describes Inuit places in the inuitplaces.org atlas, a joint effort between the 
Kitikmeot Heritage Society, the Geomatics and Cartographic Research Centre, and several 
knowledge holders to offer a comprehensive view of Inuit places without national or territorial 
boundaries.

http://inuitplaces.org/


Kitikmeot Heritage Society researcher Darren Keith works with board 
members Margaret Ohina, Jimmy Ohina, and Doris Koihok on the Inuit 
Places atlas using a touch screen connected to their local Nunaliit server 
installed in Cambridge Bay.



The Inuktut Lexicon Atlas has several modules designed to help document and explore Inuktut 
dialects. The Sculptionary (pictured) uses an Inuit carving by Nelson Takkiruq (1930-1999) of 
Gjoa Haven to teach words for body parts in twelve Inuit dialects.



The Inuinnait Knowledge Bank is being built to house digital records retrieved from dozens of 
museums and cultural institutions around the world



clyderiveratlas.ca



Using old hand drawn maps and aerial photos, combined with old family photos, videos, 
memories and stories, Ittaq are using this module to document the history of the original 
Clyde River settlement.



Clyde River Weather Station Data Visualizer 
https://clyderiveratlas.ca/index.html?module=module.clyderiver.weatherstationdatavisualiz
er

https://clyderiveratlas.ca/index.html?module=module.clyderiver.weatherstationdatavisualizer


Members of the Clyde River Atlas team (clockwise from left: Peter Pulsifer, Jean-Pierre 
Fiset, Mike Jaypoody, and Robert Kautuk) explore local knowledge about marine habitats 
available in the atlas thanks to support from Tides Canada and a partnership between the 
Ittaq Heritage and Research Centre, the Nunavut Coastal Resource Inventory team at the 
Government of Nunavut, ELOKA, and the Geomatics and Cartographic Research Centre at 
Carleton University.



The atlas created for the "Towards a Sustainable Fishery for Nunavummiut" project uses the 
model developed by the Nunavut Coastal Resource Inventory to document local knowledge 
of species locations and behaviours as well as points of interest for hunters.



Allen Kaloon, Jordan Takkiruq, Brent Puqiqnak, and Simon Okpakok update the Gjoa Haven 
harvest study atlas with their observations from the land. The device sends data via the Iridium 
satellite network and Qiniq into the community’s Nunaliit-based atlas to be stored and 
immediately displayed for local use. (Photo: Stephen Wolfe, Geological Survey of Canada)



Custom forms co-designed with hunters allow reporting of geolocated wildlife and vessel 
sightings, harvests, places of interest, weather conditions, equipment troubles, and safety 
issues in a standardized format that ends up in systems owned by Inuit organizations.



The "Who Is Out" module in the atlas provides up to the minute locations and status reports 
sent by hunters in the field who sign out customized devices from the association.



David Anaija Jr., Willy Aglukkaq, Joseph Gee, Amos Hayes, and Jordan Takkiruq celebrate the 
installation of the Nunaliit-based "Who Is Out TV" system in the Gjoa Haven Hunters and 
Trappers Association office. The screen provides up to the minute locations and status reports 
sent by hunters in the field who sign out customized devices from the association.



Theme 5: CCADI





Socio-technical System

Requirements

Data and Information Resources      

Science
Team

Tech
Team

Management
Team

Governance
Team

Engagement
Team

Source 
control

Communications

Document
Management

Online
Meetings

Documentation

Content credit: POLDER
http://staging.arctic-data-ecosystem.apps.nsidc.org/

Broader Data Community



Workflows, Protocols, DAAS

Serving Applications through Interoperability and 
Mediation: data and information flows

Data and Information Resources

Requirements

Data and Information
Stewards

(CCADI Partners)

Data and Information Resources    

M
et

ad
at

a

Da
ta

SEMANTICS

Visualization, communication, education, dialogue
Processing, analysis

Integration, mediation (vector, raster, media, portrayal)

Simplified, unidirectional view



Findable: CCADI Metadata Interoperability

Nunaliit
Atlases

Nordicana
D PDCASTIS/Arcti

cConnect
CEOS

Datahub

DOI DOI DOI[roadmap] DOI
schema.org schema.org schema.org schema.org schema.org
OGC CSW OGC CSW OGC CSW OGC CSW OGC CSW

Mediation & Integration
Vector Raster Map Media

DOI: http, 
handle etc.

Schema.org
JSON-LD

XML
ISO19139

IRC PFN GNWT CIOOS NSF ADC …NRCan/FGP
/ASDI

Metadata

GN
ckan

Profiles/schemas:  under active development



IRC

Nunaliit
Atlases

Nordicana
D PDC

ASTIS/Arcti
cConnect

PFNCEOS
Datahub

GNWT CIOSS NSF ADC …

…

Mediation & Integration
Vector

HTTP/FTP
OPeNDAP/GCW

[SOS]
OGC STA
OGC WFS

APIs

Raster/Grid
HTTP/FTP
OPeNDAP
OGC WCS

APIs

Map
HTTP/FTP

OGC WMST
Google/Bing

APIs

Media

NRCan/FGP
/ASDI

Metadata

ITK

(ERDDAP, GeoServer, OGC STA etc.)
USE CASES

SEMANTICS,
LOD, PIDs etc.



https://ccadi.org/


