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Introduction – the problem

• Successful conservation planning and implementation 
involves many stakeholders and data sources. 

• Data/information discovery and access, workflow 
development, and stakeholder identification can be 
difficult, inefficient, and often duplicative.

• How can we integrate data and social networks for 
improved conservation processes and outcomes?
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Introduction – the solution

• Linked data! 

• Cyberinfrastructure: machine-readable controlled 
vocabularies and conceptual structures

• AI tools for assembling and accessing data
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Internet of Conservation (IoC)
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Internet of Conservation (IoC)
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Internet of Conservation (IoC)
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Internet of Conservation (IoC)
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Internet of Conservation (IoC)
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Internet of Conservation (IoC)
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Internet of Conservation (IoC)
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ICICLE

http://icicle.ai
NSF-Funded AI Institute

Dhabaleswar K. (DK) Panda, PI
The Ohio State University 

Follow us
@icicleai 

Intelligent CI with Computational 
Learning in the Environment

http://icicle.ai/
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ICICLE

Follow us
@icicleai 

Computer Science
- Software
- AI tools
- Cyberinfrastructure

Domain Science
- Animal ecology
- Digital agriculture
- Smart foodsheds
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Ontologies and knowledge graphs

• Ontologies - formal, machine-readable descriptions of 
knowledge

• Examples: Gene Ontology, Environment Ontology (ENVO), 
Sustainable Development Goals Interface Ontology

• Knowledge graphs – real world information structured by 
ontologies
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PPOD+

• People, Projects, Organizations, Datasets (PPOD; 
“Peapod”): who is working on what where and when?

• An ontology describing organizations, their characteristics, 
and their relationships to other organizations and entities.

• We assembled a knowledge graph of information on 
organizations that potentially participate in conservation 
planning and implementation in California.
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PPOD+ - ontology

https://github.com/PPODschema

PPOD Core -> PPOD Conservation -> 
PPOD California Conservation
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PPOD+ - knowledge graph

As of June 7, 2023

Organizations: 2,514
Programs: 278
Projects: 491
People: 705
Guidelines/Mandates: 145
Datasets: N/A
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Sustainability Issues and Indicators Ontology
Human Capital
1. Nutritional Status
2. Public Health
3. Safety
4. Labor
5. Diseases
6. Mortality
7. Literacy
8. Reproductive Health

Physical & Financial Capital
1. Income
2. Inputs
3. Infrastructure
4. Finance
5. Energy
6. Agricultural Sector

Social & Political Capital
1. Markets
2. Productivity
3. Public Health
4. Governance
5. Human Rights
6. Poverty
7. Food Production
8. Trade Policies
9. Property Rights
10. Technology
11. Institutions
12. Educational Resources
13. Population Growth
14. Women’s Participation
15. Sociocultural Systems
16. Geographical Distribution
17. Women & Wages
18. Social Structure
19. Participation
20. Population Structure
21. Disasters

Natural Capital
1. Air & Climate
2. Land & Soil
3. Biodiversity
4. Water
5. Ecosystem Services
6. Common Pool Resources
7. Oceans & Coasts
8. Protected Areas
9. Deforestation
10. Wastes & Pollution

“Integrated” Issues
45 total
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Sustainability Issues and Indicators Ontology
Human Capital
1. Nutritional Status
2. Public Health
3. Safety
4. Labor
5. Diseases
6. Mortality
7. Literacy
8. Reproductive Health

Physical & Financial Capital
1. Income
2. Inputs
3. Infrastructure
4. Finance
5. Energy
6. Agricultural Sector

Social & Political Capital
1. Markets
2. Productivity
3. Public Health
4. Governance
5. Human Rights
6. Poverty
7. Food Production
8. Trade Policies
9. Property Rights
10. Technology
11. Institutions
12. Educational Resources
13. Population Growth
14. Women’s Participation
15. Sociocultural Systems
16. Geographical Distribution
17. Women & Wages
18. Social Structure
19. Participation
20. Population Structure
21. Disasters

Natural Capital
1. Air & Climate
2. Land & Soil
3. Biodiversity
4. Water
5. Ecosystem Services
6. Common Pool Resources
7. Oceans & Coasts
8. Protected Areas
9. Deforestation
10. Wastes & Pollution
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Sustainability Issues and Indicators Ontology

“Component” Issues
325 total

Biodiversity
1. Agrobiodiversity
2. Ecosystem Health
3. Forest Canopy Cover
4. Forest Ecology
5. Forests
6. Genetic Diversity within Species
7. Grasslands
8. Habitats
9. Invasive Species
10. Land Cover
11. Land Fragmentation
12. Protection of Threatened & Rare Ecosystems
13. Species Diversity
14. Species Introduction
15. Species Migration
16. Species Threatened with Extinction
17. Wild Animal Trade
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Interactive Knowledge and Learning Environment (IKLE)



21ICICLE Presentation Template

Interactive Knowledge and Learning Environment (IKLE)
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Interactive Knowledge and Learning Environment (IKLE)
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Data federation

PPOD
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Conversation agent

Large Language Model (LLM) Ontology/KG
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Knowledge Harvest

Documents 
(e.g. URLs) to 
be scraped

Scraping 
service

Entity 
extraction 
service

New ontology 
instances (KG)

• Moving from manual construction of knowledge graphs to 
automated

• Scraping websites to add instances to PPOD

• Currently working on adding Issues to PPOD organizations 
as a test case
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Next steps

• Finalize data federation with four example databases, 
identify new databases for federation

• Finalize LLM/ontology-based conversation agent

• Continue work on Knowledge Harvest pipeline

• Identify partners for development of new use cases
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