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Response to Resilience
Unlocking the Power of Imagery, AI, and GeoAI for

Operational and Mitigation Strategies

Presentation Disclaimer
This presentation is provided for informational and 

educational purposes only and reflects the views of the 
presenter at the time of delivery. References to artificial 

intelligence (AI), generative AI (GAI), geospatial AI 
(GeoAI), and related geospatial technologies are 

intended to discuss general concepts, emerging trends, 
and potential applications. 

Nothing in this presentation should be construed as 
professional surveying advice, legal guidance, 
regulatory interpretation, or a substitute for 

professional judgment. The use of AI-enabled or 
geospatial technologies does not replace the 

responsibility of a licensed professional land surveyor to 
exercise independent judgment, comply with applicable 

laws, standards, and regulations, and verify the 
accuracy and reliability of all data and outputs.

The presenter and affiliated organizations make no 
warranties or guarantees, express or implied, regarding 

the accuracy, completeness, or suitability of any 
information or technology discussed.
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Introduction
Artificial Intelligence (AI) is rapidly transforming 

industries and has the potential to drive what is often 
called the Fourth Industrial Revolution (Industry 4.0). 

As AI advances, Geospatial Artificial Intelligence 
(GeoAI) is poised to redefine how geospatial 

professionals serve both public and private sectors. 
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Introduction
This presentation examines a consortium-driven approach to exploring emerging AI 
technologies within the geospatial domain. It highlights key developments, potential 

applications, and the evolving role of AI in spatial analysis, decision-making, and 
innovation.

Introduction

• Opening Credits: Note that much of the 
general resource information comes 
from this text. 

• The PA Geoboard’s Emerging Tech 
Subcommittee research has found this 
to be a gold-standard as far as 
resourcing.

• Citation: Gao, S., Hu, Y., & Li, W. (2024). 
Handbook of Artificial Intelligence. CRC 
Press.

Introduction

Defined: GeoAI is the fusion of GIS (Geospatial Sciences), 
remote sensing, and Artificial Intelligence (AI). 

Emphasis on:

Machine Learning (ML): Utilizing algorithms that can learn 
patterns from spatial, temporal, and environmental data to make 
predictions, detect anomalies, classify features (like land cover), 
and support decision-making in mapping, modeling, and 
analyzing Earth systems. 

Introduction

Defined: GeoAI is the fusion of GIS (Geospatial Sciences), 
remote sensing, and Artificial Intelligence (AI). 

Emphasis on:

Deep Learning (DL): Application of artificial neural networks—
especially deep architectures like convolutional neural networks 
(CNNs) and recurrent neural networks (RNNs)—to analyze 
large and complex geospatial datasets. 

Introduction

Defined: GeoAI is the fusion of GIS (Geospatial Sciences), 
remote sensing, and Artificial Intelligence (AI). 

Emphasis on:

Deep Learning (DL): Models automatically learn hierarchical 
features from spatial, temporal, and environmental data, 
enabling advanced tasks such as high-resolution image 
classification, object detection, change detection, feature 
extraction, and predictive modeling. 

Introduction

Defined: GeoAI is the fusion of GIS (Geospatial Sciences), 
remote sensing, and Artificial Intelligence (AI). 

Emphasis on:

Deep Learning (DL): Deep learning is particularly powerful for 
handling unstructured data like satellite imagery, UAV data, 
and sensor streams, often outperforming traditional 
machine learning in accuracy and scalability.
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Introduction
• Example from my previous presentation today on UAV data; 

developing a DEEP LEARNING Geospatial AI approach:

1. Study ESRI Living Atlas Deep Learning Packages.

2. Use ESRI’s Deep Learning Tools to Prepare Your 
Dataset.

3. Label Objects in Your Imagery for Model Training.

4. Train a New Model or Fine-Tune an Existing DLPK. 

Introduction
• Example from my previous presentation today, on developing 

a DEEP LEARNING Geospatial AI approach:

5. Use Geoprocessing Tools to Apply the Model at Scale 
Apply.

• Detect Objects Using Deep Learning.

• Classify Pixels Using Deep Learning This enables you to run 
inference on large volumes of UAV, satellite, or aerial 
imagery for automated feature extraction.

Introduction
Utilize Large Language 
Models (LLMs) to REFINE
Workflows. 

I developed this workflow, 
and used ChatGPT
(Gpt-40 paid subscription
Model) to refine my steps
as shown here. 

Indespendible tool

Introduction
More to follow into the 
Geo-AI (and general 
or generative AI) in 
daily operations section...

Introduction: Pretrained Models ESRI DLPK Pretrained Models
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02
Geo-AI 
Handbook
Strategic insights from trusted sources

Insights from Trusted Sources
• Historical Evolution: GeoAI evolving from spatial statistics 

and geospatial data mining to spatial deep learning. 

• Founded on Theories and Principles…

• Spatial Autocorrelation: nearby things are more likely to be 
similar than distant things.(e.g., temperatures in nearby 
towns tend to be close in value)

• Heterogeneity: spatial data varies across space; no uniform 
pattern applies everywhere.

Insights from Trusted Sources
• Why now?

• Big spatial data + cloud computing + deep learning = 
real-time spatial insight.

• What’s unique?

• Models must honor spatial dependence, heterogeneity, and 
topology.

• Future Direction: Toward real-time, explainable, multimodal 
GeoAI with ethical safeguards.

Imagery Analysis: Game Changer
• Deep learning became a game-changer for image analysis. 

• Convolutional Neural Networks (CNNs) – well-suited for 
image feature extraction (e.g. recognizing spatial patterns like 
building shapes or crop textures). 

• Using GeoAI to process satellite, aerial, and street-view 
imagery. Deep learning enables automated land cover 
mapping and object extraction. (Urban Analysis Studies).

• Public datasets (SpaceNet, xView) catalyzed development.

Imagery Analysis: Game Changer
• Convolutional Neural Networks (CNNs), the workhorse of 

image recognition. Learn features from multi-band imagery.

• Vision Transformers emerging for geospatial analysis.

• Tools: TensorFlow, PyTorch, Raster Vision, TorchGeo.

• Pixel-level classification using U-Net, DeepLab, etc.

• Used for building footprint extraction, land cover mapping
Outputs converted to vector data for GIS integration.

Imagery Analysis: Game Changer
• Multi-source input: imagery + DEM, radar, LiDAR, or vector 

layers.

• AI outputs used in ArcGIS, QGIS for downstream spatial 
analysis.

• Example: AI-detected floods intersected with population 
maps.

• Applications: disaster response, urban growth, agriculture, 
conservation.
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Insights from Trusted Sources
• Multi-source input: imagery + DEM, radar, LiDAR, or vector 

layers.

• AI outputs used in ArcGIS, QGIS for downstream spatial 
analysis.

• Example: AI-detected floods intersected with population 
maps.

• Applications: disaster response, urban growth, agriculture, 
conservation.

Ethical Considerations
• Risks associated with geolocation data, including 

unauthorized tracking and profiling.

• Bias in AI algorithms leading to unfair outcomes.

• Surveillance implications and the balance between security 
and individual rights.

• Implementation of data anonymization and differential privacy 
techniques.

Ethical Considerations
• Development of transparent and explainable AI models.

• Establishment of ethical guidelines and regulatory 
frameworks.

• Design GeoAI systems that augment human decision-making 
rather than replace it.

• Incorporating user feedback into AI model development.

Ethical Considerations

• Assessing how GeoAI affects communities, particularly 
marginalized groups.

• Promoting inclusivity and accessibility in GeoAI applications.

• Recognize and respect cultural differences in geospatial data 
interpretation and usage.

• Take a humanistic approach: serve societal interests, 
contribute positively to human well-being.

03
Geo-AI & 
Operations
Geo-AI already being used in 
daily GIS operations.

Geo-AI in Daily Operations
• Generative AI Defined: specific type of artificial intelligence 

that creates new & original content—like text, images, music, 
code, etc. based on patterns it has learned from existing 
data. 

• Very different from earlier types of AI, including voice 
assistants like Alexa.

• Alexa voice assistants are a narrower and more limited in 
scope; a more primitive form of commonly used AI.
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Geo-AI in Daily Operations
• Examples:

• ChatGPT (text generation)

• DALL·E (image generation)

• GitHub Copilot (code generation)

• Suno (music generation)

Geo-AI in Daily Operations
• Key Capabilities:

• Writes essays, poems, or reports
• Creates photorealistic images from text
• Composes music or soundtracks
• Generates new software code – e.g. Python

• Tech Behind It: Often uses transformer-based models (like 
GPT, LLaMA, etc.) trained on massive, diverse datasets 
Uses probabilistic reasoning to “imagine” new outputs.

Geo-AI in Daily Operations
• Defined: Large Language Model (LLM): An artificial 

intelligence model trained on vast amounts of text data to 
understand, generate, and interact using human language. 

• LLMs use deep learning—typically transformer 
architectures—to perform tasks such as text generation, 
summarization, question answering, translation, and more. 

• LLMs work by predicting the most likely next word in a 
sentence, based on the context of the words that came 
before.

Geo-AI in Daily Operations

• Many nuances to the AI tools available, too many nuances, 
too many to cover here. 

• For example, there is a key difference between a standalone 
LLM and an AI application or assistant that integrates LLM 
capabilities.

• Microsoft products like Word, Excel, Outlook, and Teams 
integrate LLMs or LLM-powered tools. 

My LLM “Power Tools” LLM “Power Tools”
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Geo-AI in Daily Operations
I have used most of these workflows, or some version thereof, 
in my day-to-day workflows. I was even shocked, putting this 

slide together, how much I now rely on it.

• Data Preparation and Management 
• Automated Metadata Generation. DOCUMENTATION, 

DOCUMENTATION, DOCUMENTATION!

• Schema Mapping and Attribute Harmonization.

• Geocoding & Named Entity Recognition (NER).

Geo-AI in Daily Operations

• Spatial Analysis & Modeling:

• Land Use & Land Cover Classification.

• Object Detection from UAV or Satellite Imagery.

• Anomaly Detection in Geospatial Time Series.

Geo-AI in Daily Operations

• Mapping & Visualization:

• Automated Map Captioning & Summaries.

• Map Style Recommendations – working with map product 
exports (PDF, JPEG, etc. for optimization).

• Web-App Builder and now Experience Bulder design 
strategies.

Geo-AI in Daily Operations

• Mapping & Visualization:

• Web Application (Story Maps) design strategies.

This is a good example, because Story Maps, though 
useful, can be difficult to organize. 

Geo-AI in Daily Operations

• Mapping & Visualization:

• Automated Situation Reports (SitReps).

• Translating Technical Jargon into Plain Language.

• Suggestions for industry standard symbology, rendering, 
scale dependency, etc. settings for various themes.

Geo-AI in Daily Operations

• Workflow Automation:

• Generate Python/ArcPy/ModelBuilder Scripts with LLMs
Code support is built into ChatGPT (GPT-40 model).

• AI-Powered Task Assistants in GIS Software (Microsoft 356).

• Data Cleaning Scripts for Tabular/Spatial Data.
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Geo-AI in Daily Operations Geo-AI in Daily Operations

• Workflow Automation:
• Data Cleaning Scripts for Tabular/Spatial Data.

• Geocoding. Tabular data used in an ArcGIS Pro geocoding 
process can be messy. 

• Using Generative AI to just clean up a CSV or customizing a 
script can drastically improve tabular data quality for higher 
match rates/scoring in geocoding.

Geo-AI in Daily Operations
Predictive modeling design recommendations and analysis.

• Identify patterns and trends from historical and streaming 
data (e.g., flood risks, infrastructure failures, disease 
outbreaks).

• Simulate outcomes under various scenarios using deep 
learning, spatial-temporal models, or ensemble techniques.

• Recommend optimized strategies for risk mitigation, resource 
allocation, or infrastructure development.

Geo-AI in Daily Operations

• Random Ideas:

• LLM-Powered chatbots for GIS portals

• Explain errors in geoprocessing tools

• Train GeoAI models with custom imagery

• Storytelling with catching geospatial narratives

04
Power Tools
Geo-AI tools in the modern geospatial ecosystem

AI Power Tools

• ArcGIS Pro (Esri)

• 70+ pretrained deep learning models (Living Atlas)
• Tools for object detection, classification, change 

detection
• arcgis.learn with PyTorch/fast.ai integration
• ModelBuilder + ArcPy + Jupyter for automation
• Scalable via ArcGIS Image Server & cloud compute
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AI Power Tools

• GeoMedia Pro (Hexagon)

• AI via integration with Spatial Modeler & ERDAS 
Imagine

• ML tools: decision trees, SVM, object-based 
classification

• GUI-based automation with Spatial Modeler
• Cloud deployment via M.App Enterprise/M.App X

AI Power Tools

• AutoCAD / Autodesk

• Smart Blocks (object recognition in CAD)
• InfraWorks
• AI for terrain & flood modelingAI from integration with 

ArcGIS or cloud tools
• Python/.NET APIs enable external ML integration
• Cloud AI via Autodesk Forge, Forma, Info360

AI Power Tools

• QGIS (Open Source)

• AI via plugins: Dzetsaka, Deepness, SCP
• Supports TensorFlow, PyTorch through Python API
• Modeler + PyQGIS for automation
• No native cloud, but integrates with GEE, APIs

AI Power Tools

• TerrSet / IDRISI (Clark Labs)

• Built-in ML: SVM, RF, neural networks, fuzzy logic
• Strong for land change modeling, suitability analysis
• Automation via IML scripting
• No native cloud; limited external integration

AI Power Tools

• Google Earth Engine

• Native ML: RF, SVM, CART, k-means
• API-based scripting in JS & Python
• Integrates with TensorFlow for training off-platform
• Fully cloud-native, scales to global datasets

AI Power Tools

• MapInfo Pro (Precisely)

• No native AI tools
• Python & MapBasic enable ML integration
• Used with external AI tools or cloud services
• Consumer of AI results, not generator
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AI Power Tools

• ENVI (NV5 Geospatial)

• ML toolkit + Deep Learning Module
• Supports SVM, RF, anomaly detection, object 

detection
• Python & IDL scripting
• Cloud deployment via VMs; integrates with ArcGIS

AI Power Tools

• RDAS Imagine (Hexagon)

• Built-in ML & deep learning in Spatial Modeler
• TensorFlow integration for CNNs
• OBIA + ML for segmentation/classification
• Server/cloud deployment via Apollo, M.App X

AI Power Tools

• eCognition (Trimble)

• OBIA with SVM, RF, deep learning 
(TensorFlow/ONNX)

• Rule sets for automation + deep model import
• eCognition Server for batch/cloud workflows
• Fits into cloud pipelines

AI Power Tools: Quick Summary

• ArcGIS Pro, ERDAS, ENVI: Full-stack GeoAI.

• QGIS: Flexible via Python & plugins.

• Google Earth Engine: Best for cloud-native ML.

• MapInfo: Needs external AI tools.

• Autodesk: AI for design; integrates well with GIS.

Imagery Vendors: Quick Summary

• EagleView: Uses AI to extract roofs, buildings, and 
property features from high-res oblique imagery for 
insurance and assessment.

• Near Map: Offers 70+ AI-derived geospatial layers 
(e.g., pools, solar panels, vegetation) from aerial 
imagery with seamless GIS integration.

Imagery Vendors: Quick Summary

• Maxar: Delivers satellite-based object detection and 
change monitoring powered by deep learning and 
integrated GEOINT services.

• Planet Labs: Combines daily Earth imagery with AI to 
monitor agriculture, forests, and urban development in 
near real-time.
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Imagery Vendors: Quick Summary

• Hexagon (HxGN): Leverages AI in aerial imagery and 
LiDAR to support 3D modeling, infrastructure planning, 
and land classification.

• Airbus (OneAtlas): Provides AI-ready satellite 
analytics for land use classification, infrastructure, and 
emergency response via cloud APIs.

Imagery Vendors: Quick Summary

• Fugro: Applies AI to seabed mapping, infrastructure 
inspection, and environmental monitoring using remote 
and autonomous platforms.

Power Tools: Quick Summary

Please be aware that the previous research 
is a cursory review of commonly used 

software programs & packages. 

Be sure to do your own research. 

05
Leading 
Innovation
The PA-Geoboard’s Emerging Technology 
Subcommittee

PA Geoboard ET Subcommittee PA Geoboard ET Subcommittee

• Background:

 PA Geoboard started a drone/UAV subcommittee (volunteer 
group).

 Members realized that the UAV topic was a duplication of 
efforts.

 The PA Geoboard’s Governance Task Force reorganized the 
UAV subcommittee into the Emerging Technology 
Subcommittee.
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PA Geoboard ET Subcommittee

• Background:

 Scott R. Zubek, GISP/MGIS (Director of Tioga County PA GIS 
Department/) named Chairperson.

Legislative appointee and voting member of the 
Geoboard.

 Kevin Eaton, Chairperson of the Governance Taks Force, 
oversee and approves subcommittee action items.

PA Geoboard ET Subcommittee

• Organizational Context:

 First meetings held in September of 2024.

 The group meets bi-weekly via Zoom at 1:00pm on Fridays.

 Started with 7 members, now up to about 12 members invited 
to attend the biweekly meetings.

 The group generates an agenda and minutes per each 
meeting. Stored on the Geoboard’s SharePoint. 

PA Geoboard ET Subcommittee

• Achievements:
 We decided to set up a quarterly panel discussion series. 

 Collaborative effort with Pennsylvania Spatial Data Access 
(PASDA) and the Geoboard’s Service Delivery Task Force.

 First seminar held on January 30, 2025 (Friday) which was a 
success – above expected attendance.

 Let us know if you have a topic or know someone who’d like 
to present!

PA Geoboard ET Subcommittee
Achievements:

Q1: Digital Twins and Quality of Life Innovations. 
(1/17/2025)

Q2: GNSS Receiver Technology for Field Data Collection. 
(5/2/2025).

Q3: Open Spot (If anyone is interested, contact us!).

Q4: Clark University to present a topic - November of 2025.
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PA Geoboard ET Subcommittee

• Upcoming Initiatives:
• Drafting of a Special Report. 

• Focus on Commonwealth Case Studies of ET, AI or Geo-AI 
in particular.

• Follow the professional format of the “Basemap” and “Data 
Sharing” special reports.

• Not limited to AI or Geo-AI, all emerging tech is fair 
game.
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PA Geoboard ET Subcommittee
Thanks to Members!

Damon Anderson / Shanthi Mahesh – PA, PUC
Scott Drzyzga – Geoboard Executive Director

Kevin Eaton (GovTF Chair) – OA, C & E Delivery Center
Sally Holbert – Land Logics Group 
Maurie Kelly – Director of PASDA

Steve Kocis – Cambria County, PA, GIS
Joe Livoti II – Union County, PA, GIS

Harrison McCrae – PA Governor’s Office AI Pilot Program
Grace McDonough – ESRI

Keith Swavely – ESRI
Scottie Wall – OA, State GIS Coordinator

Scott Zubek (ET Chair/GovTF Vice Chair) – Tioga County, PA GIS

** ETS will resume in the future, focusing on a new emerging technology **

06
Conclusion
Closing thoughts and recommendations

Recommendations

• Start using AI for small tasks in your professional space –
get used to using it literally as a “Copilot.” Start with 
assistance with writing emails.

• Decided if you want your prompts to train the AI models, 
and other security considerations. Follow “Use as Directed” 
guidelines as you would with any other online tool. 

• ChatGPT and other LLMs have an option for “Temporary” 
which is perfect for small research, refinement, etc.

Recommendations

• Integration will improve across the boards and across 
products. 

• Microsoft Word products have Copilot built-in, it’s great, but 
I’m not a huge fan of how it integrates.

• Microsoft 365 subscriptions integrate with ArcGIS Pro 
features – not necessary but there are some advantages.

• Azure services and product integration.

Closing Remarsk

• Recommendations:

• Read some books and articles on drafting “prompts” which 
basically tell an AI what to do. Very important, get a 
“knack” for it.

• Draft your prompts both literally and professionally, always 
be polite as you would with a formal email. 

• Get detailed, pretend like you are working with a real-life 
assistant or co-worker. 

Closing Remarsk

• Recommendations:

• Work with someone or shadow someone who uses AI in 
their daily workflows, try and get some ideas (especially 
Geo-AI.

• Collaboration is key – this is an evolving science, and we 
can all learn from each other. 
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Closing Remarsk

• Recommendations:

• For GeoAI operations:

• Documentation, documentation, documentation –
whether writing it, drafting it, or researching it. Does 
the “boiler plate” work that is so time consuming. 

• Ask your AI literally what it can and can’t do. If it can’t do 
something, then ask for suggestions!

Closing Remarsk

• Recommendations:

• Be careful in uploading data products & outputs to the 
AI for processing… being mindful of what you are 
uploading; e.g. privacy, security, sensitivity, etc. is 
key.

AI in GeoAI Presentations AI in GeoAI Presentations

AI in GeoAI Presentations AI in GeoAI Presentations
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AI in GeoAI Presentations

—Song Gao, Geospatial AI researcher and co-author of the 
Handbook of Geospatial Artificial Intelligence

“GeoAI is not just about 
mapping the world—it’s 
now about understanding 
it at scale, and in 
context.”

Enhancing 
Disaster 

Response

Leveraging Drone Inspection Data for Debris Removal and Erosion Analysis

Presentation Courtesy of the Tioga County, PA GIS Department

Introduction

Introduction Introduction

• In the wake of Tropical Storm Debby (August 9, 2024) Tioga 
County faced tight deadlines and limited resources while 
assessing the storm’s impact along the Cowanesque River. 

• To support relief funding applications for debris removal 
and erosion mitigation efforts, the county utilized a 
sequential catalog of drone (UAV) flight imagery several 
separate missions.

• Successfully provided critical visual documentation and 
basic analysis. 
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• As the project progressed, concepts of Geospatial 
Artificial Intelligence (GeoAI) were explored to further 
enhance the data’s utility. 

 Enabling more efficient assessment via both remote 
and field methods; along with critical decision-
making for ongoing debris removal and erosion 
analysis. 

• This presentation evaluates methods, challenges, and 
potential of integrating drone-based geospatial data and 
AI-driven insights for disaster recovery efforts.

Introduction

Shared Concerns
Wellsboro, PA – Stakeholder Meeting (Dec 6, 2021)

• Wellsboro Stakeholder Meeting (Dec 6, 2021)

• High-Level Discussion: State Rep. Clint Owlett hosted a 
House Policy Committee hearing at the Wellsboro, 
Pennsylvania Fire Department Annex.

• Local officials, conservation leaders, and landowners 
gathered to address severe creek and stream erosion issues.

• Focus on Flooding & Debris: The meeting highlighted how 
gravel bars and debris buildup in Tioga County streams 
were worsening flood risks.

Background Background

• Wellsboro Stakeholder Meeting (Dec 6, 2021)

• Testimony underscored the need for proactive stream 
maintenance to prevent disasters – clogged streams and 
erosion were contributing to dangerous floods.

• Lawmakers heard calls for streamlined permits and 
funding to clear obstructions. 

 Tioga County Commissioner Erick Coolidge urged 
enabling boroughs/townships to act before the next 
storm strikes.

Background

Consensus among municipal officials, state agencies, and 
landowners was that current regulations made it hard to 
clear debris like gravel bars from rivers, which worsened 
flooding.

 Participants stressed a proactive approach.

 Stream maintenance and debris removal ahead of storms, 
rather than reacting afterward.

Meeting set the stage for policy proposals to better manage 
waterways and reduce erosion damage in places like Tioga 
County.

Background
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Tropical Storm Debby
Strikes the Area: August 9, 2024

Nation Weather Service – NOAA Report (Hurricane Center)

The Storm

• Nation Weather Service – NOAA Report

The Storm

• Nation Weather Service – NOAA Report

The Storm

The Storm

• Tropical Storm Debby Strikes (August 9, 2024)

• Record Rainfall: Much of the north-central Pennsylvania 
region saw 1 to 4 or more inches of rain in under 24 hours. 

• Parts of nearby Potter County recorded over 4 inches, 
triggering flash floods.

• Emergency Response: In Tioga and Potter counties, 911 
centers were inundated with calls. 

• First responders performed many water rescues.

The Storm
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• Tropical Storm Debby Strikes (August 9, 2024)

• Cowanesque Valley Flooding: 

• The Cowanesque River at Westfield (Tioga County) 
shattered its record crest – rising to just over 13.5 feet 
(previous record 11.1 ft from 1996). 

• Water quickly overwhelmed roads, swept away cars, and 
even knocked houses off foundations.

• One fatality from the flash-flooding. 

The Storm
Westfield, Pennsylvania under water during the flood. The local gas 

station and streets were submerged, and a fire truck had to 
navigate what looked like a river. 

The Storm

Westfield, Pennsylvania under water during the flood.

The Storm

Disaster Declared
FEMA-DR-4815-PA: Presidential Declaration Overview

• Federal Aid: On Sept. 11, 2024, a Presidential Major 
Disaster Declaration (FEMA-DR-4815-PA) was approved for 
Tropical Storm Debby. 

• Tioga, Potter, Lycoming, and Union counties were 
designated for federal disaster assistance.

• Individual Assistance: FEMA’s Individual Assistance allowed 
homeowners and renters in Tioga & neighboring counties 
could apply for aid to cover uninsured losses, repairs, 
temporary housing, etc.

FEMA-DR-4815-PA

• Timeline – Summarizing Federal & State Aid:

• Governor Josh Shapiro issued a Proclamation of Disaster 
Emergency for 21 counties on August 9, 2024, later 
amending it to include 28 counties as further assessments 
revealed extensive damages. 

• By late 2024, FEMA had approved over $12 million in relief 
for victims in the four hardest-hit counties. 

• Disaster Recovery Coordination Centers were set up in the 
affected region to assist victims file and track claims.

FEMA-DR-4815-PA
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• Federal Aid:

• Mitigation Assistance: The declaration activated the Hazard 
Mitigation Grant Program (HMGP), a post-disaster funding 
mechanism under Section 404 of the Stafford Act. 

• HMGP is designed to support long-term, cost-effective 
mitigation efforts aimed at reducing the impact of future 
natural disasters. 

• Individual Assistance made available to residents in the 
declared counties – HMGP is available statewide.

FEMA-DR-4815-PA

Mitigation Assistance

Eligible Mitigation Projects Relevant to our Topic:

• Streambank Stabilization.

• Installation of riprap, gabions, and vegetative buffers to 
prevent erosion.

• Stormwater Infrastructure Improvements: Enlarging 
culverts, improving drainage capacity, or rerouting high-
risk flows.

FEMA-DR-4815-PA

UAV Ops
Mapping Terrain Disruption for Actionable Intelligence

• Public meeting of October 8, 2024: The Tioga County 
Board of Commissioners approved allocation for damage 
assessment and debris identification UAV/drone missions. 

• Conducted by the North Central Pennsylvania Unmanned 
Emergency Services (Department 50), aka Unmanned-50. 

• Subject area for this talk: aerial inspection along the Route 
49/Cowanesque River corridor (and select tributaries). 

• Also limited missions in the Liberty Borough area.

UAV Ops

• Background: North Central Pennsylvania Unmanned 
Emergency Services (Department 50), aka Unmanned-50. 

• Founded in 2021, based in Tioga County, PAA 501(c)(3) 
non-profit emergency services unit.

• Entirely focused on unmanned systems (drones, ROVs) 
Volunteer-based, integrated into the 911 dispatch. 

• Mission & Motto: “Novus Optios” – “New Options” with 
the mission of supporting incident commanders using 
drones for ISR – Bridging the tech gap for rural emergency.

UAV Ops

Drone-50.com

UAV Imagery Missions

PLACEHOLDER



12/22/2025

21

UAV Imagery Missions

PLACEHOLDER

Drone-50.com

UAV Ops

• FAA-certified drone pilots and underwater ROV operators.

• Drones equipped with thermal cameras, sensors, and 
mapping tools.
• Deployable for: 
 Structure fires. 
 Wildfires.
 Flood response. 
 Water rescues.
 Missing persons/rope rescues.
 Law enforcement reconnaissance.
 Damage assessment.

UAV Ops

• Immediate Aftermath of Storm – Unmanned-50

• Rapid Deployment: Drones launched mid-storm on Aug. 9, 
2024, giving incident command real-time aerial visibility 
while roads were flooded.

• Search & Rescue Support: Enabled location of stranded 
victims during active flood conditions – enhancing 
responder safety and efficiency.

• Public Safety Integration: Operates through 911 dispatch 
like any fire/rescue unit, deploying UAVs and ROVs for real-
time intel.

UAV Ops

• Immediate Aftermath of Storm – Unmanned-50

• 8,000+ Geo-Tagged Images: Captured high-resolution 
drone imagery across Tioga and Potter Counties within 
days, including washed-out bridges, landslides, and debris 
dams.

• Prioritizing Hazards: Drone maps allowed officials to 
target creek blockages, unstable slopes, and eroded 
banks for urgent mitigation.

UAV Ops

• Immediate Aftermath of Storm – Unmanned-50

• Equipment Specs
• DJI M3T UAVs utilized for our most operations and for 

the flood work completed in August through October of 
2024

• Credit: Ron Warren, Chief 50

• North Central Pennsylvania Unmanned Emergency 
Services (Tioga County Department 50)

UAV Ops

• Immediate Aftermath of Storm – Unmanned-50
• DJI M3T UAVs
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UAV Ops

• Immediate Aftermath of Storm – Unmanned-50
• DJI M3T UAVs

UAV Ops

• Immediate Aftermath of Storm – Unmanned-50
• DJI M3T UAVs

Flights to Insights
Data Lift-Off: Processing UAV Imagery

Flights to Insights

UAV Imagery Integration for Post-Flood Assessment: 
Tioga County – Cowanesque River & Route 49 Corridor

Fall of 2024 UAV Mission
• 4,316 total UAV images collected
• 2,576 images selected for viewing and analysis

Objective: Rapid assessment of debris and erosion post-flood

“We had to act fast to get something usable in front of 
key stakeholders—this was about speed, clarity, and 

actionable data.”

Flights to Insights

GIS Processing Workflow Summary

• Create the entirety of the Flight Path with ESRI’s ArcGIS Pro 
Geoprocessing tools.

• Plotted x/y as vector points to form UAV flight line.

• Images attached to points using built-in attachment tools.

“ESRI Desktop came through for us here, ArcGIS Pro 
provided a straightforward processing workflow with 

satisfactory results.”

Flights to Insights

Extracting Value from Metadata

• Situational Overview Imagery: broad overview shots or to 
assess the overall scene. Large areas shown with moderate 
detail. 

• Each image contained x/y coordinate metadata.

• Coordinates represent drone location (camera angle 
origin). Enabled accurate spatial plotting of images.

“Rather than reinvent the wheel, we let the image 
metadata guide us—every image already knew where it 

came from.”
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Flights to Insights

Publishing and Sharing Results as Web Services

• Hosted the vector/image layer as a web service on ArcGIS 
Online.

• Integrated with Tioga County’s modular GIS web layers.

• Enabled easy stakeholder access.

“This wasn’t just a one-off—it became part of our 
broader web GIS ecosystem.”

Flights to Insights

Choosing the Right Web Application

• Tested: Web App Builder, Experience Builder, & Others.

• Time of the essence. Final Choice: Attachment Viewer.

• Sequential display of UAV images along flight path.

• Very focused user experience.

“In a sea of powerful tools, this one turned out to be the 
best, especially considering user feedback.”

Flights to Insights

The Final Result of this Phase

• Erosion, debris, and damage visualized.
• Clean, interactive image viewer for stakeholders
• Clear depiction of short-term and long-term impacts on 

the riverway
• Shared with:
 County Personnel.
 DES Staff in particular.
 PEMA Decision Makers.

“The imagery spoke volumes. What might’ve taken pages 
of explanation became instantly clear with a single click.”

Flights to Insights

Praise from Representative Owlett’s Office.
Acknowledgment for Key stakeholders.

“The imagery spoke volumes. What might’ve taken pages 
of explanation were instantly clear with a single click.”

Flight Area

Flights to Insights

Flight Area

Flights to Insights
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Flight Area

Flights to Insights

Flight Area

Flights to Insights

Pre-built GIS web services, always a major asset!

Flights to Insights

Broad area sweeps – maximizing situational overviews!

Flights to Insights

Broad area sweeps – maximizing situational overviews!

Flights to Insights

The river behind the gas station, badly flooded area.

Flights to Insights
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Parcel/ownership labels integrated with UAV/Ortho images.

Flights to Insights

The river behind the gas station, badly flooded area.

Flights to Insights

The river behind the gas station, badly flooded area.

Flights to Insights

In-house damage 
assessment points

Included.

Flights to Insights

Flights to Insights

Aerial photo catalogs – historic to present (2015 Catalog).

Flights to Insights

2015 2024
Comparison
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Field Inspections
Field-truthing stream channel status and debris 
locations with GPS accuracy.

• Tioga County Commissioners asked the Mitigation 
Advisory Committee (MAC) – sanctioned by the County’s 
All-Hazard Mitigation Plan to form a Task Force. 

• Come up with a system to identify sites along the river 
for funding and mitigation through channel stabilization. 

• Draft a legislative master document so that legislators, 
funding decision makers, local officials, and concerned 
citizens could track project locations and mitigation 
progress.

Field Inspections

Field Inspections

• Previous attempts at collecting necessary data for 
funding applications were problematic. 

• Sites needed to be tied to specific location with 
approximate classifications and calculations of area and 
volume – mismatches. seemed to have occurred.

Field Inspections

• 3 teams performed two-days of field work with 
mapping/inspection grade GPS equipment hardware, 
paired with antennas and the ArcGIS Online platform. 

Field Inspections
• Simple, cost-effective, and accurate system using 

equipment and platforms that we already were using. 

Field Inspections
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• Integrated field-captured points (about 3 meters steady 
accuracy) with PICTURES along with basic info entered 
into survey (ESRI’s Survey 123).

Field Inspections

• Integrated field-captured points (about 3 meters steady 
accuracy) with PICTURES along with basic info entered 
into survey (ESRI’s Survey 123).

Field Inspections

• Drone shots and field-work all in one web based app.

Field Inspections

• Process the field-work points data, create tabular data 
for funding applications. 217 locations processed.

Field Inspections

• Recommendations for setting up successful field work. 
 Inspection grade does not require expensive or 

complex setups. Galaxy/Apple phones and tablets 
should be utilized. 

 Precision not necessary, but accuracy is important. 
Pair gadgets GPS/Bluetooth antennas.

 Think about an appropriate field/survey design.

 Create a field map or ESRI ArcGIS Online dashboard so 
the team can track progress. 

Field Inspections
• Recommendations for setting up successful field work. 
 Create at least one field, in the field design, for 

general comments (but not too many). 

 Deciding on your field app for data collection. 
 Survey 123 more friendly for general users. 

Limitations with photo attachments (workaround: 
create several photo fields).

 ArcGIS Field Maps not as user friendly, better for 
image attachment capture. 

Field Inspections
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• Recommendations for setting up successful field work. 

 IMPORTANT: Download points from ArcGIS Online 
into a file-geodatabase for desktop mapping and 
other derivative uses – this preserves the links to the 
images by way of a relationship class. 

 A significant component of the project is lost when 
images are not directly attached 1:1 with the 
points. 

 File-geodatabase can be shared with the images 
included and lines to the points preserved.

Field Inspections

GeoAI Workflows
AI solutions that bring clarity to complex challenges.

GeoAI Solutions
ESRI Deep Learning Packages – imagery processing

GeoAI Solutions
ESRI Deep Learning Packages – imagery processing

GeoAI Solutions

GeoAI: Geospatial Artificial Intelligence.

What is it?

GeoAI: The integration of geospatial data science with 
artificial intelligence (AI), especially machine learning (ML) 
and deep learning (DL), to solve spatial problems.

Remote Sensing: Imagery and sensors:
AI/ML: Automated learning from data, creating new models.

Handbook of Artificial Intelligence (2024) by Gao, Hu, and Li. 

GeoAI Solutions
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GeoAI: Geospatial Artificial Intelligence.

So, how can we use GeoAI to enhance our results? Ideas?
1. Pictures only geotagged, so how can I still get detailed 

geospatial information about the images?

2. Consistently identify and classify pixels in the vast catalog 
of images.

3. Quantify the data in the image. Percentage of pixels are 
water, trees, debris, etc.

GeoAI Solutions

GeoAI: Geospatial Artificial Intelligence.
So, how can we use GeoAI to enhance our results? Ideas?
1. Geo-reference UAV images with reasonable accuracy (or 

find a way to use geotagged images). 

2. Use a custom-trained model to identify different types of 
erosion and debris from vast amounts of consistently 
collected imagery.

3. Getting a volume calculation for certain features shown on 
the image (3D Solution).

GeoAI Solutions

GeoAI: Geospatial Artificial Intelligence.

GeoAI workflows and tools to consider:

1. Scene-Level Classification & Tagging

2. Object Detection / Semantic Segmentation

3. Probabilistic Geo-registration Using AI

4. 3D Reconstruction & AI-Based Feature Recognition

GeoAI Solutions

GeoAI: Geospatial Artificial Intelligence.

So, how can we use GeoAI to enhance our results? Ideas?

5. Change Detection Over Time

6. GeoAI-Enhanced Index Calculation

7. Embedding into GIS Workflows with AI-Driven Insights

8. Federated or Edge-Based AI

GeoAI Solutions

GeoAI workflows
Object Detection / Semantic Segmentation

Objective: Identify and extract specific features (e.g., roads, 
buildings, vegetation, flooding) from within each UAV image 
using AI.

Expanded Description:
This workflow involves training AI models to locate and 
classify individual objects or land cover types within each UAV 
image.

GeoAI Solutions

GeoAI Workflows
Object Detection / Semantic Segmentation

• Training can be done using manually labeled UAV images 
or transfer learning from existing datasets.

 Output formats include shapefiles (vectors) or classified 
rasters that can be imported directly into a GIS 
environment, such as ArcGIS Pro and then published as 
a shared service, etc.

GeoAI Solutions
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GeoAI Workflows
Object Detection / Semantic Segmentation

• Tools like ArcGIS Pro’s “Train Deep Learning Model” and 
“Detect Objects Using Deep Learning” can help create an 
end-to-end workflow.

• Ideal method for creating up-to-date maps of damaged 
infrastructure, invasive species, flood extents, or post-
disaster debris.

GeoAI Solutions
GeoAI Workflows

1. Get imagery in a format that can be used.

GeoAI Solutions

GeoAI Workflows
2. Study ESRI Living Atlas Deep Learning Packages (DLPKs)

GeoAI Solutions
GeoAI Workflows

2. Study ESRI Living Atlas Deep Learning Packages (DLPKs)
Explore available pretrained models to understand what’s 
already been developed (e.g., building footprints, tree 
canopy, land cover). Review the model types, label 
schemas, and input requirements.

GeoAI Solutions

GeoAI Workflows
Want to find elephants in the Safari? There’s a DLPK for 
that…

GeoAI Solutions
GeoAI Workflows

Damage Assessment and SAM DLPK.

GeoAI Solutions
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GeoAI Workflows

3. Use ESRI’s Deep Learning Tools to Prepare Your Data
Set up your imagery environment in ArcGIS Pro or ArcGIS 
Enterprise. Ensure you have georeferenced imagery or a 
mosaic dataset ready to support object detection or 
classification.

GeoAI Solutions
GeoAI Workflows

4. Label Objects in Your Imagery for Model Training 
Use the Label Objects for Deep Learning or Training 
Samples Manager tool to digitize features of interest (e.g., 
buildings, debris, water). This forms the foundation of your 
custom training dataset.

GeoAI Solutions

GeoAI Solutions GeoAI Solutions

GeoAI Workflows

5. Fine-Tune an Existing DLPK (e.g. SAM Segmentation).
Based on your labeled training data, either:
 Train a brand-new model from scratch using the Train 

Deep Learning Model tool.

 Fine-tune an existing DLPK model to adapt it to your 
specific imagery style or content.

This is where studying existing DLPKs helps you align 
formats, classes, and expectations.

GeoAI Solutions
GeoAI Workflows

Use Geoprocessing Tools to Apply the Model at Scale
Apply the model to your imagery using tools like:
 Detect Objects Using Deep Learning
 Classify Pixels Using Deep Learning. This enables you to 

run inference on large volumes of UAV, satellite, or aerial 
imagery for automated feature extraction.

GeoAI Solutions
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GeoAI Workflows
First execution with the trained model didn’t pick up nearly 
enough, hard to 
classify…

GeoAI Solutions
GeoAI Workflows
Continuing to train the SAM and other models, establishing a 
workflow and quantifiable results. (Recent Updates)

GeoAI Solutions

GeoAI Workflows (Recent Updates)
• (See Updates Section) Use this workflow with the NEW 

2025 spring (leaf-off) orthorectified imagery. 
• Use UAV imagery for DLPK fine-tuning.

GeoAI Solutions
GeoAI Workflows: Updated data and workflows.
• Utilize new 2025 orthorectified imagery in the processes.

• Change detection: Updated data and workflows. 

GeoAI Solutions

GeoAI Solutions
Field work 2025
• The above detailed attachment viewer will be relied upon 

heavily to pick out debris areas. These photos will still be 
very valuable.

GeoAI Solutions



12/22/2025

33

Recent Updates as of 4/16/2025
• Knoxville Boro requested images of the WTP recently.

GeoAI Solutions
Recent Updates as of 4/16/2025

1. 2025 Images deliverable orthorectified. This is key for 
executing the segmentation AI models, object training and 
detection, etc.

2. We will attempt to use the AI model workflow outlined 
prior for object detection and change detection.

3. Ultimately, we would like to utilize 3D methods for 
accurate area & volume calculations. Stay tuned.

GeoAI Solutions

Some things to keep in mind…
1. In working with imagery data, you will almost assuredly need ESRI 

extensions such as Image Analyst and Spatial Analyst. Check  you 
license availability.

Use ESRI World Atlas > DLPK packages as templates > train 
those models.

3. Georeferenced/orthorectified data is key. Disaster Response 
Programs (DRPs) in the wake of a disaster may become more 
valuable than ever because of. Leveraging value…

4. Workflow has quirks and bugs… evolving technology. Work with 
ESRI.

5. Memory issues – consider CPU versus GPU processing options.

GeoAI Solutions

Final Thoughts
Conclusion

Questions / Answers?

Thank you for attending!

SESSION EVALUATION

HTTPS://WWW.SURVEYMONKEY.COM/R/PSLS2026EVAL


