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• Disturbance
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Limitations of Demographic Monitoring



Multi-Scale Imagery-Based Monitoring



Object-Based Image 
Analysis
• Reflectance
• Structure
• Geometry
• …etc

Emerging Frontier: Remote Individual 
Detection



• Field-mapped sagebrush Automatically detected sagebrush

But It Remains Imperfect!



Aerial data

𝒄𝒋𝒕𝒓𝒖𝒆 = 𝑓 𝒄𝒋
𝒊𝒎𝒂𝒈𝒆 + 𝑋* + 𝛆𝒋

Validation data
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"#)

𝑐!"#|𝑁!, 𝑝~ 𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙 𝑁!, 𝑝
𝑐!$#| 𝜆!$# ~𝑃𝑜𝑖𝑠𝑠𝑜𝑛 (𝜆$#)
Extensible to situations where ground data is 
also imperfect! 

𝑁! ~ Poisson(𝜆"#)
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𝑐$"# | 𝑁$"#, 𝑝 [(𝑐$&# = 𝑐$∗ − 𝑐$"#)| 𝜆&# ]

*Process for Abundance/Density (assumed true for ground)
*Process for failing to detect real plants (aerial)
*Process for introducing false positives (aerial)
*Mixture of true and false positive processes (aerial)

Aerial & Ground Aerial Data Only



Variation in False-Negative Error…
Associated With Plant Size Associated With Flight/OBIA parameters
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Variation in False-Positive Error and 
Abundance…



N
or

th
in

g

Easting

Integrated State-Space Approach:
Improved Scalability/Rigor Combination


