Estimating changes in forest
attributes with 3D remote sensing

Piotr Tompalski
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ALS in forestry

- Stand attributes at pixel- or tree-level ,5; ,

- Height, basal area, volume, biomass
+ many more

- Accurate, detailed, wall-to-wall
- "Enhanced forest inventory”
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White, J. C., Tompalski, P., Vastaranta, M., Wulder, M. A., Saarinen, S., Stepper, C., & Coops, N. C. (2017). A model development and application guide for generating an enhanced forest
inventory using airborne laser scanning data and an area-based approach. CWFC Information Report FI-X-018, Canadian Forest Service, Pacific Forestry Centre: Victoria, BC,
Canada. 38 pp. https://doi.org/10.5558/tfc2013-132






Stand development through time —»
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Retrospectively estimating growth
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': = - growth simulators and productivity models
® - plot / curve matching approaches
2o ®e s omaae - developing growth functions

Tompalski, Piotr, Nicholas C. Coops, Joanne C. White, Tristan R.H. Goodbody, Chris R. Hennigar, Michael A. Wulder, Jarostaw Socha, and Murray E. Woods. “Estimating Changes in
Forest Attributes and Enhancing Growth Projections: A Review of Existing Approaches and Future Directions Using Airborne 3D Point Cloud Data.” Current Forestry Reports, February
19, 2021. https://doi.org/10.1007/s40725-021-00135-w.
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RETROSPECTIVELY ESTIMATING
GROWTH
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Direct vs indirect

 |n our research — direct is better
« No consensus in the literature

« Both sensitive to mortality and
disturbance

« AH - the most accurate

« Time interval is important — growth
should exceed the uncertainity in
attribute predictions
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Tompalski, P., Rakofsky, J., Coops, N.C., White, J.C., Graham, A.N. V, Rosychuk, K., 2019. Challenges of Multi-Temporal and Multi-Sensor Forest Growth Analyses in a Highly

Disturbed Boreal Mixedwood Forests. Remote Sens. 11, 2102. https://doi.org/10.3390/rs11182102
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Forest stand at two points in time
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FORECASTING FOREST
ATTRIBUTES INTO THE FUTURE



Modeling Forest Productivity with Multi-temporal Point
Cloud Data

Integrating Point Cloud Data with Growth Simulators
Data Assimilation
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Site index
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Socha, Jarostaw, Marcin Pierzchalski, Radomir Batazy, and Mariusz Ciesielski. “Modelling Top Height Growth and Site Index Using Repeated Laser Scanning Data.” Forest Ecology and 17
Management 406, no. May (2017): 307-17. https://doi.org/10.1016/j.foreco.2017.09.039.
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Age-independent site index’
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Riofrio, José, Joanne C. White, Piotr Tompalski, Nicholas C. Coops, and Michael A. Wulder. “Modelling Height Growth of Temperate Mixedwood Forests Using an Age-Independent 18

Approach and Multi-Temporal Airborne Laser Scanning Data.” Forest Ecology and Management 543 (September 1, 2023): 121137. https://doi.org/10.1016/j.foreco.2023.121137.
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Approaches to integrate growth
simulators with point cloud data

a Parametrizing a growth simulator

Point cloud-derived
input parameters Growth simulator Forecasted attributes
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Falkowski, Michael J., Andrew T. Hudak, Nicholas L. Crookston, Paul E. Gessler, Edward H. Uebler, and Alistair M.S. Smith. “Landscape-Scale Parametrization of a Tree-Level Forest
Growth Model: A k-Nearest Neighbor Imputation Approach Incorporating LiDAR Data.” Canadian Journal of Forest Research 40 (2010): 184-99. https://doi.org/10.1139/X09-183.
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Approaches to integrate growth
simulators with point cloud data

b Tree list matching

Database of tree lists

Best matching tree list Growth simulator Forecasted attributes

ABA layers > = "j —> m e /

Lamb, Sean M., David A. MacLean, Chris R. Hennigar, and Douglas G. Pitt. “Forecasting Forest Inventory Using Imputed Tree Lists for LiDAR Grid Cells and a Tree-List Growth Model.” 20
Forests 9, no. 4 (2018): 1-18. https://doi.org/10.3390/f9040167.
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Approaches to integrate growth
simulators with point cloud data

¢ Curve matching

Growth simulator Database of yield curves Best matching yield curve  Forecasted attributes
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Tompalski, Piotr, Nicholas Coops, Joanne White, and Michael Wulder. “Enhancing Forest Growth and Yield Predictions with Airborne Laser Scanning Data: Increasing Spatial Detail and

Optimizing Yield Curve Selection through Template Matching.” Forests 7, no. 12 (October 28, 2016): 255. https://doi.org/10.3390/f7110255.
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Yield curves matched at pixel-level
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Tompalski, Piotr, Nicholas Coops, Joanne White, and Michael Wulder. “Enhancing Forest Growth and Yield Predictions with Airborne Laser Scanning Data: Increasing Spatial Detail and Optimizing Yield Curve
Selection through Template Matching.” Forests 7, no. 12 (October 28, 2016): 255. https://doi.org/10.3390/f7110255. 22
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CHALLENGES



Data harmonization
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Riofrio, José, Joanne C. White, Piotr Tompalski, Nicholas C. Coops, and Michael A. Wulder. “Harmonizing Multi-Temporal Airborne Laser Scanning Point Clouds to Derive Periodic Annual Height
Increments in Temperate Mixedwood Forests.” Canadian Journal of Forest Research 19 (September 6, 2022): 1-19. https://doi.org/10.1139/cjfr-2022-0055. 24
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Species? Age’
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Estimating change at tree-level

 Tree detection / segmentation independent for each dataset
« Tree-to-tree matching

” L ' o y -. g ;\in 1 - .‘ - F \ ” v v " -
- | 0 v 3 oA i :
= O : | d ! 3 . 2 8 v
[ “ t \ . ) 7N £ - A

f‘ oRe
~

b0 T

550 Sesaunesl BeSNe

1
0 ﬁée' : f“‘.‘.

‘ ¢
L3



Multi-temporal datasets (n>2)
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Growth

- Integration with existing growth models
- Existing methods in early stages of developement
- Designed to work with specific growth simulator

- Growth models driven entirely with remote sensing data

- Do not necessarily need to mimic existing growth simulators, rather
utilize the advantages provided by point clouds and other remote
sensing data
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@PiotrTompalski
researchgate.net/profile/Piotr_Tompalski
piotrtompalski@nrcan-rncan.gc.ca

Current Forestry Reports
https://doi.org/10.1007/540725-021-00135-w
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