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Outline

• What is forest recovery?

• What are monitoring requirements for recovery?

• Why use remotely sensed data?

• What have we learned from our research?

• 2BT: A monitoring challenge



What is forest recovery?
When is a forest “recovered”?

A process and not a state; definitions matter!

The key is that measurable indicators of forest recovery enable objective 

assessments and that definitions are clear.



Potential scenarios of forest recovery…

• No recovery (land use change?)

• Facilitated recovery toward some pre-defined stocking 
or structural target (intensive forest management)

• Natural recovery, characterized by successional 
processes, with the rate of forest regeneration dictated 
by:

• Pre-disturbance forest composition and structure
• Nature and severity of the disturbance
• Biological legacies
• Climate and local site conditions



What are monitoring requirements?

• Measurable indicators of relevance for target (definition-relevant)

• Accurate, transparent, science-informed

• Nationally consistent observations

• Synoptic, spatially explicit, spatially detailed

• Enable wall-to-wall assessments over large areas 

• Cost-efficient

• Objective and with a permanent record (map, visual)



Why use remotely sensed data?

✓ Measurable indicators of relevance for target (definition-relevant)

✓ Accurate, transparent, science-informed

✓ Consistent observations nationally

✓ Synoptic, spatially explicit, spatially detailed

✓ Enable wall-to-wall assessments over large areas 

✓ Cost-efficient

✓ Objective and with a permanent record (map, visual)



Why use remotely sensed data?

• Retrospective capacity for establishing recovery baselines

• Integration with other data sources (airborne lidar, ground 
observations) into a monitoring framework…

• Our research focus is on spectral recovery as a proxy for forest 
recovery

• Other data sources are available:
• Lidar: aircraft, drones, satellites/ISS

• Digital photogrammetry (lidar-like): aircraft, drones

• Each will have advantages and disadvantages, depending on definition of recovery, what 
needs to be measured and over what spatial and temporal extent
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Why Landsat?
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Annual Landsat 
Surface 
Reflectance 
Composites for 
Canada

Hermosilla, T., Wulder, M. A., White, J. C., Coops, N. C., Hobart, G. W., & Campbell, L. B. 

(2016). Mass data processing of time series Landsat imagery: pixels to data products for forest 

monitoring. International Journal of Digital Earth, 9(11), 1035-1054.

National Terrestrial 

Ecosystem Monitoring

System (NTEMS)

https://opendata.nfis.org/map

server/nfis-change_eng.html

https://opendata.nfis.org/mapserver/nfis-change_eng.html
https://opendata.nfis.org/mapserver/nfis-change_eng.html


Overall change detection accuracy = 89%

Overall change attribution accuracy = 92%

• 96% for wildfire and harvest

Changes assigned to correct year = 89%

• 97.7% within ± 1 year



Closing the loop: disturbance and recovery

To better characterize forest 

dynamics

A key component of sustainable 

forest management and climate 

change mitigation

Impacts of disturbance are mediated 

by the rate and composition of 

regenerating forests



What is “spectral recovery”? 
What are we actually measuring?
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https://www.fao.org/3/y1997e/y1997e1m.htm#:~:text=Forest%20includes%20natural%20forests%20and,of%20other%20predominant%20land%20uses

“…land with a tree canopy cover of more than 10 percent…The trees should be able 

to reach a minimum height of 5 m.”

What is our definition of recovery?

https://www.fao.org/3/y1997e/y1997e1m.htm


How quickly would we expect forests in Canada 
to recover from disturbance?

Bartels, S.F., Chen, H.Y.H., Wulder, M.A., White, J.C. 2016. Trends in post-disturbance recovery rates of Canada’s forests following 
wildfire and harvest. Forest Ecology and Management, 361: 194–207. https://doi.org/10.1016/j.foreco.2015.11.015

• Field plots are the primary source of information on recovery
• Constrained in both time and space

• Synthesis of plot measurements from the scientific literature:
• 218 plots, 7 studies

• For Canadian forested ecosystems, how long does it take for 
stands to reach benchmarks of cover (> 10%), height (> 5 m), 
and basal area (> 10m2ha-1)?

• Height and cover benchmarks achieved within 10 years; basal 
area took 17 (wildfire) to 33 years (harvest)

• Variability by location and dominant species

https://doi.org/10.1016/j.foreco.2015.11.015


What have we learned?
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Validation

If something is considered spectrally 

recovered, has it achieved our desired 

benchmarks of canopy height (>10%) 

and cover (>5m)?

Airborne laser scanning (ALS) data

Field measurements



White, J.C., Saarinen, N., Kankare, V., Wulder, M.A., Hermosilla, T., Coops, N.C., Pickell, P.D., Holopainen, M., Hyyppä, J., Vastaranta, M. 2018. Confirmation of post-harvest 

spectral recovery from Landsat time series using measures of forest cover and height derived from airborne laser scanning data. Remote Sensing of Environment, 216: 262–275. 

https://doi.org/10.1016/j.rse.2018.07.004

89% of recovered 

pixels had achieved 

both benchmarks of 

height and cover

Post-harvest in 

intensively 

managed boreal 

forests

~55% of pixels 

were spectrally 

recovered within 

10 years

Validation using lidar: Finland

Airborne Laser Scanning

https://doi.org/10.1016/j.rse.2018.07.004


~71% of harvested pixels and 

~32% of wildfire pixels were 

spectrally recovered in <10 

years

~57% of recovered pixels 

achieved benchmarks of both

height and cover

White, J.C., Hermosilla, T., Wulder, M.A., Coops, N.C. 2022. Mapping, validating, and interpreting spatio-temporal trends in post-disturbance forest recovery. Remote Sensing of 

Environment, 271: 112904. https://doi.org/10.1016/j.rse.2022.112904

ALS data acquired within 2 years of the year 

in which the pixel was considered to be 

spectrally recovered (BC, AB, QC, NB)

Validation of using lidar: Canada

https://doi.org/10.1016/j.rse.2022.112904
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https://doi.org/10.1016/j.jag.2019.04.010
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Validation using field measurements: Finland

https://doi.org/10.1016/j.jag.2019.04.010


Validation using field measurements: Canada

Plots that were not yet spectrally recovered by the end of the time series were 

drier, located at at higher elevations, or had a greater change magnitude.



National 

baseline of 

recovery

Overall: 8.9 years (σ = 6.2 years) 
Harvest: 6.1 years (σ = 4.6 years),
Wildfire: 10.6 years (σ = 6.4 years) 

Enables broad-scale, national-level assessments

White, J.C., Hermosilla, T., Wulder, M.A., Coops, N.C. 2022. Mapping, validating, and interpreting spatio-temporal trends in post-

disturbance forest recovery. Remote Sensing of Environment, 271: 112904. https://doi.org/10.1016/j.rse.2022.112904

https://doi.org/10.1016/j.rse.2022.112904


(within a 50km grid cell)

Synoptic tools to inform spatial analyses

White, J.C., Hermosilla, T., Wulder, M.A., Coops, N.C. 2022. Mapping, validating, and interpreting spatio-temporal trends in post-

disturbance forest recovery. Remote Sensing of Environment, 271: 112904. https://doi.org/10.1016/j.rse.2022.112904

https://doi.org/10.1016/j.rse.2022.112904


1985

Harvest: recovery hotspots
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Harvest: recovery hotspots
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Remote Sensing of Environment, 271: 112904. https://doi.org/10.1016/j.rse.2022.112904
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Harvest: full sample vs slow hotspots



1985

These are spatially 

detailed tools that have a 

spatial resolution (30 m) 

that is relevant for forest 

management.



1987

These are spatially 

detailed tools that have a 

spatial resolution (30 m) 

that is relevant for forest 

management.



2011

These are spatially 

detailed tools that have a 

spatial resolution (30 m) 

that is relevant for forest 

management.
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Clearcut in 1987

~45% planted in 1988 

(location not known)

Median Y2R = 26 years

Median cover = 57.5%

Median height = 8.9 m 

22% of area not recovered
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2BT: A monitoring challenge

Potential requirements:

• A definition of “success” – what is recovery?

• Measurable indicators of performance

• Data/tools necessary to collect accurate measurements

• Nationally consistent data & information

• Regionalized performance expectations



Key takeaways

• Definitions of recovery must be clear and measurable.

• Disturbance type is critical for understanding post-
disturbance recovery.

• Recovery rates must be interpreted within the context of 
time since disturbance. 

• Pre-disturbance context is useful for interpreting post-
disturbance measures of spectral recovery.

• Airborne lidar provide a means to relate spectral recovery to 
the return of forest structure.



• Spectral and structural recovery within 10 years post-
disturbance is highly variable and is influenced by site 
conditions, species composition, and residual structures.

• Spectral recovery metrics derived from LTS convey useful 
information about the structural development of forests 
post-disturbance in a manner that is spatially explicit and 
temporally exhaustive and can be an important monitoring 
tool (augmented by ground & ALS data).

• Retrospective analyses, baselines, spatial hotspots

Key takeaways



© His Majesty the King in Right of Canada, as represented by the Minister of Natural Resources, 2023

Thank you! Questions?

Joanne White
joanne.white@nrcan-rncan.gc.ca

https://opendata.nfis.org/mapserver/nfis-change_eng.html

mailto:joanne.white@nrcan-rncan.gc.ca
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