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A new tool for deforestation detection
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Four Landsat path/row footprints in purple, which were selected for accuracy
assessment, are overlaid on the National Land Cover Database (NLCD) Forest
Disturbance Date 1986-2019 science product. Credit: Suming Jin, U.S.
Geological Survey Earth Resources Observation and Science Center

Every second, the planet loses a stretch of forest equivalent to a football
field due to logging, fires, insect infestation, disease, wind, drought, and
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other factors. In a recently published study, researchers from the U.S.
Geological Survey Earth Resources Observation and Science (EROS)
Center presented a comprehensive strategy to detect when and where
forest disturbance happens at a large scale and provide a deeper
understanding of forest change.

The study was published in the Journal of Remote Sensing.

"Our strategy leads to more accurate land cover mapping and updating,"
said Suming Jin, a physical scientist with the EROS Center.

To understand the big picture of a changing landscape, scientists rely on
the National Land Cover Database, which turns Earth-observation
satellite (Landsat) images into pixel-by-pixel maps of specific features.

Between 2001 and 2016, the database showed that nearly half of the land
cover change in the contiguous United States involved forested areas.

"To ensure the quality of National Land Cover Database land cover and
land cover change products, it is important to accurately detect the
location and time of forest disturbance," said Jin.

Jin and team developed a method to detect forest disturbance by year.
The approach combines strengths from a time-series algorithm and a
2-date detection method to improve large-region operational mapping
efficiency, flexibility, and accuracy. The new technique facilitates more
effective forest management and policy, among other applications.

Landsat data have been widely used to detect forest disturbance because
of their long history, high spatial and radiometric resolutions, free and
open data policy, and suitability for creating continental or even global
mosaic images for different seasons.

"We need algorithms that can create consistent large-region forest
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disturbance maps to assist producing multi-epoch National Land Cover
Database," said Jin. "We also need those algorithms to be scalable so we
can track forest change over longer periods of time."

A commonly employed method called "2-date forest change detection"
involves comparing images from two different dates while the "time-
series algorithm" can provide observations for yearly or even monthly
Landsat time series.

In general, 2-date forest change detection algorithms are more flexible
than time-series methods and use richer spectral information. The 2-date
method can easily determine changes between image bands, indices,
classifications, and combinations and, therefore, detect forest
disturbances more accurately. However, the 2-date method only detects
changes for one time period and usually requires additional information
or further processing to separate forest changes from other land cover
changes.

On the other hand, time-series-based forest change detection algorithms
can use spectral and long-term temporal information and produce
changes for multiple dates simultaneously. However, these methods
usually require every step of the time series algorithm to be processed
again when a new date is added, which can be cumbersome for
continuous monitoring updates and lead to inconsistencies.

Previous studies proposed ensemble approaches to improve forest
change mapping accuracy, including "stacking," or combining the output
of different mapping methods. While stacking reduces omission and
commission error rates, the method is computationally intensive and
requires reference data for training.

Jin and team's approach combined strengths from 2-date change
detection methods and the continuous time-series change detection
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method, which was called the Time-Series method Using Normalized
Spectral Distance (NSD) index (TSUN), to improve large-region
operational mapping efficiency, flexibility, and accuracy. Using this
combination, the researchers produced the NLCD 1986-2019 forest
disturbance product, which shows the most recent forest disturbance
date between the years 1986 and 2019 for every two-to-three-year
interval.

"The TSUN index detects multi-date forest land cover changes and was
shown to be easily extended to a new date even when new images were
processed in a different way than previous date images," Jin said.

The research team plans to improve the tool by increasing the time
frequency and produce an annual forest disturbance product from 1986
to present.

"Our ultimate goal is to automatically produce forest disturbance maps
with high accuracy with the capability of continually monitoring forest
disturbance, hopefully in real-time," Jin said.

More information: Suming Jin et al, National Land Cover Database
2019: A Comprehensive Strategy for Creating the 1986—2019 Forest
Disturbance Product, Journal of Remote Sensing (2023). DOI:
10.34133/remotesensing.0021
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