Simulated AVIRIS-3 detects species-specific patterns of vegetation
succession in retrogressive thaw slumps
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Abstract: Retrogressive Thaw Slumps (RTS) are increasingly transforming Arctic permafrost landscapes, leading to significant shifts in vegetation composition and carbon cycling. However,
large-scale assessment of vegetation change across RTS chronosequences Is constrained by the limited availability of high-resolution hyperspectral data. In this study, we evaluate the potential
of hyperspectral image simulation for mapping fractional cover (fCover) of dominant plant functional types (PFTs) across RTS features in the Noatak National Preserve, Alaska. We leverage a
multi-scale dataset integrating ground-based vegetation surveys, high-resolution airborne imagery (RedEdge-M at 5 cm and AVIRIS-3), and Sentinel-2 MSI satellite data. Hyperspectral
reflectance was simulated from Sentinel-2 using the Universal Pattern Decomposition Method (UPDM), and PFT fCover was estimated using a reference classification map. Comparative
analysis using data from July 2023 demonstrated that simulated AVIRIS-3 imagery improved fCover estimation accuracy, with an average 8.9% increase In correlation and a 16.6% reduction
In RMSE compared to Sentinel-2. The model was subsequently applied to assess growing season vegetation dynamics for 2022 and 2023 (May—September). We further extended the
framework to produce vegetation maps over RTS scars—both manually delineated and identified via deep learning models throughout the ABoVE domain. We mapped vegetation succession
across diverse tundra types for different sites, namely, Toolik, Peel, Noatak and Hershel island. This approach enables a spatially explicit analysis of vegetation recovery dynamic, improving
our understanding of ecosystem responses to thaw-related disturbances across heterogeneous Arctic climates and environments
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Figure 3. Different PFTs with corresponding spectral profile recorded during field sampling and NV
classes present in the study site
161°53'0"W 161°52'30"W 161°52'0"W 161°53'0"W 161°52'30"W 161°52'0"W

Sentinel-2

F: Senecio+Chameriorn forb (R) D: Dry gravel (R) A Alc!cr shrub (R)
II: Equisctum horsctail (G) W: Wet soil (G) S: Salix shrub (G)
Sm: Sphagnum moss (B) M: Moist soil (B) G: Graminoid (B)

130 260 s20 780 L040
Mclcrs

Figure 6. Stacks of FCover for 3 classes (Shrubs, soil, and grass)
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Conclusion

A free hyperspectral (HS) image was generated with global coverage, comparable to
satellite data, which captured AVIRIS-3-like spectral detail.

The image was subjected to calculate fCovers of various PFTs and compared by
reference fCovers.

The reference fCovers for PFTs was computed using a 5¢cm classification image
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1. Satellite and airborne data:

Sensor Date of Product type Resolution (m)
Acquisition
Sentinel-2 MSI ~ 07/17/2023 L2A 10,20,60
AVIRIS-3 07/23/2023 L2A ~2.5
RedEdge-M 07/23/2023 ~0.05

2. Data Sampling: HR-10241-SVC spectroradiometer

a. Hyperspectral image simulation:

A synthetic hyperspectral imagery equivalent to the AVIRIS-3 was
generated using UPDM algorithm, that uses the reflectance from a
multispectral image which has global coverage. In total, 284 bands
were generated with 10 Input bands from Sentinel-2. Figure 3 (a)
shows FCC images of the slump from AVIRIS-3, Simulated A3, and
Sentinel 2. Simulated A3 has the spatial resolution similar to the
Sentinel-2, and the spectral resolution similar to the AVIRIS-3, (b) Is
spectra comparison for a vegetation pixel from the AVIRIS-3 and
simulated AVIRIS, the absorption characteristics and reflectance
patterns of the simulated spectra Is quite similar to the original
spectra and (c) iIs the pixel by pixel correlation coefficient between
those two images, for vegetation part there is higher correlation going
up to 0.85 while for the wet or moist bare ground or mixed
reflectance pixel has lower correlation. Additionally, the simulated
Image Is more detailed compared to the S@ image.

b. Image classification:

Figure 4 shows the species level Maximum-Likelihood classification.
The classification was done on a UAS derived 5 bands image and an

additional layer of Canopy Height Model (CHM) tq, differentiate.....

between the species who are spectrally very similar b
canopy height difference.

c. Fractional cover (FCover) analysis:

The classified Image was used as a reference data
fractional cover of 12 classes for AVIRIS-3, S2 and si#ht

using Random Forest model. Table 2 shows the R’jniviSEpantes

maximum coverage of each classes for each of the sensor:
6 shows the RGB stacks for all three sensors for 3 broad
moist soil, Alder, and Salix the coverage percentage IS
wet soil, and water simulated A3 is showing overestimat] e
to AVIRIS-3 and S2, which shows our model genere
simulated A3 iIs performing poor, but for vegetation the
and its RF model Is working fair as expected from pi

correlation figure (figure3(c)).
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