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Tropical forest disturbance

. . Biodiversity Sustaining local
Climate regulation . o
preservation livelihoods
C Ecosystem resilience )

Beyond deforestation, forests face subtle and heterogeneous disturbances




Tropical forest disturbances = just deforestation

Fig 1. Clear cutting bare soil

Fig 2. Fire scar




Monitoring

Detecting these disturbances is challenging, especially at short temporal
scales and over large areas

Remote sensing data

Monitor vast and remote areas where field observations are infeasible

Optical sensors: spectral info on vegetation condition

SAR: forest structure + moisture, works through cloud cover

Mixing both improves monitoring precision [Reiche et al., 2018] = Multimodal foundation models




Limitations of current
change detection methods

Focus on binary detection (forest/not forest)

Single-sensor, require sensitive calibration

Struggle with early-stage degradation

Work at pixel level, loosing the spatial context = Multimodal foundation models




Objective

Develop an embedding-based framework combining optical and SAR time series for scalable,
near-real-time detection of tropical forest disturbances, improving timeliness and sensitivity to
degradation.

Research questions

e How do embeddings from different foundation models differ in their ability to characterize and
distinguish tropical forest disturbance?

 How do cloud filtering strategies on optical time series affect the quality and temporal consistency
of the resulting embeddings for change detection?

e Can foundation model embeddings enable near-real-time disturbance detection with shorter
detection delays than conventional Bayesian approaches?




Mlethodology

C Creation of label data )

l

CDifferent foundation models)

l

(Disturbance Characterization)

l

C Evaluation )
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Fig 6. Sentinel 2 visualization
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Different foundation models

Feature CROMA TerraFM Clay v1.5 SkySense
Default input . : 256 x 256 64 x 64 (S1, S2). 2048 x 2048
120 x 120 pixels 534 x 534 pixels
size o o pixels (RGB VHR).
Factorized multi-modal
Base VIiT (CoCa-inspired, 3 ViT (DINO-style

ViT-based MAE spatiotemporal encoder

architecture  encoders) teacher-student) (RINO=stylb teacher-swident)

5. Sentinel-1 Handling

Feature CROMA TerraFM Clay v1.5 SkySense
RTC (Radiometrically Terrain Standard-calibrated SAR
S1 product GRD (backscatter) EaRe ten) RTC (TSARI) - GRD (supposion)
6. Sentinel-2 Handling
Feature CROMA TerraFM Clay v1.5 SkySense
L2A (surface Both L1C and L2A (treated L2A (atmaspheneany correotad
S2 product . L2A surface reflectance), cloud-
reflectance) as separate modalities) )
filtered
S2 bands 12 surface reflectance 10 bands: B2-B8, B8A, B11, B12
used bands (cirrus Up to 13 bands (L1C/L2A) 10 bands (visible + NIR resampled to 10m;

removed) VRE + SWIR at 20m)



CROMA embeddings

EVT — RGB (534x534) BEF — RGB (534x534) AFT — RGB (534x534)
- " [T

EVT — PCA tokens (66x66) AFT — PCA tokens (66x66)

Fig 8. Optical embeddings for one
polygon
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evt vs bef evt vs aft
Cosine similarity Cosine similarity

Fig 9. Cosine similarity between optical embedding of the same
area. Green is similar, Red is different.
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