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Climate Change and its impact on Species

a. RCP2.6 0.71 b. RCP4.5 1.34
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Species Distribution Models
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Key Contributions- EcoCast

Operational Forecasting: Predicts next month based on observed environmental sequences
Multi-Modal Integration: Satellite imagery (Sentinel-2) +Climate data (ERA5) + Citizen science (GBIF)
Transformer Architecture: Captures long-range temporal dependencies and seasonal patterns

Continual Learning: Designed to adapt to new data without catastrophic forgetting



EcoCast Architecture

Spatio-Temporal Transformer for Biodiversity Forecasting

Sentinel-2

Satellite imagery
30m resolution

ERA5 Climate

Temperature, precip.
humidity, wind

GBIF Records

Species occurrence
citizen science

AN

Data Preprocessing
Aggregate to 0.1° grid | Feature engineering (EVI, NDWI, NDMI, NBR)

New Data Stream
Monthly updates

Temporal Sequence Construction
Input: [x_{t-11}, ..., x_t] — Target: y _{t+1}

Continual Learning
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IObjective: L(fo(Xt-11:t), Ye+1)

Species Occurrence Predictions

Probability maps for multiple bird species

Deployment

Validation & monitoring
Conservation tools

Key Features:
* 12-month temporal sequences
* Multi-species joint training
* 0.1° spatial resolution
(~10-11km at equator)
* Monthly forecast updates

Core Forecasting Pipeline

Operational Loop




EcoCast Temporal Alignment: Unified Processing of Satellite and Climate Data

Temporal Sequence Construction (L = 12 months)
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Where xi = [Si, Ci]
Dim: 16 features/month
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Input Sequence: Shape (Batch, 12, 16)

1. Linear projection
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2. Positional encoding
3. Self-attention layers
4. Temporal pooling
5. Classification head

Species Predictions: Shape (Batch, 5 species)
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Bands: B2, B3, B4, B§, B11, B12
Indices: NDVI, EVI, NDMI, NBR, NDWI
Dim: 11 features/month

Vars: Tzm, RHzm, precip
wind, pressure
Dim: 5 features/month
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Model

Baseline (Random Forest)

EcoCast forecast

Improvement

Results

F1 (macro)

0.31

0.65

+34 pp

PR-AUC (macro)
0.29

0.72

+43 pp



Results
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Conclusions & Future Work

* We introduce the first transformer model for operational African biodiversity forecasting
* No future climate projections required
* Contimual learning design for non-stationary environments



Conclusions & Future Work

Conservation Impact:

* Real-time forecasts of biodiversity hotspots at risk
* Scenario analysis for land-use planning



Conclusions & Future Work

Future Directions:

* Expand coverage: More species, regions, and taxa beyond birds
* Enhanced continual learning: Real-time model updates

* API development: Enable local data integration

* Policy engagement: Demonstrate intervention success stories
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