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M O t/ VC7 t/ O n Critical transitions in the Amazon forest system

(adapted from Flores et al., 2024)

 The Amazon plays a pivotal role
in the global carbon cycle, and
is highly sensitive to both
human and climate-induced
disturbances.

e The Amazon may be
approaching a tipping point,
raising global concerns about
potential large-scale forest
collapse.

 The 2023-2024 El Nifo is
accelerating CO, growth, yet
regional drivers remain
uncertain due to complex
carbon—water—energy coupling
and spatial heterogeneity.

(Flores et al., 2024)
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Motivation

DifferLand: A hybrid machine learning framework that exploits spatial gradients in climate, forest age, and soil properties to
enhance predictions of vegetation responses to external forcings—especially under the extreme conditions of the 2023-2024
“super” El Nifo.
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Results: Model Performance
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Amazon region shifts from sink to source
during 2023-2024 El Nifo, with changes
emerging mid-2023

Wet region shifts from sink to source
during 2023-2024 El Nifo

Transitional region shifts to source during
2023-2024 El Nifio, though the signal was
weaker than in the wet region.

Dry region remains a carbon sink



How to understand the regional drivers and controlling processes?

DifferLand + XAl XAl: Integrated Gradients (IG)

Integrated Gradients (IG) quantify the contribution of
meteorological anomalies to NBE, conditioned on the
dynamics of carbon and water fluxes, thereby revealing
the underlying processes modelled by DifferLand.
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DifferLand + XAl supports event-level climate anomaly analysis

* The framework can reveal event- and sub-grid-scale mechanisms underlying NBE in specific instances.
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Results: summarized by concurrent and memory effects

» Event-level analysis

» The concurrent effect is
defined as the fraction of
absolute IGs from the most
recent 12 months relative to
the full input period.

» The memory effect is
defined as the fraction of
absolute 1Gs from all prior
periods excluding the
concurrent year, relative to
the total over the full input
period.
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Take home messages

1. Training our hybrid ML model, DifferLand, on satellite observations in the Amazon yielded
high Nash-Sutcliffe Efficiency scores, especially for net biome exchange (NBE). The model
captures the 2023/2024 El Nifio impact, showing the Amazon as a weak carbon source.

2. Explainable Al (XAl) using integrated gradients revealed distinct carbon—climate
interactions during 2023: radiation dominating in wet regions, while precipitation and
temperature controlling dry-region dynamics.

3. XAl further separated memory effects (lagged responses) from concurrent effects (real-
time responses), showing that the strong 2023 concurrent effect stemmed from
pronounced climate anomalies, while weaker anomalies in other years would enhance
memory effects.
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Check our DifferLand paper
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