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Introduction

Alpine ecosystems are increasingly vulnerable to climate change, making it critical to understand their vegetation
dynamics and carbon fluxes. Of particular interest is the transition zone near the treeline, where Mountain Pines
(Krummbholz zone) play a significant ecological role in the Bavarian Alps. This study combines Sentinel-2 and climate
data to classify dominant vegetation types and model their Gross Primary Productivity (GPP)and Net Ecosystem
Productivity (NEP) at high spatial resolution. These insights help assess how vegetation structure and elevation
Influence carbon exchangeacross seasons.

Objectives

A Classify land cover across a mountainous region in the Bavarian Alps and delineate the upper treeline boundary.

A Compute and validate Sentinel2tbased GPP and NEP using Light Use Efficiency (LUE) modeling with climiadéesed
stress constraints.

A Compare annual carbon fluxes (GPP, NEP) above and below the extracted treeline boundary.

A Visualize and interpret seasonal and spatial variations in ecosystem productivity in relation to vegetation structure
and elevation.

Method and Workflow
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Results

A The computed GPP estimates from Sentine®
shows seasonal dynamics and classwise
differences. Comparing with MODIS RO
(MOD17A2Hv061) confirmed the model
consistency across land cover types.

A SeasonalNEP distributions highlight the
functional contrast between summer and
winter periods. Forestdominated classes act
as carbon sinks in summer, while all classes
show negative NEP in winter.

Modelled GPP and Validation using MODIS data

A Acrossthe entire study area, annual carbon
fluxes reveal strong elevational contrasts:
areas below the treelineexhibit strong carbon
sequestration potential, whereas areas above
the treeline have substantially lower
productivity, with NEP values often negative
Indicating net carbon loss.
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