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Abstract

Rivers continually alter their planform due to natural processes and human activities,
affecting their morphology and the enclosing ecosystems. Understanding these changes is
crucial for managing water resources, floods, and conservation efforts. In this study, we use
satellite-derived indices, including Normalized Difference Vegetation Index (NDVI), Modi-
fied Normalized Difference Water Index (MNDWI), and Automated Water Extraction Index
(AWEI), to assess sediment deposition, erosion, sinuosity variations, and riparian vegetation
shifts over a 40-year period (1984-2024). Using Google Earth Engine, we analyze river mor-
phology and vegetation changes, providing insights into environmental and anthropogenic
influences on the Vistula River and its sub-reaches. This watercourse was selected for its
historical significance and susceptibility to urban pressures, and to test the approach proposed
here. Preliminary results reveal key trends in river morphology and vegetation dynamics, em-
phasizing the importance of remote sensing in large-scale river monitoring. This research
contributes to broader efforts to understand climate-driven changes in river planforms, with
future studies aiming to improve accuracy through higher-resolution data and field validation.

Keywords: Google Earth Engine, remote sensing, riparian vegetation, river morphology, sin-
uosity.

1. INTRODUCTION

The Vistula River, the largest river in Poland, has long been the subject of intensive geomorpho-
logical and hydrological research across its various valley reaches. Its dynamic fluvial system
exhibits distinct morpho-dynamic patterns shaped by both natural processes and historical hu-
man interventions. Unlike many other European rivers, the Vistula has experienced a unique
historical trajectory due to geopolitical influences, which continue to shape present-day fluvial
processes and morphological characteristics, such as braided channels and island formations.
Traditionally, satellite imagery has been employed for tracking river morphological changes,
but the advent of cloud-based geospatial analysis platforms like Google Earth Engine (GEE)
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has revolutionized large-scale river system monitoring (Hansen et al. 2013). By enabling the
efficient processing of extensive satellite datasets, GEE facilitates the detection of river mean-
dering, sediment deposition, and erosion patterns across large spatial and temporal scales.

This study leverages GEE to examine river morphology changes and riparian vegetation
dynamics along the Vistula River (Poland) while proposing a general framework for extending
such analyses to global river systems. Using satellite-derived indices such as Normalized Dif-
ference Vegetation Index (NDVI), Modified Normalized Difference Water Index (MNDW!I),
and Automated Water Extraction Index (AWEI) (Tobon-Marin and Barriga 2020), the research
quantifies sediment deposition, erosion patterns, and sinuosity variations over the period 1984—
2024. The findings contribute to a broader understanding of river planform evolution and offer
a methodological approach that can be applied to river systems worldwide.

2. MATERIALS AND METHODS
2.1 Study area and data pre-processing

The Vistula, Poland’s longest river, spans around 1,047 km and drains an area of approximately
194,000 km?2, with more than half of its basin lying within Poland (Majewski 2013). Rising in
the Carpathian Mountains at an altitude of 1,200 m a.s.l., it flows northward through major
cities such as Krakow and Warsaw, ultimately emptying into the Bay of Gdansk. This study
employed Landsat (5, 7, and 8) satellite imagery from 1984 to 2024 to guarantee images for
each year with extended coverage in the region. To delimit river surfaces, annual mosaics were
created, combining multiple images of the same river covering the entire study period. Given
that only Landsat images were used, the Simple Composite algorithm was leveraged, and the
mosaics were created by taking the pixels with the lowest cloud content of all the images avai-
lable in the selected period. To ensure high-quality images, a maximum cloud coverage
threshold of 20% was imposed.

2.2 River delimitation and riparian vegetation

To assess river morphology and riparian vegetation dynamics, three satellite-derived indices
were applied: MNDWI and AWEI for river surface delineation and NDVI for vegetation mo-
nitoring. The table below summarizes the formulas and purposes of each index.

Target Index Formula Purpose Reference
Modified Normalized | MNDWI Enhances water dﬁteCti%” .bly
Difference Water G — (SWIRy) shjp%rre;sslp igmnorlg\e/esrc():r(r)\mruafsi- Xu 2006
Index (MNDWI) = GF (SWIR p areas, Imp
River + (SWIR,) between water and land.
delimi- AWEI

Improves water classification

ion - .
tatio Automated Water | _ 4 (G—(SWIRy))| in shadowed/dark areas | Feyisa et al.

Extraction Index - (0.25 X (NIR) where traditional indices may 2014

AWEI
( ) +2.75 x (SWIRl)) underperform.

L i . Measures vegetation health
Riparian|Normalized Difference (NIR — R) and density. Applied only on Petrakis et al
vegeta- Vegetation Index NDVI = ————— | dry, non-water pixels to as- 2023 '

tion (NDVI) (NIR +R) | sess greenness trends along

riparian zones.
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3. PRELIMINARY RESULTS AND FUTURE OUTLOOKS

Preliminary results indicate that satellite-derived indices are effective for monitoring long-term

changes in large rivers like the Vistula. However, further validation using high-resolution sa-

tellite/aerial imagery and field data is needed. Key observations include:

e Sinuosity variations: changes in meandering intensity observed in some reaches, likely
driven by hydrological shifts and climate change;

e Sediment dynamics: distinct erosion and deposition patterns have been detected, correlating
with urban and agricultural developments and climate-related shifts in precipitation patterns;

¢ Riparian vegetation changes: NDVI trends suggest fluctuations in vegetation density, possi-
bly due to land-use changes and climate variability.

Future work will enhance spatial accuracy using higher-resolution data, validate findings
with field measurements, and expand the methodology to other global river systems. This will
support the analysis of climate impacts on river sinuosity and sediment transport, contributing
to adaptive river management strategies. Ultimately, we aim to develop a more comprehensive
framework for understanding river planform dynamics under both natural and anthropogenic
influences.
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