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Abstract: This study investigates the impact of landfills on surrounding vegetation in Naples, Italy,
utilizing Sentinel-2 and Landsat-8 imagery processed with Sen2like. Seventeen landfill sites were
studied with indices NDVI and GCI using four years data, revealing significant vegetation growth
reduction near two landfills compared to farther areas. Continuous monitoring is crucial, and satel-
lite imagery offers an effective assessment tool. The study establishes a correlation between landfills
and vegetation, underlining the need for ongoing monitoring and exploring additional factors in-
fluencing vegetation health within landfill environments. The findings contribute valuable insights
to promote sustainable landfill management and protect surrounding ecosystems.
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1. Introduction

Land(fills are widely used globally for waste disposal due to their cost-effectiveness,
but improper management can have adverse environmental impacts [1,2]. Contamination
of water systems, vegetation, and air, along with public health risks, are significant con-
cerns. Remote sensing has emerged as a valuable non-invasive tool for monitoring landfill
impacts on the environment and identifying potentially contaminated areas [3].

One critical concern is the potential for landfill leakage, which can release harmful
substances, including heavy metals, into the environment, affecting plant life and ecosys-
tems. Remote sensing, particularly using Vegetation Indices like NDVI, can detect geo-
chemical stresses induced by heavy metal contamination in vegetation before visible evi-
dence appears.[1]

This paper aims to analyse vegetation changes around potentially polluted landfill
sites using NDVI, GCI and NDWI indexes trend throughout a specific acquisition win-
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surrounding environment, particularly on vegetation. Landfill sites within the boundary
of the study area are managed by SAPNA (Sistema Ambiente Provincia di Napoli); how-
ever, there are additional target points which are categorised as "anomalous sites". Con-
sequently, data availability for the latter ones is limited because they are not legal landfills
and due to the mixed nature, there is no specific type of waste attributed to them.

Table 1 presents the size of each landfill measured in square meters. This information
is crucial to understand and quantify the potential environmental implications.

Table 1. Landfill dimensions in square meters.

No. Area (m?) No. Area (m?)

1. 32866 10. 114193

2. 149897 11. 404484

3. 145903 12. 62185

4. 76859 13. 46745

5. 10648 14. 12267

6. 39304 15. 19978

7. 57118 16. 45529

8. 73513 17. 14634

9. 18808
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Figure 1. Landfills in Naples, Campania Region, Italy.
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Data Used

In our research study, Sentinel-2 and Landsat 8 satellite imagery acquired from 2018
to 2022 over the study area were processed using Sen2Like tool. This tool was developed
by the European Space Agency (ESA) under the EU Copernicus program with the main
goal to generate Sentinel-2 like harmonised/fused surface reflectance with higher perio-
dicity by integrating additional compatible mission sensor such as Landsat 8.
TheSen2Like processing workflow encompasses essential steps such as geometric and at-
mospheric corrections, spectral band adjustments, and transformation to Nadir BRDE-
normalized reflectance, ensuring accurate and consistent output [6].

During the data fusion process, the Landsat 8spatial resolution was enhanced being
data upscaled from 30m to 10m pixels pacing. The virtual constellation obtained by
Sen2likeallows to increase the total number of acquisitions over an AOI of about 30% com-
pared to the actual Sentinel-2 satellites [5].

By leveraging this combined Sentinel-2/Landsat-8harmonized data, we gained
deeper insights into temporal changes in landfill areas, enabling comprehensive land
cover mapping, vegetation dynamics monitoring, and assessment of landfill impacts on
the environment, facilitating evidence-based decision-making for effective landfill man-
agement and environmental conservation strategies.

3. Methodology
3.1. Landfill Classification

The 17 landfills in the study area were categorized into two groups based on the sur-
rounding vegetation characteristics. The first group consisted of 12 landfills with homo-
geneous vegetation cover around them, exhibiting similar properties in terms of pheno-
logical status of plants and density. For the remaining 5 landfill sites the surrounding veg-
etation exhibited heterogeneous characteristics in terms of species density.

3.2. Zone Division using Multi-Buffer Ring Tool

To better delineate the areas around the landfills, a multi-buffer ring technique was
employed in QGIS, where three concentric rings equally spaced of 50meters have been
defined for each site for a total radius of the buffer zone of 150 meters. the buffer zones
were then further subdivided for in depth analysis.

3.3. Vegetation Indexes Calculation

The first phase of the analysis involved image processing of data from both Sentinel-
2 and Landsat-8 satellites. The algorithm extracted specific bands, including the red, green,
blue, Near-Infrared (NIR), and red-edge bands, from the acquired images. Subsequently,
three important vegetation indices, namely the Normalized Differential Vegetation Index
(NDVI), the Normalized Difference Water Index (NDWI), and the Green Chlorophyll In-
dex (GCI) [7], were calculated using the extracted bands. These indices were then stacked
to create 3d images, which were saved in a designated folder. This process was repeated
for all available images, enabling a comprehensive time-series analysis [8].

NIR — RED NIR 2 NIR — Green

DVl = —....1 [ = DW= ———— ... 1
NDV NIR + RED GC Green NDW NIR + Green 3

3.4. Area of Interest Analysis

In the second phase, the algorithm focused on analysing specific areas of interest
around the landfills. To achieve this, the algorithm utilized the shapefile containing the
relevant spatial information about the selected zones, previously determined by the buffer
ring analysis (refer step 2). For the first group with homogeneous vegetation, the algo-
rithm drew individual polygons in each zone, effectively creating three polygons around
each landfill (Figure 2). For the second group with heterogeneous vegetation, the
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algorithm selected a single area of interest closest to the landfill (Figure 3). Then, the algo-
rithm calculated the average values of the previously computed vegetation indices within
these specified regions. The process was repeated for all available images in the desig-
nated folder, resulting in averaged values for each index for each zone and landfill.

Figure 2. Zone Division - Homogeneous Vegetation Group.

Figure 3. Zone Division Heterogeneous Vegetation Group.

3.5. Data Analysis and Comparison

The final stage of the analysis involved in-depth data explotation and comparison.
The algorithm compiled and analysed the averaged values of NDVI, NDWI, and GCI over
the entire year and for each landfill site, including its internal zones. In this research, data
from 2018 to 2022 were collected and analysed to establish temporal patterns and trends
related to vegetation dynamics around the landfills. By comparing the results between the
two groups (homogeneous and heterogeneous vegetation) as well as examining long-term
trends, we were able to discern the impact of landfills on surrounding vegetation and
assess any potential changes in the vegetation characteristics over time. Through this com-
prehensive methodology, the study sought to shed light on the complex interactions be-
tween landfills and vegetation, providing valuable insights into how the presence of land-
fills influences the surrounding environment and the ecosystem dynamics over time.

4. Results and Discussion
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Based on observations from the 17 landfill sites, our study revealed that out of the 12
sites with uniform vegetation within the 150-meter buffer zone, 2 sites, among the homo-
geneous ones, exhibited a noticeable impact on surrounding vegetation. These 2 sites
showed lower NDVI, NDWI, and GClI values in the vegetated areas near the landfill com-
pared to areas further away, as depicted in Figure 5. While we calculated all three indices
to assess the effect, we found that their behaviour was similar. Therefore, in this presen-
tation of results, we are focusing on NDVI as a representative indicator of vegetation
health and its response to landfill site proximity.

To gain further insights, we examined the remaining 5 sites where uniform vegeta-
tion was not observed in the buffer zone. A specific area was selected, and its data was
compared with data from the following year to assess vegetation changes over time. How-
ever, no specific effects were observed in these areas.
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Figure 4. Landfill site with homogeneous vegetation.
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Figure 5. Landfill site with heterogeneous vegetation.

To conduct a more focused analysis on the affected regions, we reduced the buffer
zone size around the landfill sites to 30 meters. This adjustment allowed a better
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discrimination of vegetation disturbances in the area surrounding the landfill site. Also,
this methodology was applied against the two sites where impact on vegetation near the
landfill: as expected, our analysis revealed compelling results for the selected areas (Fig-

ure 6&7).
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Figure 6. Phenology with 30-Meter Buffer Zone (Target 1).
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Figure 7. Phenology with 30-Meter Buffer Zone (Target 2).

We observed considerable changes in NDVI values, indicating the impact of the land-
fill on the surrounding vegetation. It was observed that in the two affected areas, the veg-
etation near the landfill exhibited a 20% and10% reduction in growth compared to the
vegetation farther away from the landfill (blue lines in figure 6&7) [9].

5. Conclusion

In this study, we focused on 17 landfill sites in the region of Naples, categorizing
them into two groups based on surrounding vegetation characteristics. Through a com-
prehensive methodology that involved the use of Sentinel-2 and Landsat-8 satellite im-
agery processed by the Sen2Like tool, we analysed vegetation dynamics within the buffer
zones around these landfills. The analysis revealed that 2 sites exhibited a noticeable
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impact on surrounding vegetation, as indicated by lower NDVI, NDWI and GCI values
near the landfill.

To gain more insights into the affected regions, we reduced the buffer zone size to 30
meters and focused on the two identified areas showing significant impact. Our study
demonstrated considerable changes in NDVI and GCI values, highlighting the influence
of landfills on the surrounding vegetation. These findings emphasize the importance of
effective landfill management to safeguard the environment and surrounding ecosystem.
Continuous monitoring and further research will be essential to comprehensively under-
stand the long-term effects of landfills and guide future conservation efforts. Overall, this
study contributes valuable insights into the complex interactions between landfills and
vegetation, providing a basis for informed decision-making and sustainable landfill man-
agement practices. By understanding the impact of landfills on vegetation dynamics, we
can work towards preserving and protecting our environment for future generations.

In continuation of this study, efforts are underway to develop a continuous monitor-
ing system for the landfills and establish a linkage between ground-based and satellite-
based measurements [10]. This integrated approach will enable real-time assessment of
environmental changes and support effective and sustainable landfill management strat-
egies.

As part of our future research, we aim to enhance the monitoring and response mech-

anisms for landfill-affected vegetation. In instances of anomaly detection or irregular crop
behaviour, we plan to promptly acquire PRISMA satellite imagery for closer analysis. By
leveraging this imagery, we intend to investigate the specific parameters responsible for
such variations, including chlorophyll, carotenoids, and water content. Additionally, in
cases where current satellite images are unavailable, we will utilize the insights gained
from this study to pinpoint the optimal timeframes for observation. This strategic timeline
will guide the request and analysis of relevant satellite imagery, enabling us to gain a
deeper understanding of the factors influencing vegetation dynamics near landfills. This
proactive approach will contribute to more effective and sustainable landfill management
practices and further our commitment to preserving and protecting our environment for
generations to come.
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