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Abstract: This study explores a multiscalar approach that integrates Earth Observation (EO) and Geo-
graphic Information Systems (GIS) to support sustainable landscape planning. Using the Po River Basin
in Northern Italy as a case study, we employed open-source satellite data to identify and analyze stra-
tegic areas for potential future landscape developments. By incorporating thematic layers such as veg-
etation indices, soil organic content, evapotranspiration and urban heat islands, we created detailed
maps for large-scale regional assessments and micro-scale focus areas. The results highlight EO-based
methodologies' potential to inform data-driven decision-making, facilitating site-specific interventions
that enhance ecological connectivity, mitigate environmental degradation and optimize land use plan-
ning. This research emphasizes the potential role of EO in fostering sustainable territorial management
and offers a replicable framework for future applications in urban and landscape planning.

Keywords: Digital landscape, sustainable planning, Earth Observation, Geographical Information
Systems, Google Earth Engine

1 Introduction

Alexander von Humboldt’s ascent of Mount Chimborazo in 1802 marked a turning point in
the understanding of nature, introducing the idea of an interconnected system (VON
HuUMBOLDT 2018). This holistic perspective laid the foundation for later approaches, such as
Ian McHarg’s ecological planning in the 1960s (MCCHARG 1969). Advances in remote sens-
ing and satellite technology now extend this vision, enabling an unprecedented multiscalar
interpretation of landscapes and providing planners with powerful tools for sustainable de-
velopment (LOBOSCO 2023). Using the Po Basin in Northern Italy as a case study (Figure 1),
the present paper presents a multiscalar methodology that integrates Earth Observation (EO)
data through the open-source Google Earth Engine (GEE) platform and the latest Geographic
Information System (GIS) technologies to identify potential strategic areas on the territory
for future landscape transformations. Drawing on the principles of landscape ecology, we
aim to provide a comprehensive framework for analyzing and managing the dynamic inter-
actions between environmental and anthropogenic systems (LESER & NAGEL 2001) for the
development of landscape projects that use inherent territorial qualities. Strategic selection
and planning of environmentally fragile areas, aligned with zero land consumption goals,
enhance intervention sustainability. The EU Biodiversity Strategy for 2030 aims to ensure
healthy, resilient soils by 2050 through protection, restoration, and sustainable use. This re-
search identifies relatively degraded/low-quality soils, concerning the Po Basin context, for
landscape-based transformation, using datasets to support site selection and evaluation. Fi-
nally, the study highlights the limitations of Earth Observation in scaling projects to real-
world conditions and the benefits of integrating commercial and open-source data.
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Fig. 1: Location of the case study: the Po Basin, in Northern Italy

2 Strategic Satellite Data and GIS Analysis Interpolation

The methodology of this study begins with acquiring open-source satellite data, organized
into Thematic Layers that serve as the basis for analyzing the territory. The multiscalar nature
of these observations enables the application of macro-scale strategies to micro-scale case
studies, supporting strategic planning and ensuring comprehensive design control. Subse-
quently, all EO data are imported into a GIS environment and interpolated with detailed grids.
This integration produces a comprehensive layer containing the necessary information to
identify strategic areas for future territorial and landscape development. The methodology
process is represented in Figure 2.

STEP 1: Thematic Layers
from EO analysis

Identification of
STEP 2: Multiscalar approach strategic areas Interconnected

through different grid resolutions
2 : for future potential Landscape

developments

STEP 3: Data interpolation

for the definition of strategic areas

Fig. 2: Flowchart of the methodology work steps

2.1 Thematic Layers

The datasets employed in the present study demonstrate how the quality and health of terri-
tories can be effectively represented with the interpolation of various environmental features.
To develop all the thematic layers that compose our multiscalar analysis approach, the
Google Earth Engine (GEE) platform has been used, which, through its extensive Data Cat-
alog provided us with several databases, easily callable and explorable through its Code Ed-
itor:

1) Normalized Difference Vegetation Index (NDVI): in this study, an NDVI analysis has
been used to assess both the quantity and quality of vegetation in the areas of analysis
and as a guide map to interrelate to the further data in the other thematic layers. To com-
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2)

3)

4)

5)

pute the NDVI analysis for the region, ESA’s Sentinel-2 satellite (S2) was used, which
is a wide-swath, high-resolution, multispectral imaging mission with a global 5-day re-
visit frequency. Using its Multispectral Instrument (MSI), we accessed the Red and Near
Infrared Reflectance bands, specifically b4 and b8, and carried out the following opera-
tion:

NDV] = NIR(®®) = RED (b4)

NIR (b8) + RED (b4)

The NDVI values for the study area, ranging from -1 to +1, were derived to produce a
map representing the vegetation distribution. The utilized EO data was retrieved setting
a time frame from 01 to 31/08/2024. The data were then filtered using the Copernicus
CORINE Land Cover dataset to exclude urban areas. Subsequently, the filtered NDVI
results were classified according to the system proposed by SABOIA AQUINO (SABOIA
AQUINO & BESERRA OLIVEIRA 2012):

e -1 to 0 water bodies / built up;

0.0-0.2 very low vegetation cover (barren land);

0.2-0.4 low vegetation cover (shrubs and grasslands);

0.4-0.6 moderately low vegetation cover (sparse vegetation);

0.6-0.8 moderately high vegetation cover (medium vegetation);

0.8-1.0 very high vegetation cover (dense vegetation).

Soil Water Content (SWC): To estimate SWC, the “OpenLandMap Soil Water Content
at 33kPa (Field Capacity)” dataset was used. This dataset provides volumetric soil water
content (%) at 33kPa and 1500kPa suctions with a 250m resolution, covering the period
from 1950 to 2017 in a single image. Training points for SWC predictions were derived
from a global compilation of soil profiles (HENGL & GUPTA 2019).

Soil Organic Carbon (SOC): SOC estimation was conducted using the “OpenLandMap
Soil Organic Carbon Content” database, which provides SOC data (5*g/kg) from 1950
to 2017 in a single image. This dataset offers a spatial resolution of 250m with an 8-day
temporal frequency and is based on predictions from a global compilation of soil sam-
pling points (HENGL & WHEELER 2018).

Evapotranspiration (ET): to assess the variability of evapotranspiration across the study
area, the “Terra Moderate Resolution Imaging Spectroradiometer (MODIS)
MOD16A2GF Version 6.1 Evapotranspiration/Latent Heat Flux (ET/LE)” dataset was
used. This dataset provides a year-end gap-filled 8-day composite from 2000 to 2024,
produced at a 500m pixel resolution, with values expressed in kg/m?/8 days. The time
frame of the data here utilized is from 01 to 31/08/2024.

Urban Heat Islands (UHI): to estimate the Surface Urban Heat Island effect, the proce-
dure and classifications proposed by NAIM (NAIM & KAFY 2021) were used and utilized
the GEE code provided by the authors and available on GitHub (AMIRHOSSEIN 2024).
The analysis was conducted for July and August 2024, which are typically the hottest
months in Italy. By accessing the ST 10 thermal band of Landsat 8 imagery in GEE and
applying the code, we retrieved the land surface temperatures and calculated the average
temperature for the study area. These values were then used to compute the Urban Ther-
mal Field Variance Index (UTFVI), which is a key indicator for detecting and quantify-
ing the Surface Urban Heat Island effect, using the following expression:
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LST — LSTm
LSTm

UTFVI =

In doing so, we obtained the UTFVI values for the area of study, which we then classified
into 5 different categories:
e (to 0.005 weak thermal variance;

0.005 to 0.010 middle thermal variance;

0.010 to 0.015 strong thermal variance;

0.015 to 0.020 stronger thermal variance

> 0.020 strongest thermal variance

6) JRC Global Surface Water Mapping Layers v.1.4: Given that our analysis is focused on
the Po River Basin, it was crucial to identify and characterize all rivers and water bodies
within the region. To achieve this, the Joint Research Centre’s Water Mapping Layers
v1.4 was utilized, which provides data on the occurrence of water bodies globally from
1984 to 2022. This dataset enabled us to observe both currently water-covered areas and
those that have been inundated over the past decades.

All the data collected from the Po Basin are represented in Figure 3. Each map represents the
specific minimum and maximum values of all the related datasets.
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Fig. 3: Google Earth Engine (GEE) analyzes of the Po Basin

2.2 Multiscalar Approach

To highlight the potentiality of satellite data reading for their guidance and use in the frame-
work of a multiscalar landscape and urban decision-making processes, we have decided to
focus on two different scales which are:

e The Po River Basin, with an area of 74,011 km?;

e Two focus areas of 375 km? each, which we selected by interpreting the data acquired
on the first scale and which are better discussed in the results section.
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These different extensions allowed us to adopt different scales of satellite data, with a defi-
nition of respectively 1*1km for the Po River Basin and 100*100m for the focus areas. Dif-
ferent satellite sensors provide data with various definitions. As an example, Sentinel-2 op-
tical bands have a definition of 10m ( EUROPEAN SPACE AGENCY n.d.), while Landsat 8 has
a definition of 30m for the optical bands, and 100m for the thermal bands.

When exporting EO data from GEE to QGIS, all datasets were interpolated to match these
scales, ensuring consistency across the different resolutions appropriate for both scales, ter-
ritorial and focus, as shown in Figure 4.

Normalized Difference Vegetation Index (NDVI) Soil Organic Carbon (SOC) Analysis Grids:

Po Basin grid analysis:
1000 * 1000 m

[ ] Focus area grid analysis:
100100 m

0 gkg

Fig. 4: Comparison of the two dataset resolutions for the Po Basin analysis and the Focus
areas analysis

2.3 Data Interpolation

To utilize the analytical data for strategic and design purposes, the GEE data, in the form of
georaster maps, was imported into a GIS environment, specifically the open-source software
QGIS. The previously analyzed resolution was transformed into a regular geometric grid
composed of square pixels with a 1*1 km step for the macro-scale analysis of the Po Basin
case study, and a 100*100m step for the micro-scale analysis of the two design focus areas.
Each GEE raster map and its corresponding datasets were interpolated with the geometric
grid, obtaining the most common average value for each grid cell. When visualized collec-
tively, this process produced a comprehensive initial analysis map. In addition to the inter-
polation of each previously described dataset, the grid was enriched with information on land
use corresponding to each cell, providing a clear understanding of what each analysis and
map represents. As a final result, two grids were obtained: one at the macro-scale and one at
the micro-scale. Each cell within these grids contains all the intrinsic information related to
that specific territorial portion. This data interpolation establishes the foundation for achiev-
ing a holistic view of all maps simultaneously, considering the territorial data under exami-
nation.
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3  Results and Discussion

The outcome of the aforementioned landscape digitalization processes is the creation of a
new synthetic map, enabling the identification of environmentally sensitive areas character-
ized by scarce conditions based on EO analyses, such as low vegetation cover, low Soil Or-
ganic Carbon, low Soil Water Content and significant Urban Heat Island variations. Within
these, two focus regions, each covering 375 km?, were selected to test the application of sat-
ellite data in guiding a sustainable landscape design approach and to evaluate its limitations.
To obtain the map from the generated grid of 1*1 km, identify and select the focus areas, we
set specific filters in QGIS, which are set with the following values: Soil Organic Carbon <
25 and Evapotranspiration value < 150 and Soil Water Content value < 32 and Urban Heat

Islands value > 3. These values are not scientifically rigorous thresholds universally recog-

nized for each thematic map but empirically derived references that highlight areas with rel-
atively lower values within each dataset, as represented previously in Figure 3. Conversely,
the Urban Heat Islands value was set to identify areas with the highest thermal variance from
the median land surface temperature in the Po Basin, emphasizing regions with increased
thermal contrast. The results are shown in Figure 5.

3 Focus areas case study

[ Po Basin border

Strategic areas - NDVI classification
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Fig. 5: Fragile and sensitive strategic areas for future potential developments at the Po Ba-
sin-scale and identification of the two focus areas

From these analyses, two focus areas were identified, and a smaller grid with a 100*100m
resolution was created. While most datasets provided valuable insights at both scales, neces-
sitating slight modifications to the Po Basin reference values, Urban Heat Islands data offered
no additional value at the smaller scale and was excluded. The focus area grids were filtered
using the following thresholds: Soil Organic Carbon < 12, Evapotranspiration < 98, and Soil
Water Content < 30. Similar to the approach applied at the Po Basin scale, the lowest ob-
served values for each dataset were used to select the most resource-deficient areas for each
thematic map. These areas were identified as having significant transformative potential for
strategic landscape interventions to enhance their intrinsic characteristics, as described below
and represented in Figure 6:
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e Focus Area 1: the hills and a segment of the Po River are fragmented by settlements and
agricultural land. Contiguous medium to low-value parcels (pink and red pixels) could
provide the base for the development of ecological corridors to restore connectivity be-
tween these ecosystems. Isolated parcels, instead, could be used for biodiversity hotspot
enhancement and social services, such as forestation and new parks.

e Focus Area 2: centered around the city of Cremona, this area offers opportunities to
strengthen ecological networks and urban connections between adjacent towns and the
Po River. Proposed interventions could include enhancing river boundary interactions
and forestation in isolated parcels where current agriculture might not be an optimal land
use.

Focus area 1 Focus area 2

Fragile and sensitive strategic areas Territorial strategies Fragile and sensitive strategic areas Territorial strategies

Fig. 6: Focus areas with the identification of potential landscape interventions for sustain-
able planning

Considering the two focus areas identified with the proposed methodology, this study lays
the foundation for a sustainable approach to managing environmentally compromised areas
and fostering their recovery. Such interventions support the development of new green infra-
structure with ecological value while also enhancing the overall environmental quality and
creating social development opportunities for local communities. By relying on concrete data
and actual environmental conditions, municipalities and stakeholders responsible for territo-
rial management can make more informed and sustainable decisions.

4 Conclusion and Outlook

This research highlights the potential of integrating open-source satellite data with multi-
scalar analysis in Landscape Architecture. Earth Observation data provides valuable insights
for decision-making, enhancing the ability to anticipate territorial assets within a coherent
vision (LOBOSCO 2019) that supports environmental stewardship and sustainable projects.
However, open-source datasets like Sentinel-2 (10m resolution) are suited for territorial plan-
ning but lack the detail needed for smaller-scale designs. Higher-resolution imagery (up to
0.15m) is costly and typically covers large areas (PLANETEK ITALIA 2024). Rather than a
limitation, this could be an opportunity for municipalities to share costs and implement sus-
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tainability standards across various scales. Integrating EO tools with GIS could enhance spa-
tial analysis and planning across different scales of interventions. Moreover, as Artificial
Intelligence (AI) and Machine Learning (ML) become more accessible, they could further
simplify the process, making advanced environmental assessments more intuitive and widely
available to architects, engineers and planners.
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