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Hyperspectral characterization of local climate zones (LCZ) in small-scale 
urban and rural landscapes using PRISMA imagery

Introduction

Urban expansion presents major environmental challenges, including increased climate risks and pressure on surrounding agroecosystems and natural habitats. 
Understanding these impacts is essential for effective planning and climate adaptation. However, the application of urban climatology in planning remains limited, largely 
due to the lack of high-resolution data and specialized expertise.
Remote sensing and GIS offer practical alternatives, with Local Climate Zone (LCZ) classification emerging as a standardized method to map urban thermal patterns and 
support climate, air quality, and energy-use modeling. 
While LCZ studies are common in large cities with accessible morphological data, small-scale urban areas—typical across Italy—are often overlooked. These contexts are 
spatially complex, combining historic centers, peri-urban zones, and rural landscapes, but frequently lack detailed morphological information.

This study evaluates the potential of PRISMA hyperspectral satellite imagery to classify LCZs using only spectral data. With high spectral detail and broad coverage, PRISMA 
offers a valuable solution for identifying LCZs where morphological data are absent. Focusing on the city of Prato (Italy), we apply a machine learning approach to assess 
the feasibility of LCZs mapping based on satellite-derived spectral information and adopting a machine learning classifier algorithm (Random Forest).

Conclusions
The results demonstrate that satellite hyperspectral data enables reliable LCZ 
mapping, supporting scalable, reproducible workflows using open-source tools. 
Looking ahead, the growing availability of hyperspectral imagery from new 
satellite constellations will further enhance these analyses by providing 
sufficient surface information at large scale—without relying on detailed 
morphological datasets—while maintaining a satisfactory level of accuracy. 
Future analyses will aim to integrate additional remote sensing data, such as 
land surface temperature (LST), to improve classification performance and 
better capture the thermal behavior of urban environments. This opens 
promising opportunities for broader applications in urban climate research and 
planning.
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Remote Sensed Data
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Airborne datasets, along with ancillary in-situ meteorological measurements 
(temperature), were initially used to produce a detailed LCZ map of the study area 
using a threshold-based approach according to Stewart et al. (2012). The DSM 
was employed to extract urban morphological features, such as building and tree 
heights, sky view factor, and aspect ratio. Additionally, a high-resolution land 
cover and land use (LCLU) map, derived from airborne hyperspectral imagery, 
provided supplementary information on impervious and pervious surface 
fractions. All input features were resampled into 150 m grid cells covering the 
entire urban area of Prato, serving as mapping units for LCZ classification.

PRISMA hyperspectral satellite data were then independently used to classify 
LCZs through a machine learning approach (Random Forest). Training samples 
were randomly selected across the study area, based on the criteria outlined by 
Stewart et al. (2012). A confusion matrix was used to compare the LCZ maps 
generated from the threshold-based and PRISMA-based methods. Subsequently, 
LCZs were characterized based on their hyperspectral signatures.

Most of the workflow was implemented using open-source and freely available 
software, libraries, and tools.
. 

Methodology

Results
The hysperspectral part of the data was composed 
by the PRISMA Level 2D (atmospherically corrected, 
geocoded), at 30m ground sampling resolution. 

Digital Surface Model (DSM) derived from processing 
of aerial photogrammetric surveys carried out in 
2021 on behalf of the Tuscany Region, based on 
aerial images acquired at an average flight altitude of 
2700 meters above sea level, with an average Ground 
Sample Distance (GSD) of 15 cm, using an average 
longitudinal overlap of 80% and a transversal overlap 
of 25%. DSM was den resampled at 1m GSD.
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The classified LCZ are presented in the image above. In the middle, the LCZ map 
classified adopting morphological aerial data and the threshold defined by Steward 
et al. (2012). On the right, the resulted classified map using PRISMA imagery and 
random forestry algorithm.

This confusion matrix shows the classification results across the LCZ classes 
present in the study area. LCZ 'A' has the highest correct predictions (812), 
although is understandably often confused with classes 'B' and 'D', suggesting 
similar features among them. Classes '6', '9', and 'D' show moderate accuracy but 
considerable confusion with each other, indicating overlapping characteristics also 
in this case. Classes '2', '3', and '5' also experience mutual misclassification, 
pointing to model difficulties distinguishing them. Classes 'C' and '10' have the 
lowest correct counts and many errors, likely due to limited data.

The three plots on below show the averaged hyperspectral signature (PRISMA) 
retrieved from the training dataset for each LCZ in the study site.
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