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Abstract 

This thesis aims to improve Local Climate Zone (LCZ) mapping and analysis by using Google 
Earth Engine (GEE) to create a web application for processing and classifying satellite 
imagery. This project involves adapting existing methodologies from a Jupyter Notebook 
environment, which was implemented as part of the "Local Climate Zone & Open Data Cube" 
(LCZ-ODC) project funded by the Italian Space Agency (ASI),  to the GEE platform to enhance 
usability, scalability, and performance. The study integrates hyperspectral (PRISMA) and 
multispectral (Sentinel-2) data, using random forest classification to identify LCZs in the 
metropolitan area of Milan. The web application demonstrated improved performance and 
user-friendliness compared to traditional methods. However, the classification accuracy of 
over 99% on both datasets suggests potential overfitting, indicating the need for further 
refinement. The enhanced user interface with advanced visualization tools makes this 
application accessible to a wider audience, facilitating effective urban climate analysis and 
planning. The results emphasize the advantages of cloud-based geospatial analysis and 
identify areas for future improvement in model robustness. 
 
Key-words: Local Climate Zones (LCZ), Google Earth Engine (GEE), PRISMA, Sentinel-2, 
Random Forest Classification, Urban Climate Analysis, Remote Sensing, Hyperspectral 
Imagery, Multispectral Imagery. 

 

 

 

 

 

 



 

 

Abstract in lingua italiana 

Questa tesi mira a migliorare la mappatura e l'analisi delle Zone Climatiche Locali (LCZ) 
utilizzando Google Earth Engine (GEE) per creare un'applicazione web per l'elaborazione e la 
classificazione delle immagini satellitari. Questo progetto prevede l'adattamento delle 
metodologie esistenti da un ambiente Jupyter Notebook, implementato nell'ambito del 
progetto "Local Climate Zone & Open Data Cube" (LCZ-ODC) finanziato dall'Agenzia Spaziale 
Italiana (ASI), alla piattaforma GEE per migliorare l'usabilità, la scalabilità e le prestazioni. Lo 
studio integra dati iperspettrali (PRISMA) e multispettrali (Sentinel-2), utilizzando la 
classificazione random forest per identificare le LCZ nell'area metropolitana di Milano. 
L'applicazione web ha dimostrato miglioramenti nelle prestazioni e nella facilità d'uso 
rispetto ai metodi tradizionali. Tuttavia, l'accuratezza della classificazione superiore al 99% 
su entrambi i dataset suggerisce un potenziale overfitting, indicando la necessità di ulteriori 
perfezionamenti. L'interfaccia utente migliorata con strumenti di visualizzazione avanzati 
rende questa applicazione accessibile a un pubblico più ampio, facilitando l'analisi climatica 
urbana efficace e la pianificazione. I risultati enfatizzano i vantaggi dell'analisi geospaziale 
basata su cloud e identificano aree per futuri miglioramenti nella robustezza del modello. 

Parole chiave: Zone Climatiche Locali (LCZ), Google Earth Engine (GEE), PRISMA, Sentinel-2, 
Classificazione Random Forest, Analisi Climatica Urbana, Telerilevamento, Immagini 
Iperspettrali, Immagini Multispettrali. 
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1. Introduction 

Background 

 

Urbanization represents a transforming force in the redefinition of the Earth's surface, 
which influences all environmental and human life dimensions. Population growth is 
attracted by a combination of economic, social, and political factors, which makes it 
converge into urban agglomerations. The city constantly expands its borders, often to 
the detriment of natural environments. The urbanization runaway leads to the loss of 
green spaces to built-up areas, therefore changing the land cover into large areas of 
impervious surface. They contribute to altering local climates, hence the development 
of complex urban microclimates evolving under them, which are extremely different 
from those found in open rural spaces [1]. 
 
These microclimates present diverse conditions of temperature, humidity, air quality, 
and wind regime; all these factors influence the comfort, health, and quality of life of 
urban inhabitants. One of the key attributes of such microclimates is the urban heat 
island (UHI) phenomenon, where temperatures register a higher value for urban areas 
compared to their rural surroundings. The UHI effect can cause heat waves to be more 
severe, increase energy consumption as a result of more air conditioning, and increase 
pollution that may have consequences for public health [2]. 
 
The local climate zones (LCZs) represent an important concept in the comprehensive 
study and management of city-induced spatial variations of climatic variables. 
Originating from [3], the Local Climate Zones (LCZ) scheme was originally proposed to 
provide a standardized classification of landscapes to study urban air temperature [4]. 
 
Each of these zones is characterized by specific types of buildings, vegetation, and 
materials with different thermal and radiative behavior. Through the categorization of 
the city areas into the various LCZs, researchers and urban planners are able to 
understand and predict the behavior of particular sections of cities. 
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Understanding LCZs is very important for various reasons. Urban Planning and Design, 
as 
detailed knowledge about the characteristics of LCZ will help make wise decisions 
regarding urban area designs and infrastructure development that might mitigate the 
adverse thermal effects. Climate Adaptation Strategies, effective LCZ management 
means that a city can develop concrete climate adaptation strategies—such as 
increasing the percentage of green space in areas more prone to heating to reduce 
temperature [5]. Energy Management where understanding thermal dynamics in each 
zone to make a proper pattern for energy consumption tends to promote energy 
efficiency to reduce the carbon footprint in cities [6]. Public Health, since the managed 
microclimate helps mitigate urban impacts which helps reduce health risks associated 
with heat stress and poor air quality [7]. 
 
It has been pointed out that the study of Local Climate Zones (LCZs) is essential for the 
sustainable and livable management of growing urban spaces, considering the 
challenges and opportunities that come with it. In this context, the thesis aims to find 
advanced methods and tools for analyzing LCZs in the urban context of Milan. This will 
provide effective methodologies that will improve precision and accessibility in urban 
climatology studies. 
 
 

Problem Statement 
 

Urban climate analysis is crucial for guiding city planning and policy, particularly given 
the two central issues facing cities today: rapid urbanization and climate change. 
However, traditional tools for this type of analysis often fail to meet the needs of 
modern urban studies due to several critical limitations. Scalability Issues: the volume 
and complexity of data flowing through modern remote sensing technologies make it 
impractical to use traditional tools [8]. With an increasing amount of data from 
satellites and airborne sensors, traditional tools face information bottlenecks that limit 
real-time analysis and integrated views from multiple data sources. Cloud computing 
platforms like Google Earth Engine (GEE) offer significantly more computing power 
than local PCs or servers. This enables big data analytics to efficiently handle massive 
datasets, providing scalable solutions for comprehensive urban climate analysis [9]. 
Integration of Large Datasets: integration challenges, however, are simply too big. The 
formats and sources range from historical records of climate to current weather, from 
satellite images to even socio-economic datasets. Most conventional tools also require 
substantial manual intervention efforts aimed at the harmonization of data, and the 
process is not just time-consuming but also very error-prone. Therefore, an integration 
that is not seamless might result in gaps in the analysis and, therefore a misleading 
conclusion of the real conditions in the urban climate. 
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User Accessibility and Interface Design: urban climate analysis is complex due to 

advanced tools with steep learning curves and requiring specialized knowledge. 

Traditional tools have non-intuitive interfaces and require lengthy learning and 

technical support. This limits their use in urban planning and policy development. New 

methodologies are needed to enhance technical capabilities and user experience. 

Offering flexible features based on the different specific needs of cities and user 

groups, if these goals are achieved, human urban climate analysis will be better placed 

to contribute to sustainable urban development and responsive climate policy. 

 

Research Objectives 
 

Inspired by the "Local Climate Zone & Open Data Cube" (LCZ-ODC) project funded by 
the Italian Space Agency (ASI), which aims to create maps that show different land 
cover types at various resolutions and time periods, and investigate the correlation 
between these maps and air temperature measurements. The project focuses on 
processing and analyzing data using free and open-source technologies. It aims to 
develop methods for creating multitemporal LCZ maps and to study their correlation 
with urban thermal comfort. Additionally, the project seeks to address the needs of the 
user community by developing open-source software tools that will make it easier to 
make use of the project's findings [10]. Hence, this thesis aims to achieve several 
objectives, including: 

 Adapting LCZ mapping techniques to the GEE platform to leverage its cloud-

computing capabilities for improved data handling and scalability. 

 Implementing random forest classification on hyperspectral (PRISMA) and 

multispectral (Sentinel-2) images to accurately delineate LCZs. 

 Performing Principal Component Analysis (PCA) on PRISMA images within GEE to 

enhance feature extraction for more precise LCZ classification. 

 Enhancing the user interface of the LCZ mapping tools by developing user-friendly 

features such as split-map views and multi-map synchronization, making it easier 

for end-users to interact with and interpret the data. 
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Scope and Limitations 

 

This study is conducted in the Metropolitan City of Milan (Figure [1]), which presents 
a combination of urban environment and climatic challenges. Open-source software 
is exclusively used to guarantee that the developed methodologies are accessible and 
replicable. The research focuses on exploring the potential of Google Earth Engine in 
conjunction with Random Forest classification and PCA to advance the mapping of 
Local Climate Zones (LCZs). Special emphasis is placed on designing a user interface 
that enhances usability. 

 

                          

Figure [1]: Metropolitan City of Milan the Area of interest. Figure 1: Metropolitan City of Milan the Area of interest [16]. 
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Thesis Structure 

 

This thesis is divided into four chapters, as follows: 

 Chapter 1: Introduction - This chapter provides a detailed background of the 

research and outlines the framework for the study. 

 Chapter 2: Methodology - The computational and analytical methods used in 

the research are presented in this chapter, along with UI enhancements. 

 Chapter 3: Results - This chapter presents the results of LCZ mapping and 

discusses the effectiveness of the UI enhancements 

 Chapter 4: Conclusion and Recommendations - The final chapter concludes 

with a summary of the findings, discusses the limitations of the study, and 

offers recommendations for future research and practical applications. 
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2. Methodology  

2.1 Overview 
The primary goal of this thesis is to use Google Earth Engine (GEE) to develop a web 

application that enhances the usability and accessibility of services for processing and 

classifying satellite imagery. The goal of this program is to provide a more user-

friendly interface than the one seen in the current Python Notebook. It will make it 

possible to compare datasets from Sentinel-2, PRISMA, and ClimaMI. The program 

also intends to demonstrate the variations in performance and accuracy between 

several classifications of satellite data and the current Notebook. 

 Motivation: 

Applications in environmental monitoring, urban planning, and land cover 

mapping need the processing and classification of satellite imagery. Python scripts 

have historically been used for these kinds of activities; although they are rather 

effective, individuals lacking programming experience may find them more 

difficult to utilize. Although efficient, the current Python notebook method is 

laborious and possibly prone to errors because it requires human script execution, 

code parameter modifications, and text output interpretation. 

 

 Objectives: 

The goal of developing this GEE-based online application is to get beyond these 

restrictions by offering an interactive, user-friendly platform that has the 

following benefits. Firstly, improved usability: with just a few clicks, users may 

choose imagery, change settings, and start processing jobs using the GEE online 

application's graphical user interface (GUI). This removes the requirement for 

coding expertise, enabling a broader audience to access satellite images 

processing. Secondly, advanced visualization: with features like slider panels and 

multi-map views, the app's advanced visualization capabilities help users 

compare multiple datasets at once and more efficiently spot trends and changes. 

Additionally, dynamic data integration: prior to categorization, users can 

dynamically add and remove Urban Climate Parameters (UCP) layers from the 

satellite pictures, enabling a more adaptable and personalized analysis. Finally, 

ease of export: by offering outputs in commonly used formats like GeoTIFF, the 

software makes it easier to send classified images to Google Drive. 
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The web application seeks to greatly improve user engagement and workflow 

efficiency by integrating these capabilities into the GEE platform, offering an improved 

substitute for the current Python notebook. This chapter describes the GEE web app's 

methodology and implementation in detail, highlighting its benefits and how it 

improves the features already present in the process. 

 

2.2 Process 

 

Data gathering, preprocessing, user interface design, and the application of 

classification and visualization algorithms were some of the crucial aspects in the 

development process. These subsections go over each step in detail. 

 Data collection 

The LCZ-ODC project takes advantage of high-resolution preprocessed satellite 

imagery as well as local and regional geospatial layers. Satellite data including 

multispectral images from the European Space Agency Sentinel-2 constellation and 

hyperspectral satellite images from ASI’s PRISMA mission. Ancillary geodata such as 

the regional topographic database and land use maps are used as supplementary 

data for satellite imagery classification as well as training and testing sample 

construction, in-situ weather observations of the Lombardy Region Agency for 

Environmental Protection (ARPA) network are exploited for the correlation analysis 

between LCZ maps and air temperature [11]. Here are the specific data sources: 

 

 Sentinel-2: Six images were gathered and combined as assets [12]. 

 PRISMA: Six images were processed in a similar manner [13]. 

 UCP Layers: To enhance classification, five layers were included. 

 ClimaMI: Ten images were included for visualization purposes. 

 

 Preprocessing 

Preprocessing included grouping images into collections and creating training sets for 

classification process. Image Collections, in which after creating empty collections, 

images were combined into them. Training Sets, although 6 training sets were 

specifically defined for Sentinel-2 data, they were used also with PRISMA images. 
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2.3 Implementation 

 

The implementation is divided into two main sections: functionality and user 

interface. 

 Functionality 

The core functionalities implemented in the app include Principal Component Analysis 

(PCA), image classification, and adding UCP layers. Principal Component Analysis was 

introduced in order to minimize the dimensionality of the data, PCA was performed 

on PRISMA images. The objective was to reduce the 239 bands of PRISMA to a 

manageable number of primary components in order to simplify the classification 

process [14]. The Image classification process involves filtering training sets based on 

a selected ID, selecting the bands for classification. Then, if chosen, incorporating UCP 

layers. Random Forest algorithm was used for the classification process [15]. Focal 

median filtering was applied to smooth the result of the classification. The output of 

the classification is displayed and if desired, exported to the user's Google Drive as a 

GeoTIFF file. By adding UCP layers to the target image prior to the classification 

process, user can increase the classification process' accuracy by selecting these layers 

using checkboxes. 

 User Interface (UI) 

The user interface (UI) prioritizes usability and accessibility to give the user a smooth 

and intuitive experience. To achieve this some panels and widgets were introduced. 

Firstly, image selection dropdowns which enable users to select images from Sentinel-

2, PRISMA, and ClimaMI collections. Secondly, UCP layer checkboxes that enable users 

to select UCP layers to be added to the already chosen image before classification. 

Moreover, the visualization options by which the user can switch between single and 

multi-map views and select from a variety of graphical styles. Along with the single 

map view two visualization methods were used, the first is the slider panel that 

enables users to overlap and compare Sentinel-2 and PRISMA images. 

The second is the multi-map view which by activating it users are able to view 

Sentinel-2, PRISMA, and ClimaMI images simultaneously through linked maps. Finally, 

the export button that allows exporting the classification output to Google Drive. 
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2.4 Software Engineering Approach  

 

The app adapts to the characteristics of the GEE editor and its API [16] by utilizing 
many some patterns at the same time.   
  

 Model-View-Controller (MVC) pattern:  
 Model  

The application's data and logic, including imagery collections and training 
sets, are encapsulated in the model. By creating image collections for the 
Sentinel-2, PRISMA, and ClimaMI datasets and merging individual images 
into these collections, it controls the application's state and behavior. 
Functions like `classifyImage` and ` applyPcaToPrisma` are in charge of core 
processing activities like picture classification, PCA application, and training 
set maintenance.   
 

 View  

The view is made up of user interface (UI) elements that display data to the 
user and record user interactions, like panels, buttons, checkboxes, and 
maps (Figure [2]). Various user interface panels have specific functions and 
include relevant widgets. Examples of these panels are the Picker Panel, 
Visualization Panel, Export Panel, and UCP Panel. The view dynamically 
refreshes on the map according to actions taken by users, showing various 
layers, legends, and classification outcomes.  
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 Controller  

The controller has event handlers for UI components as well as functions like 
`refreshMapLayer` that manages user input, update the model, and refresh 
the view (Figure [3]). Serving as a bridge between the model and the view, it 
makes sure that user input is appropriately interpreted and that the user 
interface is updated as a result.  
 
 
 
 
 
 
 
 
 
 
 

Figure 2: First view of the user interface. 



3. Methodology 15 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Event-Driven Pattern:  
To react to user interactions, the program mainly uses event listeners (Figure 
[4]). Key examples include firstly, image selection: Handlers such as `preselect`, 
`S2Select`, and `clSelect` dropdowns update the map based on the selected 
image. Secondly, checkbox toggles: Checkboxes for UCP layers and visualization 
options trigger the handlers that update the displayed layers and alter the map 
view. In addition, buttons: Clicking buttons like "Classify" and "Export" initiates 
specific functions that process the data and update the displayed layers.  

 

 

 

 

 

Figure 3: Second View of UI with buttons. 
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In order to provide a responsive and engaging user experience, UI elements 
are initialized with event handlers that trigger the relevant functions to 
change the state and refresh the display.  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
                    
 
 
 
 
 
 
 
                      
 
  

 Initialization and Bootstrapping:  
The application initializes constants, helpers, and UI panels using different functions:  
`app.createConstants`: Constants and configuration settings, including UI styles and 
visualization parameters, are initialized by this function. `app.createHelpers`: Here 
are defined utility methods for typical operations like handling exports, loading data, 
and refreshing the map. `app.createPanels`: This function is responsible for creating 
the UI panels and their widgets, and organizing the interface into clear 
sections. `app.boot`: The application's principal entry point configures the initial state 
of the user interface and applies filters to fill it in. The application is guaranteed to be 
operational as soon as it loads thanks to this bootstrapping procedure.  

 

 

Figure 4: UI elements for user interaction. 
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These patterns help the application keep a clear separation of concerns, which 
facilitates understanding, maintenance, and extension. The application's 
responsiveness and ability to manage user interactions are guaranteed by the 
modular and event-driven design. The thorough UI composition facilitates user 
navigation and full use of the application's functionality, and the initialization and 
bootstrapping processes guarantee that the program is operational from the 
moment it loads. This methodical approach to application development ensures that 
the program may grow and adjust to changing requirements by fostering scalability, 
flexibility, and ease of maintenance.  
  
The GEE web app developed in this project significantly improves the accessibility 
and usability of satellite imagery processing. The app provides a user-friendly 
interface and advanced visualization tools, allowing users to conduct detailed 
comparative analyses of Sentinel-2, PRISMA, and ClimaMI datasets. This 
implementation represents an enhancement over the existing Python notebook in 
terms of user experience and functionality, since the notebook primarily focuses on 
backend processing without a user-friendly interface [17].  
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3. Results 

 

3.1 Classification 

 

In the classification process, the web app was able to perform random forest 
classification on both Sentinel-2 of 9 bands and PRISMA images using all 239 bands. 
This outperformed the capabilities of the existing Jupyter Notebook. However, the 
app achieved an accuracy of over 99% on both PRISMA and Sentinel-2 imagery, even 
after adding UCP layers to the process (Figure [5], [6]). This suggests overfitting, 
indicating that the model performs very well on the training and validation data, but 
may not generalize well to unseen data.  

 

 

Figure 5: Sentinel-2 classification accuracy. 
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Figure 6: PRISMA classification accuracy. 

  

This could be observed in the confusion matrices, which appear too perfect (Figure 
[7], [8]), indicating few misclassifications. While desirable, this perfection often points 
out that the model has learned the training data too well, including noise and minor 
details that do not generalize. Random forests are powerful but can get calibrated on 
the training samples if not properly regularized or if the data is not sufficiently 
diverse. Regularization techniques such as limiting the depth of trees have not been 
applied, contributing to the overfitting. 
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Figure 7: Sentinel-2 confusion matrix. 
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Figure 8: PRISMA confusion matrix. 
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It was planned to use the computational resources of GEE to conduct PCA analysis on 
the PRISMA imagery before using it for classification. This would result in an image of 
9 primary components instead of the original 239 bands. However, the process 
resulted in a "time out error" which occurs when a request or computation takes 
longer than the allowed execution time which is five minutes according to GEE 
guides. (Figure [5]). Even after changing the input image to a clipped part of the 
whole PRISMA image, same error was thrown.  This may occur due to various reasons 
such as large data volume, since PRISMA images with 239 bands are highly 
dimensional, that may require significant computational resources to process, or 
complex computation as PCA involves complex matrix calculations and eigenvalue 
decompositions, which can be computationally intensive, especially for high-
dimensional data. Moreover, GEE have memory constraints that may be exceeded 
during the PCA computation according to GEE documentation ”Quota restrictions 
exist to ensure the availability of computing resources for the entire Earth Engine 
community” [18]. 

 

 

 

 

 

 

 

 

Figure 9: PCA time-out error. 
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3.2 Export 

 
Even though the export button works and triggers the `startExport` function, the user 
needs to confirm the export command by interacting with the GEE editor's UI and 
clicking the run button in the task panel (Figure [10]). This is due to Google policies 
for managing their resources and the amount of data users can keep on their servers, 

as mentioned in some GEE API documentation and online discussions [18, 29]. 

 

 

Figure 10: Export using run button in task panel.
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4.  Conclusion  

4.1 Summary of Findings 

 

The purpose of this thesis was to use cutting-edge techniques and tools to enhance 
the mapping and analysis of LCZs within the Milan metropolitan region. The goal of 
the study was to overcome the shortcomings of conventional urban climate analysis 
techniques by utilizing GEE. The following are the primary findings of this research: 

LCZ Mapping Methods Adapted to GEE: Better data management and scalability were 
made possible by the GEE platform's integration of LCZ mapping algorithms. Large 
datasets could be processed thanks to this cloud-based method, which went beyond 
the limitations of local computer resources. 

Random Forest Classification Implementation: Exact delineation of LCZs was achieved 
by applying the random forest technique to hyperspectral (PRISMA) and 
multispectral (Sentinel-2) images. The classification process obtained high accuracy in 
and overfitting, indicating the promise of these methods for studies on urban climate 
but taking into consideration its rough results and on the fly algorithms.  

PRISMA Image Principal Component Analysis (PCA): The attempt to decrease the 
dimensionality of PRISMA images demonstrated the possibility for more effective 
feature extraction, which is essential for precise LCZ classification, even if the PCA 
procedure was not performed due to GEE time limitations. 

Improved LCZ Mapping Tools User Interface: The creation of an intuitive user 
interface that included functions like multi-map synchronization and split-map views 
greatly increased the LCZ mapping tools' usability and accessibility. This interface 
improved user interaction and data interpretation, making the tools more user-
friendly for non-specialists. 
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4.2 Limitations of the Study 

 

Even though the research advances, there were a few obstacles we had to overcome: 

PCA Execution Time: Time-out failures occurred during the PCA process on PRISMA 
images due to the computational time limitations of the GEE platform. This implies 
that more optimization or other methods are required to effectively manage high-
dimensional data in GEE. Overfitting in Classification: The high classification model 
accuracy points to a possible overfitting problem, which could reduce the results' 
ability to be applied broadly. This problem should be resolved in the future by 
improving the model and adding more varied training datasets. Export Restrictions: 
An automated workflow limitation is brought to light by the requirement for user 
engagement with the GEE editor's user interface to validate export commands. 
Although this is a result of Google's resource management guidelines, it still poses a 
problem for seamless user experience 

 

4.3 Recommendations for Future Research 

 

Based on the results and restrictions of this study, the following suggestions for 
further research have been made. Firstly, improving PCA processes, more 
investigation is needed to find strategies or different approaches for effectively 
carrying out PCA on high-dimensional data in GEE. Partitioning the data or utilizing 
more sophisticated computational resources might be necessary for this. Secondly, 
improving model accountability, to mitigate overfitting, future research should make 
use of a wider range of training data, including various urban environments and 
situations. To increase the resilience of the model, additional methods like 
regularization and cross-validation should be applied. 

In addition, simplifying export processes: the GEE export process might be made 
more efficient by looking into methods to enhance user experience and workflow 
effectiveness. Automated scripting or integration with additional cloud services can 
be used to accomplish this. Moreover, user interface improvements, it will be 
essential to continuously improve the user interface based on testing and input from 
users. The usability and accessibility of the LCZ mapping tools can be further 
improved by including additional interactive elements and customization choices. 
Finally, application to other metropolitan regions, a wider validation of the 
instruments and approaches will come by applying the proposed methodologies to 
other metropolitan regions with varying climatic and urban characteristics. 
Additionally, this will advance our global understanding of urban climate dynamics. 
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To sum up, this thesis has shown how local climate zone mapping and 
comprehension may be improved by including hyperspectral and multispectral image 
analysis into the GEE platform. The techniques and instruments created offer 
workable solutions for sustainable and habitable urban settings and lay the 
groundwork for more fruitful urban climate studies. The wider objectives of urban 
resilience and sustainability will be empowered by more research and development 
in this field, which will also help to further improve these instruments and increase 
their applicability. 
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A. Appendix Code 

 
 

 

 

/*here starts the imports which is PRISMA images and Sentinel-2 images along with UCP 

layers and 

 ClimaMi imagery*/ 

 

var app = {}, 

s2image2 = ee.Image("projects/polimi-lcz0-01/assets/S2_20230322_20m_all_bands_clip"), 

s2image1 = ee.Image("projects/polimi-lcz0-01/assets/S2_20230210_20m_all_bands_clip"), 

s2image3 = ee.Image("projects/polimi-lcz0-01/assets/S2_20230426_20m_all_bands_clip"), 

s2image4 = ee.Image("projects/polimi-lcz0-01/assets/S2_20230625_20m_all_bands_clip"), 

s2image6 = ee.Image("projects/polimi-lcz0-01/assets/S2_20230819_20m_all_bands_clip"), 

prImage1 = ee.Image("projects/polimi-lcz0-01/assets/PR_20230209_30m"), 

prImage2 = ee.Image("projects/polimi-lcz0-01/assets/PR_20230322_30m"), 

prImage3 = ee.Image("projects/polimi-lcz0-01/assets/PR_20230408_30m"), 

prImage4 = ee.Image("projects/polimi-lcz0-01/assets/PR_20230617_30m"), 

prImage5 = ee.Image("projects/polimi-lcz0-01/assets/PR_20230710_30m"), 

prImage6 = ee.Image("projects/polimi-lcz0-01/assets/PR_20230808_30m"), 

clImage1 = ee.Image("projects/polimi-lcz0-01/assets/raster_massima_ESTATE_UHI_2200"), 

clImage2=ee.Image("projects/polimilcz001/assets/raster_massima_ONDATA_DI_CALORE_11

00"), 

clImage3=ee.Image("projects/polimilcz001/assets/raster_massima_ONDATA_DI_CALORE_22

00"), 
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clImage4 = ee.Image("projects/polimi-lcz0-01/assets/raster_media_ESTATE_UHI_2200"), 

clImage5 = ee.Image("projects/polimi-lcz0-01/assets/raster_media_INVERNO_UHI_1100"), 

clImage6 = ee.Image("projects/polimi-lcz0-01/assets/raster_media_INVERNO_UHI_2200"), 

clImage7=ee.Image("projects/polimilcz001/assets/raster_media_ONDATA_DI_CALORE_1100

"), 

clImage8=ee.Image("projects/polimilcz001/assets/raster_media_ONDATA_DI_CALORE_2200

"), 

clImage9 = ee.Image("projects/polimi-lcz0-01/assets/raster_minima_INVERNO_UHI_2200"), 

clImage10 = ee.Image("projects/polimi-lcz001/assets/raster_minima_INVERNO_UHI_1100"), 

s2Set1 = ee.FeatureCollection("projects/polimi-lcz0-01/assets/S2_20230210"), 

s2Set2 = ee.FeatureCollection("projects/polimi-lcz0-01/assets/S2_20230322"), 

s2Set3 = ee.FeatureCollection("projects/polimi-lcz0-01/assets/S2_20230426"), 

s2Set4 = ee.FeatureCollection("projects/polimi-lcz0-01/assets/S2_20230625"), 

s2Set5 = ee.FeatureCollection("projects/polimi-lcz0-01/assets/S2_20230710"), 

s2Set6 = ee.FeatureCollection("projects/polimi-lcz0-01/assets/S2_20230819"), 

ucp1 = ee.Image("projects/polimi-lcz0-01/assets/SVF_20230209_30m"), 

ucp2 = ee.Image("projects/polimi-lcz0-01/assets/buildings_20230209_30m"), 

ucp3 = ee.Image("projects/polimi-lcz0-01/assets/canopy_height_ETH_20230209_30m"), 

ucp4 = ee.Image("projects/polimi-lcz0-01/assets/imperviousness_20230209_30m"), 

ucp5 = ee.Image("projects/polimi-lcz0-01/assets/percentage_buildings_20230209_30m"); 

 

// Define the image collection for Sentinel-2 (S2) 

var s2ImageCollection = ee.ImageCollection([]); 
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// Add S2 images to the collection 

s2ImageCollection = 

s2ImageCollection.merge(s2image1).merge(s2image2).merge(s2image3) 

                                  .merge(s2image4).merge(s2image5).merge(s2image6); 

 

// Define the image collection for PRISMA 

var prImageCollection = ee.ImageCollection([]); 

 

// Add PRISMA images to the collection 

prImageCollection = 

prImageCollection.merge(prImage1).merge(prImage2).merge(prImage3) 

                                  .merge(prImage4).merge(prImage5).merge(prImage6); 

                                   

// Define the image collection for CLIP 

var clImageCollection = ee.ImageCollection([]); 

 

// Add CLIP images to the collection 

clImageCollection = clImageCollection.merge(clImage1).merge(clImage2).merge(clImage3) 

                                  .merge(clImage4).merge(clImage5).merge(clImage6) 

                                  .merge(clImage7).merge(clImage8).merge(clImage9) 

                                  .merge(clImage10); 

                                   

// Define the image collection for UCP 

var ucpImageCollection = ee.ImageCollection([ucp1, ucp2, ucp3, ucp4, ucp5]); 

 

// Define the training sets for Sentinel-2 

var s2TrainingSets = ee.FeatureCollection([s2Set1, s2Set2, s2Set3, s2Set4, s2Set5, s2Set6]); 

// Create an empty dictionary to store the state of each checkbox 
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var selectedUcpLayers = {};  

// Create an array to store references to the checkboxes 

var checkboxRefs = []; 

 

// Define the center coordinates for the main map 

var center = {lon: 9.188540, lat: 45.364664, zoom: 9}; 

var vizParams = { 

  bands: ['b1'], 

  min: 0, 

  max: 0.5, 

}; 

 

// Retrieve the main map widget 

var mainMap = ui.root.widgets().get(0); 

var uiRootIndex = 0; 

 

var classificationOutput 

 

// Function to start the export process 

var startExport = function (image,id) { 

  var exportTask = Export.image.toDrive({ 

    image: image, 

    description: id + '_classified', 

    scale: 30, // Resolution in meters 

    region: image.geometry().bounds(), // Region of interest 

    fileFormat: 'GeoTIFF', 

    crs: 'EPSG:4326', // Coordinate Reference System 
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    maxPixels: 1e9 // Max number of pixels to export 

  }) 

} 

 

/*   It was planned to apply PCA analysis on PRISMA I amges to reduce its 239 bands into 9 

principal 

 components to facilitate the classification process but GEE threw a Time-out error 

*/  

 

// // Function to apply Principal Component Analysis (PCA) to PRISMA image 

// var applyPcaToPrisma = function(image){ 

//     // Store the original image 

//     var orig = image; 

//     // Get the geometry of the image 

//     var region = image.geometry(); 

//     // Set the scale for operations 

//     var scale = 30; 

//     // Define the band names to be used in PCA 

//     // var bandNames =['b1', 'b2', 'b3', 'b20', 'b21', 'b30', 'b35', 'b40', 'b45']; 

//     var bandNames=image.bandNames() 

//     print(image.bandNames()) 

//     // Select specified bands and unmask the image 

//     image = image.select(bandNames).unmask(); 

     

//       // Apply masking for no value on PRISMA images 

//     var threshold = -0; // Adjust the threshold value as per your image 

//     var blackMask = image.neq(threshold); 



34 Appendix Code 

 

 

  

 

//     image = image.updateMask(blackMask);    

     

//     // Calculate the number of components 

//     var numComponents = bandNames.length; 

 

//     // Calculate mean values for each band 

//     var meanDict = image.reduceRegion({ 

//         reducer: ee.Reducer.mean(), 

//         geometry: region, 

//         scale: scale, 

//         maxPixels: 1e9 

//     }); 

//     // Convert mean values to an image and rename bands 

//     var means = ee.Image.constant(meanDict.values(bandNames)).rename(bandNames); 

 

//     // Center the image by subtracting mean values 

//     var centered = image.subtract(means); 

 

//     // Function to generate new band names 

//     var getNewBandNames = function(prefix) { 

//         var seq = ee.List.sequence(1, 239); 

//         return seq.map(function(b) { 

//             return ee.String(prefix).cat(ee.Number(b).int()); 

//         }); 

//     }; 
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//     // PCA function 

//     var getPrincipalComponents = function(centered, scale, region, numComponents) { 

//         var arrays = centered.toArray(); 

//         var covar = arrays.reduceRegion({ 

//             reducer: ee.Reducer.centeredCovariance(), 

//             geometry: region, 

//             scale: scale, 

//             maxPixels: 1e9 

//         }); 

//         var covarArray = ee.Array(covar.get('array')); 

//         var eigens = covarArray.eigen(); 

//         var eigenValues = eigens.slice(1, 0, 1); 

//         var eigenVectors = eigens.slice(1, 1); 

//         var arrayImage = arrays.toArray(1); 

//         var principalComponents = ee.Image(eigenVectors).matrixMultiply(arrayImage); 

 

//         var sdImage = ee.Image(eigenValues.sqrt()) 

//             .arrayProject([0]).arrayFlatten([getNewBandNames('sd')]); 

 

//         return principalComponents.arrayProject([0]) 

//             .arrayFlatten([getNewBandNames('pc')]) 

//             .divide(sdImage); 

//     }; 

 

//     // Obtain principal components 

//     var pcImage = getPrincipalComponents(centered, scale, region); 

//     // print(pcImage) 
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//     // print( ee.Image(image.addBands(pcImage))) 

//     // Add principal components as new bands to the original image 

//     return ee.Image(image.addBands(pcImage)); 

// }; 

 

// Function to classify an image based on selected parameters 

var classifyImage = function(filteringId){ 

    // Filter training set based on selected ID 

    var s2Set = s2TrainingSets.filter(ee.Filter.eq('id', filteringId)).first(); 

     

    // Define default bands for classification 

    var bands 

    var targetImage; 

 

    // Determine which data source is selected 

    if (app.picker.S2Select.getValue()) { 

        s2Set = s2TrainingSets.filter(ee.Filter.eq('id', filteringId)).first(); 

        targetImage = s2ImageCollection.filter(ee.Filter.eq('id', filteringId)).first(); 

        bands = targetImage.bandNames(); 

    } else if (app.picker.prSelect.getValue()) { 

        s2Set = s2TrainingSets.filter(ee.Filter.eq('prId', filteringId)).first(); 

 

        targetImage = prImageCollection.filter(ee.Filter.eq('id', filteringId)).first(); 

        bands = targetImage.bandNames(); 

        // Map.addLayer(targetImage, vizParams, 'raw'); 

         

        // Select a single band to work with 
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        var singleBand = targetImage.select('b1'); 

     

        // Apply masking for no value on PRISMA images 

        var threshold = -0; // Adjust the threshold value as per your image 

        var blackMask = singleBand.neq(threshold); 

        singleBand = singleBand.updateMask(blackMask);    

      

        // Convert the single band to integer type 

        singleBand = singleBand.toInt(); 

                

        // Convert the mask to a binary image (1 for valid pixels, 0 for masked pixels) 

        var mask = singleBand.mask().reduce(ee.Reducer.anyNonZero()).selfMask(); 

       

        // Convert the masked image to a vector (geometry) 

        var vector = mask.reduceToVectors({ 

          geometryType: 'polygon', 

          reducer: ee.Reducer.countEvery(), 

          scale: 30, 

          maxPixels: 1e8, 

          bestEffort: true, 

        }); 

         

        if(filteringId==='PR_20230710_30m'){ 

           var valuePartBounds = ee.Geometry.Polygon(vector.geometry().coordinates().get(2)) 

        }else{ 

           valuePartBounds = ee.Geometry.Polygon(vector.geometry().coordinates().get(0)) 

        } 
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        // Map.addLayer(valuePartBounds, {color: 'red'}, 'Visible Part Bounds'); 

    } 

 

    // Add UCP data if selected 

    if (selectedUcpLayers) { 

        var selectedIds = Object.keys(selectedUcpLayers) 

        

        selectedIds.forEach(function(id) { 

            var ucpImage = ucpImageCollection.filter(ee.Filter.eq('id', id)).first(); 

            targetImage= targetImage.addBands(ucpImage); 

            bands = targetImage.bandNames(); 

        }) 

    } 

 

    // Convert s2Set to FeatureCollection 

    s2Set = ee.FeatureCollection(s2Set); 

 

    // Remap land cover class values 

    var classValues = [2, 3, 5, 6, 8, 101, 102, 104, 105, 106, 107]; 

    var remapValues = ee.List.sequence(0,10); 

    var features = s2Set.toList(s2Set.size()); 

    features = ee.FeatureCollection(features).remap(classValues, remapValues, 'LCZ'); 

 

    // Add random value field and split data into training and validation sets 

    features = features.randomColumn(); 

    var trainingSample = features.filter('random <= 0.8'); 
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    var validationSample = features.filter('random > 0.8'); 

    // Map.addLayer(trainingSample, {}, 'Filtered Training Data'); 

 

    // Sample the training data 

    var training = targetImage.select(bands).sampleRegions({ 

        collection: trainingSample, 

        properties: ['LCZ'], 

        scale: 70, 

        geometries: true 

    }); 

 

    // Train a classifier using Random Forest algorithm 

    var classifier = ee.Classifier.smileRandomForest(70).train({ 

        features: training, 

        classProperty: 'LCZ', 

        inputProperties: bands 

    }); 

 

 

    // Get confusion matrix and overall accuracy for the training sample 

    var trainAccuracy = classifier.confusionMatrix(); 

 

    // Classify the image 

    var classified = targetImage.classify(classifier); 
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    // Apply median filter to smooth the results 

    var kernel = ee.Kernel.circle({radius: 3}); 

    var smoothedClassifiedImage = classified.focalMedian({ 

        kernel: kernel, 

        iterations: 1 

    }); 

 

    // Create legend for classification report 

    var legend = ui.Panel({ 

        style: { 

            position: 'bottom-right', 

            padding: '8px 15px' 

        } 

    }); 

 

    // Add legend title 

    var legendTitle = ui.Label({ 

        value: 'Classification report', 

        style: { 

            fontWeight: 'bold', 

            fontSize: '18px', 

            margin: '0 0 4px 0', 

            padding: '0' 

        } 

    }); 

    legend.add(legendTitle); 
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    // Display overall accuracy 

    trainAccuracy.accuracy().evaluate(function(value) { 

        var label = ui.Label({ 

            value: 'Overall accuracy: ' + (value * 100).toFixed(3) + '%', 

            style: {margin: '0 0 4px 6px'} 

        }); 

        legend.add(label); 

    }); 

     

   // Label for displaying the number of bands (placeholder) 

   var bandCountLabel = ui.Label('Number of bands: calculating...'); 

   legend.add(bandCountLabel); 

    

   var classReportLabels 

   var numberOfBands = bands.size(); 

   // Use evaluate to asynchronously fetch the number of bands 

   numberOfBands.evaluate(function(num) { 

   bandCountLabel.setValue('Number of bands: ' + num); 

   }); 

 

    // Display other classification report labels 

    classReportLabels = [ 

    'Number of classes: ' + classValues.length]; 

    for (var i = 0; i < classReportLabels.length; i++) { 

        var label = classReportLabels[i]; 

        var row = ui.Panel({ 

            widgets: [ 
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                ui.Label({ 

                    value: label, 

                    style: {margin: '0 0 4px 6px'} 

                }) 

            ], 

            layout: ui.Panel.Layout.Flow('horizontal') 

        }); 

        legend.add(row); 

    } 

 

    // Add legend to the map 

    Map.add(legend); 

  

    if (app.picker.prSelect.getValue()) { 

    // Clip the classification output 

    smoothedClassifiedImage= smoothedClassifiedImage.clip(valuePartBounds)} 

    classificationOutput= smoothedClassifiedImage 

   

    // Return the smoothed classified image 

     return smoothedClassifiedImage 

}; 

 

// Function to add legend to the map 

var addLegend = function(){ 

    // Create legend panel 

    var legend = ui.Panel({ 

        style: { 
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            position: 'bottom-right', 

            padding: '8px 15px' 

        } 

    }); 

 

    // Create legend title 

    var legendTitle = ui.Label({ 

        value: 'Classes', 

        style: { 

            fontWeight: 'bold', 

            fontSize: '18px', 

            margin: '0 0 4px 0', 

            padding: '0' 

        } 

    }); 

     

    // Add legend title to the panel 

    legend.add(legendTitle); 

     

    // Define classes palette and labels 

    var classesPalette = ['#D10000', '#CD0000', '#FF6600', '#FF9955', '#BCBCBC', 

    '#006A00', '#00AA00', '#B9DB79', '#545454', '#FBF7AF', '#6A6AFF']; 

    var classesLabels = ['Compact mid-rise', 'Compact low-rise', 'Open mid-rise', 

    'Open low-rise', 'Large low-rise', 'Dense trees', 'Scattered trees', 'Low plants', 

    'Bare rock or paved', 'Bare soil or sand', 'Water']; 
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    // Iterate over classes to create legend entries 

    for (var i = 0; i < classesPalette.length; i++) { 

        var color = classesPalette[i]; 

        var label = classesLabels[i]; 

        var row = ui.Panel({ 

            widgets: [ 

                // Add color box 

                ui.Label({ 

                    style: { 

                        backgroundColor: color, 

                        padding: '8px', 

                        margin: '0 0 4px 0' 

                    } 

                }), 

                // Add class label 

                ui.Label({ 

                    value: label, 

                    style: {margin: '0 0 4px 6px'} 

                }) 

            ], 

            layout: ui.Panel.Layout.Flow('horizontal') 

        }); 
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        // Add the row to the legend panel 

        legend.add(row); 

    } 

     

    // Add the legend panel to the map 

    Map.add(legend); 

} 

 

/* A UI to interactively filter imagery collections, select individual images, 

display them with a variety of visualizations, and classify them. 

The namespace for our application. All the state is kept in here.*/ 

 

// Creates the UI panels.  

app.createPanels = function() { 

    //The introduction section. 

    app.intro = { 

        panel: ui.Panel([ 

         

        ]) 

    }; 

 

    app.picker = { 

        // Create selects with functions that react to the "change" event. 

        prSelect: ui.Select({placeholder: 'Select an image ID', onChange: app.refreshMapLayer}), 

        S2Select: ui.Select({placeholder: 'Select an image ID', onChange: app.refreshMapLayer}), 

        clSelect: ui.Select({placeholder: 'Select an image ID', onChange: app.refreshMapLayer}) 

    }; 
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    /* The panel for the picker section with corresponding widgets. */ 

    app.picker.panel = ui.Panel({ 

        widgets: [ 

            ui.Label({value: '• Select PRISMA image', style: {backgroundColor: 'rgba(0, 0, 0, 0.0)', 

            fontSize: '11px', fontWeight: 'bold', margin: '8px 8px 8px 8px'}}), 

            ui.Panel([app.picker.prSelect], ui.Panel.Layout.flow('horizontal')), 

            ui.Label({value: '• Select Sentinel-2 image', style: {backgroundColor: 

            'rgba(0, 0, 0, 0.0)', fontSize: '11px', fontWeight: 'bold', margin: '8px 8px 8px 8px'}}), 

            ui.Panel([app.picker.S2Select], ui.Panel.Layout.flow('horizontal')), 

            ui.Label({value: '• Select ClimaMi image', style: {backgroundColor: 

            'rgba(0, 0, 0, 0.0)', fontSize: '11px', fontWeight: 'bold', margin: '8px 8px 8px 8px'}}), 

            ui.Panel([app.picker.clSelect], ui.Panel.Layout.flow('horizontal')), 

            ui.Label({value: '• Select UCP layers', style: {backgroundColor: 'rgba(0, 0, 0, 0.0)', 

            fontSize: '11px', fontWeight: 'bold', margin: '8px 8px 8px 8px'}}), 

            ui.Label({value: 'Choose layers to add to the already chosen PRISMA or Sentinel-2' 

            +'image before classification.', style: {backgroundColor: 'rgba(0, 0, 0, 0.0)', 

            fontSize: '11px', fontWeight: '500', margin: '8px 8px 8px 8px'}}), 

             

        ], 

        style: app.SECTION_STYLE 

    }); 
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    /* The visualization section. */ 

    // Create two maps. 

    var leftMap = ui.Map(center); 

    var rightMap = ui.Map(center); 

 

    // Remove UI controls from both maps, but leave zoom control on the left map. 

    app.vis = { 

        label: ui.Label({style: {backgroundColor: 'rgba(0, 0, 0, 0.0)', fontSize: '11px', 

        fontWeight: '500', margin: '8px 8px 8px 8px'}}), 

        // Create a select with a function that reacts to the "change" event. 

        select: ui.Select({ 

            items: Object.keys(app.VIS_OPTIONS), 

            onChange: function() { 

                // Update the label's value with the select's description. 

                var option = app.VIS_OPTIONS[app.vis.select.getValue()]; 

                app.vis.label.setValue(option.description.getValue()); 

                // Refresh the map layer. 

                app.refreshMapLayer(); 

            } 

        }), 

 

        mapSlider: ui.SplitPanel({ 

            firstPanel: leftMap, 

            secondPanel: rightMap, 

            orientation: 'horizontal', 

            wipe: true 

        }), 
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        sliderCheckbox: ui.Checkbox({ 

            label: 'Add split panel', 

            value: false, 

            onChange:function(checked) { 

                if (checked) { 

                    app.vis.sliderCheckbox=ui.Checkbox({ 

                        label: 'Add split panel', 

                        value: true, 

                    }) 

                    var s2ImageId = app.picker.S2Select.getValue(); 

                    var prImageId = app.picker.prSelect.getValue(); 

                    // Get the visualization options. 

                    var visOption = app.VIS_OPTIONS[app.vis.select.getValue()]; 

                    var s2Image = s2ImageCollection.filter(ee.Filter.eq('id',s2ImageId )) 

                    .first().select(visOption.visParams.bands) 

                    var prImage = prImageCollection.filter(ee.Filter.eq('id',prImageId )) 

                    .first().select(visOption.visParams.bands) 

                    var threshold = -0; // Adjust the threshold value as per your image 

                    var blackMask = prImage.gt(threshold); 

 

                    var processedImage = prImage.updateMask(blackMask); 

                    var s2Clipped= s2Image.clip(processedImage.geometry().bounds()) 

                    var prClipped= processedImage.clip(s2Image.geometry().bounds()) 

                     

                    leftMap.clear(); 

                    rightMap.clear(); 
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                    leftMap.addLayer(prClipped, app.VIS_OPTIONS['prisma'].visParams, prImageId); 

                    rightMap.addLayer(s2Clipped, visOption.visParams, s2ImageId); 

                    var linker = ui.Map.Linker([leftMap, rightMap]);  

                    ui.root.clear() 

                    app.boot(sliderUi) 

                    ui.root.widgets().add(app.vis.mapSlider); 

 

                } else { 

                    ui.root.clear() 

                    ui.root.widgets().reset([mainMap]); 

                    Map.clear(); 

                    app.picker.prSelect.setValue(null) 

                    app.picker.S2Select.setValue(null) 

                    app.boot(sliderUi) 

                } 

            } 

        }), 

 

        multiMapCheckbox: ui.Checkbox({ 

            label: 'Multi maps view', 

            value: false, 

            onChange:function(checked) { 

                var s2ImageId = app.picker.S2Select.getValue(); 

                var prImageId = app.picker.prSelect.getValue(); 

                var clImageId = app.picker.clSelect.getValue(); 

                // function to create map 1 

                function createS2Map() { 
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                    var map = new ui.Map(center); 

                    var s2Image = s2ImageCollection.filter(ee.Filter.eq('id',s2ImageId )).first(); 

                    var prImage = prImageCollection.filter(ee.Filter.eq('id',prImageId )).first(); 

                    var threshold = -0; // Adjust the threshold value as per your image 

                    var blackMask = prImage.gt(threshold); 

                    var processedImage = prImage.updateMask(blackMask); 

                    var s2Clipped= s2Image.clip(processedImage.geometry().bounds()) 

                    map.addLayer(s2Clipped,app.VIS_OPTIONS['True color (b4/b3/b2)']. 

                    visParams, s2ImageId); 

                    map.add(ui.Label('Sentinel-2', {position:'bottom-center'})) 

                    return map; 

 

                } 

 

                function createPrMap() { 

                    var map = new ui.Map(center); 

                    var prImage = prImageCollection.filter(ee.Filter.eq('id',prImageId )).first(); 

                    var s2Image = s2ImageCollection.filter(ee.Filter.eq('id',s2ImageId )).first(); 

                    var threshold = -0; // Adjust the threshold value as per your image 

                    var blackMask = prImage.gt(threshold); 

                    var processedImage = prImage.updateMask(blackMask); 

                    var prClipped= processedImage.clip(s2Image.geometry().bounds()) 

                    // Add the image to the map with the corresponding visualization options. 

                    map.addLayer(prClipped, app.VIS_OPTIONS['prisma'].visParams, prImageId); 

                    map.add(ui.Label('PRISMA', {position:'bottom-center'})) 

                    return map; 

                } 
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                function createClMap() { 

                    var map = new ui.Map(center); 

                    var clImage = clImageCollection.filter(ee.Filter.eq('id',clImageId )).first(); 

                    var prImage = prImageCollection.filter(ee.Filter.eq('id',prImageId )).first(); 

                    var threshold = -0; // Adjust the threshold value as per your image 

                    var blackMask = prImage.gt(threshold); 

                    var processedImage = prImage.updateMask(blackMask); 

                    var clClipped= clImage.clip(processedImage.geometry().bounds()) 

                    map.addLayer(clClipped, {min: -5.5, max: 34, palette: ['FFFFFF','040274', 

                        '040281', '0502a3', '0502b8', '0502ce', '0502e6', 

                        '0602ff', '235cb1', '307ef3', '269db1', '30c8e2', '32d3ef', 

                        '3be285', '3ff38f', '86e26f', '3ae237', 'b5e22e', 'd6e21f', 

                        'fff705', 'ffd611', 'ffb613', 'ff8b13', 'ff6e08', 'ff500d', 

                        'ff0000', 'de0101', 'c21301', 'a71001', '911003']}, clImageId); 

                    map.add(ui.Label('ClimaMi', {position:'bottom-center'})); 

                    return map; 

                } 

 

                if (checked) { 

                    var maps = []; 

 

                    if ( s2ImageId && prImageId && clImageId) { 

                        maps = [createS2Map(), createPrMap(), createClMap()]; 

                        var panel = ui.Panel({ 

                            layout: ui.Panel.Layout.flow('horizontal'), 

                            style: {width: '100vw', height: '87vh'} 
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                        }); 

                        var linker = ui.Map.Linker(maps) 

                        maps.map(function(map) { 

                            panel.add(map) 

                        }) 

                        ui.root.clear(); 

                        app.boot(sliderUi) 

                        ui.root.add(panel) 

                    } 

                } else { 

                    ui.root.clear() 

                    ui.root.widgets().reset([mainMap]); 

                    Map.clear(); 

                    app.picker.prSelect.setValue(null) 

                    app.picker.S2Select.setValue(null) 

                    app.picker.clSelect.setValue(null) 

                    app.boot(sliderUi) 

                } 

            } 

        }), 

    }; 

 

    // Create a panel to hold the UCP layers 

    app.ucpPanel  = ui.Panel({ 

      widgets:[], 

      layout: ui.Panel.Layout.flow('vertical'), 

      style: app.SECTION_STYLE 
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    }); 

     var ucpComputedIds = ucpImageCollection.reduceColumns(ee.Reducer.toList(), ['id']) 

      .get('list'); 

      // Function to create a checkbox for each image 

      ucpComputedIds.evaluate(function(images) { 

      images.forEach(function(image) { 

      

        var checkbox = ui.Checkbox({ 

          label: image, 

          onChange: function(checked) { 

            if (checked) { 

              selectedUcpLayers[image] = image; 

            } 

          } 

        }); 

        app.ucpPanel.add(checkbox); 

        checkboxRefs.push(checkbox); 

      }); 

    }); 

 

    /* The panel for the visualization section with corresponding widgets. */ 

    app.vis.panel = ui.Panel({ 

        widgets: [ 

            ui.Label({value: '• Select a visualization', style: {backgroundColor: 

            'rgba(0, 0, 0, 0.0)', fontSize: '11px', fontWeight: 'bold', margin: '8px 8px 8px 8px'}}), 

            app.vis.sliderCheckbox, 

            app.vis.multiMapCheckbox 
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        ], 

        style: app.SECTION_STYLE 

    }); 

     

    /* The export section. */ 

  app.export = { 

    button: ui.Button({ 

      label: 'Export Image to Drive', 

      // React to the button's click event. 

      onClick:  

      function() { 

        var id 

        if(app.picker.S2Select.getValue()){ 

          id = app.picker.S2Select.getValue() 

        } else if(app.picker.prSelect.getValue()){ 

          id = app.picker.prSelect.getValue() 

        } 

       startExport(classificationOutput, id) 

      } 

    }) 

  }; 

 

  /* The panel for the export section with corresponding widgets. */ 

  app.export.panel = ui.Panel({ 

    widgets: [ 

      ui.Label({value: '• Export Classification Output ', style: {backgroundColor: 'rgba(0, 0, 0, 

0.0)', 
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            fontSize: '11px', fontWeight: 'bold', margin: '8px 8px 8px 8px'}}), 

      app.export.button 

    ], 

    style: app.SECTION_STYLE 

  }); 

 

    // Default the select to the first value. 

    app.vis.select.setValue(app.vis.select.items().get(0)); 

}; 

 

 

/** Creates the app helper functions. */ 

app.createHelpers = function() { 

 

  app.setLoadingMode = function(enabled) { 

    // Set each of the widgets to the given enabled mode. 

    var loadDependentWidgets = [ 

      app.vis.select, 

      app.picker.S2Select, 

      app.picker.prSelect, 

      app.picker.clSelect, 

      app.export.button, 

      

    ]; 

    loadDependentWidgets.forEach(function(widget) { 

      widget.setDisabled(enabled); 

    }); 
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  }; 

 

  /** Applies the selection filters currently selected in the UI. */ 

  app.applyFilters = function() { 

    Map.clear(); 

    app.setLoadingMode(true); 

 

    // Get the list of computed ids. 

    var computedIds = s2ImageCollection 

      .reduceColumns(ee.Reducer.toList(), ['id']) 

      .get('list'); 

    var prComputedIds = prImageCollection.reduceColumns(ee.Reducer.toList(), ['id']) 

      .get('list'); 

    var clComputedIds = clImageCollection.reduceColumns(ee.Reducer.toList(), ['id']) 

      .get('list'); 

    

    computedIds.evaluate(function(ids) { 

      // Update the image picker with the given list of ids. 

      app.setLoadingMode(false); 

      app.picker.S2Select.items().reset(ids); 

    }); 

    prComputedIds.evaluate(function(ids) { 

      // Update the image picker with the given list of ids. 

      app.setLoadingMode(false); 

      app.picker.prSelect.items().reset(ids); 

    }); 
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    clComputedIds.evaluate(function(ids) { 

      // Update the image picker with the given list of ids. 

      app.setLoadingMode(false); 

      app.picker.clSelect.items().reset(ids); 

    }); 

  }; 

 

 

  /** Refreshes the current map layer based on the UI widget states. */ 

  app.refreshMapLayer = function() { 

    Map.clear(); 

 

    var visOption = app.VIS_OPTIONS[app.vis.select.getValue()]; 

    var s2ImageId = app.picker.S2Select.getValue(); 

    var prImageId = app.picker.prSelect.getValue(); 

    var clImageId = app.picker.clSelect.getValue(); 

     

 

    if (prImageId) { 

 

      Map.clear(); 

      // If an image id is found, create an image. 

      var prImage = prImageCollection.filter(ee.Filter.eq('id', prImageId)).first(); 

      var threshold = -0; // Adjust the threshold value as per your image 

      var blackMask = prImage.gt(threshold); 

      var processedImage = prImage.updateMask(blackMask); 

      // Add the image to the map with the corresponding visualization options. 
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      Map.addLayer(processedImage, app.VIS_OPTIONS['prisma'].visParams, prImageId); 

 

 

      var classifyButtonHandler = function() { 

 

        // Call the classifyImage function 

        var classifiedImage = classifyImage(prImageId); 

        

  

        // Display the classified image 

        Map.addLayer(classifiedImage, { 

          min: 0, 

          max: 10, 

          palette: ['#D10000', '#CD0000', '#FF6600', '#FF9955', '#BCBCBC', '#006A00', '#00AA00', 

          '#B9DB79', '#545454', '#FBF7AF', '#6A6AFF'] 

        }, 'Classified Image'); 

 

        // Add legend to the map 

        addLegend() 

 

      } 

      // Classification button. 

      var classifyButton = ui.Button({ 

        label: 'Classify', 

        onClick: classifyButtonHandler, 

        style: { 

          margin: '0px' 
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        } 

      }); 

 

      // Classify panel container. 

      var buttonContainer = ui.Panel({ 

        widgets: [classifyButton], 

        style: { 

          position: 'bottom-left', 

          padding: '8px', 

          backgroundColor: 'rgba(0, 0, 0, 0.5)' 

        } 

      }); 

 

      Map.add(buttonContainer); 

 

    } 

    if (s2ImageId) { 

      Map.clear(); 

      var s2Image = s2ImageCollection.filter(ee.Filter.eq('id', s2ImageId)).first(); 

      Map.addLayer(s2Image, visOption.visParams, s2ImageId); 

    

 

      classifyButtonHandler = function() { 

        // Call the classifyImage function 

        var classifiedImage = classifyImage(s2ImageId); 
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        // Display the classified image 

        Map.addLayer(classifiedImage, { 

          min: 0, 

          max: 10, 

          palette: ['#D10000', '#CD0000', '#FF6600', '#FF9955', '#BCBCBC', '#006A00', '#00AA00', 

          '#B9DB79', '#545454', '#FBF7AF', '#6A6AFF'] 

        }, 'Classified Image'); 

 

        // Add legend to the map 

        addLegend() 

 

      } 

      // Show/hide note button. 

      classifyButton = ui.Button({ 

        label: 'Classify', 

        onClick: classifyButtonHandler, 

        style: { 

          margin: '0px' 

        } 

      }); 

 

      // Classify panel container. 

      buttonContainer = ui.Panel({ 

        widgets: [classifyButton], 

        style: { 

          position: 'bottom-left', 

          padding: '8px', 
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          backgroundColor: 'rgba(0, 0, 0, 0.5)' 

        } 

      }); 

      Map.add(buttonContainer); 

    } 

 

    if (clImageId) { 

      Map.clear(); 

      var clImage = clImageCollection.filter(ee.Filter.eq('id', clImageId)).first(); 

      Map.addLayer(clImage, { 

        min: -5.5, 

        max: 34, 

        palette: ['FFFFFF', '040274', '040281', '0502a3', '0502b8', '0502ce', '0502e6', 

          '0602ff', '235cb1', '307ef3', '269db1', '30c8e2', '32d3ef', 

          '3be285', '3ff38f', '86e26f', '3ae237', 'b5e22e', 'd6e21f', 

          'fff705', 'ffd611', 'ffb613', 'ff8b13', 'ff6e08', 'ff500d', 

          'ff0000', 'de0101', 'c21301', 'a71001', '911003' 

        ] 

      }, clImageId); 

    } 

    if (s2ImageId && prImageId) { 

      Map.clear(); 

      // Add the image to the map with the corresponding visualization options. 

      var s2Clipped = s2Image.clip(processedImage.geometry().bounds()) 

      var prClipped = processedImage.clip(s2Image.geometry().bounds()) 

       

      Map.addLayer(s2Clipped, visOption.visParams, s2ImageId); 
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      Map.addLayer(prClipped, app.VIS_OPTIONS['prisma'].visParams, prImageId); 

    } 

    if (s2ImageId && prImageId && clImageId) { 

      Map.clear(); 

      // Add the image to the map with the corresponding visualization options. 

      Map.addLayer(s2Clipped, visOption.visParams, s2ImageId); 

      Map.addLayer(prClipped, app.VIS_OPTIONS['prisma'].visParams, prImageId); 

      var clClipped = clImage.clip(processedImage.geometry().bounds()) 

      Map.addLayer(clClipped, { 

        min: -5.5, 

        max: 34, 

        palette: ['FFFFFF', '040274', '040281', '0502a3', '0502b8', '0502ce', '0502e6', 

          '0602ff', '235cb1', '307ef3', '269db1', '30c8e2', '32d3ef', 

          '3be285', '3ff38f', '86e26f', '3ae237', 'b5e22e', 'd6e21f', 

          'fff705', 'ffd611', 'ffb613', 'ff8b13', 'ff6e08', 'ff500d', 

          'ff0000', 'de0101', 'c21301', 'a71001', '911003' 

        ] 

      }, clImageId); 

    } 

 

    // Function to uncheck all checkboxes 

    function uncheckAllCheckboxes () { 

      checkboxRefs.forEach(function(checkbox) { 

        checkbox.setValue(false); 

      }) 

    } 
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    function refreshButtonHandler() { 

      // ui.root.clear() 

      Map.clear(); 

      ui.root.clear() 

      uncheckAllCheckboxes() 

      app.picker.prSelect.setValue(null) 

      app.picker.S2Select.setValue(null) 

      app.picker.clSelect.setValue(null) 

      ui.root.widgets().reset([mainMap]); 

      app.boot(sliderUi) 

    } 

 

 

    // Show/hide Refresh button. 

    var refreshButton = ui.Button({ 

      label: 'Refresh', 

      onClick: refreshButtonHandler, 

      style: { 

        margin: '0px' 

      } 

    }); 

 

    // Refresh panel container. 

    buttonContainer = ui.Panel({ 

      widgets: [refreshButton], 

      style: { 

        position: 'bottom-left', 
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        padding: '8px', 

        backgroundColor: 'rgba(0, 0, 0, 0.5)' 

      } 

    }) 

    Map.add(buttonContainer); 

  } 

}; 

 

 

/**  

 * Creates the app constants. 

 */ 

app.createConstants = function() { 

  // Collection ID for imagery 

  app.COLLECTION_ID = 'LCZ_'; 

  // Style for sections in the UI 

  app.SECTION_STYLE = {margin: '10px 0 0 0'}; 

  // Style for helper text 

  app.HELPER_TEXT_STYLE = { 

    margin: '8px 0 -3px 8px', 

    fontSize: '10px', 

    color: 'gray' 

  }; 

  // Limit for the number of images 

  app.IMAGE_COUNT_LIMIT = 10; 

  // Visualization options for images 

  app.VIS_OPTIONS = { 
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    'True color (b4/b3/b2)': { 

      description: ui.Label({value: 'Ground features appear in colors similar to their ' + 

                   'appearance to the human visual system.'}), 

      visParams: {gamma: [0.95, 1.1, 1], min: 0, max: .5, bands: ['b4', 'b3', 'b2']} 

    }, 

    'False color (b8/b4/b3)': { 

      description: ui.Label({value: 'Vegetation is shades of red, urban areas are ' + 

                   'gray or tan, and water appears blue or black.'}), 

      visParams: {gamma: [0.95, 1.1, 1], min: 0, max: .5, bands: ['b8', 'b4', 'b3']} 

    }, 

    'prisma': { 

      description: ui.Label({value: 'Ground features appear in colors similar to their ' + 

                   'appearance to the human visual system.'}), 

      visParams: {gamma: [0.95, 1.1, 1], min: 0, max: .15, bands: ['b4', 'b3', 'b2']} 

    }, 

  }; 

}; 

 

/**  

 * Creates the application interface. 

 */ 

app.createConstants(); 

app.createHelpers(); 

app.createPanels(); 

 

// Main UI panel 

var main = ui.Panel({ 
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  widgets: [ 

    app.intro.panel, 

    app.picker.panel, 

    app.ucpPanel, 

    app.vis.panel, 

    app.export.panel 

  ], 

  style: {width: '320px', padding: '8px'} 

}); 

 

 

// UI panel for slider 

var sliderUi = ui.Panel({ 

  widgets: [ 

    app.intro.panel, 

    app.picker.panel, 

    app.ucpPanel,  

    app.vis.panel, 

     

  ], 

  style: {width: '320px', padding: '8px'} 

}); 
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// Function to initialize the UI 

app.boot = function(uiCase) { 

  Map.setCenter(center);  

  ui.root.insert(0, uiCase); 

  app.applyFilters(); 

}; 

// Initialize the main UI 

app.boot(main); 
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