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Executive Summary 

This document describes a use case that makes use of machine learning techniques along with 
various remote sensing data sources to detect changes in land cover for economical uses. The 
objective of this use case is to demonstrate the capacity of remote sensing in extracting adequate 
information that can be used to economical purposes such as decision making policies, damage 
evaluation on crops caused by natural hazards for insurance purposes, etc. This use case contains 
two sub-use cases that have strong economical impacts and are aligned with our core business at 
TerraNIS. The first sub-use case is dedicated to explore the change of land cover especially urban 
expansion and agricultural land. The second sub-use case is concerned with estimating the effect of 
natural hazards such as frost on vineyards. The two sub-use cases are built on the change detection 
techniques developed in the framework of CANDELA project.  

For the first sub-use case, urban expansion and agriculture, three regions of interest are selected, 
i.e., Sicoval and Bordeaux in France as well as Milan in Italy. The first two regions are well-known for 
their agricultural background, especially Bordeaux due to its vineyards. On the other hand, Milan is 
known for its vast urban expansion, which motivates studying it in this use case. Additionally, local 
authorities and agricultural cooperatives show great interest for this sub-use case. 

The second sub-use case is dedicated to study the effect of natural hazards such as frost and hail on 
the vineyard vegetation through change detection techniques, which is of great interest to 
interprofessional associations and winemaking syndicates.  

Different datasets are identified for this use case. The first source of satellite images are acquired 
using Sentinel 2, since the developed change detection algorithms are adapted to Sentinel-2 images. 
In advanced stages of the project, very high resolution satellite images will be tested in order to 
satisfy user needs of precision and high accuracy.  

It is worth mentioning that there is some deviation in the described use case when compared to the 
one in the proposal. Indeed, the main objective of the use case is to test and validate the data 
analytics tools developed in the framework of the project. These tools are mainly focusing on 
Sentinel 2 data, which is characterized by a fine spectral resolution. However, the spatial resolution 
of images acquired by Sentinel 2 is not fine enough to develop some of the use cases described in the 
proposal such as car detection in parking lots as well as harbor traffic monitoring and ship detection. 
Hence, the use case in D1.1 has been reformatted in order to be well adapted to the developed 
analytics tools.  

For the precision required by some users, very high resolution satellite images have been requested 
through the Data Ware House (DWH). These images cover the regions of interest that will be studied 
in the first sub-use case. 

Throughout this document, user requirements will be assigned unique identifiers. For instance, user 
requirements of the first sub-use case will be assigned identifiers in the format of UEAx. User 
requirements of the second sub-use case will assigned identifiers in the format of CDVx. 
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1 Introduction 

The arrival of Sentinel 2 satellite images and other optical and radar satellite images has foster the 
development of image processing applications, in particular those related to change detection, due 
to their spectral richness and fine temporal and spatial resolution.   

One of the main challenging tasks in remote sensing is change detection, which aims at creating a 
map that segregates changed and unchanged areas. Change detection techniques have numerous 
applications such as crop, land use, urban infrastructure, deforestation, water reserves and 
humanitarian crisis monitoring. Two types of change detection techniques can be identified. The first 
one is associated with generating a binary map indicating the changed pixels between a series of 
temporal images [1]. The second one, also known as multi-class change detection, aims at identifying 
the transition type [2]. However, multi-class change detection techniques work in a supervised 
manner since ground truth data are required to train algorithms to detect the transition type, which 
is a non-trivial task. Moreover, change detection applications require normalizing input satellite 
images, which is a complicated task due to the weather and natural lighting changes throughout 
time. Furthermore, the choices of available images can be limited in specific situations such as post-
disaster assessment, which requires making critical decision in a short notice. Hence, comparing 
images acquired using mono-sensors or multi-sensors is mandatory in these situations.  

1.1 Purpose of the document 

This document describes a use case that makes use of machine learning techniques along with 
various remote sensing data sources to detect changes in land cover for economical uses. To be more 
specific, this use case aims at demonstrating the capacity of remote sensing in extracting adequate 
information that can be used to economical purposes such as decision making policies, insurance 
caused of natural hazards, etc. This use case contains two sub-use cases that have strong economical 
impacts and are aligned with our core business at TerraNIS. The first sub-use case is dedicated to 
explore the change of land cover especially urban expansion and agricultural land. The second sub-
use case is concerned with estimating the effect of natural hazards such as frost on vineyards. The 
two sub-use cases are built on the change detection techniques developed in the framework of 
CANDELA project.  

1.2 Relation to other project work  

The use case described in this document is part of Work Package 1 (WP1), which aims at providing 
real scenarios that demonstrate the capabilities of the developed tools in CANDELA project in the 
field of Earth Observation (EO) analytics. Hence, this use case is directly linked with EO data analytics 
(WP2) and Demonstrator Implementation (WP3) in order to provide them with functional and 
technical requirements. In the second phase of the project, the results of the conducted validation 
will be used to tune the algorithms developed in WP2. 

1.3 Structure of the document 

This document is structured in 3 major sections. The first sub-use case, i.e., urban expansion and 
agriculture, is described in Section 2. Section 3 illustrates the second sub-use case related to the 



 
 

 

 

Document name: D1.1 Use Case #1 Requirements v1 Page: 8 of 17 

Reference: D1.1 Dissemination:  PU Version: 1.0 Status: Final 

 

estimation of natural hazards’ effects on vineyards. Finally, some conclusions are drawn in the last 
section.  
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2 Urban Expansion and Agriculture 

This sub-use case is concerned with studying the effect of urban expansion on agricultural areas due 
to the continuous development of human settlements. Additionally, this sub-use case will try to 
analyze the changes in agricultural land cover through time due to the climatic changes that force 
farmers to shift their crops in order to achieve higher economical returns. 

2.1 Objectives 

The objectives of this sub-use case can be summarized as follows: 

• Detect changes in land cover/land use.  

• Monitor the evolution of non-urban areas.  

• Study the effect of urban expansion on the loss of agricultural land.  

These three objectives are strongly linked. On the one hand, land use is one of the main factors that 
drive the global climate change. On the other hand, the changes of climate force changes in land 
cover. For example, changes in climatic conditions force farmers to shift from one crop to another 
that will have higher economical return under the current climatic conditions. Moreover, it is 
expected that the demand for agricultural goods in the next century will be multiplied by a factor of 3 
or 4 when compared to the current demand due to population growth and the increase of income in 
the developing countries.  These increased demands have to be achieved by increasing the 
agricultural areas. Nonetheless, population growth as well as advances in industry and technology 
will require the use of land for human settlement, transportation, production of energy, which will 
increase the competition of land use between urbanization and agricultural land. Due the 
aforementioned factors, policy and decision makers as well as economists need to anticipate these 
challenges. The development of change detection technique based on remote sensing is the 
appropriate tool that helps anticipating these challenges due its ability in providing change indicators 
in land use at a global scale. Additionally, remote sensing data are the only cost effective source of 
information that can be used for this purpose because of their high spatial and spectral resolution, 
acquisition frequency and global coverage.   

2.2 Users 

Different users were identified for this sub-use case as follows: 

• Local authorities. 

Change detection in land cover is essential for them as they support planning and developing 
communities that are environmentally, economically and socially sustainable.  

• Agricultural cooperatives 

Changes in land cover associated with agricultural land is important for them as they aim at 
creating sustainable rural employment resilient to economic and environmental shocks and 
empower their members with adequate information to adapt their agricultural activities. 
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2.3 Regions of Interest 

The identified regions of interest for this sub-use case are shown in Figure 1: 

• Sicoval: It is a French agglomeration community situated in the southeast of Toulouse (Midi-
Pyrenees) in the Haute-Garonne department and the Occitanie region. The surface of the 

Sicoval is around 250 km2. Sicoval has many particularities. For instance, it connects the 
Mediterranean Sea and the Atlantic Ocean. Moreover, it mixes inside urban zones in the 
north and rural areas in the south. These particularities make Sicoval an interesting region for 
this use case. For this zone, the user would like to study the land changes and evolution 
between 2008 and 2018. 

• Bordeaux: It is situated in the southwest of France close to the Atlantic coast in the Gironde 
department.  Bordeaux is the sixth largest city in France and a developed technological city 
and the home of wine making in France due to its richness of vineyards.  For this zone, the 
user would like to monitor the land changes between 2014 and 2016.  

• Milan is the second most populated city in the north of Italy. It is well known for the 
continuous build-up of its urban area, which makes it a potential candidate for our use case. 
Indeed, Milan is one of the studied area in the framework of Nature4Cities project. TerraNIS 
is one of the partners in this project that aims at creating a comprehensive reference 
platform for nature-based solutions, offering technical solutions, methods and tools to 
empower urban planning decision making [3]. 

 

 
Figure 1: Regions of interest for the first sub-use case (urban expansion and agriculture) 

 



 
 

 

 

Document name: D1.1 Use Case #1 Requirements v1 Page: 11 of 17 

Reference: D1.1 Dissemination:  PU Version: 1.0 Status: Final 

 

2.4 Expected Outputs 

The expected outputs defined by users:  

• Binary maps showing the changed and unchanged pixels. 

• Surface indicators of changed areas. 

• Maps showing the type of transition (e.g., from agricultural land to buildings, …). 

2.5 User Requirements 

Besides the expected outputs, the users specified some customized requirements that will help them 
to monitor specific land cover categories:  

• UEA1: The ability to monitor the evolution of land cover at a global scale. 

• UEA2: Separate and precise monitoring of land cover classes (e.g., evolution of buildings, 
evolution of roads, ...). 

• UEA3: A more specific monitoring that allows to differentiate between the evolution of 
houses and industrial buildings.  

• UEA4: The ability to monitor the evolution of agricultural areas in terms of expansion and 
loss. 

• UEA5: The ability to monitor the evolution of forests (deforestation) in terms of expansion 
and loss (related to forestry use case). 

• UEA6: The ability to detect changes in crop types in the agricultural areas for certain zones 
over time.  

2.6 Datasets 

Satellite images acquired using different sensors can be used for this sub-use case. 

• Sentinel-2: images acquired using this sensor will be used to validate the change detection 
techniques developed by TAS FR on a large scale, i.e., less precision. 

• SPOT 6/7 / Pleiades: due to the precision required by some users, very high resolution (VHR) 
satellite images will be used to test the performance of the developed algorithms by TAS FR.  

• Sentinel-1: images acquired using this sensor will be used to validate the change detection 
techniques developed by TAS IT. 
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3 Change Detection in Vineyards 

France is one of the biggest winemakers in the world due to its richness in vineyards. However, 
severe weather conditions such as frost and hail cause huge damage in the vineyards resulting in a 
significant loss in wine productions. Interprofessional associations and winemaking syndicates have 
shown their interest in estimating the level of damage in the affected vineyards after these kind of 
events, which help them to anticipate the damage and justify the subsidies they receive from the 
state and European insurances. 

3.1 Objectives 

The objective of this sub use case is to detect changes in vineyard vegetation that are due to natural 
hazards such as frost or hail. These meteorological events can cause significant loss in vine and wine 
productions, which results in a big economic impact on the vine and wine industry. Examples of such 
catastrophic events are numerous in France and worldwide. For example, in France, more than 30% 
of the vineyardswere destroyed by hail in 2014 in the Aude department (South of France) (see also   
Figure 2). In 2017, vintners reported widespread damage in Bordeaux, Burgundy and Champagne, 
with some losing their entire 2017 crop. More recently in 2018, severe thunderstorms and hail have 
hit some vineyards in the Bordeaux and Cognac famous French winemaking regions; not only leading 
to consequent loss in grape production but also to irreversible damage of the vines. Some images 
taking from vineyards affected by natural hazards are shown in Figure 3-Figure 6. Being able to 
evaluate the damage and the total impacted area as soon as possible after the event would be of 
great interest for the vine and wine industry. 

 
Figure 2: Vineyards affected with meteorological events in France 2014 [4] 
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Figure 3 Vines hit by frost in Chablis, northen France 

April 2018 [6] 
Figure 4 Frost strikes in Bordeaux [5] 

  
Figure 5 Vines affected by the hailstorm in Reignac in the 

North of Blaye Cotes of Bordeaux 

Figure 6 Vineyards destroyed by hail in Aude 2014 [7] 

3.2 Users 

Users who expressed their interest for this application are those who are involved in the winemaking 
industry:  

• Interprofessional associations (e.g., the Wine Interprofessional Council of Bordeaux (CIVB)) to 
justify the subsidies received from the state and Europe insurance.  

• National Bureau of interprofessional of Cognac (BNIC). 

• The Winemakers' Syndicate of the Cognac Appellation. 

3.3 Regions of Interest 

France is well known for the winemaking industry. Figure 7 shows wine growing regions in France. 
Some regions of interests were defined to test and evaluate the performance of the change 
detection algorithm developed in the CANDELA project; 

• Bordeaux 

• Cognac 

• Champagne 
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3.4 Expected Outputs 

The following outputs were identified by the users:  

• A binary map showing the changed and unchanged pixels. 

• Assessment of the damage level on the parcel-level. For instance, indicators such as low 
impact, high impact, totally damaged could be useful. 

3.5 User Requirements 

The following outputs were identified by the users:  

• CDV1: Identify changed and unchanged zones after bad weather conditions in vineyards. 

• CDV2: Define the level of damage caused by bad weather conditions (low, high and total 
damage). 

3.6 Datasets 

The following datasets were identified for this sub-use case:  

• Since the assessment of vineyards damage needs to be done as soon as the event happens, 
Sentinel 2 images will be used for this use case.  

• In a further step, high resolution images, such as SPOT 6/7 and Pleiades, will be also 
considered. (Dates of the HR images to be defined)  
 

 

Figure 7 Wine growing regions in France [9] 
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4 User Requirements Collection 

Since Terranis is not directly involved in the implementation of the analytics tools and platform of 
CANDELA, user requirements were gathered as in a waterfall model, i.e., user requirements were 
gathered without direct interaction with WP2, where the implementation of analytics tools takes 
place. Different methodologies were adopted to gather user requirements. For instance, after 
identifying some potential users, one-to-one interviews were carried out between Terranis and each 
of the potential users in order to identify their needs. Additionally, Terranis is collaborating with 
many key players in the field of EO, which facilitated informal interviews and brain storming 
meetings with the users.  

After the validation phase of the first prototype of the analytics tools, Terranis will assess the 
satisfaction of the collected user requirements. Additional one-to-one and informal interviews as 
well as brain storming will be conducted after the validation to collect feedback from users. The next 
phase of user requirements will allow a better tuning of the developed tools to the use case and 
make sure that these tools are serving real needs. 
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5 Conclusions 

This document described a use case that focuses on economics and agriculture. More precisely, two 
sub-use cases were defined that have a great interest from an economical point of view. The first 
sub-use case focuses on the urban expansion and the loss of agricultural land due to its impact on 
the available food resources, employment in the agricultural sector and sustainable development. 
Two potential users were identified for this specific application; local authorities and agricultural 
cooperatives. Three regions of interest will be studied in this sub-use case using the EO analytics 
tools developed in this project; Sicoval and Bordeaux in France as well as Milan in Italy. These regions 
of interest were identified based on their agricultural and urban characteristics. For this sub-use case, 
user requirements ranged from performing large scale change detection, where the precision is not 
required, to precise change detection that requires very high resolution satellite images. Hence, 
three sensors were selected as sources for the used datasets; Sentinel-2 and (SPOT6/7 or Pleiades) as 
optical sensors and Sentinel-1 as a radar sensor. The second sub-use case tackles the problem of 
evaluating the damage caused by natural hazards, such as frost and hail, on vineyards. 
Interprofessional associations and winemaking syndicates showed a great interest in this application 
due to economical reasons related to insurance. Three regions of interest were identified; Bordeaux, 
Cognac and Champagne in France. For this sub-use case, both Sentinel-2 images and VHR images 
coming from SPOT6/7 or Pleiades will be tested during the project.  

The user requirements gathered in this document will be input to EO analytics tools (WP2) and 
Demonstrator Implementation (WP3). The developed tools will then be used to implement these 
scenarios in the second phase of the project to measure the extent of satisfying the user 
requirements using the developed tools without tuning to this use case. In a second step, the 
conducted validation will be used to tune the developed algorithm for the needs of the use case.  

The described sub-use cases are strongly linked to the developed analytic tools in WP2. For instance, 
the developed change detection algorithm in WP2.2 will be the core tool used to implement the two 
sub-use cases. Additionally, the data mining techniques developed in WP2.1 will be of great benefit. 
Indeed, the change detection tools developed for optical images in the CANDELA project are 
unsupervised; hence defining the transition type is a non-trivial task. On the other hand, the 
developed data mining tools are interactive learning techniques that will allow the user to easily 
select the type of transition that he is searching for through a time series.  Finally, features extracted 
from data fusion techniques developed in WP2.4 can be used to test the change detection 
techniques. This kind of fusion is vital in situations where there is no vast choices of the available 
images such as disaster assessment.   
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