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Executive Summary 

The following 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 Forest Health 
Monitoring.  

The objective of this use case is to demonstrate the capacity of remote sensing in extracting 
adequate information that can be used for purposes of research such as:  

• designation of spatial distribution of the health condition of the forests,  

• multitemporal analysis of changes in the canopy condition,  

• indication of crucial biotic and abiotic environmental factors, which impacts the forest 
condition, 

• forecast of changes in the health condition of the forest. 

The development of methods for the applications mentioned above might provide the new solutions 
for the damage evaluation and reporting, decision making policies and indicating future 
countermeasures in case to protect the forests. 

The first sub-use case is dedicated to study the effect of natural hazards such as windstorms and 
wildfires over the forest vegetation through change detection techniques. Different datasets are 
identified for this use case.  The first source of satellite images is 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. The main ROI for this sub-use case is the area of RDLP Toruń, which has been 
severely affected by the bow echo phenomenon in 2017. The outputs of the first use-case are change 
detection map of damaged by wind forests, percentage of damage in the indicated areas and cyclical 
map of forest renovation. 

The second sub-use case is dedicated to detect areas of reduced health of the forests due to long-
lasting environmental pressure caused by biotical and abiotical factors. The two sub-use cases are 
built on the change detection techniques developed in the framework of CANDELA project. For the 
second sub-use case, primeval forest of Białowieża is concerned as region of interest. This ROI is 
invaded by the bark beetle which severely affected a significant number of spruce trees. This critical 
situation leads towards the dispute between some environmentalists and forestry service – RDLP 
claims that logging could slow down the process and environmentalists are against any human 
interference, seeing bark beetle gradation as a natural phenomenon. Moreover, the whole ROI is 
divided in two parts: production forests of Browski Forest district, Hajnówka Forest district and 
Białowieża Forest district and Białowieża National Park (BPN). As the decrease in the condition of 
trees is often a result of many factors, this sub-use case considers also other long-term threats and 
pressures such as: long-lasting droughts, air pollution, fungal infectious diseases, biting young trees 
by animals and forest management errors. The results of second sub-case are map of areas with 
reduced forest health, additionally with assessment of the healthy level and time change maps of 
forest health indicators. 
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1 Introduction 

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 the canopy and the forest structure and its 
health condition. To be more specific, this use case aims to demonstrate the capacity of remote 
sensing in extracting adequate information that can be used for purposes of research such as: 
designation of spatial distribution of the health condition of the forests, multitemporal analysis 
including changes in the canopy condition, indication of crucial biotic and abiotic environmental 
factors, which impacts the forest condition and forecast of changes in the health condition of the 
forest. 

The first sub-use case is concerned with estimating the impact of abrupt natural disasters such as 
windthrow or windsnap and delimitation of destroyed areas of the forest. The second sub-use case is 
dedicated to detect areas of reduced health of the forests due to long-lasting environmental 
pressure caused by biotical and abiotical factors. The two sub-use cases are built on the change 
detection techniques developed in the framework of CANDELA project.  

Forest are important renewable resources, which ensure biodiversity of natural environment. It is 
critical to protect this ecosystem, first by monitoring and detecting potential threats and then taking 
preventive steps.  

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 demonstrates 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 - Abrupt natural disasters 
described in Section 2. Section 3 illustrates the second sub-use case related to forest health 
indicators. Finally, some conclusions are drawn in Section 4.  
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2 Abrupt natural disasters  

All parts of the World occasionally experience natural disaster caused by heavy winds (windthrow, 
windsnap) and wildfires. In short period of time, huge areas of forest can be destroyed. Due to 
climate change, extreme weather conditions appear more often so natural hazards like windthrow 
are more likely to happen. Change detection system would provide tools for detection and ongoing 
monitoring of areas that are affected by the disaster. Obtained information would be useful in the 
further actions for restoration of forest ecosystems. 

The first sub-use case is based on determining the areas that have been affected by the disaster and 
how the situation has been managed in the following months or years after its occurrence. This 
information allows to take action immediately after the occurrence of the incident. Moreover, the 
data describing the damaged areas could be supplemented with multitemporal datasets in order to 
acquire information about the progress of the forest restoration. Monitoring the progress of forest 
cleaning and re-planting allows to indicate both succession and critical areas. The analysis of those 
spatial data will lead towards important conclusions and then new solutions for crisis management in 
the area of forestry. 

 
Figure 1: Total Forest Area in Europe [1] 

Beside of the environmental value of forest, forestry has significant importance for the national 
economies of European countries. Figure 1 shows a comparison of forest areas in each of the 
European countries. 
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2.1 Objectives  

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

• detection of areas affected by the disaster (e.g. windthrow), 

• monitoring of the changes in forest cover after the accident, 

• studying the effect of natural forest renewal, 

• monitoring of the neighbouring undamaged forests areas. 

The sub-case contains four important objectives.  

Firstly, after occurrence of the catastrophe such as windstorm it is important to gain information 
about the area of damages and their severity as soon as possible. This is an important information for 
decision makers, forest managers and local authorities in order to plan appropriate activities such as 
resuming road traffic in the area, and then obtaining wood from uprooted or broken trees to 
minimize economic loss. In 2017 central-western part of Poland was affected by a windthrow 
reaching an area of over 1,000 square kilometers, see Figure 2. While getting information from aerial 
sources is time consuming, and such a large area cannot be easily visualized in a short time. The 
solution for this problem is delivered by satellite imagery and change detection algorithm. This 
method is the most suitable if the area of analysis is of considerable size. 
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Figure 2: An example of damage caused by the wind from different perspectives [2] 

The second objective is considering the later period, in which the forest area is designated for 
economic purposes. In this stage it is crucial to clear the area as soon as possible in order to create 
new plantings. The progress of the works can be monitored with multitemporal satellite imagery and 
then changes may be easily analyzed. 

The next objective is to have the possibility to observe protected forests such as reserves or national 
parks where the removal of damaged wood is prohibited. The damaged protected areas, while they 
are left to themselves, evolve to new local ecosystems. New species appear, and the forest 
undergrowth is enriched.  

The last objective is to monitor the neighbouring undamaged forests areas. Although these areas 
remained undamaged, they are becoming part of forest border. This position makes them more 
exposed to the wind and external factors. Moreover, the change of local conditions may increase the 
impact of already existing problems (pests such as woodworm or wildfire risk) which may affect 
undamaged forest clusters in a direct way [This objective will be developed in sub-case 2 - Forest 
Health Monitoring Indicators.] 

2.2 Users 

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

• General and Regional Directorates of the State Forests 

Nearly 77% of the forest areas in Poland are managed by the State Forests. In the event of a 
disaster, the forest services need information to assess the extent of the damage. For the 
institutions mentioned above it is crucial to respond properly and take action in the regions 
of catastrophe as soon as possible. The next step is the observation of affected areas, which 
allows to monitor the conducted activities on regular basis. This step should have 
environmental and economic justification. 

• Ecologists and Scientists from Bory Tucholskie National Park 
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The data collected during the implementation of the use case will allow to perform various 
scientific analyses. The researchers will be able to accurately describe the processes 
occurring in the ecosystem after the natural disaster. The conclusions could lead to better 
protection of those important areas. 

• Local authorities 

The presence of the forest has economical and strategic purposes for the local community. If 
the restoration of some forest areas near the human settlements is not possible, local 
authorities might might decide to develop such an area differently, according to the needs of 
community. 

• Forest users e.g. tourists, local residents 

Changes in the structure of the forest may effect residents and tourists. The area affected by 
the natural disaster is excluded from normal use and might be dangerous. Information 
extracted from change detection on forests and remedial actions are important for forest 
users to plan their activities. 

2.3 Regions of Interest 

The identified regions of interest (ROI): 

•  Area of RDLP Toruń (Regional Directorates of the State Forests in Toruń) 

The natural disaster in the Polish forests stand that occurred in the night 11/12 August 2017 
was the largest in the history of forest management in Poland. The disaster was a result of a 
bow echo weather phenomenon that brought winds blowing at 100 – 150 km/h and 
sweeping off forest stands on its path ranging from the Baltic Sea coast to the region of 
Lower Silesia. It is estimated that windfall covered almost 10 mln cubic meters of trees fallen 
on the area of almost 1,000 square kilometres. The disaster affected whole ecosystems and 
forest stands (rather than individual types and/or species and/or habitats of trees), including 
22 natural reserves, 134 “Nature 2000” areas, 15 protected bird habitats and breeding areas 
covering, Inter Alia, the areas protected under the Bird and Habitat Directive.  

• Current areas affected by the wind 

2.4 Expected Outputs 

The expected outputs defined by users:  

• Binary maps showing the changed and unchanged pixels, that determines damaged area by 
wind forest based on images s before/after disaster. 

• Percentage of damage in the indicated area of forest. 

It is a more detailed indicator based on the first output that specifies undefined regions with 
a similar degree of forest damage. 

• A cyclical map mainly for economic purposes to list the progress of forest repair works that 
shows how foresters are dealing with windthrow forest (cutting out damaged wood, planting 
new ones or leave as it is). 
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2.5 User Requirements 

Users, especially from RDLP Toruń identified additional requirements: 

• Determination of the mass of damaged trees. 

• Determination of fully and partially damaged areas of the forest 

• The ability to monitor the progress of the removal of damaged trees and planting new ones. 

• In the case of leaving damaged trees in protected areas, observation of natural forest stands 
reconstruction processes. 

• Indication of impassable forest roads after the windthrow 

• Determine the risk of tree damage by other factors, e.g. by the spruce bark beetle or possible 
wildfires. 

2.6 Datasets 

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

• Sentinel-2 and Sentinel 1 datasets will be used to create binary change detection layer with 
information about areas that were affected by windthrow. For this purpose, Sentinel 
satellites appear to be adequate solution, as they provide large area coverage and frequent 5 
days revisit time. 

• VHR satellites (like SPOT 6/7, WorldView) will be used to determine percentage of damage in 
the indicated area and to create progress repair forest map. 
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3 Forest Health Monitoring 

Forests are one of Europe's most important renewable resources and provide multiple benefits to 

society and the economy 

EU Forest Strategy 

 

The health condition of the forests on Earth is the subject of international interest, hence 
organizations such as EU and UN havedeveloped some solutions considering this topic Error! R
eference source not found.. 

In 1985 the Convention on Long-range Transboundary Air Pollution (CLRTAP) under the United 
Nations Economic Commission for Europe established International Co-operative Programme on 
Assessment and Monitoring of Air Pollution Effects (ICP Forests). The assessments of the condition of 
the forests include parameters such as defoliation (percentage of leaf or needle loss), discoloration, 
damages visible on the trees or soil condition assessments. 

The scheme on the protection of forests against atmospheric pollution was adopted by the EU in 
1986 through the Regulation (EEC) No. 3528/86. From the 2003 to 2006 Regulation (EC) No 
2152/2003 (Forest Focus) was in the force, and then between years 2009 - 2011 forest monitoring at 
European scale was supported under the LIFE+ Regulation. 

The aforementioned projects and regulations focused on the impact of air pollution on the forest 
ecosystems. However, the air and soil pollution is not the only factor that threatens the forests. The 
extreme weather conditions, invasion of pests or diseases could also have an impact on the 
ecosystem. The forest might be endangered also because of its own structure and neighborhood. The 
lack of proper care might be also an important factor, when considering decrease in forest health 
condition. 

In the approach applied to following sub-use case, all of these long-term factors will be analysed, as 
they could impact the ecosystem simultaneously. 

3.1 Objectives 

The objective of this sub-use case is to detect Forest areas of reduced health. Such areas would be 
later monitor and investigated by potential users. Additional resources can be allocated to such areas 
to prevent potential damage. Detection should be carried out based on forest health indicators that 
will measure in effective, repetitive and comparative way the condition of forest to provide reliable 
information.  
Determining the cause of reduced forest health can be difficult. In most cases, it is not only factor 
that leads to changes in forest ecosystem but most often it is a set of related causes. 
Factors affecting forest health are: 

• long-lasting drought, 

• air pollution, 

• attack of insect pests [Figure 3] 

• fungal infectious diseases, 

• biting young trees by animals, 
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• forest management errors, for example by creating monoculture or lack of proper 
care. 

 
 

Figure 3: The effects of bark beetle gradation in Bavarian Forest National Park [source: Kurt Seebauer -
https://en.wikipedia.org/wiki/European_spruce_bark_beetle] 

In order to determine and parameterize the health level of the forest, various indicators are used. 
They enable the comparison of different tree stands with each other and the determination of the 
snag trees. 
Physical indicators that show state of forest health are:  

• crowns condition (density, defoliation, discoloration) – example in Figure 4 

• tree growth  

• morality and damages visible on the trees 

In remote sensing, indications concerning the amount of chlorophyll, water content or the level of 
stress are used to determine the health of the forest. 
Last objective concerning Forest Health Monitoring is obtaining information about how forest health 
depends of the time of year and which time is best to conduct that monitoring. Such information will 
also indicate if changes observed in forest structure are temporary or permanent.  
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Figure 4: An example of the different Tree Crown Condition [2] 

3.2 Users 

User that would be interested to obtain information about forest health  

• General and Regional Directorates of the State Forests and especially foresters from Browski 
Forest district, Hajnówka Forest district and Białowieża Forest district 

The conclusions from analysed data could lead to solutions, how to maintain the good 
condition of the forests and how to avoid or minimize dangerous factors. Also, the 
multitemporal data would help the foresters to decide if the logging of the invaded trees is 
helpful to protect healthy ones. 

• Ecologists and Scientists from Białowieża National Park 

The data collected during the implementation of the use case will allow to perform various 
scientific analyses. The results will help researchers to describe the causes of the decrease on 
health condition of the forest and forecast their future effects. Also, the collected 
information will allow the complex monitoring of the state of protected areas inside BPN. 

3.3 Regions of Interest 

Białowieża primeval forest. The Białowieża primeval forest is located in the East part of Poland. The 
area is invaded by the bark beetle which severely affected a significant number of spruce trees. The 
whole ROI is divided into two parts: The first part is Browski forest district and Hajnowka forest 
district and the second part is Bialowieza forest district and Bialowieza National Park (BPN). In the 
production forest there are carried out tree cuttings in order to stop the pests invasion. However, the 
logging cannot be performed on the protected BPN area – the insects from the National Park are free 
to affect neighboring areas of production forests. The situation is critical and leads towards the sharp 
dispute between some environmentalists and foresters, which have different views on the best way 
to protect this ecosystem. 
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Figure 5: Białowieża Forest [12] 

3.4 Expected Outputs 

The following outputs were identified by the users:  

• Map of areas with reduced forest health (binary map)- output example in Figure 6. 

• Assessment of the health level. For instance, indicators such as healthy, neutral, unhealthy 
stand, could be useful.  

• Time change maps of forest health indicators. 
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2011 2012 

Figure 6: Detection of bark beatle outbreak centers in the years of 2011 and 2012 – the scene area: Nowy Targ – 
Myślenice (Lesser Poland) [2] 

 

3.5 Datasets 
 

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

• Satellite images with a large number of bands in the VNIR and SWIR range will be useful (e.g. 
Sentinel-2) 

• In a further step, high resolution images, such as SPOT 6/7 and Pleiades, will be also 
considered to validate the date. 

• The use of radar data to determine the health of the forest will also be tested. 
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4 Conclusions 

This document described a use case focuses on forestry and environmental protection. More 
precisely, two sub-use cases were defined that have a great interest from an economical point of 
view.  

The first sub-use case is concerned with estimating the impact of abrupt natural disasters 
(windstorms, wildfires) and delimitation of destroyed areas of the forest. Main objectives of this sub-
use case are: 

• to detect areas affected by the disaster (e.g. windthrow) 

• to monitor the changes in forest cover after the accident 

• to study the effect of natural forest renewal  

• to monitor the neighboring undamaged forests areas 

Four potential users were identified for this specific application: General and Regional Directorates of 
the State Forests, Ecologists and Scientists from Bory Tucholskie National Park, local authorities and 
forest users (tourists, local residents). Regions of interest for this use case are RDLP Toruń area 
located in Poland, kujawsko-pomorskie voivodship and current areas affected by the wind. The 
region of RDLP Toruń has been chosen, due to windstorms in 2017 over this region. For this sub-use 
case, user requirements have both economical and ecological background. In the first group of 
requirements there is determination of the mass of damaged trees, which helps the foresters to 
collect the wood from the dead trees. Also, determination of damaged areas and monitoring of the 
progress of cleaning and planting works help to apply proper management to the forest area. The 
second group are requirements from group of users with ecological and scientific approach: In the 
case of leaving damaged trees in protected areas, observation of natural forest should be conducted 
and the risk of tree damage by other factors should be analyzed. Hence, three sensors were selected 
as sources for the used datasets; Sentinel-2 and VHR images (e.g. SPOT6/7) as optical sensors and 
Sentinel-1 as a radar sensor.  

The objective of the second sub-use case is to detect areas of reduced health of the forests due to 
long-lasting environmental pressure caused by biotical and abiotical factors. This use case is the area 
of interest of forestry services (General and Regional Directorates of the State Forests and especially 
foresters from Browski Forest district, Hajnówka Forest district and Białowieża Forest district) and 
ecologist and Scientist (e.g. BPN employees). The sample ROI is the Białowieża primeval forest, which 
could be divided into two sectors: protected one (BPN) and production forests. For this sub-use case, 
both Sentinel-2 images and VHR images coming from SPOT6/7 or Pleiades will be tested during the 
project.  In addition, the observation from the radar satellite will be tested 

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.  

 

 



 
 

 

 

Document name: D1.2 Use Case #2 Requirements v1 Page: 19 of 19 

Reference: D1.2 Dissemination:  PU Version: 1.0 Status: Final 

 

References 

[1] The State Forest Information Centre, Warsaw 2017, Forest in Poland 2017   

[2] Łabaj, A. (2017), Lotnicza inwentaryzacja uszkodzeń drzewostanu, Kraków 

[3] Polish State Forest, https://www.lasy.gov.pl/pl/informacje/aktualnosci/najwieksza-taka-
kleska-w-historii-polskich-lasow, retrieved 2018-09-01 

[4] NEVALAINEN, Olli, et al. (2017) Individual tree detection and classification with UAV-based 
photogrammetric point clouds and hyperspectral imaging. Remote Sensing, 9.3: 185. 
http://www.mdpi.com/2072-4292/7/11/15467/html 

[5] Seidl, R.; Rammer, W. (2017) Climate change amplifies the interactions between wind and bark 
beetle disturbances in forest landscapes. Landscape ecology, 32.7: 1485-1498. 
https://link.springer.com/article/10.1007/s10980-016-0396-4 

[6] Pause, M., et al. (2016) In situ/remote sensing integration to assess forest health—A review. 
Remote Sensing , 8.6: 471. http://www.mdpi.com/2072-4292/8/6/471/htm 

[7] Lausch, A., et al. (2017) Understanding forest health with remote sensing-part II—a review of 
approaches and data models. Remote Sensing, 9.2: 129. http://www.mdpi.com/2072-
4292/9/2/129/htm 

[8] Lausch, A., et al. (2016) Understanding forest health with remote sensing-part I—a review of 
spectral traits, processes and remote-sensing characteristics. Remote Sensing, 8.12: 1029. 
http://www.mdpi.com/2072-4292/8/12/1029/htm 

[9] State of Europe’s forests (2015). In: Ministerial conference on the protection of forests in 
Europe. p. 314.  
https://www.unece.org/fileadmin/DAM/timber/meetings/20151102/ToS_Meeting/8-StEF15-
MARTIN.pdf 

[10] EU Forest Strategy https://ec.europa.eu/agriculture/forest_en, retrieved 2018-09-01 

[11] United Nations Economic Commission for Europe (UNECE), ICP Forests,(2016)  Manual on 
methods and criteria for harmonized sampling, assessment, monitoring and analysis of the 
effects of air pollution on forests, http://icp-forests.net/page/icp-forests-manual  

[12] Polish State Forest  
http://www.lasy.gov.pl/en/information/all-about-bialowieza-forest/spruce-bark-beetle-in-the-
bialowieza-primeval-forest, retrieved 2018-09-01 

 

 

https://www.lasy.gov.pl/pl/informacje/aktualnosci/najwieksza-taka-kleska-w-historii-polskich-lasow
https://www.lasy.gov.pl/pl/informacje/aktualnosci/najwieksza-taka-kleska-w-historii-polskich-lasow
http://www.mdpi.com/2072-4292/7/11/15467/html
https://link.springer.com/article/10.1007/s10980-016-0396-4
http://www.mdpi.com/2072-4292/8/6/471/htm
http://www.mdpi.com/2072-4292/9/2/129/htm
http://www.mdpi.com/2072-4292/9/2/129/htm
http://www.mdpi.com/2072-4292/8/12/1029/htm
https://www.unece.org/fileadmin/DAM/timber/meetings/20151102/ToS_Meeting/8-StEF15-MARTIN.pdf
https://www.unece.org/fileadmin/DAM/timber/meetings/20151102/ToS_Meeting/8-StEF15-MARTIN.pdf
https://ec.europa.eu/agriculture/forest_en
http://icp-forests.net/page/icp-forests-manual
http://www.lasy.gov.pl/en/information/all-about-bialowieza-forest/spruce-bark-beetle-in-the-bialowieza-primeval-forest
http://www.lasy.gov.pl/en/information/all-about-bialowieza-forest/spruce-bark-beetle-in-the-bialowieza-primeval-forest

