LIFE Project Number

LIFE14 ENV/ES/000179
Final Report
Covering the project activities from 02/11/2015 to 30/04/2019
Reporting Date

30/04/2019
LIFE PROJECT NAME or Acronym

Early detection and advanced management systems to reduce
forest decline caused by invasive and pathogenic agents
Data Project
Project location:

Basque Country (Spain)

Project start date:

02/11/2015

Project end date:

30/04/2019

Total budget:

€ 1,487,960

EU contribution:

€ 892,776

(%) of eligible costs:

60%

Data Beneficiary
Name Beneficiary:

NEIKER- Instituto Vasco de Investigación y Desarrollo Agrario

Contact person:

Ms Eugenia Iturritxa

Postal address:

Berreaga 1, E-48160 Derio, Spain

Telephone:

+34 944034300

E-mail:

eiturritxa@neiker.eus

Project Website:

http://www.lifehealthyforest.com/

1. Table of contents
1.

Table of contents ................................................................................................................. 2

2.

List of key-words and abbreviations ................................................................................... 2

3.

Executive Summary ............................................................................................................ 2

4.

Introduction ......................................................................................................................... 5

5.

Administrative part ............................................................................................................. 6

6.

Technical part ...................................................................................................................... 8

7.

Key Project-level Indicators.............................................................................................. 36

8.

Comments on the financial report ..................................................................................... 36

2. List of key-words and abbreviations
AVIRIS
CORDIS
D
DEX
EU
FSU
GIS
IR
LIDAR
NASA
NRI
NDVI
NEIKER
NGS
OSA
PA
RF
SC
VI

Airborne Visible / Infrared Imaging Spectrometer
Community Research and Development Information Service
Deliverable
Desarrollo de Estrategias Exteriores (DEX Group)
European Union
Friedrich Schiller University Jena
Geographic information system
Infrared
Light Detection and Ranging o Laser Imaging Detection and Ranging
National Aeronautics and Space Administration
Normalized Ratio Index
Normalized Difference Vegetation Index
Instituto Vasco de Investigación y Desarrollo Agrario
Next Generation Sequencing
Other Supporting Annexes
Partnership Agreement
Random Forest
Steering Committee
Vegetation Index

3. Executive Summary
The main objective of LIFE HEALTHY FOREST project is the design, application and monitoring of
advanced methodologies to achieve a more sustainable forest management at EU level in the
field of control and prevention of forest decline caused by invasive and pathogenic agents taking
into account both their environmental and socio-economic impact.
To this purpose, the specific objectives are:
1. Development of an innovative and unique integrated system to the early detection and evaluation
of the impact of forest decline through the combination of expertise areas, encompassing from
molecular to remote sensing techniques.
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2. Implementation of the early detection system in large-scale demonstration plots, giving a
comprehensive vision of the status of forest health, as knowledge base for the EU policy.
3. Implementation of more accurate and cost effective sustainable forest management techniques
based on the results of the innovative system, adapted to different pathogenic organisms and
scenarios of forest decline, as well as analysis of the traditional management strategies with the
perspective of adaptation and improvement to new and sustainable management strategies.
4. Development and implementation of a GIS infrastructure for the estimation of economic and
environmental impact of forest decline, causal agents and the detailed proposal of forest
management activities applicable in the EU, assessing a key set of protocols of early detection of
decline at different levels.
5. Provision of baseline data and information on status of forest decline at different scales of analysis
in relation with main invasive and pathogenic agents in the European Union in order to contribute
to the improvement of detection, prevention and control of sustainable management strategies,
policy and legislation about invasive and pathogenic species.
6. Involvement of public and private stakeholders (both public institutions responsible for
policymaking and forest management, and private organisations related to the forest industry) to
achieve replicability and transferability at EU level, as well as to raise awareness of the general
public about the importance of sustainable forests.
7. Contribution to the objectives of the New EU Forest Strategy and the EU Biodiversity Strategy to
2020.
In order to fulfil these objectives, the project envisaged the implementation of 14 actions, structured
in five work packages:
• Preparatory actions. First, the design of the integrated early detection system encompassing from
field monitoring, sampling, morphological, molecular and physiological to remote sensing
techniques (action A1) and its subsequent optimization via its application at small-scale (action
A2) will be carried out during the first nine months of the project.
• Implementation actions. The designed system will be implemented in large-scale demonstration
plots to define the economic and environmental impact of invasive and pathogenic agents in
Atlantic and Mediterranean forest ecosystems (action B1). Based on these results, the
implementation of sustainable management techniques in forest ecosystems adapted to different
pathogenic organisms and scenarios of forest decline will be carried out (action B2). Economic
and environmental impact of the applied strategies will be quantitatively and qualitatively
estimated and transferred in action B3, focused on the development and implementation of a GIS
infrastructure for the early detection and sustainable control of invasive and damaging agents.
• Measuring both the environmental and socio-economic impact of the project will take place
through actions C1 and C2 by monitoring the improvement in the health of forest ecosystems and
the sustainable management of invasive and pathogenic agents resulting of the implementation of
the project actions in relation to the initial conditions as well as the related economic and social
issues.
• LIFE HEALTHY FOREST communication and dissemination strategy will be structured and
organized through a Project Communication Plan (action D1) that will cover all mandatory
actions set out by the LIFE Programme as well as a group of complementary activities that will
maximize the project´s results and their transferability (actions D2, D3 and D4).
• Finally, an efficient management of the project will be carried out through a series actions
dedicated to ensure an effective management of human, material and financial resources,
compliance with contractual obligations defined in the Grant Agreement and auditing (action E1);
quality control, evaluation and reporting requirements (action E2) and the development of the
After-LIFE Plan (action E3).
The implementation of the aforementioned actions produced two main outputs:
• An integrated system of early detection of forest decline that optimizes resources and increases
the effectiveness of risk detection and a sustainable management of forest ecosystem. This system
encompasses from field monitoring, sampling, morphological, molecular and physiological to
remote sensing techniques. The implementation of this system has a positive effect in the
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•

biodiversity by intervening against invasive and pathogenic agents directly related with the forest
decline and mortality. The system has been materialised in a Guide and accompanied by the
socioeconomic and environmental monitoring.
A GIS infrastructure focused on the combined use of diagnostic methods, remote sensing,
sylvicultural treatments and biological control to reduce damages caused by invasive and
pathogenic organisms and to minimize the potential economic and environmental threat..

Because of the application of the early detection system and the use of the GIS infrastructure, the
following results were foreseen:
− An improvement of 10 % of the detection capacity and diagnostic. The combination of
optimized techniques and protocols will enable a substantial progress by increasing the capacity of
evaluating the impact, identifying the pathogens and define the sustainable management cost per
hectare.
− A very significant increase in the production and quality of wood (around 15 %) as well as the
botanical and fauna diversity (10-20%) derived of the combination of the detection and
management system implementation.
− An improvement in the forest health conditions and management of ≥ 25% by means of early
detection system taking into account the reduction of the environmental and economic impact
resulting from both the attack of invasive and pathogenic agents and the inappropriate application
of management strategies.
− A reduction of global costs of around 30% and an increase of 25% of the environmental,
economic and social benefits due to the implementation of the innovative systems of detection
and management of invasive and pathogenic agents.
Briefly, regarding the detection capacity and diagnostic, the improvement has been superior to the
expected percentage. The combination of techniques and expertise of the groups has been remarkable
successful. Remote sensing information available, forest data obtained for its validation and diagnostic
results obtained in the laboratory using conventional and molecular techniques have achieved an
improvement higher than 50 % in the capacity of early detection of forest decline caused by different
diseases. The fusion of the techniques has resulted in an additive improvement of results.
The knowledge generated during the implementation phase of the project has the potential of
improvement the production and quality of the wood expected (around 15 %) by means of the
indication of optimal areas for growing forest species taking into account disease risk and
environmental conditions in the region.
The development of environmentally-friendly management strategies for controlling forest diseases
based on the application of natural substances and beneficial organisms and avoiding the use of
chemical products and the right selection of optimal conditions for the development of forest species
achieve an improvement of botanical and fauna diversity (10-20%) and in the forest health conditions
and management of ≥ 25%.
On the other hand, in the last two years of the project, an outbreak of disease caused by emerging
needle blight diseases (among the pathogens involved Dothistroma septosporum and Lecanosticta
acicola were the most frequently detected) has caused an alarming impact in the forest of the region
located in Atlantic and Mediterranean condition. Despite the fact of the negative environmental and
economic impact of the disease, in the context of the LIFE HEALTHY FOREST project, it has also
had a positive effect. It has given an opportunity of validation of the methods of early detection of
forest decline developed in the project, showing their application in these unexpected situations.
Therefore, the project has supported the detection of the diseases by microbiological, morphological
and molecular methods, their monitoring and development of risk maps using all the combination of
expertise of the involved members of the project. This situation has enriched the application of the
project results and, in addition, it has contributed to the increase of the interest for the project by both
public and private stakeholders within the forest sector/industry and environmentalists.
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4. Introduction (maximum 2 pages)
Forests are multifunctional, serving economic, social and environmental purposes. They offer habitats
for animals and plants, play a major role in mitigating climate change and provide other environmental
services. Nearly a quarter of the EU´s forest area is protected under Natura 2000, and much of the rest
is home to species protected under EU nature legislation. Forest also offer wide societal benefits,
including for human health, recreation and tourism (“A new EU forest strategy: for forests and the
forest-based sector” {COM(2013) 659 final}).
Forests and other wooded land cover over 40% of the EU´s land area, with a great diversity of
character across regions. Over the last 20 years, the forest area has expanded in all European regions
and has gained 0.8 million hectares each year.
However, despite being a vital ecosystem constantly growing, there is evidence that the forest
ecosystem health and vitality are seriously threatened. According to “State of Europe´s Forests 2011”
(Forest Europe), about a fifth of all trees in Europe are damaged or dead. This report reveals that 1 per
cent of Europe´s forests are affected by forest damage, most frequently caused by the attacks of
insects, fungal diseases and extreme weather conditions. It is estimated that the effects of these factors
may worsen in the coming years due to the rapid evolution of climate change events. Moreover, a
report from the World Wildlife Fund warns that Europe’s forests show a “dramatic and continuous
loss of biodiversity, forest health, genetic diversity and naturalness”.
It can thus be noted that biotic agents (pests and diseases) are the most common factors that damage
European forests, while damage caused by abiotic agents such as storms, wind and fire shows regional
patterns that may represent devastating impacts on a local scale.
Specifically for the scope of this project, the forests of the Basque Country are a fundamental pillar in
the environmental and socio-economic development of the region. Forests cover around 68% of the
surface of the Basque Country and are mainly composed of pine and eucalyptus plantations. However,
according to the Fourth National Forest Inventory, approximately over 40% of the Basque trees are
damaged. It is also remarkable that the percentage of damaged trees in the Basque Country has
increased significantly in recent years. At regional level, the combined incidence of biotic agents,
mainly diseases and pests, together with abiotic agents, mainly weather and fires, represent the main
cause of forest decline in the Basque Country.
The EU is making remarkable efforts in protecting and developing the forest sector. The new EU
Forest Strategy reflects the need for a new regulatory framework in order to protect forests and
biodiversity from the significant effects of storms and fires, increasingly scarce water resources and
pests since these threats do not respect national borders and are exacerbated by climate change.
The above-mentioned strategy highlights some of the most relevant pressures on forests, such as the
propagation of invasive exotic and damaging species, justifying the need to strengthen the protection
of the European forests as well as their resilience and adaptation to climate change effects. It also
states that protection efforts should aim to maintain, enhance and restore forest ecosystems´ resilience
and multi-functionality as a core part of the EU´s green infrastructure, providing key environmental
services as well as raw materials.
LIFE HEALTHY FOREST is a demonstration project aimed at implementing and monitoring
advanced methodologies to achieve a more sustainable forest management at EU level in the field of
control and prevention of forest decline caused by invasive and pathogenic agents, in line with the
objectives set in the new EU Forest Strategy and the EU Biodiversity Strategy 2020.
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LIFE HEALTHY FOREST converges directly with many European forest policies. The development
of advanced systems for sustainable management of forest ecosystems, including early detection of
damage caused by invasive and pathogenic agents responds to the need to develop new systems to
protect forests and increase
their resilience through the
application of novel
techniques. In
addition
to
promoting
sustainable
forest
management
practices, the project
shall use the available
information of national and
European forestry databases
contributing at the same time to
increase the existing knowledge
base in the forest sector.
LIFE HEALTHY FOREST has developed
and applied
an integrated system which component parts are
specific methods
for monitoring forest health by early detection of invasive
species by means of the
combination of remote sensing, diagnostic techniques
(morphological,
physiological and molecular) and field observations. This
has constituted not only
the basis for a routine monitoring of forest health but also a strategic key decision tool for both public
authorities and representatives for the forest industry to measure environmental and socio-economic
impact of pathogens, the productivity and the costs and effectiveness of specific management
strategies.
The project has implemented at regional scale across the three provinces of the Basque Country in
several demonstration plots spread across the whole region, carefully selected with the aim of counting
with largely extended European forest ecosystems. The fact that demonstration plots are located in all
the provinces of the region, in representative forest ecosystems of Atlantic and Mediterranean forest
and with different productive systems, has conferred a strong demonstrative character to the project
together with its European reproducibility.
The demonstration character of the project has directly brought an approach already tested but
innovative to a practical application, useful for both public and private stakeholders within the forest
sector/industry. In fact, an additional guarantee that the project actions have been useful is the direct
involvement of the final beneficiaries, formally devoted to the monitoring, classification and
management of forest ecosystems.
LIFE HEALTHY FOREST has also included dissemination and awareness raising activities among
the general public and stakeholders in the sector with the aim of promoting the adoption of sustainable
and innovative techniques to improve European forest health and conservation.

5. Administrative part
Partners have developed the necessary working methodology and tools in order to ensure a smooth
and efficient management of the project, in particular, the correct implementation of the planned
actions and the coordination among all the beneficiaries.
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•
•

Partners signed in due time the Partnership Agreement (PA) – Deliverable D1. This document
states the partners’ rights and obligations in the framework of the project.
Partners have also created a Steering Committee (SC). Each beneficiary has designated a partner
coordinator for decision-making, as well as a substitute member. The SC composition and
regulation is reflected in the article 6 of the PA.
Beneficiary
Neiker
Friedrich-Schiller-Universität Jena
Fundación Hazi Fundazioa
Desarrollo de Estrategias Exteriores, S.A

•

•

•

•

Place and date
Arkaute, 12 November 2015
Arkaute, 11 May 2016
Arkaute, 8 November 2016
Jena, 17 March 2017
Arkaute, 13 December 2017
Asturias, 23-24 April 2018
Arkaute, 21 September 2018
Arkaute, 26 March 2019

Partners have also met several times with the NEEMO external evaluator (Mrs. Itxaso Mora), with
whom the project coordinator has maintained constant communication (see the minutes and
additional info in Other Supporting Annexes-OSA 1).
Steering Committee Meeting
First monitoring meeting
Second monitoring meeting
Third monitoring meeting
Fourth monitoring meeting

•

Substitute member(s)
Enrique Ritter
Jannes Münchow
Alejandro Cantero
Yolanda Gutiérrez / María Goy

Internal communication tools have been properly developed to ensure a fluent and permanent
interaction among the partnership members:
- A common repository -a Dropbox system- was set to store and structure all the project
documentation. Moreover, all the information regarding the management and coordination of
the project is properly organised and available in this repository: project meetings, Grant
Agreement, Partnership Agreement, templates for financial and administrative reporting,
programme documents, budget breakdown, etc.
- Phone conference system has been set on Skype, in order to facilitate all decision making.
- A mailing list is available in Dropbox for communications among the partnership.
Eight coordination meetings have been organised during the project lifetime, with the attendance
of all the project partners. Meeting minutes have been also prepared right after each encounter
(Deliverable 2). All the information is also available on the repository: minutes, attendance
sheets, presentations, etc.
Meeting
Kick-off meeting
Second coordination meeting
Third coordination meeting
Fourth coordination meeting
Fifth coordination meeting
Sixth coordination meeting
Seventh coordination meeting
Final coordination meeting

•

Titular member
Eugenia Iturritxa
Alexander Brenning
Daniel Sáenz
Jose Quevedo

Place and date
Arkaute, 12 May 2016
Arkaute, 4 May 2017
Arkaute, 13 December 2017
Arkaute, 26 March 2019

Regarding financial issues, common templates for financial reporting (timesheets, financial
statements) have been developed and are properly explained and stored in the dropbox folder.
In addition, the project has established an internal monitoring process to assess if the project
progresses in a timely and efficient manner with all set objectives, deliverables and milestones
meeting the planned deadlines. First, partners have put into practice a semiannual reporting
system. This reporting system was very useful to both official reporting and for monitoring project
progress purposes, and helped to identify any deviation from the initial work plan. These
monitoring reports can be consulted in OSA 2.
External evaluation. The procedure to hire the company in charge of the elaboration of the
external evaluation was carried out in due time. Several meetings and contacts have been
maintained for the organisation and elaboration of the external evaluation reports as well as the
evaluation tool to be filled in by each partner for this purpose. All the information requested by the
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external evaluator has been provided and they have also access to the project dropbox. The Midterm and the Final external evaluation reports are available in Deliverables D3 and D4.

6. Technical part
6.1.Technical progress, per Action
Preparatory actions
Action A1. Design of the integrated early detection system
The first preparatory action was focused on the development of an integrated system of early detection
of forest decline caused by invasive and pathogenic agents that integrates the optimum combination of
protocols in each area of expertise based on the available information and the experience of the
consortium. The system, encompassing from molecular to remote sensing techniques, aims to
understand the pathosystems to the level of who, how, why and where and therefore, to increase the
possibilities of applying more effective and sustainable management strategies.
This activity, which started at the very beginning of the project, concluded on July 2016.
A1.1 Compilation and review of data, material and methods.
Scientific and technical information has been compiled, reviewed and selected.
Methods applied usually by the scientific entities have been compared and contrasted with the
published information to define the selected optimal methods for this project, to maintain, foremost,
the repeatability and traceability of the methods.
Each designed protocol is supported by scientific publications and results obtained, at small scale, for
the project partners.
A1.2 Design of the specific protocols
The following protocols were developed:
1. Field monitoring of forest health state and sampling.
2. Diagnostic techniques: Morphological, Physiological and molecular methods.
3. Management strategies: Bio Control Isolation of biocontrol organisms, screening of strains,
application strategies.
4. The development of a specific protocol for the planning of acquisition, processing and
analysis of hyperspectral images was finished based on the review of scientific and technical
literature on the application of hyperspectral remote sensing in the study of forest decline.
A1.3 Elaboration of the integrated early detection system
The information about materials and methods was shared among the partnership to reach an agreement
on the final protocol. In addition, these protocols and methods were tested and optimized for their
implementation (see Action A2).
The first draft of the guide is completed and consists of a detailed compilations of selected scientific
papers and technical reports about methodology of all the expertise areas involved in the project
(Deliverable D5).
Action

Status

A1

Proposed
Actual

15

2016

4Q 1Q 2Q

3Q

2017

2018

2019

4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q
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ACTION A1. DELIVERABLES

NAME
Guide to establish an integrated early detection system of forest
decline caused by invasive and pathogenic agents (draft version)

ACTION A1. MILESTONES

NAME

Kick-off meeting
Virtual meetings
Beginning of the application of the protocols of the integrated early
detection system on the demonstration plots

DEADLINE

STATUS

29/04/2016

Completed

DEADLINE
27/11/2015
29/04/2016

STATUS
Completed
Completed

30/04/2016

Completed

Action A2. Optimization of the integrated system by its application to a small-scale
demonstration plots
The objective of this action was the optimization of the integrated early detection system of forest
decline (IEDSF) developed in action A1. Before its implementation at large-scale demonstration plots
(B1), it has been applied under field conditions at the small scale. Based on this, draft protocols have
been developed and revised in A1.
Action A2.1 Characterization of small-scale demonstration plots
Labeling and identification of trees in the field has been completed (MS Labelled and
georeferenced small-scale demonstration plot). Demonstration plots were selected from Neiker’s
Forest Health database. The selected plots are representative of Atlantic and Mediterranean forest
ecosystems in the Basque Country.
Additional field-based characterization of trees and remotely-sensed data acquisition has been
completed. The Laukiz-1 plot has been scanned by Laser 3D in May 2017. This plot has been chosen
because of the strong winter winds, which have changed the forest structure of the plot.
Action A2.1.1 Field monitoring of forest health status and sampling
As a result of these actions the database of plot characterization has been implemented and completed
from the ground following the protocol developed in action A1 and complemented with the
hyperspectral information obtained in the Airborne hyperspectral flight (Deliverable D6 and D7; and
see also A2.1.3 Field monitoring of dasometric characterization).
Action A2.1.2 Diagnostic and characterization of the agents
This action generated a collection of the main pathogenic fungal species causing emerging diseases:
Lecanosticta acicola, Dothistroma septosporum, and species with a serious impact on native forests
such as the Armillaria complex. The collection of strains has been stored in Neiker laboratories and
the Characterization of the pathogen collection has been completed and published (Deliverable D8).
The characterization of Diplodia species has also been finished including a collection of isolates from
other countries as a reference of variation. Part of the results have been already published (Deliverable
35) and the rest will be published next months as part of the After-LIFE Plan. During the project
lifetime, an outbreak of defoliator disease has been detected. Accordingly, several methods of
detection of emerging diseases have been implemented to ensure the cause of this alarming problem in
native and exotic Pinus species.
We continue, in collaboration with the University of Newbrunswick, studying the action mechanisms
of control and persistence of the beneficial organisms of the genus Pseudomonas and Erwinia. This
collaboration will be part of the After-Life Plan.
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The compendium of this action is described in Deliverable D4. The collection of pathogens is stored
in Neiker´s pathology laboratory under freezing conditions.
In addition, the characterization of Armillaria has been published and is available in the open access
journal Forests:
Distribution and Characterization of Armillaria Complex in Atlantic Forest Ecosystems of Spain
Forests 8(7):235 · June 2017.DOI: 10.3390/f8070235
Diplodia scrobiculata: a latent pathogen of Pinus radiata reported in northern Spain.
Phytopathologia Mediterranea, [S.l.], v. 56, n. 2, p. 274-277, sep. 2017. ISSN 1593-2095 see technical
publications in action D.2.

Action A2.1.3 Field monitoring of dasometric characterization
At the beginning of the project, a field sampling design was carried out based on small scale plots,
with measurement of diameters, heights and defoliation levels in hundreds of radiata pines, each one
individualized and referenced with GPS, together with a LiDAR flight in 2017 that allowed to
calculate the levels of defoliation in all the pine forests of the Basque Country.
The selected demonstration plots are representative of forest ecosystems in the Basque Country. Some
of these plots have been measured by dron and infrared camera, in addition to measurement of the
trees of some plots using 3D laser and joining the clouds of points of the terrestrial laser with the dron
data.
All the trees of these small-scale demonstration plots were measured in spring/summer 2017 and in
spring 2019.

•
•
•
•
•

The trees were numbered with a small plate at 1.30 m high and all of them are georeferenced
with a GPS.
Diameters, total heights and the existence of damages in its trunk have been measured.
Numerous photographs have been taken to record the current state of each plot.
The plots have been scanned with a 3D laser to have the exact position of each tree and to
have data of its complete trunk and crown.
In order to be able to have a complete three-dimensional modelling of each tree, has begun to
join the cloud of 3D laser points with the clouds of points supplied by the dron (RGB and IR).
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Finally, 509 pines have been measured in the Oiartzun plot, 295 in Hernani, 322 in Luiando, 599 in
Laukiz-1 and 489 in Laukiz-2. In Laukiz-3 they were still young to measure.
However, the strong defoliation suffered by the band disease in August 2018 in the Basque Country
has forced to rethink the approach of the project. HAZI has continued individual measures of the pines
in 2019, but they have also been added other new field plots with different levels of defoliation. The
NBR index from the Sentinel 2B satellite has been used to estimate the weekly evolution of defoliation
in the Basque Country.
Finally, 36 new pines have been measured in the Abadiño plot, 100 in Hernani, 321 in Luiando, 135 in
Markina, 109 in Muxika and 81 in Orozko.
Please note that we have merged the corresponding Deliverable D6 “Database of plot
characterization” into Deliverable D9 “Database of plot characterization and predisposing factors for
spatial modelling”., i.e., that the database containing the plot characterization can be found under:
https://jupiter.geogr.uni-jena.de/life-healthy-forest/action-A2-predictor-database/plots/

Action A2.1.4 Environmental conditions as predisposal factor for forest diseases
After all the actions implemented in the field (sampling, impact evaluation and diagnostic of the
pathogens in the laboratory), the study of the environmental conditions in which these pathogens
develop and an intensive review of scientific information formed the basis of the database containing
possible environmental predisposing factors for spatial modelling (Deliverable D9. The database
includes information such as the origin of the data source, the institution that created it, the spatial
resolution and a direct link to the data on FSUs servers:
https://jupiter.geogr.uni-jena.de/life-healthy-forest/action-A2-predictor-database/
For the “pH” variable restrictions apply due to the license established by the dataset creator. For this
reason, FSU did not include this variable in its online database but used it only when creating the
prediction maps.
FSU gathered EURO-CORDEX data as foreseen in the project proposal. After a thorough data
exploration, FSU decided that the environmental variables from AEMET, Euskalmet and GeoEuskadi
were sufficient and that environmental variables from EURO-CORDEX sources could not add any
additional value. Therefore, FSU did not include EURO-CORDEX data into the database of possible
predisposing factors of forest disease (Deliverable D9).
FSU could not obtain Hyperion hyperspectral data due to the unforeseen decommission of the
corresponding sensor in early 2017. FSU looked into alternative solutions such as AVIRIS imagery.
FSU issued a data proposal and negotiated with the data provider. However, due to exorbitant high
costs FSU refrained from this solution. Instead, FSU followed a multispectral-multitemporal approach
using Sentinel-2 data. Sentinel-2 provides new images every five days. FSU downloaded and preprocessed (clipping and masking to the study area) all available data of the Basque country for the
years 2017 and 2018. This data was used to predict defoliation at trees of the Basque Country (see
Deliverable D12 “Remotely-sensed forest health map”).

Action A2.1.5 Infrared images, orthophotos, Lidar data analysis
In the beginning of 2016, technical specifications were developed for contracting the new Lidar flight,
with a 2 points/m2 resolution.

The setup was used to acquire Lidar data for the calculation of differences in tree heights and forest
growth was based on previous experience of flights in 2008 and 2012 that has in the Basque Country.
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Orthophotos in the visible and infrared spectrum are useful tools for the dasometric characterization
and for the assessment of photosynthetic activity (see Figure 1:Orthophoto, visible spectrum and Figure 2:
Orthophoto, infrared spectrum) and for the location of damaged areas.
Finally, a detection system for damaged areas has been developed from Sentinel-2 imagery.
The acquired Lidar data is described in more detail in Deliverable D11.

Figure 1:Orthophoto, visible spectrum

Figure 2: Orthophoto, infrared spectrum

Action A2.1.6 Acquisition of hyperspectral imagery
Hyperspectral imagery has been collected in accordance with the elaborated protocol on 29 - 30
September 2016. FSU helped with the planning of the acquisition of hyperspectral images. To detect
diseases on single trees a spatial resolution of at least one meter was required. However, the better the
spatial resolution, the coarser the spectral resolution will be. Therefore, the best possible combination
for our purposes was a spatial resolution of one meter in combination with 126 spectral bands. A new
field evaluation and sampling adapting to this guideline has been implemented and executed.
The hyperspectral data (Deliverable D7 “Airborne hyperspectral imagery”) is available on FSUs
servers at https://jupiter.geogr.uni-jena.de/life-healthy-forest/action-A1-hyperspectral-imagery/.
Action A2.2 Data processing and analyses
All variables listed in FSUs database were cleaned and reprojected to EPSG 32630. FSU harmonized
classes of variables such as soil type or lithology and checked for outliers in the data. Additionally,
FSU preprocessed the obtained hyperspectral data in and extracted 90 Vegetation Index (VI) as well
as around 7500 so-called Normalized Ratio Index (NRI).
The preprocessing of the hyperspectral imagery included a reprojection of the data to the reference
system EPSG 32630, a clipping to the extents of the demonstration plots and a checking for data
quality (four out of the 126 bands of the sensor were corrupt).
When extracting the band information of the hyperspectral data to the sampled trees, FSU used a
buffer around the respective trees. This was done to account for the spatial error in the data, which was
reported being up to one meter by the company that conducted the data acquisition. To lower the risk
of mapping unrelated hyperspectral information to single trees due to the spatial error (e.g. bare soil)
but also limiting the averaging of information FSU chose a buffer of two meters.
All preprocessing tasks of FSU were done in R, a free software environment for statistical computing
and graphics that is also capable of handling spatial data via extension packages.

Action A2.3 Optimization of the system
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The “Optimized Guide for early detection of pathogens and invasive organisms: from molecular to
remote sensing methods” has been created. It compiles the methodologies applied during the project
(Deliverable D10).
Action

Status

A2

Proposed
Actual

15

2016

2017

2018

2019

4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q

ACTION A2. DELIVERABLES

NAME
Database of plot characterization
Airborne hyperspectral imagery
Characterized Pathogen collection
Database of possible predisposing factors for spatial modelling
Optimized Guide for early detection of pathogens and invasive
organisms: from molecular to remote sensing methods

ACTION A2. MILESTONES

NAME
Labelled and georeferenced small-scale demonstration plots set
Conducted hyperspectral flight campaign
Preliminary synopsis of characterization results (impact, diagnostic,
remote sensing, environmental variables)

DEADLINE
30/06/2016
29/07/2016
29/07/2016
29/07/2016

STATUS
Completed
Completed
Completed
Completed

29/07/2016

Completed

DEADLINE
29/02/2016
29/06/2016

STATUS
Completed
Completed

29/07/2016

Completed

Implementation actions
Action B1. Implementation of the early detection system in large-scale demonstration
plots
This action was focused on the implementation at large-scale of the integrated detection system to
attain high quality information from large-scale demonstration plots by means of the optimized
integrated early detection system from actions A1 and A2. It has also supplied data and metadata bases
to action B3 about health conditions of the trees and growth state. This action was implemented at
regional scale across the three provinces of the Basque Country.
LiDAR Flight Planning was completed and the database obtained forms Deliverable D11. Since
Deliverable D11, Deliverable D16 have a spatial character both are included in the GIS system
developed under the project, this link is the access to this information.
https://geo1.hazi.eus/healthy-forest/

Action B1.1 Spatial mapping using statistical and machine-learning data analysis
FSU developed computational tools for early detection and sustainable management strategies based
on the information compiled in Preparatory Actions. Also, FSU created (in collaboration with
NEIKER) remotely-sensed forest health maps for the forested area of the Basque Country.
Remotely-sensed forest health map
FSU linked the acquired hyperspectral imagery acquired in A.2.1.5 to the observed defoliation on the
ground. Defoliation here serves as a proxy for forest health by assuming that areas with less
defoliation are healthier than areas with higher defoliation. To accomplish this task, FSU computed 90
vegetation indexes from the band information of the hyperspectral data. Additionally, FSU calculated
around 7500 Normalized Ratio Indices (NRI). A circular buffer of two meters around each tree
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observation was used to extract the relevant index information. This step was needed to account for
the spatial error within the hyperspectral data that was reported to be within a range of 1 m. FSU
computed the mean of all pixels falling inside this radius and attached the result to the respective
single tree observation. Indices that showed NA values (due to some numerical issues of some NRIs)
were removed, leaving a total of 7471 indices with full coverage. The corresponding selection of
indices served as predictor variables to model tree defoliation as a proxy of forest health. FSU
compared the following algorithms with regard to their performance: Ridge regression (RR), Support
Vector Machine (SVM) and Extreme Gradient Boosting (XGBOOST). To ensure an unbiased
comparison, a spatial block cross-validation strategy was used. XGBOOST showed the best
performance and was subsequently used to model and predict defoliation for the Basque Country.
The seven most important features (out of all 7500) were selected based on the internal variable
importance measure to train the model (including hyperparameter optimization using Bayesian
Optimization).
To accomplish the prediction task, FSU created mosaics of Sentinel-2 images of the Basque Country.
The same indices that were used for training the model above were derived from the Sentinel-2
imagery. The exact area for the prediction was selected based on a forest/non-forest mask of the
Basque Country. FSU predicted tree defoliation for the years 2017 and 2018. These years were
selected because Sentinel-2 data was available for the complete vegetation period (March to
September). Aside from the absolute predicted defoliation FSU also computed a relative defoliation
index (ranging from 0–100). This representation is more suitable for presentation purposes since the
absolute defoliation results are affected by the medium high error of the analysis (Root Mean Square
error of 36%). To reduce the error rate, the model centers its predictions around the mean of the
response range (=50%). Hence, the predicted absolute defoliation values should not be
overinterpreted.
The results of the defoliation study is Deliverable D12 available at https://jupiter.geogr.unijena.de/life-healthy-forest/action-B1-spatial-mapping/
FSU also started writing a scientific paper on this study which is still work in progress at the time of
the Final Report submission.
Maps of forest disease potential
FSU did an extensive analysis on four pathogens (Armillaria mellea, Diplodia sapinea, Fusarium
circinatum, Heterobasidion annosum). The predisposing factors of forest disease gathered in Action
A2.1.4 were used to model the presence/absence of pathogen infections of trees across the Basque
Country. Predictive performance was benchmarked across six algorithms (Boosted Regression Trees
(BRT), Extreme Gradient Boosting (XGBOOST), Generalized Additive Model (GAM), Generalized
Linear Model (GLM), Random Forest (RF) and Support Vector Machine (SVM). A specialized spatial
resampling method to reduce bias introduced by spatial autocorrelation in the data was used. Extensive
hyperparameter tuning was performed to optimize each algorithm to achieve the best possible
performance.
The best performing algorithm was chosen to predict for each pathogen the infection risk for the whole
Basque Country.
To be able to use spatial resampling in a convenient benchmarking setup, FSU integrated this
methodology into the R package mlr. With the integration into one of the most widely used modeling
frameworks in R, the spatial cross-validation method after Brenning 2012 was made available to 86
classification algorithms.
FSU made concise summaries of the performance and prediction tasks available on their website. The
website (https://jupiter.geogr.uni-jena.de/life-healthy-forest) serves as Deliverable D17 and contains
Deliverables D14 and D15:
• Performance:https://jupiter.geogr.uni-jena.de/life-healthy-forest/action-B1-spatial-mapping/reportbenchmark-pathogens.html (Deliverable D15).
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• Prediction: https://jupiter.geogr.uni-jena.de/life-healthy-forest/action-B1-spatial-mapping/reportprediction-pathogens.html (Deliverable D14).
In addition, prediction maps for all algorithm/pathogen combinations (Deliverable D14) can be
accessed from this URL: https://jupiter.geogr.uni-jena.de/life-healthy-forest/action-B1-spatialmapping/pathogen-infection-maps/
Random Forest (RF) proved to be the best performing algorithm in this study. Therefore, FSU
suggests using the random forest prediction map when presenting the results.
FSU also wrote scientific article on this task titled “Hyperparameter tuning and performance
assessment of statistical and machine-learning algorithms using spatial data” and published in the
journal “Ecological Modelling”.
The results from Action B1.1 were provided as inputs for Actions B3, D2 and D3 as planned.

Action B.1.2 Field Checking and definition of causal agents and impacts
This action was completed with an intensive sampling of the plots for the identification of the main
pathogens causing forest decline in plantations and native forest using morphological, microbiological
and molecular. With all this information a Guide with the identification and characterization of
invasive and pathogenic agents was created (Deliverable D13) the results obtained after applying
these methodologies described in the guide are been published in different paper and informative cards
(included in annexes and in the web page of the project).
B.1.3 Validation of virulence behavior in the large-scale plots
In connection with the virulence of pathogens, 51 virulence candidate genes have been selected in
order to construct a next generation sequencing (NGS) library with 248 Diplodia isolates. The primers
has been designed and tested in the population. 5 multiplexes reactions have been designed in relation
with the characteristics of the primers. The process of integration of barcodes for each genotype has
been finished and a data base with the physiological characterization of the strains and the sequencing
information has been created. The analysis of all this information, genotypic a phenotypical data has
been concluded (Deliverable D8) in this action the validation of the virulence models was
implemented and it would be published in a scientific journal in the near future to guarantee its
traceability and the possible application of these methods with other European populations of Diplodia
(Deliverable D15).
FSU supported the sampling of healthy and unhealthy trees. To comply with statistical requirements,
we established a random sampling design. We randomly selected 5 cluster centers in each large-scale
demonstration plot. For each cluster, NEIKER sampled 5 trees arranged in a circle around the cluster
point. Using a GPS device NEIKER identified the coordinates in the field. NEIKER sampled at least
five clusters per plot, and if time permitted, also sampled five additional clusters. Following this
procedure, we accounted for GPS inaccuracies and made sure that the sampled trees can be used for
statistical modeling and inference. We have also tried to use hyperspectral imagery for the sampling
procedure (see ridge-regression above). However, the so-far obtained results remained inconclusive
which is why we opted for the here presented sampling approach.
In addition, pathogen organisms detected are being identified and characterized to define their capacity
of degradation.
B.1.4 Development of Data and Metadata base
Generated information after applying the integrated early detection system has been compiled and
structured in several metadata base and analysed. All results on Virulence characteristics of the
accessions, virulence genes, the alleles in the accessions and allele compositions as well as the
estimated allele /allele combination effects will be part of this database. These data and results are
been transferred to the visualization GIS system and more part of them have been published and the
rest will be published during the After-Life period.
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Action

Status

B1

Proposed
Actual

15

2016

2017

2018

2019

4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q

ACTION B1. DELIVERABLES

NAME
Lidar remote sensing data
Remotely-sensed forest health map
Guide with the identification and characterization
of invasive and pathogenic agents
Maps of forest disease potential
Validation results of Virulence models
Integrated analysis of characterization results
(impact, diagnostic, remote sensing,
environmental variables) at large scale
Metadata base with the obtained information and
results after apply the integrated early detection
system in large-scale demonstration plots

DEADLINE
01/10/2017
30/06/2018

Completed
Completed

31/10/2018

Completed

31/10/2018
31/10/2018

Completed
Completed

31/01/2019

Completed

31/01/2019

Completed

NAME
Checking of the metadata base over the period up
to the expected end
Data for spatial data analysis compiled
Developed model of forest disease potential
Final selection of algorithm for remotely-sensed
forest health mapping
Sample processing concluded

DEADLINE

ACTION B1. MILESTONES
31/10/2018

Completed

31/10/2018
31/10/2018

Completed
Completed

31/10/2018

Completed

31/10/2018

Completed

STATUS

STATUS

Action B2. Implementation of sustainable management in forest ecosystems
This action consisted of the implementation of sustainable management strategies adapted to different
pathogenic organisms and scenarios of forest decline based on the results obtained about diagnostic
and applied traditional strategies and observed health conditions of the plots in action B1.
Action B2.1 Collecting meaningful information
Infrared orthophotos and Lidar flight data were supplied to NEIKER to develop their work. The
objective was to have average indexes of photosynthetic activity and of crown health of each tree and
each annual flight.
Search for new woodlands affected by diseases in all Basque Country that can serve as contrast of
results was made. Several coniferous forest plantations have been visited in order to detect possible
losses of needles due to fungal diseases.
Action B2.2 Sustainable management demonstration plots
Appropriate methods for the management of the disease have been examined either under laboratory
and greenhouse conditions.
Results obtained in this sub-action have been already published or sent for publication:
 Native rhizobacteria as biocontrol agents of Heterobasidion annosum s.s. and Armillaria
mellea infection of Pinus radiata
Nebai Mesanzaa,b, Eugenia Iturritxab and Cheryl L. Patten
http://www.sciencedirect.com/science/article/pii/S1049964416301062
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 Biocontrol
of
Fusarium
circinatum
infection
of
Pinus
radiata
Eugenia Iturritxa, Tyler Trask, Nebai Mesanza, Rosa Raposo, Margarita Elvira-Recuenco, and
Cheryl L. Patten.

https://www.mdpi.com/1999-4907/8/2/32
 Emerging Needle Blight Diseases in Atlantic Pinus Ecosystems of Spain. Esther Ortiz de Urbina,
Nebai Mesanza, Ana Aragonés, Rosa Raposo, Margarita Elvira-Recuenco, Ricard Boqué
Cheryl Patten , Jenny Aitken and Eugenia Iturritxa 1,Forests 2017, 8(1), 18.
http://www.mdpi.com/1999-4907/8/1/18
 Chemical and Biological fungicide substances: a new issue for management of needle blight
diseases (in process).
Two pilot plots have been included for the implementation of management control methods against the
most virulent pathogens detected in this period (needle blight diseases).
A collection of isolates of this disease has been initiated to confirm the effectiveness of the applied
methods and new collaborations with New Zealander groups has been initiated due to the alarm and
emergency situation generated for this problem requested by the stakeholder.
Based on the results obtained during the implementation of this action and the scientific information
consulted was designed an informative guide with the latest development in sustainable management
strategies against the main pathogens causing forest decline in the region (Deliverable D18). In
connection with Deliverable D15, the information was completed including the response of the
pathogen strains to two fungicides frequently applied in nurseries in the pass and that they could
produce a resistance in the fungal organisms. This information was included in the new database with
the Selection and potential evaluation of virulence genes under different treatments (Deliverable
D19).
The management strategies database designed to be included in the GIS infrastructure has been
already included in the GIS system, Deliverable D20, and it will be completed during the After-LIFE
Plan.
This information, as other information mentioned before, has a spatial character and for this reason has
been included in the link to the developed tool.
https://geo1.hazi.eus/healthy-forest/
Action

Status

B2

Proposed
Actual

15

2016

2017

2018

2019

4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q

ACTION B2. DELIVERABLES

NAME
Guide to the latest development in sustainable
management strategies
Data base with the Selection and potential evaluation
of virulence genes under different treatments
Management strategies data base designed to be
included in the GIS infrastructure

DEADLINE

28/02/2017
30/11/2018
31/01/2019

ACTION B2. MILESTONES

NAME
Starting up of the management strategies in
demonstration plots
Selection and potential evaluation of virulence genes
under different treatments

DEADLINE

31/08/2016
30/11/2018

STATUS
Completed
Completed
Completed

STATUS
Completed
Completed
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Visualization of the results in field and in greenhouse
conditions

30/11/2018

Completed

Action B3. Development and implementation of a GIS infrastructure for the early
detection and sustainable control of invasive and damaging agents.
The main aim of this action was to facilitate the access to advanced visualization tools to display
estimates of forest decline, economic and environmental impact, causal agents (invasive pathogenic
species and their characterization) and potential sustainable management strategies. To do so, as the
final stage of the project, a computational infrastructure for early detection and sustainable
management strategies based on the compiled information in A, B1 and B2 was developed. This
action collected an important part of generated cartographic information and techniques developed in
the project.
The following information layers have been compiled:
Physical medium (3, altitude, slope, orientation), Climate
(Average temperature and annual precipitation), Forest
mapping derived from the forest inventory (4, land uses,
forest species, density, status of mass), forest parameters
derived from LiDAR flights existing in the Basque Country
(21, forest productivity (5), wind storm/wind risk (5), forest
fire risk (6), forest variables (5)). To this purpose, NBR
indexes of the Sentinel 2 satellite images of the Basque
Country (6 NBR indices) and the fitness maps of different
forest species for the entire Basque Country (24) have
included.
Two visualization spaces have been generated:
- A public space through an internet map viewer that meets
the Open Gis standards, built with the Geoserver map
server, the Open Layers visualization libraries and the
Oracle database. This viewer allows you to filter the
visualization of the different thematic contents according to different forest parameters. (Deliverable
D22, https://geo1.hazi.eus/healthy-forest/)
- A project has also been built in the Qgis desktop GIS that collects all the thematic layers and allows
crossings and analysis of information with the tools available in this free software geographic
information system.

In the analysis of vegetation vigor, other viewers have been used to visualize images of the Sentinel 2
satellite and generate multitemporal vegetation indices. (https://geo.hazi.eus/rs/comparador/)
In the same way, Hazi has used a viewer that allows to animate or create video sequences based on the
evolution of satellite images of an area. https://geo.hazi.eus/rs/animations/
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The Deliverable D21, “GIS infrastructure for the early detection and sustainable control of invasive
and damaging agents”, explains the main information contents provided by the geographic viewer.
Action

Status

B3

Proposed
Actual

15

2016

2017

2018

2019

4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q

ACTION B3. DELIVERABLES

NAME
GIS infrastructure for the early detection and
sustainable control of invasive and damaging agents
SDI served with open GIS standards

DEADLINE

31/10/2018
31/01/2019

STATUS
Completed
Completed

ACTION B3. MILESTONES

NAME
Design of computer architecture
Design of thematic content and both cartographic as
not cartographic
Design and study of algorithms
Availability of the GIS infrastructure
Creation of the Spatial Data Infrastructure

DEADLINE
31/07/2017

Completed

STATUS

30/09/2017

Completed

31/10/2017
31/10/2018
31/10/2018

Completed
Completed
Completed

Monitoring actions
Action C1. Monitoring of the environmental impact of the project
The main objective of this action is to put into effect an environmental monitoring programme of the
impact of the implementation of the integrated early detection system and sustainable management in
forest ecosystems focused in their effectiveness and their environmental cost described in the
monitoring plan of the environmental impact (Deliverable D23).
Monitoring has been carried out at two levels: (i) controlled conditions of greenhouse (P2 biosafety
greenhouse in NEIKER) and (ii) laboratory and natural conditions in forest, part of these results have
been already published (Deliverable D24 and Deliverable D25, along with some scientific
publications included in Deliverable D35) and some sections are in the state of been published in
scientific journals to reinforce their replicability and traceability since in these publications the task,
specific material and methods, results and conclusions are described, supported by scientific
references and revised and approved for publication by expert reviewers.
Qualitative and quantitative data have been obtained according to the used variables and have been
described in the mentioned publications.
We will continuing with this task in the future through the After life project, updating the monitoring
of the environmental impact of the project based on the new information obtained in the future. The
organization of meetings and workshops

Action

Status

C1

Proposed
Actual

15

2016

2017

2018

2019

4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q
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ACTION C1. DELIVERABLES

NAME
Monitoring Plan of the environmental impact
Interim Report of the environmental impact of the project
Final Report of the environmental impact of the project

DEADLINE
30/12/2015
28/04/2017
30/04/2019

ACTION C1. MILESTONES

NAME
Description of the monitoring methods
Availability of an updated table with the environmental
and economic result indicators of the project

STATUS
Completed
Completed
Completed

DEADLINE
30/12/2015

STATUS
Completed

30/04/2019

Completed

Action C2. Monitoring of the socio-economic impact of the project
The main objective of this action was to develop a socio-economic monitoring programme to be
jointly carried out with the environmental impact described in the action C1. The effectiveness of the
new early detection system of forest decline and the implementation of sustainable techniques has
been compared to the traditional systems and the positive socio-economic impact connected to their
implementation has been monitored.
The new situation created in August 2018 in the Basque Country, with about 40,000 ha of radiata pine
affected by the disease of the bands in Bizkaia and Gipuzkoa, has caused a strong phytosanitary crisis
and has forced to HAZI to rethink this issue. The impact caused in the forest administration and
among the thousands of affected forest owners has forced to rethink the focus of the project and the
use of new damage inventory techniques. The Basque forestry socio-economy has changed rapidly and
the model based on plantations, felling and industrial use of the radiata pinewood is being transformed
into a more varied model, based on multiple forest species depending on the forestal area along the
Basque Country.
The forest damage caused by the disease of the bands, which in previous years were scarce and located
in small areas of the Basque Country, it has now become very widespread and affect the entire value
chain of Basque wood. Therefore, the comparative analysis and the final report made in this section
have had to adapt to this new situation of change and uncertainty and it is expected that the tools
generated in the Project will help managers and forest owners in the future Basque forestry socioeconomic model.
The Deliverable D28 shows the differences obtained are shown thanks to the innovations contributed
by the project in comparison with the traditional systems of detection and management. For its part, in
the Deliverable D29 the socio-economic focus has been changed due to new phytosanitary crisis and
due to the new forestry situation created after 2018. Deliverables D26 and D27 are intermediate
reports, adapted to the previous or traditional forest situation.
Action

Status

C2

Proposed
Actual

15

2016

2017

2018

2019

4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q

ACTION C2. DELIVERABLES

NAME
Monitoring Plan of the socio-economic impact
Interim Report of the socio-economic impact of the
project

DEADLINE
30/12/2015

STATUS
Completed

28/04/2017

Completed
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Comparative analysis of the caused socio-economic
impact by traditional and innovative systems of
detection and management
Final Report of the socio-economic impact of the
project

Completed
01/04/2019

ACTION C2. MILESTONES

NAME
Description of the monitoring methods
Final analysis of data

Completed

30/04/2019

DEADLINE
30/12/2015
28/02/2019

STATUS
Completed
Completed

Communication actions
Action D1. Communication Plan
The Communication Plan (Deliverable 30) was successfully elaborated within the planned timeframe.
The document, written in Spanish with a summary in English, has been structured in the following
sections: The LIFE programme and Communication; Communication objectives; Internal
Communication coordination and management; External Communication target groups; Key
messages; Communication activities and tools; Visual identity; Timetable; Monitoring and impact
assessment; After-LIFE Plan.
As foreseen in the project application, the Communication Plan sets the guidelines for the
dissemination strategy, including the types of audiences, messages, objectives, timescale and
monitoring. The plan covers all mandatory actions set out by the LIFE Programme as well as a group
of complementary activities that will maximize the project´s results and their transferability. The plan
also includes the project visual identity elements: project logo, font and colour palette chosen. It also
incorporates the templates created for word and power point presentations.
Action Status
D1

15

2016

2017

2018

2019

4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q

Proposed
Actual

NAME
Communication Plan
Project logo

NAME
Communication Plan available

ACTION D1. DELIVERABLES
DEADLINE
31/05/2016
31/05/2016

STATUS
Completed
Completed

ACTION D1. MILESTONES
DEADLINE
31/05/2016

STATUS
Completed

Action D2. Primary actions
This action covers the obligatory communication activities mandated by the LIFE Programme: the
project website, the notice boards and the Layman’s report.
Since its creation, the project website (http://www.lifehealthyforest.com) has been frequently updated
and enhanced with information and audiovisual materials. The sections of the website are: Home,
Objectives, Actions, Partnership, Networking, Results, Documents, Events and News, Life, and
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Contact. All the contents of the website are available in English and Spanish. Until the end the project
(30/04/2019), the website has received 6.195 visits, thus exceeding the expected target.

Regarding the social networks, the Twitter account (created in June 2016) has been updated on a daily
basis and had 439 followers at the end of the project (30/04/2019), being a very useful and active
project communication tool. The profile can be consulted in the following link:
https://twitter.com/healthy_forest?lang=es.

Eight Notice boards (Deliverable D31) were erected in the pilot plots and in the Technological
Center of Arkaute, where Neiker and Hazi have their premises.
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Layman’s report has been already finished and added to the Annexes section (Deliverable D32).
Action

Status

D2

Proposed
Actual

15

2016

2017

2018

2019

4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q

NAME
Notice boards
Layman’s report
NAME
Fully operational Website of the
project

ACTION D2. DELIVERABLES
DEADLINE
31/07/2016
31/01/2019

ACTION D2. MILESTONES
DEADLINE

31/07/2016

STATUS

Completed
Completed
STATUS

Completed

Action D3. Complementary actions
This action is focused on the development of additional communication actions beyond those that are
compulsory according to the LIFE Programme guidelines.
Organisation and participation in events
•
•

•

Open Info- day: The open info-day was held on 30th June 2016, with participation of all project
partners. The event was highly publicized via a press note on the project website and Twitter.
First Workshop. The first workshop “Areas of expertise and tools for detection and prevention of
forest decline in LIFE HEALTHY FOREST” was held on 7-8th November 2016 in Arkaute, Spain.
Once again, the event has been publicized via a press note, Twitter and the Life Programme
webpage.
Training school on statistical analysis of hyperspectral data. FSU hosted a training school on
statistical analysis of hyperspectral data to analyse vegetation health status in March 2017.
Researchers and practitioners were instructed in the use of advanced statistical techniques and the
combination of open-source statistical and GIS software. 54 applications have been received from
a cross-disciplinary (remote sensing, environmental sciences, earth sciences, geomorphology, etc.)
and international audience stemming mainly from Europe but also from overseas. 28 participants
took part in the spring school. The participants evaluated the spring school as a success, and asked
us to repeat it next year again (http://r-spatial.org/r/2017/03/25/spring-school-jena.html ). Prof. Dr.
Alexander Brenning contributed to disseminating and promoting the LIFE Healthy Forest Project
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•

•

by presenting it at the international conference “Challenges and Synergies in the Analysis of
Large-Scale Population-Based Biomedical Data” in Oaxaca, Mexico.
Last workshop: The last workshop of the LIFE HEALTHY FOREST project, “Emerging forest
diseases and innovative control strategies”, took place on September 19 and 20 in Arkaute, with a
great success among the audience of the Basque Country’s forestry sector. The two-day event,
organised of the project coordinator NEIKER, counted with the participation of almost a hundred
representatives from the sector. A programme flyer announcing the Programme was created and
heavily promoted. The event has been also disseminated through the project website and Twitter.
The LIFE communication team has been also informed in due time.
Participation in other events:
o Submission of abstract to the Spanish forest congress (Plasencia, June 2017). The title of the
communication, which has been accepted, is (in Spanish): “Life Healthy Forest Project: early
forest detection systems”.
o Participation and communication of the project in IEFC-EFIAtlantic Annual Meeting, held in
Biarritz, Spain. (June 2016).
o IEFC-EFIAtlantic Annual Meeting (60 assistants), held in Edinburgh (9-12 May 2017). The
title of this presentation was: “LIFE Healthy Forest Project”.
o Submission of abstract to the Spanish forest congress (Plasencia, June 2017). The title of the
communication, which has been accepted, is communication is: “Life Healthy Forest Project:
early forest detection systems”.
o Presentation of an abstract to the Spanish forest congress (800 assistants), held in Plasencia
(25-29 June 2017). The title of this accepted communication was: “Life Healthy Forest
Project: early forest detection systems”. The title of this accepted communication was: “Life
Healthy Forest Project: early forest detection systems”. It was presented and explained as
poster in the Congress.
o III Wood Week (23-29 October 2017). Life Healthy Forest project was present in the third
edition of the Wood Week organised by Baskegur and Neiker. HAZI was included in the field
trip and in the forestry health day organized by Neiker in Bilbao on October 26, 2017. On
October 25, a visit to some of the project pilot plots representing several ecosystems with
symptoms of forest decline caused by diseases was carried out. In addition, during the Seminar
on Forest Health on the 26th, the project coordinator Eugenia Iturritxa presented the health
status of the Euskadi pine forests and the first results of the project in relation to forest
pathogens. HAZI sent two articles to disseminate the results achieved, sent to Sustrai and
Montes magazines
o Attendance at a technical conference on “Theory and practice for our management in nature”,
held by Baskegur on 3rd of March 2018 in Hernani (Gipuzkoa). Presentation of this “Project
LIFE Healthy Forest” and its first results.
o HAZI organized two informative training courses on forest health, focused on forest owners
and managers. The first one (17-April-2018) was conducted in Fraisoro (Gipuzkoa) and the
second one (3-June-2018) in Iurreta (Bizkaia). Presentation of this “Project LIFE Healthy
Forest” and its first results in both training courses has been done.

Communication and dissemination materials
• Informative leaflets: The project leaflet has been elaborated in Spanish and English (Deliverable
D33), available in on the project website.
• Videos (Deliverable D34): All the videos are available on the project website.
 The first and the fifth videos were filmed coinciding with the first and the last project
workshops. The videos include interviews in English and Spanish with subtitles in the
other language.
 A second spot has been filmed coinciding to the LIFE programme’s 25 anniversary. In
this video, six researchers from different departments at NEIKER, who have coordinated
or participated in different LIFE projects, explain their experiences and the advantages of
collaboration with other LIFE projects.
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•

 Third spot highlights the daily work within the project, combining the field, lab and
greenhouse activity. It was filmed on 12/02/2018, at the NEIKER premises located in
Arkaute.
 The fourth video is focused on some drone flights using an infrared thermal imaging
camera in a damaged pine forest in Azpeitia (Basque Country). The initial idea was to film
a video focused on the LIDAR flights. Unfortunately, it was not possible to match the
schedules of the company in charge of the flights and the audiovisual company, as it was
difficult to have an accurate prevision of the flights due to the changing climatological
conditions. In any case, in this video we explain the work done in the flights and showing
the orthophotos and the data obtained.
 A final video has been recorded summarising the project progress and results.
Promotional materials for events. USBs and brochures have been created and distributed in the
project events.

Interaction with the media
• Technical articles (Deliverable D35):
- Proyecto Life Healthy Forest: sistemas de detección temprana de declive forestal.
- Emerging Needle Blight Diseases in Atlantic Pinus Ecosystems of Spain.
- Biocontrol of Fusarium circinatum Infection of Young Pinus radiata Trees.
- Native rhizobacteria as biocontrol agents of Heterobasidion annosum s.s. and Armillaria mellea
infection of Pinus radiata.
-Distribution and Characterization of Armillaria Complex in Atlantic Forest Ecosystems of Spain
-Diplodia scrobiculata: A latent pathogen of Pinus radiata reported in northern Spain.
-PHD Thesis: Heterobasidium Bref. And Armillaria (Fr.) Staude pathosystems in the Basque
Country: identification, ecology and control.
-Mating type ratios and pathogenicity in Diplodia shoot blight fungi populations: Comparative
analysis.
-Root Infection of Canker Pathogens, Fusarium circinatum and Diplodia sapinea, in
Asymptomatic Trees in Pinus radiata and Pinus pinaster Plantations
-Hyperparameter tuning and performance assessment of statistical and machine-learning
algorithms using spatial data.
- PHD Thesis: Study of Diplodia shoot blight in the plantations of the Basque Country.
- Genotypic diversity and distribution of Sphaeropsis sapinea within Pinus radiata trees from
northern Spain (in process).
•
•

Information sheets. The sheets are available in section “Documents” of the project website,
http://www.lifehealthyforest.com/es/category/documents/ and annexed as OSA3.
Press releases-press book: 22 press notes (11 EN, 11 ES) have been produced in both languages
(Deliverable D36). Such press releases are available on the project website, in “Events and news”
section and can be consulted in the following link: http://www.lifehealthyforest.com/events-andnews.
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Action

Status

D3

Proposed
Actual

2017

2018

2019

4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q

NAME
Project leaflet
Pressbook
Technical articles
Videoclips

2016

ACTION D3. DELIVERABLES

DEADLINE
31/10/2016
30/04/2019
30/04/2019
30/04/2019

STATUS
Finished
Finished
Finished
Finished
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NAME

ACTION D3. MILESTONES

Open info-day
1st Workshop
Training school on statistical analysis of hyperspectral data
2nd Workshop
3rd Workshop
Final conference

DEADLINE
30/11/2015
31/10/2016
31/03/2017
30/09/2017
28/09/2018
29/03/2019

STATUS
Finished
Finished
Finished
Finished. *
Finished
Not organised*

Action D4. Networking with other Life and non-Life projects
This action was aimed at establishing a sustainable relation and real exchange of information with
other relevant projects –especially the ones co-funded by the LIFE initiatives- through a variety of
networking activities and a pro-active approach to cross-border and international collaborations.
To do so, the first step was to collate information and expertise on related areas of research across a
choice of projects. The primary network of collaborators was developed based on the 3 specific groups
of projects to be examined in detail:
• Other LIFE projects in which LIFE HEALTHY FOREST partners participate.
• Other LIFE projects working on related topics
• Other EU funded projects and specialized networks working on similar topics
A networking database of related projects and initiatives was elaborated and periodically updated. The
database (Deliverable D37), with around 90 entries, was organised in six sections as follows:
Clasification
LIFE projects in which LIFE HEALTHY FOREST partners participate
LIFE projects on the same topic.
Other LIFE projects identified on related topics
Other European projects
European initiatives and networks.
Scientific community

Number of entries
12
28
12
7
17
11

In order to find the contacts, we have used the following tools:
-Direct contact with coordinators or partners of projects led by LIFE HEALTHY FOREST’s
partnership.
- Searching engines, especially: LIFE PROJECT database, CORDIS and KEEP.
- Communications received by other projects.
-Scientific contacts from partners.
In addition, we have contacted more than 30 LIFE projects from this database to individually
introduce the project and tried to explore for different ways of collaboration. Most of the contacted
projects have positively replied to our contact, starting in this way conversations for future
cooperation.
A Networking section has been already created in the project website, encompassing around 30
projects. The section can be consulted here: http://www.lifehealthyforest.com/networking/. In the
same way, and thanks to this collaboration, LIFE HEALTHY FOFEST has been included in the
project website of other LIFE projects, such as LIFE REGEN FARMING (here), FRESh LIFE (here)
and LIFE BIOBALE (here), among others.
Moreover, five LIFE projects participated in three of the events organised:
•

LIFE Observatree (http://www.observatree.org.uk), participated in our First Workshop held in
Arkaute on 7-8th November 2016. In addition, we are in contact with LIFE+ ForBiosensing
(http://www.forbiosensing.pl/about-project/life-plus).
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•
•
•

Two members of the project LIFE+ ForBiosensing took part in the Spring school at Jena (1316th March 2017), with Aneta Modzelewska giving a lecture on hyperspectral applications.
Cemal Melih Tanis of the LIFE MONIMET project took also part in this training.
The projects LIFE CLIMATREE and LIFE FOREST CO2 participated in our the last
workshop (Arkaute, 19-20 September 2018).
In addition, numerous contacts have been made amongst European agencies responsible for
forest health in IEFC-EFIAtlantic Annual Meeting and in Spanish forest congress.

The LinkedIn group was also created but, after a profound search of LinkedIn profiles of the people
involved in the LIFE projects of our networking database, it seems the majority of them do not work
on this professional network.
Thanks to the disclosure of the project, a new collaboration has been initiated with the CRG genomic
Regulation Center, this collaboration will allow to bring new results and information that will enrich
the After-LIFE action.
Action

Status

D4

Proposed
Actual

15

2016

2017

2018

2019

4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q

NAME
Networking database
NAME
Creation of the project’s LinkedIn
Group

ACTION D4. DELIVERABLES
DEADLINE
30/04/2019

ACTION D4. MILESTONES
DEADLINE

30/09/2016

STATUS

Completed
STATUS

Completed.

Action E3. After LIFE Plan
Several actions will continue after the termination of LIFE funding, guaranteeing the dissemination of
the results and applications obtained in the LIFE HEALTHY FOREST project.
The implementation of the early detection system in large-scale demonstration plots and
characterization of diseases will continue. This will allow to generate risk maps of new emerging
diseases. Lidar data and orthophotos in the visible and infrared that cover the region will be updated
thanks to the institutional support.
A new collaboration with the Genomic Regulation Center (CRG) is added. The vision of the CRG is to
understand the complexity of life from the genome to the cell to a complete organism and its
interaction with the environment will confer a new perspective to the system, arising in the context of
this project, in the study of the emerging diseases with the greatest impact at local and European level.
This new collaboration enriches and complements the initiated activities of detection and
characterization of forest diseases. The implementation of these activities will be key when it comes to
improving the definition of prevention and control strategies
The monitoring of the effect of the treatment in the demonstration plantations will continue after the
completion of the project. The agents involved commit to expand this GIS infrastructure for the early
detection and sustainable control of invasive and harmful organisms, after completing the project
updating both the GIS infrastructure and its application, based on the additional information obtained
from the implementation of actions subsequent to the LIFE project.
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The communication plan will continue after the completion of the project, since the results obtained
from this project will be disseminated in other conferences and meetings (scientific and informative).
The dissemination of the GIS infrastructure and the results of the project will be carried out mainly
through the constant updating of the project website that will be available 5 years after the project
ends.
The Web page of the Project will remain active for five years after the end of the project. All project
materials will be available on the project website. Layman's report will be distributed among interested
parties and at scientific and other events. Through the publication of technical and scientific articles
the partners will continue the complementary activities.
Additional actions of training and organization of workshops will also be contemplated. In this aspect
there is the collaboration of Baskegur, established during the LIFE project period and this
collaboration will be extended after the project lifetime.
The work network with other LIFE and non-LIFE projects will also continue after the project ends.
The implementation of the After-LIFE Plan will include monitoring the implementation of the early
detection system, sustainable management strategies and the use of tools created by public and private
stakeholders and the general public.
The After LIFE Plan can is available in Deliverable D38.
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6.2. Main deviations, problems and corrective actions implemented
No major problems or difficulties in the execution of project activities were not encountered during
the project, but only some minor deviations:
• Action 2. Hyperspectral image acquisition was delayed and could not be performed in all desired
locations due to administrative and financial reasons. Still, subsequent analyses did not suffer from
this limitation. Unforeseen complications arose with NASA’s decommission of the Hyperion
sensor. FSU evaluated the availability of hyperspectral imagery for the Basque country from other
sensors. One replacement candidate, the AVIRIS sensor, had to be dismissed due to exorbitant
costs. Instead, FSU used a new sensor (Sentinel-2 mission) which is available for free and
provided the basis for multispectral-multitemporal hyper-dimensional modelling. This constituted
both a novel approach and an adequate replacement choice.
• Action B1. The flights had to be postponed until spring 2017 due to the adverse weather
conditions.
• Action B3. Only one public map server environment has been created, not having seen the need to
create a restricted access environment
• Action D3.
o The second workshop was carried out into the “III Wood Week (23-29 October 2017)”. Life
Healthy Forest project was present in the third edition of the Wood Week organised by
Baskegur and Neiker. Collaborators from the University of Aberdeen (UK), Steve Woodward,
Arauco, Rodrigo Ahumada (Chile) Iñaki Gerenabarrena (Hazi), Amaia Urkola and Aitor Omar
from the provincial Government and the project coordinator Eugenia Iturritxa presented the
health status of the forests and the current main problems linked with pathogenic agents.
o The last workshop of the project, “Emerging forest diseases and innovative control strategies”,
took place on September 19 and 20 in Arkaute, and since one of the participants, Cheryl
Patten, could not attend the meeting for working reason we completed this section with a
second part of the workshop in March 2019. In this event, Cheryl showed us her work in the
University of New Brunswick in a conference held in Neiker Arkaute, a field trip was
organised to show the damage area and we shared the collaboration experiences with the
University of Canada in the context of the project.
o Due to the great success of the last workshop in terms of audience and the proximity in terms
of dates, NEIKER decided not to organise the Final Conference. A new event will be
organised in the framework of the After-LIFE Plan to present additional results obtained in the
project.
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6.3. Evaluation of Project Implementation
Action
A1

Foreseen in the revised proposal

Objectives: Compilation and review of data,
materials and methods
Design of the specific protocols
Elaboration of the integrated early detection system

Expected results:
Innovative system of protocols (draft version) for the
early detection of forest decline

A2
Objectives:
- Characterized pathogen collection
- Database of possible predisposal factors for forest
disease
- Acquisition of hyperspectral (HS) imagery
- Optimized guide for early detection of pathogens
- Database of plot characterization
Expected results:
- Conducted and preprocessed hyperspectral imagery
- GIS database of environmental factors
- Geodata accuracy assessment
- Virulence behaviour in 150 accessions
- Detection of at least 50 candidate genes
- Detection of at least 25 significant associations

Achieved
Potential data sources for climatic and topographic data for
spatial modelling of forest decline have been identified and
accessed or contacted; this formed the basis of the work
done within A2.
A draft protocol for the capture and analysis of
hyperspectral imagery has been developed based on a
thorough review of academic and technical literature on
the subject. It was integrated into the early detection
protocol within the integrated early detection system.
Protocols about evaluation of damages in forest plots,
sampling, isolation of organisms, identification, population
study, pathogenicity and control methods have been
revised and a pre-selection of the most adequate was
applied.
- Numerous predisposal factors for forest disease have
been identified and compiled in a database: in-situ
variables such as insect infection, hail damage, diameter,
etc.
climatic variables such as precipitation, temperature
our spatially modelled hail susceptibility
terrain attributes such as elevation, slope, curvature and
wetness index.
lithology, soil type, soil attributes and pH
- The HS flight was planned and successfully executed.
The HS imagery has been preprocessed.
- Metadata for all spatial datasets has been compiled.
Protocols enumerated in section A1 have been tested in
small scale demonstration plots. Field monitoring of forest
health state and an intensive sampling has been carried out
in a wide selection of plots with severe health problems.
- Diagnostic, identification and characterization of agents
are still ongoing, Compilation of scientific information
about virulence genes has already started and almost
concluded. The evaluation of virulence behaviour has

Evaluation

Completed as planned.

Overall, we successfully reached our aims.
However, the HS image acquisition was
executed later than planned due to financial
and administrative delays. Unfortunately,
the Hyperion sensor for HS images of the
whole Basque country was decommissioned.
Therefore, FSU chose a new sensor
(Sentinel II) for multispectral-multitemporal
hyper-dimensional modelling.
Some new plots have been included in this
action to complete the range of the main
pathogenic agents in Europe.

B1

Implementation of the early detection system in
large-scale demonstration
Plots

B2
Implementation of sustainable management in forest
ecosystems
B3

Development and implementation of a GIS
infrastructure for the early detection and sustainable
control of invasive and damaging agents

C1
Monitoring of the environmental impact of the
project

C2
Monitoring of the socio-economic impact of the
project

D1

been concluded for 150 accessions
- 51 virulence candidate genes have been selected in order
to construct a next generation sequencing (NGS) library
with 248 Diplodia isolates
Protocols enumerated in section A1 were tested in large
scale demonstration plots. Field monitoring of forest health
state and sampling has been carried out in plots with and
without severe health problems. Diagnostic and
Characterization of agents have been carried out.
Appropriate methods for the management of the disease
have been examined either under laboratory and
greenhouse conditions. Results obtained in this sub-action
have been already published or sent for publication.
Appropriate methods for the management of the disease
survey have been examined either under GIS and field
conditions. Results obtained in this sub-action have been
already published and sent for publication.
As a result of the application of the environmental
monitoring of the detection capacity and diagnostic, an
improvement of a 10 percentage is expected.
These estimations are subject to the measurement of the
beneficial impact of the new systems implementation in
relation to the current and traditional systems.
The effectiveness of the new early detection system of
forest decline and the implementation of sustainable
techniques have been compared with the traditional
systems and the positive socio-economic impact connected
with their implementation.

Elaboration of a Communication Plan to organise the
dissemination activities foreseen.

The plan was finished in due time.

Implementation of compulsory communication
activities established by the LIFE programme

Project website, notice boards and Layman’s report are
available.

D2

Completed as planned.

Completed as planned.

Due to the delay in the Lidar flight, there has
been a light readjustment in the rest of the
work dependent on this data.

Completed as planned.

Completed as planned.

The Communication Plan was a useful tool
to organise the communication strategy and
actions.
Project compulsory communication actions
successfully achieved. Project website has
been a perfect tool for dissemination,
specially combined with the additional ones
envisaged in D3. In addition, interaction in
Twitter had a great success and appeared to
be the best channel to be connected with
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D3

Implementation of additional activities to maximize
the project results and visibility

Four events were organised.
Project brochure in English and Spanish has been
designed.
Six videos were filmed.
22 press notes and 11 technical publications have been
prepared. Partners have also seized the opportunity to
present the project in other events.

This action is aimed at establishing a sustainable
relation and real exchange of information with other
relevant projects.

The database of contacts has been developed
Netowrking section on the project website.
Successful joint collaborations have been carried out.

D4

E1

Objectives:
Signing of partnership agreements.
Establishment of management structure
Operational management
Expected results:
Partnership agreement
Management structure
Support infrastructure for project management

Partnership agreement was signed by all partners and
steering committee members were nominated as planned.
Financial arrangements and tools have been developed.
Coordination meetings were held on periodical basis, as
scheduled.

Management
and
coordination
run
successfully the entire project. Coordination
meetings were convenient in terms of project
follow-up and organisation of the work for
the forthcoming period.

Necessary tools for internal monitoring (report template
and excel tool) have been created and used in the
monitoring reports.
Mid-term and Final external evaluation.

Monitoring process run smoothly. The
internal reporting system was very useful to
both official reporting and for monitoring
project progress purposes, and helped to
identify any deviation from the initial work
plan. External evaluation helped to identify
and highlight some deficiencies.

E2

Efficient and periodical monitoring and evaluation

stakeholders, the public and other projects.
Events have been gaining interest thoughtout
the project lifetime. Spring school and Last
workshops were a clear success. Project
videos seems to be a very useful and selfexplanatory way to talk about the project.
While we had not have a great coverage in
general media, we did in more technical one,
by publishing results on a regular basis.
Networking activity was very fruitful. We
were able to establish close collaboration
with some projects. LinkedIn group did not
turn to be a good channel to be in contact
with other projects, but did Twitter.
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6.4. Analysis of benefits
Environmental benefits
Biological diversity means ‘the variability among living organisms from all sources, including
terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are part;
this includes diversity within species, between species and of ecosystems’ (UN, 1993). The term
covers every form of life on Earth (plants, animals, fungi and microorganisms), the diversity of
communities that they form and the habitats in which they live. It encompasses three levels: ecosystem
diversity (i.e. variety of ecosystems); species diversity (i.e. variety of different species); and genetic
diversity (i.e. variety of genes within species). In this context, this project covers the biodiversity
evaluation of different ecosystem, species diversity of decline agents, at genetic and physiological
level in connection with management strategies applied.
Beneficial organisms have been identified and texted with a high potential for their use as biological
control organisms. Pathogens have been identified and characterized to define their virulence, their
potential saprophyte and propagative capacity.
Prevention and control of pathogenic invaders likely to benefit under climate change and directly or
indirectly contribute to greenhouse gas emissions. Detected invasive and pathogenic organisms cause
tree mortality in young and sometimes adult trees, thus promote grass invasion. The subsequent lower
tree density reduces carbon storage in woodlands.
Several pathogens benefit from climate change (e.g. Fusarium circinatum, Dothsitroma spp.,
Lecanosticta acicola, Armillaria complex, Heterobasidion annosum, Phytophthora cinnamomi) which
may render trees more vulnerable to the impacts of climate change (e.g. droughts or fire). In addition,
climate change will aggravate this trend by driving more environmental problems. LIFE HEALTHY
FOREST is promoting motivation to avert invasive species threats and implementation of innovative
systems against the spreading and introduction of invasive and pathogenic organisms.
The main obtained results are addressed to deliver an important contribution to the sustainable forest
monitoring and management at EU level by developing and implementing advanced tools for the early
detection of forest ecosystems in decline and its subsequent application of sustainable strategies of
control and prevention environmental friendly. The actions and results of the present project are in line
with EU environmental policy ((Deliverable D24 and Deliverable D25, along with scientific
publications included in Deliverable D35) and they will be completed during the After-Life period.
In quantitative terms, through the GIS infrastructure it is possible to know and to show the economic
and environmental benefits derived from the application of the integrated early detection system and
the sustainable management strategies to prevent and control invasive and damaging agents.
Based in the decline forest detected it has been possible to estimate disease impact, causal organism,
aggressiveness, and applicable sustainable strategies and their cost.
This information will be published in scientific papers and in the next informative meeting that will
take place next autumn under the After Life actions.
In connection with quantitative impact of the project in the present and in the future, the project has
exceeded the expectations. Due to the fact that the alarm generated by needle blight diseases the last
two years, we have got the opportunity of applying the early detection system and we propose
sustainable management measures of control to prevent their spreading. The sustainable management
strategies are an improvement in the density and quality of the wood of 20 % and are expected to
increase in the near future. At the present, and improvement upper to the 50 % percent in detection and
diagnosis has been estimated after applying the system of early detection and identification by
combination of laboratory, field and remote sensing techniques and we expect an additional

improvement up to 70% in the near future after a new collaboration developed during the
implementation of the project with 2 prestigious center: the FABI, the Forestry and Agricultural
Biotechnology Institute, at the University of Pretoria, is a post-graduate research institute that was
established in 1997, based on a recognition that the future of forestry and agriculture and Genomic
Regulation Center (CRG). CRG is an international research institute of excellence in life sciences,
created in December 2000 and located on the beach of Barcelona. The vision of the CRG is to
understand the complexity of life from the genome to the cell to a complete organism and its
interaction with the environment.
Socio-economic benefits and Policy implications
Impact of forest decline, predisposal factors to the development of diseases results and potential
management strategies will be tested in different climate change scenarios to promote a long-term
sustainable proposal of management against forest declaim caused by biotic factors combined with
climate change conditions.
Expected environmental and socio-economic benefits due to the implementation of the innovative
systems of detection and management of invasive and pathogenic agents (losses of wood volume,
Validation in the growth Evolution of the trees: DBH and Height, socio-economic implications of the
early detection system application). Since there is a close connection between the environmental and
socio-economic impact monitoring, the final assessment of LIFE HEALTHY FOREST has been
undertaken jointly and it will be available in the GIS application (Deliverable D22,
https://geo1.hazi.eus/healthy-forest/).

A reduction of global costs of around 30% and an increase of 25% of the environmental, economic
and social benefits is estimated due to the implementation of the innovative systems of detection and
management of invasive and pathogenic agents. In this context several natural substances and
beneficial organisms have been tested and proposed trying to substitute chemical fungicides.

For serious needle blight disease outbreaks copper fungicides have been combined with interventions
such as timing of silvicultural treatments and planting of disease resistance species. However,
although they are effective, copper fungicides may not be a desirable strategy in the long run as copper
accumulation in soil can cause problems for other organisms and affect soil health. Copper is a nondegradable heavy metal and presents a risk to birds, mammals, and beneficial soil microorganisms, as
well as to the wider environment.
Restricted application of copper compounds as bacteriocides and fungicides is authorised in the
European Union (EU). However, these compounds are “of particular concern to public health or the
environment,” according to the European Food Safety Authority (EFSA, 2018), and are targeted for
elimination. EU farmers and foresters have already started looking at ways to reduce or replace their
use. Nevertheless, due to lack of available alternatives, foresters have requested special authorization
for the application of copper fungicides in plantations experiencing needle blight outbreaks. On 31
August 2018, the EU executive proposed the re-approval of copper compounds as plant protection
products and they were on the agenda of the Plant, Animals, Food and Feed (PAFF) Standing
Committee on 23-24 October for discussion and possible vote.
Disease control strategies must consider cost, the environment, and social values. They need to
balance crop quality and yield security with environmental preservation, and be compatible with
conventional forest management practices. There is an increasing demand to reduce the use of
chemicals as antimicrobial agents, and replace them with natural products that are less toxic to nontarget organisms. In this regard, substances derived from plants, such as essential oils, are attractive
alternatives. The International Organization for Standardization (ISO) (ISO/D1S9235.2) defines an
essential oil as a product made by distillation with either water or steam, mechanical processing, or dry
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distillation of natural materials. The potential of such substances is enormous; a single plant can
provide a pool of substances with a very broad spectrum of antimicrobial activity. The main
compounds present are terpenes and terpenoids; infrequently nitrogen- and sulphur-containing
compounds, coumarins and phenylpropanoids can also be detected (Hyldgaard et al., 2012; Niu and
Gilbert, 2004). For example, propolis is a substance with a high potential to possess antimicrobial,
antifungal, antioxidant, antiviral and antiprotozoal activity (Pereira et al., 2008). It is produced by
bees from plant materials to seal hive walls and to strengthen the borders of their combs. Chemically,
propolis is exceedingly complex (Brown 1989) consisting of 149 compounds of which 38 are
flavonoids, 14 derivatives of cinnamic acid, and 12 derivatives of benzoic acid. Eleven other groups
have been listed including terpenes and sesqui terpenes, alcohols and hydrocarbons (Walker and Crane
1987). The composition of propolis can vary according to the species of bee and the time of year in
which it was collected, with more than 300 substances being recorded as propolis constituents
(Bankova, 2005).
Although alternatives to copper-based fungicides have been tested in agricultural crops, few have been
tested against fungal pathogens of trees. In an effort to identify effective fungicides to treat needle
blight diseases, in this project we have screened a range of substances including synthetic chemicals,
essential oils, and beneficial micro-organisms to define their ability to inhibit the growth of two
species of needle blight fungi of Pinus spp., Dothistroma septosporum and Lecanosticta acicola, and
their toxicity for P. radiata and other organism.

Replicability, transferability
Since the methodology used is based on scientific information, these results are being published after a
scientific revision to guarantee their traceability, transferability and application to other region,
countries or policy areas and to predict future impact on EU environmental policy and legislation.
All the contents of the project will be disseminated informatively and cinematically through
workshops, workshops, documents, files that will be announced through the project website.
To give greater continuity to the actions carried out, a working group is currently being generated to
request financing through an INTEREG SUDOE project and we will continue participate in a new life
project that can give continuity to the implementation of these methodologies in other regions of
Europe
Best Practice lessons
Among the best practice lessons learnt within the project, we would like to mention:
•

The achieved improvement of the project because of all the cooperation among the direct
participants of the project, stakeholders and external collaborators (Networking).

•

The increase of the potential of the used methods when all of them are combined looking for the
same objective instead of using separately.

•

The necessity of effective and realistic management strategies proposal for prevention and control
of biotic decline in forest, plantations and urban areas.

Innovation
This project has a high innovator component that is reflected in the main aims of the project, the
methodology applied and preliminary results obtained so far.
Early and accurate detection and diagnosis of forest diseases are key factors in forest production and
the reduction of both qualitative and quantitative losses. Optical techniques, such as RGB imaging,
multi- and hyperspectral sensors, morphological and molecular techniques have proven their potential
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in automated, objective, and reproducible detection systems for the identification and quantification of
biotic damages at early time points in epidemics. Accurate and reliable detection of diseases is
facilitated by highly sophisticated and innovative methods of data analysis that lead to new insights
derived from sensor data for complex tree-pathogen systems.
Synergies between innovative early detection systems and sustainable management control strategies
are needed to promote a coevolution of both systems looking for environmental and economic
efficiency.

7. Key Project-level Indicators
The project specific indicators are updated and validated on July 2019.
Despite the fact that the expected figures have not been modified in most of the sections, due to the
impact that the surfaces studied in this project are having, it is considered that the impact may be
greater.
The widespread alarmism, not only at national level but also at global level, suggests that it will
increase the scope of this project.
A collaboration with FABI, University of Pretoria, South Africa has been initiated to compare the
populations obtained in the project with others obtained worldwide. All this will be disseminated
through scientific articles, workshops and conferences.

8. Comments on the financial report
8.1. Summary of Costs Incurred
PROJECT COSTS INCURRED
Cost category
1.
2.
3.
4.

Personnel
Travel and subsistence
External assistance
Durables goods: total
non-depreciated cost

Budget according
Costs incurred
to the grant
within the reporting
agreement in €*
period in €
952. 030
1.012.243,34
63.349
27.448,94
294.000
243.204,46

- Infrastructure sub-tot.
- Equipment sub-tot.
- Prototype sub-tot.
5.
Consumables
59.602
6.
Other costs
29.280
7.
Overheads
89.699
TOTAL ELIGIBLE
1.487.960
COST
TOTAL COSTS with non-recoverable VAT

%**
106,32%
43,33%
82,72%

331,67
0,00
331,67
0,00
110.697,32
25.738,69
91.008,13

185,73%
87,91%
101,46%

1.510.672,54

101,53%

1.511.335,88

It can be observed that the category of costs of consumables has executed 185,73% of the
budget. This deviation is due to the assumption by NEIKER staff of the work of the B2 action
that was initially planned to be carried out with an external assistance "Treatment application
in plantations (injection systems and effectiveness monitoring)". This modification can be
justified based on the application of methods in the experimental phase following criteria that
are agreed upon and improved with our collaborators (New Zealand, Chile, Canada and
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Madrid), which means that doing the work by ourselves facilitates the supervision of all the
pros and cons of the implemented control strategies and facilitates their monitoring and
almost instantaneous modification if the application of corrections was necessary.
An example of these circumstances could be that the density and dosage of the biocontrol
treatments to be applied can suppose a change in the doses, methods of application,
methodologies and techniques of study of their monitoring that require knowledge about
organism’s biology, bioinformatics and sequencing data processing. All these new treatments
are being tested first in greenhouse condition and the selection of the methods of application,
study and monitoring strategies are being defined.
This immediacy in the actions together with the subtlety of the procedure and monitoring
methodologies have made convenient to implement them by the staff with more experience in
this matter, in this case our team.
This laboratory work involves the use of laboratory material and hence this higher
consumption of consumables.
The other typology of cost that presents an over execution is personnel cost (106,32%). This
was due to the necessity of more working time in some activities like activity B2, when a
183,53% of the foreseen budget was needed; activity C1 (151,18%) and activity B1
(130,46%).
Regarding the equipment costs, no budget was foreseen under this category but the
beneficiary FSU had to buy a computer because Patrick’s computer (one of the additional
persons working in the project) was broken. As indicated by the University financial
department, only the depreciation rates of the purchase were included in the final report
(331,67 €)

8.2. Accounting system
− Brief presentation of the accounting system(s) employed and the code(s) identifying
the project costs in the analytical accounting system
NEIKER
In our accounting system each project has a code. The code assigned to LIFE HEALTHY
FOREST project is 14-01041.
DEX
The accounting system employed is the Contaplus programme. The code created in this
programme for LIFE Healthy Forest project is D15.000031.
FSU
Friedrich Schiller University Jena has been running its books since 2010 on the basis of
double-entry bookkeeping. Accounting and controlling at the university are handled by the
"HIS" program group which is a software developed specifically for the needs of the
universities. The following modules are used by the various departments of the Finance and
Procurement Department:
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Purchase:
Debtors/Creditors:
Central Accounting:
Project Management/Third Party Funds:
Payments
Asset Accounting:
Budgeting/Controlling:

HIS BES,
HIS FSV,
HIS FSV-Fibu,
HIS FSV + HIS KBS,
HIS KBS,
HIS IVS + HIS IVS-Abu,
HIS COB.

The code assigned to LIFE HEALTHY FOREST project is 083030117.
HAZI
HAZI Fundazioa is a public foundation, and therefore, to prepare its annual accounts, the
General Accounting Plan of not-for-profit entities is applied, approved by Resolution dated 26
March, 2013, from ICAC, as well as the General Accounting Plan approved by RD
1514/2007.
Currently, the accounting application that the company has is EXPERTIS, which is also
linked to the internal management tool called EKUL. With EXPERTIS, purchase and sale
invoices and other accounting items are recognised according to their accounting
classification, as per standards in force, while analytical accounting by projects is managed
through EKUL.
All invoices and receipts are digitally filed in the EKUL system, associated with the project
with a specific code that changes annually. Until now, the assigned codes were 12519 in
2015, 12881 in 2016, 13938 in 2017, 14690 in 2018 and 15583 in 2019.
− Brief presentation of the procedure of approving costs
NEIKER
When a need of a purchase is detected the applicant completes a purchase request that
includes the description, requirements and quality of the product. The request passes to the
approval of the Project manager. In case the request exceeds the budget planned in the project,
the approval of the Chief of Department is needed.
The Department of General Services takes charge of the transmission of the purchase request
to the supplier.
When the product arrives, the person requesting the expenditure:
•
•
•

Verifies the purchase by comparing the delivery note with the requirements of the
purchase request (conditions of the material, quantities, type and quality, Safety Data
Sheet (if applicable), etc.).
In case of acceptance, the person requesting the purchase signs the delivery note
recording the date of arrival, the status of the product and any other type of incidents if
any.
Finally, the delivery note is carried to the Accounting Department, which is in charge
of relating the delivery notes and the invoices with the project, and proceeds to
payment.
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DEX
As DEX is a small enterprise, the usual costs are those related to the daily running of the
company (telephone, heat and electricity, rent of premises) and they do not need approval.
When we need to buy something we usually ask for quotes from several suppliers or we have
a look on the internet and we buy the item that best suits our needs. Usually the price is not
too high. When the purchase price is higher, is the director of the company who approves the
spending.
Before doing the payment, the person in charge of the accounting in the company always
verify that all the data included in the invoice are correct.
FSU
As a separate paying agent, FSU Jena has a bank account with the Deutsche Bundesbank. The
management within the framework of the institutional development takes place through own
titles within the state budget. Title management is carried out directly through the “HIS FSV”
program. Externally funded projects are mapped via separate cost centers in the form of cost
units, with the effect that costs are assigned to the projects and a project-related evaluation is
possible at any time.
The basic process of accounting is as follows:
•
•
•

•
•
•
•
•
•
•
•

The invoices sent by post are received in the central invoice receipt within the
Finance and Procurement Department and are marked with an incoming postmark.
For receipts/invoices which are not sent by post, the supporting documents are
forwarded by the responsible persons of the departments to the Department of
Finance and Procurement.
If an invoice is based on a purchase order, the invoice is assigned to the purchase
order in the “HIS FSV” program. Exceptions to this rule are invoices for
consumables (up to EUR 500). No orders in the system are displayed for such
items.
All invoices are assigned to the responsible areas (cost centers) as well as to
projects (cost units).
The invoices are sent to the responsible department for the purpose of factual
examination and accounting control.
In the department, the invoices are checked for factual and accounting correctness.
The check is documented by means of a signature on the invoices or booking
vouchers.
The invoices including the delivery notes are then returned to the Finance and
Procurement Department.
There, in the Debtor/Creditor department, the invoice amount is posted to the
relevant nominal accounts of the cost centers/cost units in “HIS FSV” and the
payment is authorized.
The invoice, including the payment order, is forwarded to the payments department
for payment.
Once a day, payment by means of batch release is released by the payments
department of FSU Jena in the cash program "HIS KBS".
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The inventory of assets to be capitalized is carried out on a daily basis from the Asset
Accounting department. All orders done from the Purchase department are subject to preinventory (for better allocation when purchasing accessories).
The assets have already been recorded via the posting from the Debtors/Creditors department
on the relevant nominal accounts. The Asset Accounting department now assigns the
inventory numbers and the useful life to the economic goods via the “HIS IVS” program.
At FSU Jena, there is an internal auditing department which performs, among other things,
random tests of payments and, if necessary, checks reports on expenditure of funds if required
on the part of the funding authority. If this requirement does not exist, reports on expenditure
of funds are checked in the Project Management department.
The authorizing powers are restricted only to the persons to whom corresponding
responsibilities for cost centers and cost units are assigned. A directive on the signature
eligibility of FSU Jena (RL-Z) exists.
Within the framework of the “project for the revision of commercial accounting”, which was
carried out at FSU Jena, a large number of regulations were set up to optimize the process and
to ensure an economical and saving use of resources in order to avoid unnecessary burdens on
the state budget.

HAZI
All purchase or subcontracting of services must be requested through EKUL, indicating all
information related thereto in the order request, in addition to the project to which it should be
imputed. Once the request is made, it requires technical approval and economic approval to
process the order. Said order is sent from Administration, and then there is a waiting period
until the material or the service is supplied and the invoice arrives.
When Administration receives the invoice, it is stamped with the date of its arrival, and the
order it matches is located. If the order is chargeable to a European project, it is also stamped
with the matching European project stamp.
When making the invoice accounting entry, Expertis also takes note of the order number.
With this number, it links to Ekul, adding the expense incurred to the project.
Travel and food expenses are entered by the worker who incurred them, into the EKUL
management system. Periodically, the worker lists aid expenses, attaches their receipts, signs
said list and sends it to be signed by their hierarchical superior, who sends it to the
Administration and Resources department for effective payment
Expenses attributable to a project are referenced, as mentioned, with an order number, which
in turn is linked to a project number.
The purchase management and sub-contracting procedure, January 2015 version, is attached.
Chart showing the process flow:
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− Type of time recording system used, i.e. electronic or manually completed timesheets /
Brief presentation of the registration, submission and approval procedure/routines of
the time registration system
NEIKER
Each employee records daily and electronically the hours worked on each project and later on,
this information is transferred manually to the Timesheets by technicians of the department of
general services at NEIKER. They generate the timesheets for all the employees working in
projects funded by the EC and then they send them for its signature. The completed timesheet
for each month is usually approved and signed during the first week of the following month
from the supervisor.
DEX
Each employee working in the project completes daily and manually the model of timesheet
of LIFE programme. Once the timesheet is completed, it is printed and signed by the
employee and then by the director of the company usually within the first week after the
month the timesheet relates to.
FSU
The model timesheet available on the LIFE website in the LIFE toolbox was used and
completed manually from staff working on average more than 2 days per month in a given
calendar year. As planned, this is actually only the case for one part-time researcher
(researcher 1 in the project proposal). The timesheet was updated every working day from the
researcher covering all projects he was involved in. Hours are used as time units which are
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also used as time units in the financial report. The completed timesheet for each month was
approved and signed during the first week of the following month from the line manager or
from an authorized representative.
HAZI
At HAZI FUNDAZIOA, we use the management system EKUL, developed in-house. On an
annual basis, the project manager must create a "client project," defining, in addition to other
items, the individuals assigned to the project, and who can therefore declare hours of work on
that project.
Since 1st January 2015, each company employee must fill in on a daily basis, the number of
hours worked in the different projects they are assigned to. After the hours are recorded in
EKUL, during the 15th day of the following month the timesheets referred to, the staff of the
Directorate of Services analyzes the timesheets in order to ensure the functioning of the
system as a whole. If some errors are detected, the directorate of services informs both the
Area Heads and the Unit Director of the discrepancies found for their urgent rectification, if
necessary. The 20th of each month, EKUL will automatically block the process of introduction
of hours and costs for the previous month to all the company employees.
Then, the timesheets are printed and signed by the employee and also by the supervisor. That
is why in HAZI, always the signature of the supervisor is dated about 3 weeks after the end of
the month to which the timesheets refers.
− Brief explanation on how it is ensured that invoices contain a clear reference to the
LIFE project showing how invoices are marked in order to show the link to the LIFE
project
NEIKER
When the applicant completes a purchase request, he asks the provider to include the
reference to the LIFE project in the invoice. In addition, and to ensure that the reference
appears on all invoices, they are stamped with the acronym and the reference of the LIFE
project.
DEX
We are handwritten the LIFE project code in all expenditures related to travel costs. In the
invoices related to external assistance costs, we will ask the provider to include the project
reference in the invoice. If no reference was included by the provider, we have handwritten
the LIFE project code and acronym.
FSU
FSU handwrites the project code in all the supporting documents.
HAZI
During the purchase/hire process, the supplier is asked to include the text "Works carried out
under the project LIFE14 ENV_ES_000179 on the invoices they issue. If, despite being
asked, they do not include it, e.g., small travel expenses, during the filing process, a seal is
applied to the original paper copy with said text, with the official logos and the project logo.
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8.3. Partnership arrangements (if relevant)
NEIKER, as coordinating beneficiary, received the funds from the EC and proceeded to make
the transfers amongst the associated beneficiaries. A first pre-financing payment of
267.832,80 € (30% of the grant) was received on 5th August 2015. On 10th September 2015
NEIKER transferred 29.844,60 € to DEX, 65.006,40 € to HAZI and 46.795,50 € to FSU.
Regarding the second pre-financing payment of 357.110,40 € (40% of the grant), it was
received on 17th July 2017. On 19th July 2017 NEIKER transferred 39.792,80 € to DEX,
86.675,20 € to HAZI and 62.394 € to FSU
For the sound financial management of the project every 6 months, and previously to the
coordination meetings, partners update the financial statement of expenditure. Each
beneficiary is responsible for filling in its financial statement and sending it along with
scanned copies of the invoices, proofs of payments and timesheets of the people who are
working on the project to DEX. DEX is in charge of supporting NEIKER in the operational
management of the project and that is why DEX supervises all the financial and
administrative information related to the project. Once all the information is revised, it is
stored by partner and type of expenditure. The consolidated cost statement was prepared by
DEX as it is one of the tasks that were assigned to it in the project.

8.4. Certificate on the financial statement
In accordance with the Annex X to the Model LIFE Grant Agreement Financial and
Administrative Guidelines (Update 20.06.2018), if the maximum grant amount indicated for a
beneficiary and its affiliated entities in the estimated budget as reimbursement of actual costs
is EUR 750 000 or more, the beneficiary must provide within the final report a certificate on
the financial statements and accounts. As none of the partners reaches this amount, this
certificate is not provided.

8.5. Estimation of person-days used per action
Action type
All projects when applicable
Action A: Preparatory actions
ENV projects
Action B: Implementation actions
ENV and GIE projects
Action C: Monitoring of the impact of the project
action
ENV and GIE projects
Action D: Public awareness/Communication and
dissemination of results
ENV and GIE projects
Action E: Project management

TOTAL

Budgeted
person-days

Estimated % of
person-days spent

812,00

65,78%

1.428,00

133,74%

157,00

118,34%

763,00

81,98%

1.001,00

101,32%

4.161,00

102,61%

As indicated in point 8.1 of this section, there was an over execution in personnel costs due to
the necessity of more working time in activities B1 and B2. In activity B2 due to the
assumption by NEIKER staff of the work of the B2 action that was initially planned to be
carried out with an external assistance "Treatment application in plantations (injection
systems and effectiveness monitoring)" and in B3 due to the high volume of information to
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compile and work with for the development of the GIS infrastructure for the early detection
and sustainable control of invasive and damaging agents.
Also in activity C1 Monitoring of the environmental impact of the project, more working days
were needed for doing the work, both in the controlled conditions in greenhouses as well as in
laboratory and natural conditions in forest.
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