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Abstract

Forests are asked to provide a multitude of ecosystem services and forest managers need to
ensure in their daily work these are well balanced. This is a demanding task and requires best
available knowledge and continuous training. To serve such needs the software package ‘I+' was
developed jointly by research and software developers and tested by practitioners. It runs on
handheld devices and is used for training exercises in designated forest sites, so called
marteloscopes. |+ allows to perform virtual tree selections and directly displays the outcomes
of silvicultural interventions on site. Having intervention results readily available stimulates fact-
based interaction and discussion among exercise participants. The software is currently tailored
to address impacts and trade-offs of biodiversity conservation in commercially managed forests.
Due to its modular design, it can easily be expanded to cover other highly relevant forest
management topics such as carbon balancing. Through data export functions, exercise results
can be utilized in more sophisticated tools such as forest growth simulators. The paper presents
the key parameters used for training and the corresponding software solution. The |+ software

components are then illustrated along examples. The software is freely available for download

at the ‘Iplus’ website.

Keywords

Mobile device software, virtual interventions, silviculture training, marteloscopes, tree
microhabitats

1. Introduction production. Such include soil protection,

clean water, climate regulation, carbon

storage, recreation and protective functions

Forest management in Europe s

traditionally focused on timber production. (World Resources Institute 2005; Bastrup-

Due to dw|nd||ng natural resources and Birk et al. 2016, Directorate-General for

expected effects resulting from climate
change, policy and society countries in
Europe and beyond strive towards bio-based
economies (Staffas et al. 2013; European
Commission 2013; European Environment
Agency 2014; Hetemaki 2014; Roberts &
Nikolakis 2014). Forest
however, are increasingly asked to provide

ecosystems,

other services besides that of timber

Environment 2016). Forests are home to a
vast part of our biodiversity (European
Environment Agency 2015; Forest Europe
2020; Bastrup-Birk et al. 2016). This diversity
of demands is being addressed by
multifunctional forest management,
especially where forest area is limited and
may lead to conflicts of interests. One
example is the debate at national, European

and international level on the percentage of
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forest area to be set aside for protection.
Large set aside areas like national parks and
forest reserves are undoubtedly a mainstay
of nature conservation. The majority of
forests in Europe, some 85 % and more,
however, continue to be managed in order
to guarantee the supply of one of our main
renewable resources (Parviainen et al. 2000;
Frank et al. 2007; Bastrup-Birk et al. 201;
Schuck & Lier et al. 2020).

On this majority of forest area management
should pursue the goal of permanently
preserving forest ecosystems as a whole
while ensuring the provision of the different
forest functions equally (Bollmann 2011;
Bollmann & Braunisch 2013; Kraus & Krumm
2013; Krumm et al., 2020). However, which
path is the right one for a particular forest
area or stand is not always clear. Managing
future  forests  commercially  while
addressing an ever increasing emphasis on
ecological and other aspects, needs skill and
training (Krumm et al. 2013; Krumm et al.,
2020). Forest professionals can gain a sense
for viable silvicultural options based on
observation, assessment, and on-site
decision-making. There is also a wide range
of theoretical strategies and silvicultural
concepts available for forest management,
but also those will allow foresters room for
interpretation and may then lead to
different results in practical implementation
on the same forest area (Kraus, Mergner, et
al. 2016; Mergner and Kraus, 2020).
Pommerening et al. (2015) further elaborate
that even a high level of detail in given
instructions is likely to result in variation
when it comes to decision making amongst
different

resulting  from  forest

individuals. Consequences

management
decisions, however, can be measured, both
in economic and ecological terms
(Niedermann-Meier et al. 2010). Therefore,

tree marking exercises and field training are
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crucial for promoting education, life-long

learning and continuous professional
development (Pommerening et al. 2015;
Spinelli et al. 2016; Vitkovd et al. 2016; Pyttel
et al. 2018; Cosyns et al. 2018, Cosyny et al.,
2020, Joa et al., 2020). Especially conducting
virtual management interventions in actual
forest stands can provide such insights. This
is exactly what can be done with the help of
so called ‘marteloscopes’. Those are training
sites or so called ‘outdoor forest

classrooms” (Bruciamacchie 2005).

The above leads to the question this paper
aims to address. What kind of a solution
would allow to train learners in situ at
different levels of expertise given the fact
that forests are often asked to deliver a
multitude of ecosystem services and
support understanding the effect different
management decisions have on these
services? Additionally, solution should work
for groups allowing for in situ comparison of
results and facilitate on site discussion
between stakeholders representing
different viewpoints. The answer to this
question focusses on presenting the I+
software (referred to in this paper as ‘I+'). It
was developed for implementing virtual tree
selection exercises directly in forest training
sites and thus runs on mobile, handheld
devices. The software allows to make
directly available the results of exercises in
tables and graphical formats to support fact-
based interaction among  training
participants in the field. This IT solution is
thus unique as so far exercises have been
mainly conducted using a pen and paper
approach with an analysis of the
intervention results back in classrooms or as

virtual forest visits (Rosset et al. 2019).



2. Materials and Methods

2.1 Marteloscopes and tree data

The concept of marteloscopes was originally
developed in France (Bruciamacchie 2005).
The name derives from the French term tree
(‘martelage’) the Greek
"skopein" (look). It thus intends to illustrate

marking and
that a particular tree selection is thoroughly
the
magnifying glass". The use of marteloscopes

investigated or “looked at under
as a tool for training and education was
recognized and such sites soon found
application not only in France but also
Switzerland, Great Britain and Ireland (Poore
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2011). During recent years, marteloscopes
have been established also in many other
countries. Projects implemented between
2013 and 2022 have contributed to that
growth (see acknowledgements). To date
more than 200 such marteloscope sites have
been established in 24 European countries
because of these projects (Figure 1). They
are mostly located on public forest but also
community and private forest land. The sites
cover a broad range of forest types (e.g.,
beech-oak, beech-fir-spruce), oak-
hornbeam, pine-spruce, etc.), altitudinal
gradients (from 25 m — 1850 m) and site
conditions and natural forest communities

(e.g., Luzulo-Fagetum or Larici-Piceetum).
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Figure 1. Distribution of established marteloscopes in the frame of the European Integrate Network

(http://iplus.efi.int/marteloscopes-data.html, accessed August 2023).

A marteloscope is usually 1 ha in size, where
each tree above a diameter of 7.5 cm at
breast height (dbh) is inventoried and its
spatial position assessed. All trees are
permanently marked. Further, each tree is
assigned a habitat and an economic value.

Those two parameters are introduced in

more detail as they are crucial when
conducting training exercises (Chapter 2.2
and 2.3). All data listed in Table 1, including
calculated values (basal area, volumes,
economic and habitat value), are applied in
the I+ software package.
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Table 1. Parameters recorded in the marteloscope plots (Schuck et al. 2015; Kraus et al. 2018).

Tree species
Tree location*
Tree status

Diameter at breast height

Fagus sylvatica (Fasy), Abies alba (Abal) etc.
polar coordinates
dead (0), alive (1)
dbh [m] (>7.5 cm)

Tree height h [m]
Crown base height heb [mM]
Tree related microhabitats abundance
Timber quality
Calculated values

Basal area

Volume

class (A, B, C, D/IT, F for fuelwood) and section length [m]

m? sum of stem cross-sections at dbh on the plot

m?3 standard calculation methods differentiated by tree species

(form indices or specific tapering values)

Habitat value in points

Economic value

in Euro (€) or national currency (e.g. CHF, K¢)

*methods may vary between sites based on preferred/available instruments.

2.2 Tree related microhabitat
structures

Large quantities of deadwood and a high
density of old microhabitat-bearing trees are
characteristic elements of natural forests,
especially of old-growth phases (Lassauce et
al. 2011; Larrieu, Cabanettes, Gonin, et al.
2014). Tree harvesting has shown to reduce
both tree microhabitat density and their
diversity at stand level (Winter & Moller
2008; Larrieu et al. 2012; Larrieu,
Cabanettes, Brin, et al. 2014; Winter et al.
2015; Larrieu et al. 2017). Yet, an important
share of forest biodiversity is strictly or
primarily dependent on such structures and
substrates (Jonsson et al. 2005; Miiller et al.
2005; Vandekerkhove et al. 2005; Miiller et

al. 2007; Paillet et al. 2010; Miller & Butler
2010; Juutilainen et al. 2011; Larrieu et al.
2012; Lachat et al. 2013; Regnery et al. 2013;
Bouget et al. 2013; Bouget et al. 2014;
Larrieu et al. 2017; Wende et al. 2017).
Conservation of biodiversity in commercial
forest stands is thus linked to retaining such
tree related microhabitat structures (further
referred to as ‘TreMs’). TreMs are
unequivocally identifiable, and identification
can be trained in field exercises (Figure 2).
They are complementary with forest surveys
and applicable during tree marking
operations. To ensure a standardized
recording of such microhabitats a
hierarchical structured catalogue was
developed which is used for recording TreMs
in marteloscope sites (Kraus et al. 2016).
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Figure 2. Selected tree related microhabitat structures. From left to right: mould cavity, dendrotelmata,

witches broom and epiphytic foliose and fruticose lichens (images taken from Kraus et al. 2016).

The habitat value is calculated for each tree
based on the number of recorded TreMs.
The calculation considers the relative rarity
of a habitat in near-natural forests and the
time span needed for it to develop. The
result is then expressed as a habitat value
and indicated by ‘points’.

Hi = Z;Lle X Sj X (R] + Dj)
(eq.1)

where H; is the habitat value of tree i, N; the
number of microhabitat type j, Rj is a value
for the rarity of a TreM, D is a value for the
time a TreM takes to develop or is available,
and s; is a size score (physical size of a TreM)
within a TreMs group (Kraus et al. 2018).

2.3 Economic value

Up to five distinct timber quality classes are
distinguished, each corresponding to a tree
section (minimum length 0.5m). Timber
quality classes are A- quality (‘veneer'), B-
and C- qualities (e.g., ‘sawnwood’), ‘IT/D’-
quality (‘industrial timber’) and F- quality
(‘fuelwood’ / ‘energy wood’). The length of
each section is visually assessed considering
the overall tree height. Volumes are
calculated for each section based on the
length, diameter at the middle of each
section and locally adapted and species-

specific tapering factors. Timber market
prices for each quality class are provided by
local forest managers at the time of data
collection.

3. Results

3.1 Components of the solution

for a field training software

The starting point for building a mobile-
device-based training solution for field use is
the improved time and cost efficiency to
conduct an exercise in the forest with
immediate feedback on the exercise results
while still at the training site. The manual
alternative of recording tree selections with
pen and paper and compiling and evaluating
the results back at the classroom or office,
may then necessitate a follow up visit to the
forest to jointly evaluate exercise outcomes.
In addition to the immediate availability of
exercise results, the ability to directly revisit
your choices in-situ also stimulates
increased learning (Cosyns et al. 2018,
Cosyns et al., 2020).

The task of carrying out training exercises in
the forest implies a set-up made of multiple
technological components. Exercises will
need to be conducted in winter, in rainy



weather and with bright background
lighting. The physical devices used for
training must function in such conditions. An
Internet connection cannot be relied on
when conducting exercises in remote
Should the database of
marteloscope information be contained in

forests.

the software app itself, it would be
necessary to download a new app version
every time there is a change in the data. This
is not feasible due to the expected
frequency of changes in data. The number of
marteloscopes will continue to increase over
time and be subject to change due to e.g.,
disturbance events (tree loss through storm,
fire) or in-growth (trees reaching dbh
threshold > 7.5 cm). Further, exercise results
will need to be saved and stored.

Such requirements imply the need for a
repository that can manage updates to

I+ Trainer

N
—
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training site data and allow to administer
exercises and their results. To simplify and
secure the exchange of data between the
mobile-device software and the database,
an Application Programming Interface (API)
was designed to handle this communication.
A management application was designed to
load data for new training sites, maintain
data for existing sites and define exercises.
The resulting architecture for the software
package is thus
components (Figure 3): the Integrate+
Trainer (‘I+ Trainer’), the APl (‘1+ API’), the
central Integrate+ Database (‘/+ Repository’)
and the Integrate+ Manager (‘/+ Manager’).

comprised of four

Considering the use of the software in
training events in different countries or by
international groups, the I+ Trainer and I+
Manager are designed to be multilingual.

. I+ Manager
I+ Repository

__

PHP server-side

Java application to

Mobile application to
perform field exercises

application providing
interface to I+

MySQL database to
store plot data and
exercises

manage all plots and
exercises in I+

Repository

Repository

Figure 3. Integrate+ software components.

3.1.1 I+ Repository

A focal point of the Integrate+ software is
the I+ Repository. There are two separate
versions of the same database design: the
central database and local databases on
each training device, which are light versions
of the I+ Repository in terms of content and

structure. The I+ (server) Repository holds
the complete information of all
marteloscope training sites. The
marteloscope attributes are standardised,
with both compulsory attributes and
optional attributes. The |+ Repository holds

each marteloscope plot’s metadata, a full




tree inventory, a complete record of tree
microhabitats and the economic values of all
trees. The definitions and results of training
exercises are also stored. To support
intellectual property right management of
marteloscope data, it has user access
management as not all datasets can be
assumed public. These preconditions restrict
copying the full data set to the local I+
Trainer database, as then a user cannot be
prevented from viewing all content of a local
database (with
operations for updating and editing the

external tools). All

inventory content and defining exercises
into the I+ Repository are handled using the
I+ Manager.

The I+ Trainer's local database keeps
subsets of the I+ Repository. The local
database contains only the necessary
information for performing a training at a
specific marteloscope site: the data defining
a marteloscope site and the exercises have
previously been given in the I+ Manager and
relayed via the |+ repository. The I+ Trainer
communicates with the I+ Repository via the
I+ API for updating the local database and
sending back exercises results.

The I+ Repository (on a server) is technically
implemented as a MySQL database. The
distributed local instances of the central
database, which only contain the
information downloaded from the I+
Repository, are implemented in SQLite. The
main difference between SQLite and MySQL,
is that SQLite is not a database server, but a
“file system engine using SQL syntax”. This
makes SQLite easily embeddable and well-
suited for small devices with limited CPU
power and memory. Although small mobile
devices have limits on data size, all modern
tablets and smart phones have at least one
gigabyte RAM and several gigabytes disk

1 ttps://stackoverflow.com/questions/33456278/sqlite-
performance-on-large-tables (accessed 28.03.2018)
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space. Therefore, they are in general well
suited to run the Integrate+ software
package. The performance of an SQLite
database would not have been significantly
hindered by the full server dataset when
properly indexed.

Benchmarking results show? that the role of
how many entries are made diminishes, as
the time for finding an entry in a database of
19k vs 1.6M entries increases only by 19
percent. One main limitation of SQLite is it
does not support as many data types as
genuine SQL databases. SQLite omits some
standard SQL features like ‘right outer join’.
For the Integrate+ local Database, the choice
was made for using SQLite on the mobile
devices, in consideration of the limitations
and the advantages in terms of device
performance.

3.1.2 Integrate+ API (I+ API)

An application programming interface (API)
is a set of clearly defined methods for
communication between software
components. An AP| eliminates the need
and the
implementation or data structure of the
published methods of the APIl. For the

programmer, an APl simply offers clearly

possibility to know the

defined services. The I+ APl provides the
mechanism for safely exchanging data
through Internet between the I+ Trainer and
the I+ Repository. The I+ APl is used to
download exercise data from the I+
Repository to local databases in the I+
Trainer installations. It is also used to upload
data of conducted exercises into the I+
Repository, which in turn can then be
accessed using the |+ Manager. The |+ API
also  provides access control for
authenticating these transactions.

Eliminating direct communication between

10



these two databases, makes it possible to
change the |+ Repository data structure
without affecting the existing I+ Trainer
installations. This happens e.g., when adding
new features to the I+ Manager and I+
Repository. The APl also makes the system
more secure, as the I+ Trainer
communicates directly with the API, which
blocks unauthorised attempts to access or
manipulate I+ Repository content.

The API is written in PHP language?, built on

top of the Lumen micro-framework? and

Get data request
(JSON)

Response

I+ Trainer (JSON)

Save data request
(JSON)

Figure 4. Outline of the I+ API design.

3.1.3 I+ Manager and I+ Trainer

The |+ Manager is a cross-platform desktop
application
programming language. The graphical user

developed in Java 8

interface was implemented using JavaFX.
Database operations are performed using
the Hibernate Framework®. The I+ Manager
is used for managing all marteloscope and
exercise data. It requires a stable internet
connection. Android was chosen as the
primary platform, for implementing the I+

2 https://php.net/ (accessed 28.03.2018)
3 https://lumen.laravel.com/ (accessed 28.03.2018)
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runs on a Linux server. The Linux server runs
Ubuntu Server 14.04, Apache 2.4, MySQL 5.6
and PHP 5.6. The Lumen framework version
used is 5.2. The |+ Trainer uses standard
HTTP to send requests in the JavaScript
Object Notation (JSON) format and the API
returns the data in JSON format. The design
of the |+ APl is illustrated in Figure 4.

I+ Repository

Trainer. However, the possibility to support
other platforms was regarded as important
by field trainers and software developers
(e.g., i0S, Windows). However, each of the
main mobile platforms has a different native
programming language, resulting in the
need to develop and maintain native
versions of the application for multiple
platforms. For this reason, the I+ Trainer was
implemented as a hybrid mobile application.
Such applications are built using web

4 http://hibernate.org/ (accessed 28.03.2018)
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technologies like HTML and JavaScript, and
then “wrapped” inside a native container for
the target platform. When such an
application is run, the device’s WebView?® is
used to display the HTML content instead of
a web browser. This gives the app the
appearance of a regular app, while in fact it
is being run as an interactive webpage. The
Apache Cordova mobile application
development framework® was used for the
I+ Trainer as it is an open-source project and
one of the most used frameworks
supporting all main mobile platforms. It can
provide hardware functions to HTML
applications that are unavailable for a web
browser, for example access to a GPS.
Apache Cordova itself is a cross-platform
software, which made it possible to carry
out the I+ software development in parallel
on both Windows and Linux computers. The
I+ Trainer was first created with Cordova 4
and currently uses Cordova 6.5. Cordova has
proven to be a very good tool for developing
a hybrid application. Even though GPS was
eventually not used, due to the inadequate
accuracy inside the small sized marteloscope
plots (1 ha or smaller), it was highly
beneficial to utilise the available hardware
functions. For example, in future the I+
Trainer might use cameras that allow taking
photos of identified tree microhabitats. The
I+ Trainer was programmed with JavaScript,
CSS and HTML. In addition, some open-
source libraries were used, including the

5 https://developer.android.com/reference/android/
webkit/WebView (accessed 28.03.2018)

6 https://cordova.apache.org/ (accessed 28.03.2018)
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tree map drawing by Konva canvas
framework’. As mentioned, the I+ Trainer
runs a SQLite database and is currently
available for Android with plans for
publishing a Windows application. The I+
Trainer software is primarily developed for
tablet computers but can be used also on
smart phones. Due to screen size, usability is
possible but limited on such devices.

3.2 The I+ Software functionality
3.2.1 The I+ Manager

The Tab ‘plot management’ allows entering
new marteloscopes (Figure 5). Tree
information, uploaded in Excel format is
then sent to the I+ Repository. In the process
of uploading, data is checked for
completeness and possible errors. The field
course teacher can directly analyse and
correct any faulty data in the I+ Manager.
Data can also be updated for existing
marteloscopes. This may be the deletion of
fallen trees or updating single tree
information in the course of re-measuring in
the field (e.g., dbh and tree height increase;
adding trees exceeding the measurement
threshold of 7.5 cm; add or delete tree
microhabitats; update wood prices). Site
information can be entered in the I+
Manager (including e.g. site location,
general information on the plot and terrain
details).

7 https://konvajs.org/ (accessed 28.03.2018)
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% Integrate+ Manager rev. 826 - O >
Welcome | Connection | Plot r it || Exercise mar t || Result management | Access rights management | Species | Image management
Select plot Steinkreuz - Plot preview
Save changes
» Plot data
» Terrain data Discard changes
» Coordinate data Delete plot
TreelD & Species DBH (cm) DBH class (cm) Crown height (... Basal area (m2) Height (m) Alive
19 Fagus 26.0 25 00 0.052002915845.. 19.2 true i
20 Fagus 13.2 10 00 0.013684777599.. 146 true
21 Fagus 357 35 00 0.100098210526.. 25.9 true
22 Quercus 41.3 40 00 0.133964579332.. 294 true
k] Quercus 358 35 00 0.100659770213.. 30.8 true
24 Fagus 16.9 15 0.0 0.022431756244... 206 true
25 Quercus 45.6 45 00 0.163312552504... 29.6 true
26 Fagus 246 20 00 0.047529155256.. 21.7 true
27 Fagus 157 15 00 0.019359279329.. 3.7 true
< >
Add a tree Load new plot from excel
Connection status Connected Abaut

Figure 5. I+ Manager plot management window.

The user of the I+ Manager can access the
marteloscope plot map and a set of graphs
by tree species or consult summarised stand
data. The plot preview functionality can be

¥ Plot preview (Steinkreuz)

Plot map Plot graphs
Plot stats
Count 302 50
Basal ares (m2) 30,06 :
Volume: (m3) 32775 30
Economic value (€) 30625 z
Ecological value 3803 e oy v
Microhabitat count 267 )

W Quercus: 13435
M Pinus:223
W Larxx decidua : 10,78
M Carpinus betulus : 0.02
W Fagus : 177.38

Picea : 0.45
M Betula: 254

helpful for checking the validity of the site
information and when designing field
exercises (Figure 6).

DBH classes (cm)

!ll!aﬁggﬁffr—

Volume by species (m3)

Figure 6. I+ Manager plot preview (numerical data and graphical displays).
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The I+ Manager allows to tailor exercises to
serve a particular training target. This is
done under the Tab ‘exercise management’
(Figure 7). Exercise definition contains a
detailed description of training objectives.
The field course teacher can also decide

% Integrate+ Manager rev. 826
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which information will be visible to training
participants. This is important as experience
levels can vary widely from one user group
to another (e.g.,, forest and nature
conservation managers, university students,
private forest owners, school pupils, public).

— [} X

Welcome || Connection | Plot management | Exercise management | Result management | Access rights management | Species | Image management

Select plot Steinkreuz

Available plot exercises

Maintaining ecoclogical potential

Display all

Create new exercise

Remove exercise

Habitat tree selection

Wood removal and habitat trees

MName Economic target Properties to display
Woed removal and habitat trees 8000 v | Tree species
. . Volume:
Description Ecological target V| Basal
Remove adguate amount of wood, el

: o ) h 430
give priority to good quality, avoid
reducing habitat value considerably,
select 10 habitat trees 65

Creator

EFI

Connection status Connected

Silvicultural target

DBH
DBH class (cm)
v | Height
Coordinates
Tree state
Economic value
Habitat value
Rarity
Regeneration
Stability
Suitability

About

Figure 7. Exercise management window displaying an exercise for a selected marteloscope site.

If the aim of an exercise is e.g., to identify
the most valuable habitat trees in a stand or
to remove a defined volume of growing
stock, the teacher can disable showing
information on tree microhabitat points,
tree volumes or tree-based quality
assortments on the mobile devices. Further
specifications can be made by the field
course teacher for economic, ecological, or
silvicultural targets. Such can be how much
income to generate from harvesting,
estimating wood volume removals, not
encompassing a set threshold for removing
habitat points or identifying a pre-defined
number of future trees. Exercise results can
then be compared to these set values.

Once a field exercise has been conducted
using the I+ Trainer, all results can not only

be stored on the mobile device or uploaded
to the I+ Repository once Internet access is
available but also exported as CSV files to
other software programmes for further
processing. The field course teacher can
then use the Tab ‘result management’ in the
I+ Manager to load, view and analyse the
results from all available exercises of the
selected Marteloscope plot. The ‘result
management’ functionality can further be
used for analysing the performance and
distribution of individual participants’ or
groups’ results as compared to a master
solution. The exercise outcomes thus serve
the field course teacher as reference for
planning additional field training.
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The Tab ‘access rights’ is a feature for
managing access rights for individual
marteloscope sites. This allows
marteloscope owners and field course
teachers to securely access and store their
exercises and corresponding training results.
The Tab ‘species’ allows adding new tree
species not yet in the database while the Tab
‘image management’ provides a location for
uploading photos as illustrative material

together with the marteloscope metadata.
T 2

Before visiting a marteloscope, participants
install the I+ Trainer software on their
mobile devices and upload the dataset of
the site they will visit. For this a reliable
Internet connection is required. Afterwards,
the marteloscope data on the mobile device
can be used offline.

Tree selection

Once the field course teacher has
introduced the objective of the exercise,
participants walk through the marteloscope
site either as individuals or in small groups
and select trees for retention and/or
removal according to the given task (Figure

Figure 8. Implementation of a field exercise using the I+ Trainer software.

Schuck et al., 2024

3.2.2 The I+ Trainer

The user interface of the I+ Trainer was
developed over time because of extensive
field testing. New features were added while
others removed. This iterative process
between software developers, field course
teachers and exercise participants were
extensive and resulted in the current mobile
trainer application.

8). In our example participants received only
partial information as they are experienced
forest managers.

All trees are visible on a map displayed on
the handheld

numbered, are
correspond with those tree numbers in the
marteloscope. The circle size indicates the

device. They appear

geo-referenced and

tree dbh dimensions while colours refer to
different tree species. Training participants
can then retain or remove trees via the
touchscreen - tree map. Once they have
selected a tree number the tree selection
menu appears (Figure 9).
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Tree selection

Microhabitats Quality distribution

beech Retention

Toggle competing trees

Fagus

[id: 218]

DBH: 62 cm

height: 30.2 m

Basal area: 0.3 m?

Removal

Figure 9. Tree selection and specifying the reason for intervention.

Removal options such as target diameter,
competitor, regeneration are given while
retention provides the selection of e.g. elite
tree, habitat tree or seed tree. Depending on
the level of detail visible to the participants,
information on ‘quality distribution’ and
‘tree microhabitats’ can be consulted
(Figure 10). Once a tree is selected it is
marked with a circle on the map (removal

Quality distribution | ID: 148 | Economic value: 601.44 € | V: 6.5 m?3 |H:29.3 m

dm [ L
Section 3 . =
Section 2 dmy L,
h
Section 1dm g4 La
|p—-—— -
0.8m

yellow; retention green) and the numerical
figures in the menu on the left are
automatically updated. For ease of use a set
of features allow to zoom into the map,
change circle width for better visibility (e.g.,
if trees in close proximity overlap). Tree
selection is then repeated until the exercise
task is finalised.

F:11.3m/1.29m390.11 €

IT: 6 m / 1.43 m° SEIGHIE

C:6m/1.59m3 149.15€

B: 6 m /2.2 m° EESISEIE

Figure 10. Information on quality distribution of a selected tree.

Exercise results

In a next step training participants can
retrieve the results of their virtual tree
selections by opening the Tab ‘exercise

results’ from the Menu. The first window
displays the numerical values of removed
and retained trees and those of the

remaining stand. The numbers are
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supported by thematic tree maps (Figure
11). Circle sizes of trees indicate their value
e.g., in terms of volume, economic return or
importance as habitat tree. Red circles in our
example are removed trees. Using a forward

arrow, additional analysis results are

available. The next window displays an

Analysis of results

Removed trees (24)
Volume: 42, fll m?

Basal area; 3.5 m?
Economic value: 3527 €
Habitat score: 643

Remaining stand
Volume: 285.35 m?
Basal area: 26.4 m?
Economic value: 27247 €
Habitat score: 3160

Retention trees (12)
Volume: 38.96 m?

Elite trees: 0

Habitat trees: 11
Economic value: 3652 €
Habitat score: 352

Schuck et al., 2024

interactive data table and bar chart (dbh
distribution). They show the original stand
data ‘before’ the intervention and the
stand data
‘removed’

effects of an intervention i.e.,

‘after’ intervention; during

exercise (Figure 12).

WVolume [m?]

Figure 11. Numerical results of an exercise and a map displaying removed volume.

Analysis of results

N/ha [BA/ha |V/ha | Econ |Habitat [TReMs | DBH distribution of removed trees
ree species
Im?] | [m3]
A 1.94 |25.07|2000.48 165

[#
10
o
hol am

o
o | o |
o o

3.5 [#2.393526.61

50
file= -|-|-1-|:_|

5 10 15 20 25 30 35 40 45 50 55 &0 65 70
DEH class

Before Removed After

Figure 12. Intervention results (removals).

The bar chart in the next window shows as
default all available tree microhabitats in the
stand (Figure 13). Participants can visualise

how many and what type of tree
microhabitats they have removed as result

of their intervention (‘after’ and ‘removed’).
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Before Removed After
Figure 13. Tree microhabitat distribution after intervention.

Having gone through all analysis windows
participants can exit the exercise. The
window ‘finish exercise’ asks to save exercise
results to the I+ Repository and
simultaneously creates a pdf and CSV file
including all exercise information. It is also
possible to return to the initial tree map to
either redo the exercise or revise it. Saving
exercises to the I+ Repository allows the
field course teacher to access them via the

I+ Manager software for further analysis.

4. Discussion

The paper presents the I+ software input
parameters and their calculation, its
components and functionality. The main
rationale for developing |+ was to allow
performing virtual tree selection exercises in
a real forest setting using specifically
designated marteloscope sites. Therefore,
the technical solution was to ensure the
software runs on mobile, handheld devices.
The I+ software package consists as
described of a centralised database, a
manager software, and a trainer module.

While the manager allows to design field
exercises prior to training events, the trainer
is used to record tree selections which can
then be directly displayed following an
exercise.

The I+ software is thus a contribution to
objectifying discussions in the forest
between different actors managing forests
for different ecosystem services, as well as
for other stakeholder groups dealing with or
with an interest in forests. Focus in software
development was put to providing tools for
training and education on opportunities,
challenges and consequences of integrating
nature conservation aspects to forest
management.  Thus I+  contributes
operational tools to the political debate on
forest protection, biodiversity conservation
and the need for wood as a renewable
resource. However, I+ has the potential to
be applied also to other topics such as
carbon sequestration or related to
silvicultural measures (climate resilient tree
species, regeneration) either by utilising
already available information or by
collecting additional field data (Chapter 4.2).
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4.1. Performance validation

An extensive number of marteloscope
exercises have been conducted with the I+
Software. The feedback from exercise
participants has been essential for
evaluating the I+ Trainer software and its
performance. Experiences were collected by
field course teachers either orally or by using
evaluation sheets. Exercise participants and
teachers provided numerous suggestions for
new software features and functionalities
both during field exercises and at a tailored
workshop®. Those most requested are
briefly described in Chapter 6.

4.1.1 Improvements to the I+ Trainer
software based on user feedback
Having exercise results available on mobile
devices has been shown essential for
stimulating learning, understanding and
lively discussions. This was confirmed by
many participants of various professional
backgrounds (Cosyns et al. 2020; Joa et al.
2020; Cosyns et al. 2018; Pyttel et al. 2018).
The exercise participants noted that
exchanging on rationales for tree selections
using actual figures becomes more objective
and target oriented.

To support such effective exchange,
summary sheets of each exercise result are
created dynamically in pdf format and are
immediately available to course
participants. There were requests for
improving the pdf summary sheets,
including the wish of having all details on
selected trees available or providing a
detailed map that displays selected trees
with their tree numbers for easy on-site
revisits. Another proposal was related to a

more tailored display of exercise results for

8 https://informar.eu/marteloscope-manager-
workshop-german-steigerwald
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different user communities. Such could be
done by following main training aspects such
as silviculture, economy or biodiversity
while tailoring the result outputs to the
knowledge of users (e.g., forest managers,
students, school pupils, general public) for
better understanding.

Further suggestions were to improve the
general user-friendliness of the I+ Trainer
software or to provide additional display
features in the results section. One recurring
request was to have available an application
of selecting trees from the map by typing the
tree number. Such a feature is relevant if
two or more tree circles strongly overlap.
The touchscreen does have a function to
reduce circle size of the trees but in sites
with high tree numbers this does not suffice.
One display option proposed was a stand
profile view before and after a virtual
intervention. This would then allow
visualising e.g., if a thinning was performed
from below or as a crown thinning but also
whether an intervention supports natural
regeneration.

4.1.2 Improvements to the I+ software
architecture

The use of the Hibernate ORM for the
Database — I+ Manager communication, the
saving of large amounts of data from the I+
Manager to the database is quite slow.
Saving a new marteloscope plot can take up
to one hour depending on the number of
trees in the plot or internet connection. An
improvement has been designed to resolve
this issue of slow performance. An I+ Server
Component reduces the number of
connections through a firewall from the I+
Manager(client) to the |+ Repository(server).
Data is then uploaded in bulk using JSON
from the 1+ Manager to the new I+ Server
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Component. It translates the JSON to
Hibernate ORM operations. Moving these
large number of connections performed by
Hibernate ORM take place on the same
server (within the firewall) shortens the
saving time from the I+ Manager
considerably.

4.2 Development prospects of the

I+ software

While the developers of the Integrate+ field
training concept and software did expect
interest for the approach, the positive
feedback surpassed initial expectations. This
was considered a validation for the need of
such training tools and gave encouragement
to chart improvement prospects to further
increase the usefulness of the software
(Schuck et al. 2016; Schuck 2020). There are
two main lines of expanding software
functionality.

4.2.1 Forest management and
silviculture

I+ is highly valued for its ease of use and
clear focus on selected parameters. Exactly
these qualities should be preserved. It was
argued by many training participants and
trainers that software extensions could be
designed modularly. New modules may be
manually activated or disabled depending
on the training objective or target group. A
first test was implemented using a set of
silviculture parameters (tree stability, stand
regeneration, tree species suitability). Other
options for such modular approaches are
e.g., deadwood accumulation, regeneration,
group selection harvesting or carbon
sequestration.

9 https://efi.int/projects/integrate-metsanomistajien-
paatoksenteon-tuki-muuttuvassa-
toimintaymparistossa
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The integration of stand development
models was emphasized (Pretzsch et al.
2002; Komarov et al. 2003; Courbaud et al.
2015; Pretzsch et al. 2015; Courbaud et al.
2017). This would allow for modelling
growth of individual trees and stands or
TreMs utilising exercise results. However,
some models (Komarov et al. 2003) may
require additional information e.g. on forest
soil. A current project® is developing a simple
approach based on available information in
marteloscopes including dbh and distances
between individual trees and linked with
growth functions for tree species (where
available) for 20 years prediction.

4.2.2 Applications for other training
purposes and research

When linking to any external software
component a data exchange mechanism is
needed. When converting I+ Trainer exercise
results to a standardised file format, e.g.,
xml or CSV (CSV file type has been
implemented), they can be exported to or
linked with other external tools such as
growth models or statistical computing tools
such as ‘R’ or ‘SPPS’.

Building interfaces to mobile phone based
forest inventory tools is another application
option for the I+ software (Molinier et al.
2014; Rosset et al. 2016; Molinier et al.
2016). As all tree properties are known, this
would enable training possibilities in the
field of forest inventory, with a validation of
performed inventory accuracy (Molinier et
al. 2016).

The platform martelage.sylvotheque.ch

(MSC) allows for tree selection exercises in
marteloscopes based on 360° photographs,
so-called photospheres (Rosset et al. 2019).
A user can take virtual tours mainly related
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to stand thinning and regeneration in close
to nature forests. Tree selections performed
during a virtual visit are immediately
displayed allowing to compare results
before and after an intervention. The tool is
used in teaching, further education, and
public relations. The I+ software and MSC
both base on full inventoried marteloscopes.
They are thus highly complementary in
terms of training with I+ being applied in
marteloscopes in the field while MSC runs in
a virtual environment.

Besides performing education and training,
the I+ software components generate large
amounts of data that can be utilised for
studies addressing the analysis of tree
selection behaviour (Pommerening et al.,
2015, Spinelli et al., 2016, Vitkova et al.,
2016, Cosyns et al., 2020, Joa et al., 2020).
That can include e.g.,, patterns of the
most/least often selected trees, the
frequency of meeting set exercise
objectives, the comparison of users’
movements on the marteloscope or
comparing the results of different user
groups having performed the same exercise
task.

Tree-specific information currently collected
in marteloscopes contains tree species,
volumes, and wood quality classes. Adding a
carbon module to the I+ software could not
only visualise the amount of carbon stored
in a marteloscope stand or how much is
removed during a virtual intervention but
could be linked further to the life span of
wood products. Combining information
layers such wood quality classes which
correspond to particular wood products
(Masera et al. 2003; Jasinevicius et al. 2017,
Aleinikovas et al. 2018) the I+ software could
educate exercise participants not only on
their economic return but also how much
carbon has been bound in wood products
and for how long.
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The development of tree microhabitats and
future habitat potential is a central question
for forest managers: how to ensure a
continuous supply of tree microhabitat
formation in managed forest stands and
which are the trees displaying promising
future habitat potentials are pressing issues
when embedding nature conservation
aspects to managed forests. Courbaud et al.
(2017) are developing modelling approaches
for predicting the probability of tree
microhabitat formation. Once a robust
methodology to project the development
tree microhabitats is available the I+ Trainer
could aim at embedding a simple tree
microhabitat projection module on its
mobile device or allow to export results to
external modelling tools.

Single tree data from all marteloscopes has
been made publicly available via the Global
Biodiversity Information Facility — GBIF
(Zudin et al.,2022; Kraus et al. 2017). GBIF is
an international network and research
infrastructure funded by the world's
governments and aimed at providing
anyone, anywhere, open access to data
about all types of life on earth. The current
data set includes nearly 37 000 trees single
tree entries and is regularly updated. It can
be utilised for research but also for further
advancing |+ as a field training software
(Courbaud et al, 2021, Larrieu et al., 2021;
Santopuoli et al. 2019).

5. Conclusions

The innovation presented in this paperis the
development and application of a suite of
software tools that enable to efficiently
carry out silvicultural training exercises in
the forest. The software runs on handheld
devices and thus considerably supports
more time efficient training and improved
learning results. One main aspect the
software was asked to address is the
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identification of tree microhabitat
structures and their role for forest dwelling

species while displaying potential trade-offs

between economic return and conserving
biological

diversity. The immediate

Figure 14. Groups comparing and discussing their virtu

Highly appreciated by both teachers and
exercise participants was that the software
tool focussed on main aspects, thus being
self-explanatory and easy to use. By
providing only essential figures enough
room is given for constructive discussions
and sharing own knowledge and practical
experiences (Figure 14).

Extending functionalities, analysis tools or
adding new data types should be well
thought in how far such will serve training
purposes. Allowing the export of exercise
results to other existing software and
modelling tools (e.g., growth simulators,
statistical analysis programmes) or providing
modules for conducting tailored training
(e.g., forest
sequestration) that can be selected on

protection, carbon

10 https://ec.europa.eu/info/strategy/priorities-2019-
2024 _en
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availability of exercise results strongly
supports factual discussions amongst
participants and a better understanding for
deviating views (Krumm et al. 2019).

i ) P
al tree selection results.

demand are seen as viable options for the
further advancing the I+ software and it use.
One of the European Commission’s six main
priorities (2019-2024) is a Europe fit for the
digital age®. Its digital strategy aims at
empowering people with a new generation
of technologies. |+ contributes at an
operational level to getting familiar with
applying digital tools which will in future
become increasingly part of daily work
routines.
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6. Software availability 7. Acknowledgements

Having been developed in a project context,
an association is envisaged to ensure the
long-term availability of the developed
tools, on a non-commercial basis. A main
concern is that continued funding is required
for maintaining the server-based software
components. This especially concerns the |+
Central Database. It is currently (2021)
hosted by the European Forest Institute. The
I+ API is shared as open source on Github'®.
The ambition is to share the code of the I+
Trainer and the I+ Manager as open source,
but to date this is not yet the case. The I+
Trainer and I+ Manager are available free of
charge. The I+ Trainer can be downloaded at
a designated website ‘iplus’. The I+ Manager
is available on request for site
owners/managers at adminbonn@efi.int.

Loading martelscopes to the I+ Software

Proper training use requires access to an
existing marteloscope and the
Working  with

marteloscope sites and their data on mobile

corresponding  data.

devices requires contacting the site / data
owner(s). Permission to use marteloscope
data for research was given by many of site
/ data owners. See Kraus et al. (2021) or

contact adminbonn@efi.int for more

information. Reference must be given to
used data sources.

I+ software user manuals
The I+ Trainer Software User Manual is

available for download (English, German,
Spanish and Finnish).
The I+ Manager Software User Manual is

available for download (English only).
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https://github.com/EuropeanForestinstitute/integrate
(accessed 27.7.2020)

The development of the I+ Software was
supported by the German Federal Ministry
for Food and Agriculture (BMEL) through the
projects: ‘Establishing a European network
of demonstration sites for the integration of
forest
management — Integrate+’ (2013 — 2016;
Forst 2013-4),
Management Learning Architecture —
Informar’ (2017 — 2020; Forst 2017-1) and
‘Managing forests for resilience and
biodiversity — bridging policy, practice,
science and education — “FoReSite’ (2020-
2022; Forst 2020-1). New training modules
that can be linked to the I+ software package

biodiversity =~ conservation into

‘Integrated Forest

are currently being developed in EU funded
projects.

Special thanks are given by the authors to
the additional programming personnel
participating in the implementation of the
software components: Ville Immonen,
Petteri Kauhanen, Elena Zudina and Janne
Kiljunen. Further, we wish to extend our
thanks also to the University of Eastern
Finland, School of Computing, where the
students Anastasia Kirjanen, Mika Ronkko,
Sami Kairajarvi and Santtu Kolehmainen
under the instruction of Professor Matti
Nykdnen implemented the initial version of
the I+ API as a part of their studies. Finally,
the authors would like to thank all
colleagues of the Integrate Network who
have established marteloscope sites and all
those who are using the I+ software for
education and training across Europe.
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