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Abstract: Forests are part of a complex landscape mosaic and play a crucial role for people living
both in rural and urbanized spaces. Recent progresses in modelling and Decision Support System
(DSS) applied to the forestry sector promise to improve public participative forest management and
decision-making in planning and conservation issues. However, most DSS are not open-source
systems, being in many cases software designed for site-specific applications in forest ecosystems.
Furthermore, some of these systems often miss challenging the integration of other land uses within
the landscape matrix, which is a key issue in modern forestry planning aiming at linking recent
developments in open-source Spatial-DSS systems to sectorial forest knowledge. This paper aims at
demonstrating that a new type of S-DSS, developed within the Life+ project SOILCONSWEB over
an open-source Geospatial Cyber-Infrastructure (GCI) platform, can provide a strategic web-based
operational tool for forest resources management and multi-purpose planning. In order to perform
simulation modelling, all accessible via the Web, the GCI platform supports acquisition and processing
of both static and dynamic data (e.g., spatial distribution of soil and forest types, growing stock
and yield), data visualization and computer on-the-fly applications. The DSS forestry tool has been
applied to a forest area of 5,574 ha in the southern Apennines of Peninsular Italy, and it has been
designed to address forest knowledge and management providing operational support to private
forest owners and decision-makers involved in management of forest landscape at different levels.
Such a geospatial S-DSS tool for supporting integrated forest knowledge at landscape represents a
promising tool to implement sustainable forest management and planning. Results and output of the
platform will be shown through a short selection of practical case studies.

Keywords: spatial decision support system; forestry; LiDAR; simulation

1. Introduction

1.1. Forest DSS Systems

Forest planning processes and management options are complex interconnected tasks, since
nowadays they must cope with the multifunctional roles of forest ecosystems with the different spatial
and temporal scales of decision-making and finally the changing economic, administrative, legal, and
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social scenarios [1]. Since the establishment of the new paradigm of Sustainable Forest Management
(named as SFM) by the Helsinki resolution [2,3], policymakers are more than ever advocating for
advanced and integrated forest knowledge at landscape scale. Definitely, the forestry sector is evolving
into a multi-purpose role which concerns over the environment, biodiversity, protection, provision of
amenity and recreational facilities that are merging together with the more traditional requirements
of timber production [4]. In forest science, several models have been developed in the last decade
to provide basic operational tools to be applied within various forest management contexts [5]. For
instance, yield and growth models have classically been used to assess profits, to plan harvesting
schedules and silvicultural treatment of even aged forest stands and have been further implemented in
more sophisticated prediction models and research tools [6]. The large number of issues relating to
forest management make the development of forest plans a complex process [1]. As a consequence,
objectives and approaches have been changing over time and accordingly the demand for tools to
support planning and decision-making has evolved [7] and will probably keep on evolving. Indeed,
forest research community realized—much earlier than many other scientific domains—that it was
essential to implement such models into operational Decision Support System (DSS), in order to assist
operational forest planning and management at several scales. Since the 1980s, Decision Support
Systems (DSSs) have become popular platforms for transferring knowledge from science into practical
forest management [8], henceforth several DSSs have been specifically designed and developed within
forest communities [9] aiming at modelling and then managing forest ecosystems for several purposes
such as production, protection and recreational functions. DSSs applied to forestry and integrated
with GIS tools include also spatial components, therefore aiming at tackling territorial problems and
involving stakeholders in participatory processes [1]. The GIS tool integration within DSS has led to the
steady development of spatial DSSs (S-DSSs) that represent. valuable tools for helping decision-makers
analyzing complex spatial problems into their components for supporting more efficiently multiple
purpose forest resource planning [10–14]. Since ecological and environmental considerations are
important for individual forest-owners/decision-makers as well for society in its whole, there is an
increasing need to get higher quality information on the spatial structure of forests and to develop
means by which spatial objectives can be explicitly included in forest planning [11]. New technologies
such as UAVs (Unmanned Aerial Vehicle such as drones) and LiDAR (Light Detection And Ranging)
represent new forest stand parameters acquisition tools making it possible to obtain accurate data
over large areas [15]. LiDAR systems, commonly mounted on satellite, airplanes or helicopters,
represent a solid innovation for mapping forest attributes on spatially extensive areas and their use
finds several applications in forest inventory as well as to support decision-making sustainable forest
management processes [16]. For example, some S-DSS have proven a novel application of LiDAR
data to assess wood production under various harvesting options or the integration of a visualization
system with modelling as a new approach to forest management planning and decision-making [17–19].
The application of decision support tools can help to improve the effectiveness of the decisional
process, thus using resources and manage forests efficiently [20] especially when spatial information
is integrated within the system. Some examples of S-DSS include AFFOREST [21], Wildalpen [22],
FOpP [23], Biomasfor [24], and TooFE [25]. As common ground, the majority of these S-DSS has been
developed to tackle site-specific forest management issues such as the need of combining silvicultural
and harvesting operations or carry out regeneration planning in protection forests [26]. However,
it should be noted that these systems are mostly conceived in the shape of software developed for
professional use to be applied to a specific geographic area for which they have been specifically
designed, in addition, few online tools are designed for private and non-professional forest owners in a
user-friendly environment [27]. Web technologies can help building platform-independent distributed
computation facilitating the exchange of complex information [28]. Recent applications of web-GIS
services allow us to overcome limitations in public participation processes enabling public participation
in decisions designing tools that support understanding of environmental issues, develop and evaluate
alternatives projecting the consequences of different courses of action [7]. The need of spatial analysis,
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open-source platform and easy to use web capabilities is growing day by day as such systems are
capable of offering—through a smart Web-based system—a truly integrated geospatial knowledge
archive which can be used directly and freely by any end user [29]. In order to get some understanding
about whether and how open source and web capabilities have been implemented into S-DSS applied
to forestry, in particular for supporting forest management planning [30], we have reviewed current
DSS literature, primarily the works carried out by Packalen [9] and Borges [31]. We found out that
among the 62 DSS-like software systems dealing with forest management (from 23 countries) and
reported within FORSYS Wiki, none of them had all of the following attributes: (i) open-source codes,
(ii) web-based systems, and (iii) geospatial analysis [9]. A detailed metanalysis overview about the 62
Forest DSS systems is provided in the Supplementary Materials Table S1. Some of the most promising
lines of future DSS developments include the use of the web to enable easy access to public data and
enhance the capability of participatory decision-making processes [8]. Recent developments in S-DSSs
occurring in other domains [32–34] are delivering interesting opportunities in land management
and planning by combining open-access WEB-GIS systems and open-source codes. In fact, this
combination provides -through the web- freely access of critical geospatial data to any end-user while
the open-source approach creates strong synergies with new code development, especially those
occurring in other domains. Both these features empower the so-called FAIR (Findable, Accessible,
Interoperable and Reusable) criteria [35]—Guiding Principles for scientific data management and
stewardship craved by the European Union—which in turn enable future reuse of data and models.
A review conducted by McIntosh [36] investigated key success and weak points of several DSSs that
have been developed in the past across several countries and with different focus. The main challenge
highlighted regards the operational adoption of DSS by end-users. The study outlines how, despite the
effort in involving public participation in shaping DSS, most DSS have either not adopted at all or, if
used, only for a short time. In addition, considering the many DSS available for forest management and
planning, we wonder whether the proliferation of many S-DSS systems each one of those adapted to a
specific site is a good way to go. We shall seek for integration and adaptability taking also into account
that the more general a system is intended to be, the more adaptable it must be on the programming
side, because the developers will need to alter, add and remove many features as they encounter new
users in new situations [7]. Thus, in forestry we must seek for S-DSS systems that include the following
features: interoperability, replicability, modularity, web-based and open source.

1.2. Aims

Considering the above framework, the general aim of this paper is to demonstrate that a new type
of DSSs developed over Geospatial Cyber-Infrastructure (GCI) platform can provide a strategic and
flexible web-based operational tool to challenge multifunctional and sustainable forestry knowledge
for planning and management purposes at the landscape level, with a demonstration of potential
deliveries at high spatial detail (e.g., Cadastral ID) and for large spatial extent areas. The forestry tool
reported here (named GIFT tool which stands for “Geospatial Integrated Forest knowledge Tool”) is
a component of a more general multipurpose Geospatial Decision Support System (S-DSS) named
SOILCONSWEB [29], currently in use (www.landconsultingweb.eu) and fully active within the limit
of the administrative boundaries of Telesina Valley (South Italy, Benevento). This system is currently
under further development under the H2020 LANDSUPPORT project (www.landsupport.eu). Here
the Forestry management planning support tool will be described with its main functionalities and
modelling engines. We chose to shape GIFT focusing on forest management planning in order to
comply with the followings: (i) the necessity of safeguarding and maintaining the forest ecosystem
and its functions in the area of study providing a tool that could improve the understanding of
goods and services derived from forests; (ii) the forest owner’s needs of managing forest resources,
providing support to the planning and an assessment of the activities necessary to meet the requested
objectives [30].

www.landconsultingweb.eu
www.landsupport.eu
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Moreover, through a short selection of applicative case studies two main domains of applications
will be demonstrated, namely: (i) the use of LiDAR data to be related to forest productivity (i.e.,
growing stock) as tool for forest management planning, (ii) landslide and soil erosion risk analysis
conducted on the basis of geomorphology and soil data modelling to support forest road network
concessions by the public authority within the Camposauro Regional Park’s protected area.

2. Materials and Methods

2.1. The Study Area

The GIFT forestry tool—applied to a forest area of 5.574 ha (South Italy)—has been designed
to address sustainable forestry knowledge for integrated forest management planning in a complex
landscape, providing operational support to foresters and decision-makers involved in forest planning
at the landscape scale. The study area (Figure 1) is the Telesina Valley (~20,000 ha, 41◦12′59.37” N,
14◦31′33.43” E in southern Apennines, Italy), featuring a cultivated flat area, crossed by the Calore
river and lying between the northern and southern slopes respectively by the Matese mountain
chain and the isolated calcareous Taburno-Camposauro massif. The Telesina Valley represents a
mosaic of different vegetation and land use types, including Mediterranean broadleaf—evergreen
and deciduous—forests, conifer plantations, pasture grasslands, vineyards, olive groves and urban
settlements [37]. The territory has a large forestry landscape (27.7% of the study area) and it is
also known as suitable for the production of high-quality agriculture. The area includes 60 Soil
Typological Units, the main soil types includes Silandic, Melanic, Mollic, Eutrosilic, Vitric Andosols,
Haplic and Vertic Calcisols, Vertic Leptic Cambisol, Haplic Regosol, Vitric Phaeozem, Vitric Luvisol,
Calcic Kastanozem, Vitric Kastanozem, Fluvic Cambisol (IUSS Working Group WRB. 2015). Soil
types are spatially aggregated into 47 Soil Mapping Units. The importance of the study area is
increased due to the fact that Telesina valley hosts three different Sites of Community Importance
(SCIs) under the 92/43/EEC Habitat Directive namely: Camposauro (IT 8020007), Monte Mutria (IT
802009) and the Fiumi Volturno and Calore Beneventano (IT 8010027) and the Massiccio del Matese
Special Protection Area (SPA) (IT 8010026) under the 2009/147/EC. Forests were classified according to
European forest type classes [38], while the definition of main silvicultural system (e.g., high forests or
coppices) derived from field surveys, expert judgement and the published forest management plans
of several municipalities within the Telesina Valley. Eight forest types were selected and analyzed in
the study area, corresponding to different silvicultural systems, including high forest (HF), coppices
(C), and transitional stands produced by the conversion of coppice to high forest (C-HF). Overall,
the thermophilous deciduous forest category covered 72.3% of the total forest land, followed by the
Mountainous beech forest (13.6%) and Broadleaved evergreen forest (6.0%) categories. The plantations
and self-sown exotic forest (5.0%), Floodplain forest (3.2%) categories are also recognized.
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Figure 1. The study area is the Telesina Valley and it’s located in Benevento Province, in Campania
Region, Italy.

2.2. The Geospatial Cyber-Infrastructure

Through SOILCONSWEB the users can interact with digital maps and geospatial data through
an open source web platform, in real time. The GCI platform belonging to the family of Geospatial
Cyber-Infrastructures (GCI), uses free open-source geospatial libraries and programs and can thus
support the acquisition, storage, management and integration of both static (e.g., soil, geology, forest
types distributions) and dynamic data (e.g., daily climate, forest management), data visualization,
and computer on-the-fly applications (such as those enabling simulation modelling). Details on the
functionalities and methodological issues can be found in Terribile [29]. A scheme of the platform
functionalities can be accessed by the dashboard as summarized in Figure 2. In synthesis, there is
a flow of data (e.g., from geo-database) that allows the operation of different server functions (e.g.,
models) which produce several services accessible by the users through the dashboard. The system has
a 3-tier structure in which the data management, the data processing for the applications and the data
presentation are separate processes. Data management tier consists of a database in which the data
are stored and retrieved in such a way as to keep information neutral and independent of application
servers. Processing tier controls the application’s functionality by performing detailed processing data,
and the presentation tier is delegated to displaying the information coming from processing services.
This client-server communication is based on AJAX (Asynchronous Java Script and XML) technology
and most of the data are transferred in JSON format. Graphs and maps are finally presented in the
user interface using YAHOO Charts as a part of the ExtJS library.
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Figure 2. This is a synthetic diagram showing the basic structure of the SOILCONSWEB Geospatial
CyberInfrastructure architecture in is functions and technological components. GUI is an abbreviation
for Graphical User Interface.

2.3. Dataset

The dataset connected to the GC-I forestry Web tool includes geo-referenced data and metadata
from different sources (Table 1). The main types of data include: (i) thematic maps (with related
databases) in form of polygon or grid data related to soil and geology, land uses, forest types, bioclimatic
and biodiversity indexes; (ii) data from specific field survey activities (e.g., soil hydrology, chemical
and physical properties), (iii) simulation modelling (e.g., soil water balances). In order to allow location
queries (run in SQL), before being integrated into the geospatial database, all spatial data, namely
vector and raster layers, were checked for anomalies and, if required (i.e., lower resolution data for
specific application) subjected to up-scaling procedures. Land use maps having different code classes
(see SOILCONSWEB project [29]) were harmonized in order to be comparable and applicable for land
use change analysis over time. Point data, such as those generated from soil sampling campaigns, and
derived data were firstly checked for anomalies (i.e., spatial coordinates, missing data, outlier, etc.)
and then loaded into the geospatial database.
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Table 1. Main databases employed in SOILCONSWEB-GCI for the forestry tool: description of data type and examples of their use/importance in modelling.

Theme
Data: Category and Description Data Used in Forestry Tool

Source Database and
(Spatial/Time) Resolution Type of File Data Parameters

(Obtained by Dataset) Applied Model Example of
Model Outputs

Administrative units Municipalities Polygon Administrative boundaries Area of municipality Clipping spatial data
from database

Environmental data
within administrative
boundaries

Legal restriction to
land use

e.g., Natura 2000; Hydrogeological
restriction, regional forestry plans Polygon Legal boundaries Limit and type of restriction

Regional forestry plans

Presence/absence of
restriction
Regional forestry plan

Forest Surfaces under
restriction and forest
plans

DEM-contour lines 20 × 20 Grid Elevation pixel-based Spatial coordinates, elevation,
height

zonal statistics
Fuzzy landform
segmentation

Estimate soil erosion

DEM-LiDAR 5 × 5 (resampled LiDAR) Grid Elevation pixel-based Mean height

Spatial coordinates,
height, Solar
Radiation SRI, profile
curvature

Geomorphological data,
environmental physical
data (elevation, aspect,
slope)

Climate
Raw data from weather stations of regional
meteorological network; daily and hourly
data; 1 station per 2000 ha

Point Checked data on rainfall, temperature Cumulative rainfall,
max/min/average temperature

Clipping spatial data
from database; zonal
statistic

Soil hydrological
properties

Geology
Geological map/1:100,000

Polygon
Geological units Data description of geological

and geomorphological units

Clipping spatial data
from database

Geomorphological data
within the AOI 2Geomorphological map/1:50,000 Geomorphological units

Hydrogeology map/1:250,000 Hydrogeology units None Hydrogeological data
within the AOI

Soil Soil mapping databases/1:50,000 Polygon Main soil morphological, chemical, physical
parameters

SOM, texture, soil depth,
physical parameters

Clipping spatial data
from database; zonal
statistics

Soil data within the AOI

Land use
Land use map/1:50,000 (1954 Touring, 2001,
2011 new survey SOILCONSWEB); Corine
Land Cover

Polygon Land use classification at several spatial
scales

Land use mapping units

Comparison between
matrices of data

Land use maps

Erosion (RUSLE) Estimate of soil erosion(CLC, EEA, 2010)

Forestry-LIDAR
High-pulse-density (5 points m−2) LiDAR
over 20,000 ha, Telesina Valley calibrated
with field measurements

Grid Maps of 5 echoes Height of forest stands

LRM; C stock;
growing stock;
above-ground
biomass

Maps of quantified
stands parameters

Forest road network Forestry road network map Lines Forestry road network map by photo
interpretation 1

Forest road network
classification None Forest road network

within the AOI

Forestry

Map of forest type (CLC classes), European
forest type classes (EEA, 2007), INFC2005 2

and field surveys (sylvicultural systems e.g.,
high forest, coppices, transitional systems)

Polygon
Landscape classified according to forest
typologies. Silvicultural systems and
dendrometric characteristics derived from
permanent plots for selected forest types

Mapping units (zones) Clipping spatial data
from database

Data and parameters
related to forest
typologies within the AOI

Forestry map (1:5000)

Abbr. 1 After Valentini S., 2013; 2 National Inventory of Forests and Forest Carbon pools. 3 AOI stands for Area of Interest and it is defined by the end-user.
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2.4. LiDAR Data

Currently, Airborne Laser Scanner technology represents one of the most promising and effective
innovation for a wide range of forestry applications, in particular, it allows a valuable estimation
of above-ground biomass [16,39]. Within SOILCONSWEB activities, discrete-return aerial LiDAR
data, collected during 2011 leaf-off condition were used to distinguish forest stand parameters and
structural diversity in the study area. A detailed methodological overview of the adopted procedures
for LiDAR-derived vegetation indexes computation as well as non-parametric bootstrap resampling
methods [40] used to validate the regression models of LiDAR metrics vs. field data can be found in
Teobaldelli [37].

3. Results

The forestry tool developed in the framework of the GCI was firstly designed as an informative
decision-making process to share relevant knowledge related to the forest resources between the
main stakeholders and therefore, as envisaged by the forestry laws of the Campania Region (Italy), to
support future forest management activities within the study area.

3.1. Dashboard and Basic Functions

The SOILCONSWEB S-DSS dashboard was the result of multiple interactions between expert,
end-users and stakeholders (e.g., forestry, regional policymakers, private forest owners) who requested
the incorporation of thematic facilities that could be strategic for forest knowledge and forest
management planning. After long public concertation, this iterative feedback-driven methodology
led to the development of a GUI (Graphical User Interface) that could meet the needs of the multiple
S-DSS users within different fields (agriculture, forestry, land planning, etc.). Its main final structure
included graphical tools and procedures to combine—on-the-fly—analysis and visualization of spatial
data and subsequent production of maps and tables.

Basically, dashboard consists of five sections (Figure 3):

(i) a dedicated area where user’s queries are recorded;
(ii) web GIS facilities which enable the user to navigate through spatial data layers, make queries,

carry out spatial statistics and other requests;
(iii) drawing/selection of the area of interest (AOI);
(iv) dashboards for the Geospatial forestry tool.

Since offices of the Campania Region located nearby the study area were among the main
stakeholders of the dashboard and considering that in some cases, due to funding and legal restrictions,
they cannot easily access desktop GIS facilities, a specific module (point (ii) as given above) was
designed to allow public access to territorial information at several scales and freely make queries on
the geo-database, as for instance displaying changes on land use occurred from 1950 on a selected
forest area. The users (e.g., forest manager) could, for example, select pre-build AOI (above-mentioned
point (iii)) within a region of interest according to their specific needs (e.g., areas to be harvested
according to forest plans criteria) and therefore launch the application (the possibility of selecting
specific Cadastral ID number is also given). The system allows the creation and editing/deleting of
one or more polygons (that can also be moved or resized within the project area); once drawn, the
AOI represents key data stored in a database and linked to the user that can therefore decide to store
them in a personal hidden space or made public for general use. The forestry tool core can be found
in the application dashboard and it addresses forestry management planning tasks to be performed
according to end-users’ necessities.

The contribution to forest management given by GIFT is based on LiDAR-derived information
that has been combined, by forest practitioners, with expert-based knowledge of the forest resources
and regulation application, aimed at orienting the future evolution of the resource taking into account
the owner’s necessities.
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Figure 3. The dashboard in brief: the user can navigate through the platform and explore the five
different sections (in red).

To separate the main domain of forestry interest, the forestry tool dashboard has a hierarchical
structure with three main categories chosen on the basis of multiple interactions with stakeholders:

• Forest management planning for basic knowledge: it includes applications for the description
of the forest area chosen by the end user. The user selects a forest area (i.e., draws the AOI
boundaries) and gets from the system a report (i.e., a real time automatically generated.pdf file)
describing the main geological, climate, soil and land use features of it together with a description
of the main forest typologies and stand structure features and other LiDAR-derived information
regarding the soil morphology (plan and profile curvature).

• Forest management planning for forest productivity: specific contribution referring to forest
management applications by means of classical approaches: (i) in field and LiDAR-derived
dendrometric measurements; (ii). the prevailing functions and the relative priority planning
designation (protective, naturalistic, productive, free evolution); (iii) the ecosystem services
(supply, regulation, support and cultural); iv) the sustainable forest management guidelines that
refer to the type of management towards which it would be appropriate to address the typological
unit. There will not be any consideration to management issues related to forest disturbances
like wildfire, avalanches, pest control. The tool has been so far conceived in a simplified shape
as to provide an easy and preliminary support to end-user to be guided in the fulfilment of the
management plans requests by regional laws. Most applications in forestry tool apply statistical
models for the production of reports (mean, max, min, standard deviation, etc.), and spatial
processing routines to calculate main parameters over time within specific AOI (i.e., potential
solar radiation, LiDAR-derived vegetation indexes).

• Forest management planning for soil protection: GIFT includes a specific module on soil protection
as requested by the competent authority and forest private owners.

In order to describe our physically based and empirical models we aggregated them into a
modular scheme named modelling cluster (MC). The employed modelling clusters available in the
forestry tool are described below and reported in Table 2.
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Table 2. Main models employed in SOILCONSWEB-GCI for the forestry tool: description of modelling cluster and examples of their use/importance.

Modelling Cluster Application Main Functionalities Required Activity Examples of Input Parameters Examples of Output in the S-DSS
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(MC1) Basic
forestry data

Providing basic forest data
based on:

(i)
orthophoto interpretation,

(ii) image classification,
(iii) sampling plots with

extensive data collection

Clip of data on the base of AOI
and basic spatial statistics; GIS
capabilities for calculation of
environmental parameters
(physical parameters)

Raster, vector and tabled data related to soil type,
elevation, land use, geology, administrative units, forest
typologies, solar radiation index, profile and plan
curvatures

Raster maps (provided with
dynamic legends appropriate to
the AOI dimension) depicting the
main descriptive parameters to
support forest basic knowledge at
stand and landscape scale

Fo
re

st
pr

od
uc

ti
on (MC2) Support

to forest
resources
management

Mapping indexes related to
main dendrometic parameters
at stand scale (LiDAR-derived
metrics)

Writing new codes: (i) applying
linear regression model to
retrieve LiDAR-derived
indexes (non-parametric
bootstrap resampling method
used to validate the regression
models of LiDAR metrics vs
field data), (ii) clip of data on
the base of AOI and basic
spatial statistics; (iii) forest
practitioner’s expert-based
data interpretation and
management guidelines

Forestry expert-based report containing indications of
management practices according to harvesting plans
requirements by regional regulation

PDF report containing info on
forest types, main silvicultural
parameters and forest expert-based
indication for forest management

Descriptive
stand structure
statistics
(LiDAR metrics
field data
calibration)

Canopy cover
(%) Raster map

Mean forest
stand height (m) Raster map

Growing stock
volume of stem
and branches
(m3/ha)

Raster map

Total
above-ground
biomass (kg/ha)

Raster map

So
il

pr
ot

ec
ti

on

(MC3)
Soil erosion:
RUSLE

Interactive real time RUSLE Rate of soil erosion Land cover type, data from soil database, type of
anti-erosion management

Raster maps of potential and
interactive soil erosion

(MC3)
Soil stability
-landslide risk

Mapping landslide risk
through combined
geomorphological and
pedological modelling

Geomorphometric analysis and
soil database processing Vector data of landslide crowns and of andic soil type

Vector maps (provided with
dynamic legends appropriate to
the AOI dimension) depicting the
landslide risk assessment
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The original Italian version of the dashboard has a slightly different labelling with a dichotomic
distinction between planning and management (Figure 3) because this classification was requested by
forest practitioners according to the Campania regional forest law.

3.1.1. MC1—Reporting Forestry Key Parameters for Basic Forest Knowledge

This module incorporates basic procedures used for the basic knowledge of forest resources
within the area of study. It consists of two main procedures: (i) spatial statistics within the AOI on
either/both vector and raster base; (ii) report making (exportable.pdf file) containing statistics and other
information in table format. PostGis functionalities enable to define the analysis of the raster or vector
layers stored in the geo-database in relation with the operation chosen by the user. The production of
automatic PDF-report incorporates data from spatial layers relevant for forest management planning.
Among them: landscape features (e.g., digital elevation model, geology and soil and forest types maps,
etc.) and average climatic features (e.g., precipitation, temperature and solar radiation maps). The
module operates by: (i) “clipping” the layers using the AOI as forest area; (ii) calculating pixel-based
zonal statistics (min, mean, max); (iii) building the.pdf file in tabular format by reporting data thanks to
the free PDF generator (FPDF). Additional routines are applied in order to include useful information
in the report such as pictures of soil profiles corresponding to soil types typically spatially associated
with the AOI. Soil and climate input data stored in the geo-database are “picked up” by automatic
routines allowing the application of the model throughout the study area. Climate data in the DSS can
be accessed through the territorial themes.

3.1.2. MC2—LiDAR Models and Vegetation Indexes Spatialization within Forest Areas at Landscape
Scale

According to expert-based evaluation, eight forest typologies, overall representing ~98.3% of the
entire forested area of the Telesina Valley, were identified by photo-interpretation of digital orthophotos
(more details in Teobaldelli [37]); main dendrometric parameters (diameter at breast height, mean
height, basal area), obtained within 26 georeferenced plot areas from ground field surveys, were
used to estimate growing stock volume and merchantable and total above-ground biomass through
allometric equations [41]. Eight linear models were used to predict better estimation of several
dendrometric parameters including mean stand height (Hm), growing stock volume (V) and total
above-ground biomass (AGB), as a function of several LiDAR metrics (estimated using the FUSION
software; [37]) within the 26 georeferenced plot sampling areas. The linear equation model provided
the best estimation for the selected dendrometric parameters (more detail in [37]. On the basis of the
data obtained, all the information was spatialized on all the 8 forest typologies (5477.55 ha) of the
study area and, finally, maps were created and exported as raster data. The module outputs consist
in the production of graphs and maps related respectively to canopy cover (%), mean stand height
(m), growing stock volume of stem and branches (m3 ha-1), total above-ground dry biomass (kg ha-1)
within the specific AOI defined by the user.

3.1.3. MC3—Soil Protection

This module provides some basic knowledge about soil protection in forest ecosystems. It consists
of two main assessments: (i) potential soil erosion; (ii) potential landslide initiation. The importance of
these modelling clusters refers to the evidence that forest soils of the area (mainly Silandic, Mollic,
Eutrosilic Andosols, and Vitric Phaeozem) have a generally high silt content (above 60%), high
vertical physical soil horizon discontinuities, very high-water retention, low adhesion towards the
bedrock, high thixotropy. All above features make these soils extremely fertile and very prone towards
erosion and fast mud flows/debris flows [42–45]. This condition is worsened when soil continuity is
interrupted [46] by roads, cliffs and forest tracks due to forest operations. Thus, this module enables
users to navigate between forest cover, forest management (e.g., tracks) soil erosion and fast mudflows.
Once the user selects or creates an AOI the soil erosion module can calculate the potential soil erosion
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after the RUSLE approach [47] thus combining the following factors: rainfall-runoff erosivity, soil
erodibility, slope length, slope steepness, cover-management and support practice. The model includes
a “what if” approach; for instance, the user can evaluate—in real time—how far potential soil erosion
can be reduced after adopting new cover (canopy density). In the case of the landslide tool, the user
can access the system to know the selected forest AOI and the specific connection between soil type
and landform with an estimate of the mudflow risk classification.

3.2. Case Studies

The forestry tool developed within SOILCONSWEB was applied to an inland area of the southern
Apennines which was highly representative of land use and forest types. The aim was to support
management planning activities carried by forest owners. This support started with a preliminary
recognitive analysis of forest resources through the identification of the main forest types, past
and current management and silvicultural system according to forest plans, mapping of the main
dendrometric parameters, display of the above-mentioned information and creation of reports. The final
product for the user was represented by raster/vector maps, tables and summaries in technical sheets
including the description of the station (soil, slope, exposure), forest types, presence of eventual sites
of community interest, suggested management techniques (i.e., silvicultural system) defined within
the areas of interest chose by the end-user. From an operational point of view, we chose to divide the
cases of application into three domains, all part of forest management planning: basic knowledge of
forest resources, management planning for forest production and management planning for integrated
soil protection. We consider GIFT a full functional management planning tool providing forest experts
with support during planning processes. Figure 4 depicts the various steps the user had to follow to
obtain the desired output information.

Figure 4. The flow chart of the GIFT tool for supporting integrated forest knowledge at the landscape scale.
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3.2.1. Case 1: Support to Management Planning for Basic Forest Knowledge

Regional forest planning in Campania Region, Italy [48] (named from now on RR) is divided into
the following planning levels: a. General- General Forestry Plan; b. Executive- Forestry Planning
Executive Document; c. local- including the Territorial Forestry Plan (PFT) and the Forest Management
Plans (PGF). The here proposed GIFT tool has the full potential of providing support both to forest
planners, as it offers fact-finding survey of the forest resources, and to private forest owners in the
cutting series plan. The General Forestry Plan actualization is formalized by Forest Management
Plans [49]. Private forest owners who typically want to cut a specific forest parcel/lot must submit an
authorization request or a communication to the Mountain Community (Mc, Provincial Administration
(PrA), Metropolitan City (MeC) where the lot to be cut falls, using one of the models [48] as appropriate.
For both these applications, the forestry tool can be used for collecting basic forest data within a
specific AOI.

Indeed, the proposed procedure can be employed by end-users who are interested in:

(i) getting information, that are typically not easily available, related to forest types and quantitative
stand attributes of a specific AOI, with the purpose of providing additional information for
assisting planning phase of the chosen forest area. Of course, more detailed and complete
information at stand scales regarding stand density, tree height and diameter distribution and
average stand age must be performed with field surveys. The above-mentioned tasks are
performed by applying the MC1 routine;

(ii) having a support for identification of higher growing stock areas;
(iii) evaluate whether some key environmental factors could ease forest operations. More specifically,

a user can “explore” her/his AOI (Figure 5) by evaluating some environmental factors (DTM,
profile curvature, soil, and forest types) that might facilitate the study of forest areas and its main
silvicultural and environmental features.

3.2.2. Case 2: Support to Management Planning for Forest Productivity

This procedure can be employed mainly by private forest owners who aim at optimizing forest
resources by performing cutting series plan for (Attachment 14—art. 30 c 1 letters a-b authorization for
cuts in the absence of a Forest Management Plan—for public subjects; Attachment 15—art. 30 letter a,
communication cuts in absence of a Forest Management Plan—private subjects).

It is stated by RR [48] that in order to harvest:

(i) coppices (with reserves, mixed or selection) with total surfaces greater than or equal to 2 hectares
and less than 10 hectares, in the absence of a Forest Management Plan;

(ii) high forests and coppices in conversion to high forests for a total area greater than or equal to 0.5
hectares and less than 10 hectares, in the absence of a Forest Management Plan

It is compulsory, for the private forest owner, to obtain a prior harvesting authorization issued by
the territorially competent delegated body (Mc, PrA, MeC). These bodies will retrieve the authorizations
from the Single Desk for Forest Activities (named S.U.A.F., in Italian Sportello Unico per le Attività
Forestali).
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Figure 5. Results from three simulations of the GIFT tool. Three identical areas of interest (AOI) have
been generated according to the forest stand information the user was interested to get (canopy cover
or growing stock volume). Accordingly, a technical report has been created with information of the
AOI. The original information is in Italian (here translated manually in English) since the platform has
been designed for Italian forest owner use.
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For the above-referred purposes, the owner, or other legitimately authorized person, must present
a specific request in order to get a cutting authorization [50]. The request consists in a report that must
contain the following information regarding: cadastral data of the forest area, total area to be harvested,
classification of the territorial context in which the forest falls with the specification of any restrictions
(whether present), main dendrometric parameters of the stand, etc. The entire required information
that must be contained in the report according to the regional forestry law and the parameters that can
be provided by the GIFT tool is available in Table S2 of Supplementary Materials.

The majority of the pre-listed information requested by forest regional regulation can be derived
from the forestry tool (Figures 4 and 5b) by using MC2, i.e., can plan sylvicultural treatments
and harvesting operations evaluating breast height (1.3 m) tree diameter and height distribution,
growing stock and above-ground biomass within different AOIs. This allows also to identify the
best areas to actively manage to take a look at the areas having higher biomass indexes, better soil
conditions and easy-to-access forest road network. The user can draw the AOI and immediately get
the above-mentioned information and biomass data, and as the MC2 application can be repeated
elsewhere in the study area (i.e., Telesina Valley) therefore obtaining several scenario analyses with,
potentially a large spatial variability of the predominant environmental factors (e.g., soil properties,
forest typologies, altitude, exposition, etc.). Even through an aggregated and simplified approach, the
forestry DSS tool makes it capable to adapt to several purposes.

3.2.3. Case 3: Support to Management Planning for Soil Protection and Forest Road Evaluation

Having a tool that can inform decision-makers (Regional Forestry Office, Mc, PrA, etc.) of areas
that are potentially at risk of landslides is crucial for issuing authorization procedures for forest
management. These areas should be managed with special care when either silvicultural management
must be performed or adjustments/opening/widening of forest roads network must be made. Indeed,
the woods extraction must, by regulation, take place on existing roads, ducts and canals, avoiding
rolling and logging on recently cut patches or in regeneration patches. According to the regional forest
regulation and, similar to the areas subject to hydrogeological constraint, the opening of forest roads
and forest tracks for logging operations is subject to prior authorization, to be requested together with
the authorization for forest cutting. If an AOI falls within landslide vulnerable zones, the protective
function with relative management could be assigned to that forest area, according to the regional
forest regulation. It has been proved that forest tracks are in some cases correlated to landslide
occurrences [46]. According to the regional forest regulation [48] the opening of roads and forest tracks
for the extraction of timber is subject to prior authorization. We hypothesized that if a private forest
owner’s needs to cut a patch of coppice and open new forest roads, before submitting the relative
authorization to Campania Region Forest officers, might perform a preliminarily self-assessment of the
area using the MC3 of the forestry DSS tool as shown in Figure 6. By doing so, it would be possible for
the private forest owner to check the susceptibility of the AOI to be managed and therefore, according
to the results obtained, provide extra elements to the documentations that will be finally subjected to
the authorization of the public authority.
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Figure 6. Results from two simulations produced with the GIFT tool. Two identical AOI have been
generated and defined as areas to be managed. The tool is capable of identifying potentially risky areas
according to the soil and geomorphologic types. This information can be used by private forest to
obtain prior authorization for forest management.

4. Discussion

In this paper, we present the product, developed within the SOILCONSWEB Life project, named
GIFT tool that has been conceived as a Geospatial decision support system tool for supporting
Integrated Forest knowledge at the landscape scale. This tool was the result of a bottom-up consultation
process that involved researchers and stakeholders in the field of forestry who were asking for an
easy-to-use, friendly and open-access geospatial web-based decision system to support forest resources
knowledge in a holistic and integrated way. Through this GCI we attempted to build a prototype that
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might represent a new way ahead for providing a multi-user and multiscale forest tool ranging from
single forest parcel to district (13 municipalities) level.

4.1. Future Prospects

GIFT represents an attempt of sharing knowledge in the framework of functional although in a
simplistic way, when data availability in the forestry sector and regional regulation hardly convey into
forest management planning. Given the need for an operational tool to be operational, here we try to
summarize some of the main achievements that might help to shape future forest S-DSS development.

Among the positive acknowledgments we name:

• The multifunctional approach as push into wood market; We know that forests are part of an
integrated and much wider sustainable framework. Indeed, forestry is connected to other land
uses: accordingly, this can be turned into practice by end-users (e.g., forest owner) by querying
information regarding main soil threats or land use changes over a desired time-lapse within the
AOIs. The forestry tool here developed contains also an innovation giving special emphasis on
applied soil knowledge. The forest knowledge could potentially, even if indirectly, help wood
products market development in Campania Region. In fact, farmers/private forest owners believe
that obtaining easy to interpret data of forest productivity (biomass) for a specific AOI might
awaken the knowledge of the available forest resources of their territory, making it possible to
affect especially the price of firewood in the area;

• The simplicity behind a bottom-up product. The system allows forest owners/forest technicians to
draw their own forest area and get information strictly dedicated to their specific territory. Such a
simple query was perceived as an innovative tool to get quick and easy to ready information of
forest areas of interest; The feedback given by end stakeholders, through face-to-face meetings
and interviews, have been fundamental for the development and management of this platform;

• WOG (web, open, geospatial). In a more general theme, the key and crucial aspect of this paper
refer to the importance of using free, open-source geospatial libraries and programs allowing the
potential involvement of a large community of developers, including the processing of data/models
from different sources and formats;

• Soil supports forest planning according to silvicultural types; The GIFT tool represents a first
attempt of supporting forest planning in a Region of the southern Apennines where coppice
stands mainly occupy slopes and cover 42% of the forest surface [51]. Their periodical cuttings
(on average every 14–18 years) imply environmental impacts at local and landscape scales. As
stressed in MC3—Soil application section, superimposed allochthonous soils from volcanic origin
are widespread in the Campania Region.

4.2. The Innovation of GIFT in the Framework of Forest S-DSS

The SoilConsWeb, under which GIFT has been developed, is a complex GCI, as depicted in
Figure 2, whose main features are (i) the use of open source technologies aimed at building (ii) a freely
available web application enabling (iii) geospatial analysis possibly (iv) on the fly.

It this sense, GIFT takes its shape in the framework of landscape management, altogether
with other land uses tools with which it is intimately linked (e.g., Digital Soil Mapping (DSM) and
soil-plant-atmosphere engines (SPA) DSM information and SPA models are interconnected between
the different land-uses).

There is a major cost in the initial design and the further implementation of such a platform, but
here we want to highlight the possibilities that such system can offer when compared to the more
traditional Forest DSSs.

The majority of the already developed forest DSS consists of standalones systems with a closed
source software [9,31] to be installed on local computers, designed for individual or specific use.
In many cases, the user has to deal with issues related to the installation process—including the
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operative system requirements and the installation of prerequisites—and to further maintenance,
such as updates of the operative system hosting the DSS software or the update of the DSS software
itself. On the other hand, when web-based systems are available these are eventually not covering
geospatial analysis.

The SoilConsWeb platform is maintained in a centralized way: software components can be easily
updated (in particular those thirds parties open source components, such as GeoServer), the hardware
can be upgraded to raise physical resources and navigation performance and compatibility issues can
be fixed without leaning on the end user contribution.

The GCI platforms, like GIFT, compared to more traditional forest DSS are more adaptable to be
transferred to larger areas moving towards its application on a landscape scale turning appealing also
in terms of cost reduction. The GCI is flexible enough that a new tool can be easily added to the toolbox.
Indeed, this operation is simple both on server side (to be performed by the administrator) as well as
on the client side where only a quick web page refresh is required. This last facilitation was useful
during the interaction with stakeholders which led to the frequent modifications of existing tools or
creation of new ones. The platform can be navigated also by smart devices (phones and tablets) that
have access to the internet connection, and this enhance the portability of the tools even in the case a
login is required. One disadvantage might be the web browser compatibility, but the most widespread
browsers are fully compatible, such as Mozilla Firefox and Google Chrome. Another limitation is the
internet connection: without connection or in case of low bandwidth, there is no chance to properly
use the DSS.

4.3. Limitations of the GCI and Further Development

Some major and challenging problems have been identified during the building process of the
GCI and these should as well lead further development of the GIFT tool and of forest S-DSS in general.

First of all, no forest models for simulating silvicultural practices have been yet developed
or applied within the GIFT, nevertheless further developments are required and crucial for such
CyberInfrastructure. Indeed, according to the experience gained within SOILCONSWEB projects, a
framework has been established in a new follow-up platform to be built under the LANDSUPPORT
project funded by the European Union’s Horizon 2020 Framework Program for Research and Innovation
(H2020-RUR-2017-2). Simulated silvicultural treatments through process-based models (PBMs) will be
performed at local and regional level, taking into account forest structure complexity and soil properties
in integrated Forest Ecosystem Models (FEMs). The 3D-CMCC-FEM model [52] will be implemented
in LANDSUPPORT and will investigate different forest management option according to climatic
scenarios including biomass pools and their partitioning, for complex multi-layer forests [52–54].

Due to lack of homogeneous and detailed information, no socio-economic data was taken into
account to estimate, measure and test the potential impact that the tool could have within the study
area. We would strongly recommend integrating economic information in S-DSS and similar forestry
tools to give it a solid economic dimension for encouraging an active management of the forest resource.
In this case, an interesting approach can be found in a novel Spatially-based Economic Model tools for
estimation of the harvesting cost of logging [55].

We must further stress that data availability and upgrade are crucial for a robust assessment of the
parameters of interest (especially biomass). Nevertheless, field and LiDAR-derived data of the forest
areas actually displaced on the platform refer to 2011 measurements and have not been refreshed or
updated ever since.

Despite many forest DSS also process time-series data such as meteorological variables [56]
and others [57–60] have been developed having as main focus the effects of different climate change
scenarios on CO2 assimilation or on forest disturbances such as the growing risk of drought, forest fire,
wind damages and bark beetle outbreaks [20,61–64] this DSS does not take these issues into account
because within the study area they were not expressly demanded by stakeholders.
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The users cannot upload his/her own data (ktm files, dendrometric surveys) into the forestry tool
to customize their AOI.

The Regional Forest Office of Campania Region, stakeholder of the project, does not possess
a Forest Territorial Information System and this absence weakens the web geospatial DSS and the
forestry tool. We believe that a technical connection between the two systems could be possible and
could enhance forest resources management and data harmonization at a regional level. Application
over larger areas would be fundamental to support forest regional planning.

Sensing implementation: using proximal sensing could allow a climate change scenario trend
analysis, but reliable daily climate data collected by the Region at suitable scales are absent. A further
investment on data obtained on further LiDAR flights it would be useful.

Application at larger extent areas than the present work is highly desirable to support forest
planning at district and regional scales. In order to face this challenge it would be crucial to address: (i)
more investments to be performed by the public authority on data assimilation by means of LiDAR on
the whole region; (ii) a proper and formalized reliability/quality of the input data and the resolution of
the information provided at a large spatial scale; (iii) the need of high-performance computing systems
to process in real time large amounts of data.

At last, we must stress that the potential deliveries of the forest tool are very fragile if good
maintenance of the system components is not guaranteed.

5. Conclusions

Getting access to forestry, agriculture, environment, and urban planning data is nowadays
of undiscussed importance for they are the starting point to support best decisions/practices for
management issues. Overall, we think that in the domain of S-DSS, many of these systems can fail
in their mission and these failures are often related to the development of many complex systems
which are both difficult to operate and difficult to modify [65]. DSS may be designed for a particular
problem, supporting a specific decision process or just a decision-making phase or they may be general
and adaptive to fit a range of decision problems and processes [7]. Beyond the different procedural
approaches to decision-making, it is obvious that a single decision support tool will not be sufficient
to cover all needs of all decision-makers and stakeholders [59]. Nevertheless, we strongly suggest
that producing many forest S-DSS systems each one adapted to a specific site it is not a good solution.
Since there is an increasing demand for the development of land use planning concertation tools, we
believe that the development of operational open-source and multipurpose S-DSS tools for end-users
(farmers, forest owners, policymakers) can help address the complexity of the landscape in starting
from an easy-to-handle tool capable of providing stakeholders with an immediate and effective basic
knowledge of the territory they live in and its resources. Indeed, spatial analysis and open-source
platform make it possible to stakeholders to be engaged in the decision-making processes and being no
longer exclusive to GIS experts. For this reason, our platform has also been designed to encourage the
use by multiuser community (from farmers, forestry owners to public bodies like policymakers). Such
a platform is consistent with the FAIR criteria and has full potential of interoperability and replicability
enabling to address large spatial extent areas through the GCI platform itself. In most cases, data are
not accessible but through an integrated S-DSS GCI it is indeed possible to reconcile sustainable forest
planning with multifunctional landscape forest productivity (expected management). As previously
stated, Campania Region does not have an easy-accessible forest web-GIS platform (Regional Forest
Geographical Information System), making it difficult for end-users to access forest information of any
sort. Strategic planning [66] might also benefit of this open-access forestry tool. We must conclude
that the system can help overcoming current disciplinary fragmentation over landscape issues and
integrate forestry in the landscape mosaic it belongs to, especially in inland mountain areas where
economic progress in southern Apennines is still weak [67] helping to maintain forest ecosystem
functions in the area of study [68]. We proposed a new way ahead through a smart Web-based system
integrating geospatial knowledge archive to be used directly and freely by any end-user. This platform
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can benefit of modelling chains elsewhere developed and know-hows coming from other domains for
this contamination and modularization vision can help narrowing the distances that MacIntosh et al.
(2011) stated has long divided scientists and academia from end users and their concrete issues.

Supplementary Materials: The following are available online at http://www.mdpi.com/1999-4907/10/8/690/s1.
Table S1: Functionalities of the FORSYS wiki software (adapt Packalen et al., 2013) and ForestDSS Wiki (last access
on 27 July 2019); Table S2: Main information that must be contained in the report that the forest owner must
provide to the competent authority according to the regional forest law and the related items that the S-DSS can
provide him/her with.
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