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Forest damages after Vaia windstorm in North-East Italy.
Source: © Nordavind, wikimedia - CC BY-SA.
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1 Rationale and aim

European forests provide a set of fundamental services that contribute to climate mitigation and human well-
being. At the same time, forests are vulnerable systems because the long life-span of trees limits their ability
to rapidly adapt to drastic environmental changes. Natural disturbances - large pulses of tree mortality that
originate from climate-related abiotic and biotic agents such as fires, strong winds or insect and disease
outbreaks - are drivers of many ecological processes and can impact the provision of forest services and
products, particularly if they are exacerbated by climate change (Forzieri et al. 2020). Strong winds may uproot
and break trees and represent a major natural disturbance for European forests. More than 50% of all recorded
forest damages are caused by windstorms (Gardiner et al. 2013). Wind disturbances have intensified over the
last decades globally and are expected to further rise in view of the effects of climate change (Seidl et al.
2017).

Despite the impact of winds, spatially detailed reference records of such disturbances are, traditionally, hard
to find, including in Europe. This hampers the research into changing abiotic disturbance regimes on several
fronts; reference data are critical to better use Earth Observation for detecting and monitoring wind
disturbances, or for incorporating these phenomena in Earth system models, for example. To address this, the
Database of wind disturbances in European forests FORWIND (Forzieri et al. 2020) was created to
collect and make available spatially explicit records of windthrow events in European forests.

FORWIND is a joint and voluntary effort among scientists to share and harmonize their geospatial
observations of wind disturbances in European forests. As of August 2023, scientists from 13 different
countries have contributed their data to the FORWIND database. The collection currently comprises more than
80 000 spatially delineated areas in Europe and European Russia that were disturbed by wind in the period
2000-2018. They are described in a harmonized and consistent geographical vector format. The database
includes all major windstorms that occurred over the observational period (e.g. Gudrun, Kyrill, Klaus, Xynthia
and Vaia) and represents approximately 30% of the reported damaging wind events in Europe. Correlation
analyses between the areas in FORWIND and land cover changes retrieved from the Landsat-based Global
Forest Change dataset and the MODIS Global Disturbance Index corroborate the robustness of FORWIND. The
FORWIND dataset is publicly available to download in a shapefile format.

FORWIND is coordinated by the the JRC!, who maintains the database, assists data contributors, and ensures
that new data contributions are integrated into future versions of the FORWIND database.

The FORWIND community welcomes and encourages new data contributions, and this protocol serves as
guidance for those interested in contributing wind disturbance data to the FORWIND initiative. Any further
questions and expressions of interest can be addressed to JRC-DEFID2®ec.europa.eu as the JRC offers
technical assistance to help data providers with data restructuring, reformatting, or harmonization.

Alongside FORWIND, the JRC also maintains the DEFID2 database (Forzieri et al. 2023). DEFID2 collects and
makes available spatially explicit records of insect and disease outbreaks in European forests. Like FORWIND,
DEFID2 is a voluntary effort among scientists to share and harmonize their geospatial observations of forest
disturbances in Europe.

2 Protocol for data contribution

In the following lines, we described the FORWIND common protocol that data providers are encouraged to
follow in order to assure consistency across the database. To facilitate this, the JRC offers technical
assistance to help data providers with data restructuring, reformatting, or harmonization.

e Contact point. Questions and data can be sent to JRC-DEFID2®ec.europa.eu.

e Contents and acquisition methods. The protocol covers information on the windstorms and the
spatial extents of the forest areas affected by wind disturbance. The disturbed areas can be derived

1 The JRC conducts research on a range of forest-related topics (https://forestjrc.eceuropa.eu/en/) and is currently
developing the EU Observatory on Deforestation, Forest Degradation, Changes in Forest Cover and Associated Drivers, as
part of EU actions to protect and restore the world’s forests. Its contribution to FORWIND fits in the Observatory’s
commitment to develop Earth-Observation-based monitoring tools for forests (COM/2021/572 final).
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from ground surveys, visual interpretation of aerial and satellite imagery or some form of automatic
classification algorithms of remote sensing data.

Spatial and temporal coverage: records of interests are those that occurred within geographic
Europe, European Russia, Northern Africa and Middle East from the year 2000 onward.

Geographical format. Each record of wind disturbance should be represented as a polygon feature
in a GIS-compatible vector format such as shapefile (.shp), GeoJSON (json), KML, GML, Geopackage
(.gpkg), etc. The spatial reference system should be preferably in geographical coordinates, i.e. latitude
and longitude, in WGS84 (EPSG:4326). Other systems are accepted if information about the used
spatial reference are provided (preferably an EPSG code). The geometry of the features should outline
the forest areas damaged by a windstorm. For each feature, information about the disturbance should
be provided in the attributes of the polygon using specific fields and data formats (see Table 1). In
case data are provided in raster format (e.g., output of classification of remote sensing data), the JRC
will transform the data into vector format using conventional segmentation tools.

Descriptive attributes. Each polygon has a list of descriptive attributes (see Table 1). In summary,
forest polygons delineating a windthrow event record information about the provider, the data, and
the event. The damage degree describes the fraction of trees inside the polygon that were damaged
by the windthrow events expressed in 5 classes.

Future releases of FORWIND will include, for each record, the name and contact details of the data
providers, if they wish to share these.

Table 1. List descriptive attributes. The short field names are there to accommodate those who wish to contribute data

in the form of ESRI’s shapefiles, which do not allow for field names with more than 10 characters.

Field name Short Description Field Values and formats
field name Type
country COUNTRY Country where the event String Country name
occurred
data_provider PROVIDER Data provider(s) String Namel Surnamel, Name2 Surname2,
responsible for the data
email EMAIL Contact email(s) String emaill, email2, ...
affiliation AFFILIAT Affiliation(s) of data String Name and address of university,
provider(s) research institute, or agency
source SOURCE Original source of the String e.g. website of the institution, paper
data published, geoportal, etc.
survey_methodl METHOD1 Acquisition method String <Null> = No Data
Aerial photointerpretation
Satellite photointerpretation
Remote sensing classification
Field surveys
survey_method2 METHODZ2 Second acquisition String <Null> = No Data
method (optional) Aerial photointerpretation
Satellite photointerpretation
Remote sensing classification
Field surveys
event_date EVENTDATE Date of the windthrow Date YYYY-MM-DD
event
storm_name STORMNAME Storm name (if any) String <Null> = No Data
e.g. Gudrun, Kyrill, Vaia, etc.
event_type EVENTTYPE Type of event String e.g. windstorm, tornado, etc.
damaged_species DAMAGED_SP | List of damaged species String Scientific names separated by
commas (e.g.: Picea abies, Betula
pendula)
damage_degree DAMAGE_DEG | Fraction of trees String <Null> = No Data
damaged by the Marginally damaged < 20%
windthrow event Moderately damaged 20% - 40%
Substantially damaged 40% - 60%
Highly damaged 60% - 80%
Totally damaged > 80%




Field name Short Description Field Values and formats
field name Type
damage_type DAMAGE_TYP | Primary type of tree String <Null> = No Data
damage Uprooting
Broken trunks
Twisted/bent trunks
Crown damages
silvicultural_system FM_SILVITY Type of silvicultural Text <Null> = No Data
system of the damaged Clear cut
forest stand Shelterwood
Selective logging
None
sanitary_intervention | FM_SANITY Type of sanitary Text <Null> = No Data
intervention Clear cut

Selective logging
None
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