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Abstract 
The ENETWILD consortium (www.enetwild.com) aims at defining the spatial interface between 
wild boar and domestic pigs in Europe, which is essential to evaluate the risk for ASF spread 
between wild and domestic. This report describes the different sources of data for domestic pigs 
in Europe and develops a preliminary risk map of possible spatial interaction between both groups. 
Specific cases from Romania and Spain where reliable data were available were assessed. This 
model of the interface was based on the data from Gridded Livestock of the World (GLW) 
database of FAO, which provides predictions on a 1x1 km scale globally and the wild boar 
abundance distribution model recently elaborated by ENETWILD consortium (2020). The present 
available census data of livestock at the European Union level (Eurostat) is restricted to a 
maximum spatial resolution of NUTS2, remarking the need of developing a framework to collect 
harmonised data with higher resolution. This will ensure that data can be comparable, validated 
and used. There is need also to resolve definition issues regarding the pig production systems. 
Our prediction model of the interface between pig and wild boar at European level indicated that 
the maximum risk is scattered over Central Europe, large parts of Spain, north-east France and 
Romania. Hungary, so as Serbia and Croatia in the Balkans are at the highest risk in that area. 
In the specific case of Romania, no statistically significant association between census data of 
pigs collected from national authorities and predicted values was found when assessing the GLW 
model, evidencing that GLW predictions do not reliably represents the pig abundance distribution 
within countries. When assessing the interface model in Spain, certain areas of interaction were 
lacked, e.g. where extensive farming is relevant. The current discrimination of extensive vs. 
intensive farms of predictive models (GLW) is not reliable to perform analyses separately for each 
production system. The outputs this model of interface between wild boar and domestic pigs will 
guide future steps in both data collection and modelling approach. 
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Modelling wild boar distribution 

Summary 
The ENETWILD consortium (www.enetwild.com) aims at defining the spatial interface between 
wild boar and domestic pigs in Europe, which is essential to evaluate ASF spread risks. ENETWILD 
has provided several spatial distribution model updates of wild boar with new data from gap 
areas, continuously verifying and validating the methodological approach. A recently developed 
model of wild boar hunting yield predictions downscaled to a 2x2 km grid can be used as a starting 
point to analyse the potential areas of overlap between wild boar and domestic pig across Europe 
(ENETWILD consortium, 2020). The objectives of this report are, as a necessary first step, 
describing the different sources of data for domestic pigs at European scale so as their potential 
to be used to define the interface with the wild boar. We secondly develop a preliminary risk map 
of possible spatial interaction (interface) between domestic pig farms and wild boar (based on 
modelled predictions of both groups at continental level). The output is assessed in specific cases 
where reliable and precise data for domestic pig distribution and abundance, so as the interface 
with wild boar, are available. 

This preliminary analysis of the pig wild boar interface used the following data: 

	 For pig abundance and distribution data, the predictive model published by Robinson et al. 
(2014) “Mapping the Global Distribution of Livestock” (https://livestock.geo-wiki.org/home
2/). This model provides predictions of livestock density on a 1x1 km scale globally. The 
densities of pigs have been re-sampled (using the average) for the mesh (10x10km grids) at 
European scale used in the ENETWILD wild boar models. 

	 For wild boar abundance and distribution data, the predictive model elaborated by ENETWILD 
consortium (2020). 

To establish the area of greatest risk of contact between pigs and wild boar, for both populations 
we first delimited the areas with the different densities according to three abundance classes 
(low, medium and high) for each group. Both layers were overlapped with a GIS to classify the 
regions where pig and wild boar coincide using four different categories. As a case study, we also 
assessed the interface by means of a connectivity analysis in a limited number of farms from 
South East Spain ("isolation by resistance" approach), providing a network of connexions. 

To evaluate this preliminary model of the interface, we used two specific cases. First, we 
correlated at 10x10km spatial resolution the total number of heads observed (data provided by 
EFSA) and the number predicted by the gridded livestock of the world (GLW, FAO) in Romania. 
Secondly, we compared the predictions of wild boar/domestic pig interface in Spain (based on 
GLW pig data and ENETWILD wild boar model) with a reference interface based on real census 
data for pigs (Spanish Ministry of Agriculture) and a wild boar abundance distribution model 
validated and published (Acevedo et al. 2014). 

Data 

The present European wide livestock census is generally restricted to a spatial resolution of NUTS2 
(Eurostat), although downscaling modelling frameworks have been developed to disaggregate 
livestock data up to 1 km grid level (Gridded Livestock of the Word by FAO, GLW). GLW data are 
most appropriate for applications at global and continental scales, and their use over smaller 
spatial extents should be taken in relation to the resolution of the underlying census data. The 
type of production system is not accounted for in GLW, although predictions are provided. 
Available literature on modelling livestock distribution has shown, for pigs, low levels of correlation 
between the allocation results and the livestock census data. These findings remark the need of 
developing a framework to collect data at European scale with higher resolution, harmonized and 
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Modelling wild boar distribution 

following standards to ensure data can be comparable and validated, and finally, used. There is 
also need to resolve definition issues regarding the production systems since to date, the exact 
distribution of housing types (outdoor/indoor) of the non-commercial pig holdings are 
unobtainable (likely many have a combination of outdoor and indoor housing). 

Assessment of the interface based on GLW data 

Our preliminary prediction model of the interface between pig and wild boar in Europe indicated 
that the maximum risk interface is scattered over the area delimited by Germany, Poland, North 
Italy and Serbia, so as in North west Spain. When considering a range of risk categories, most 
central European surface is at medium to high risk, so as large parts of Spain, North east France 
and Romania. Hungary, so as Serbia and Croatian in the Balkans, are at the highest risk in that 
area. In the reference model for the interface, the predictions of risk presented high resolution 
in their spatial variation, whereas the predictions of the model based on GLW resembled 
administrative units (provinces) because of data being collected as subnational resolution 
(NUTS2). The connectivity analysis using a simplified scenario could be a good analytical strategy 
to prioritize sanitary interventions in the case of disease outbreak. 

In the specific case of Romania, no statistically significant association between census data of 
pigs and predictions were found, evidencing that predictions by GLW were not reliable at 
subnational level in this example and spatial resolution used (10x10 km). This may indicate that 
we cannot assume that GLW predictions reliably represents the pig distribution within countries, 
and therefore high-resolution data collection and validation of GLW needs to be performed. When 
assessing our interface model in Spain (the interface based on GLW predictions) certain areas 
that were identified in the reference interface were lacking (i.e. the part of Spain where extensive 
and familiar pig productions are relevant), therefore, specific approaches are needed to properly 
display the interface for the sector of the pig industry that are more exposed to wild boar, i.e. 
outdoor production. However, the current discrimination of extensive vs. intensive farms of 
predictive models (GLW) is not reliable in Europe to perform analyses separately for each 
production system. 

Next steps 

The outputs of this report will guide future data collection and modelling approach, which will be 
presented in the final report. 

	 Concerning data on pig farm distribution and census at European level: 

	 To collect data at the highest possible spatial resolution over European Countries, 
however, a combination of GLW prediction models and data collected by EFSA/ENETWILD 
will probably be used; 

	 To differentiate intensive from extensive types of production. 

	 As for the wild boar, efforts to improve the reliability of the abundance model focused on 
hunting yield data will be addressed (deliverable by Jan 2020 and continued later): 

	 In order to smooth differences in wild boar abundance between bioregions, independent 
models for each bioregion will be done; 

	 Updated wild boar hunting yield data at the finest spatial resolution as possible, will be 
used to correctly recalibrate our model, especially in low quality data areas (i.e. Balkans). 
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Modelling wild boar distribution 

All this will allow the wild boar “layer” of the interface to more reliably represent the spatial 
variation of the wild boar and at finest spatial resolution, and therefore to better describe the risk 
at the interface due to the wild boar component. 
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Modelling wild boar distribution 

1. Introduction 

1.1. Background and Terms of Reference as provided by the 
requestor 

This contract was awarded by EFSA to Universidad de Castilla-La Mancha, contract title: Wildlife: 
collecting and sharing data on wildlife populations, transmitting animal disease agents, contract 
number: OC/EFSA/ALPHA/2016/01 – 01. 

The terms of reference for the present report were to define the spatial interface between wild 
boar and domestic pigs based on different sources of data. According to the availability and 
quality of livestock data, the output will be a risk map of possible spatial interaction between pig 
and wild boar. Extractable and updatable raster files in at least 10x10km resolution of wild boar-
domestic pig should cover at least the Balkan region plus Austria, Hungary, Slovakia, Germany 
and Romania. 

1.2. Scope of the report 
The ENETWILD consortium (www.enetwild.com) implemented an EFSA funded project whose 
current main objective is to collect information regarding the geographical distribution and 
abundance of wild boar throughout Europe in order to subsequently create geospatial tools to be 
used in further risk assessment of diseases such as ASF. ENETWILD consortium has provided 
several spatial distribution model updates of wild boar with new data from gap areas, continuously 
verifying and validating the methodological approach. A recently presented model of wild boar 
hunting yield predictions was downscaled to a 2x2 km grid and it was successfully validated. 
Therefore, as a starting point, it is useful to analyse the potential areas of overlap between wild 
boar and domestic pig across Europe. 

This report, in accordance with objective 4 of the specific contract 7, aims at defining the spatial 
interface between wild boar and domestic pigs in Europe. According to the availability and quality 
of livestock data, the output will be a risk map of possible spatial interaction between pig and 
wild boar. Therefore, a necessary first step consists in describing the different sources of data for 
domestic pigs at European scale so as their potential to be used to define the interface with the 
wild boar. We secondly develop a preliminary risk map of possible spatial interaction between 
domestic pig farms (based on modelling at continental level) and wild boar, whose outputs are 
assessed in specific cases where reliable precise data for domestic pig distribution and abundance, 
so as the interface with wild boar, are available. Outputs will guide future data collection within 
SC7 time scope, and future modelling approach, which will be presented in the final report. 

2. Data 

2.1. Study area 
The study area is the same used in the previous report (ENETWILD consortium et al. 2020) and 
spans 11,019,700 km2. It comprises all countries in mainland Europe approximately delimited by 
the Ural Mountains at the Eastern boundary which is also likely to act as a geographical barrier 
limiting the immigration of wild boar from Asia (IUCN map on wild boar distribution at 
https://www.iucnredlist.org/species/41775/10559847), and includes Mediterranean islands and 
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the UK and Ireland (Figure 1). For this report the study area was divided into 2x2 km grid cells, 
resulting in 2,787,877 cells that were used in model downscaling processes (see below). 

Figure 1: Extent of the study area and wild boar predicted hunting yield (HY; number of wild 
boar hunted) from the simplified final model at 10x10 km EEA grid (for more details, see 
ENETWILD consortium et al. 2019). 

2.2. Wild boar distribution and abundance 
We used the last update of wild boar abundance distribution map provided by the ENETWILD 
consortium in December 2019 at 2x2 km resolution (ENETWILD consortium et al. 2020), which 
presented very similar geographical patterns of wild boar abundance that were at 10x10 km grid, 
and it has been validated. Tests confirmed that both 10x10 km and 2x2 km resolutions were able 
to detect spatial variation in wild boar hunting bags (high model performance) and to predict 
numbers of wild boar hunted with relative precision. Downscaled 2x2 km predictions were 
assessed against external data in the same way as the 10x10 km grid predictions, and were able 
to detect spatial variation in wild boar hunting bags (high model performance) and to predict 
numbers of wild boar hunted with relative precision. The figure 2 shows a map of wild boar 
hunting yield predicted at 2x2 km grid from the model reported in ENETWILD consortium et al. 
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(2020). To elaborate this model, predictor variables used in the previous reports to model wild 
boar hunting bags were resampled to 2x2 km resolution from the original raw sources. This new 
grid was obtained by splitting the original 10x10 km provided by the European Environment 
Agency (https://www.eea.europa.eu/data-and-maps/data/eea-reference-grids-2). Briefly, 
bioclimatic variables and sun radiation were obtained from the Worldclim 2 project database. 
Land use data came from ESA/CCI-LC project, version v2.0.7 (2015) (https://www.esa-landcover
cci.org/?q=node/158 ). Mean altitude was extracted from the USGS Space Shuttle Radar 
Topography Mission (SRTM) GL30 (https://lta.cr.usgs.gov/SRTM1Arc) and snow cover was 
obtained from MODIS/Terra Snow Cover project (Monthly L3 Global 0.05Deg CMG, Version 6; 
https://nsidc.org/data/MOD10CM ). Human footprint index (an index related to human population 
distribution, urban areas, roads, etc.) was provided by The Last of the Wild Project version 2 
(http://sedac.ciesin.columbia.edu/data/collection/wildareas-v2 ). Vegetation growing period is 
based on a water balance model ( http://www.appsolutelydigital.com/DataPrimer/part154.html). 
In addition, each 2x2 km cell was assigned to a bioregion according to the regionalization 
previously reported (ENETWILD consortium et al. 20209). Raster predictor layers and 2x2 km 
grid polygons were managed using QGIS 3.4 and “rgdal” R package (Bivand et al. 2019). 

Figure 2: Map of wild boar hunting yield predicted at 2x2 km grid from the model reported in
 
ENETWILD consortium et al. (2020). Red squares represent squares beyond the environmental
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domain of the model according to Multivariate Environmental Similarity Surface analysis (Elith et 
al. 2010, for more details, see ENETWILD consortium et al. 2020). 
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2.3. Domestic pig distribution and abundance 

2.3.1. Data sources and characteristics 

2.3.1.1. Eurostat 
Eurostat complies and make available at website the livestock density by NUTS 2 regions for EU
28, the latest, for 2016 (livestock units per hectare utilised agricultural area). Eurostat provides 
the livestock density index (figure 3), which measures the stock of animals (cattle, sheep, 
goats, Equidae, pigs, poultry and rabbits) converted in livestock units (LSUs) per hectare of 
utilised agricultural area (UAA). The UAA is the total area taken up by arable land (including 
temporary grassland and fallow land), permanent grassland, permanent crops and kitchen 
gardens. Livestock numbers are converted into livestock units using specific coefficients. A 
livestock unit (LSU) is a reference unit which facilitates the aggregation of livestock from various 
species and ages. Eurofarm LSU coefficients are established by convention (originally, they were 
related to the animals’ feed requirements). The livestock density index is an indicator for the 
pressure of livestock farming on the environment. The grazing livestock density index measures 
the stock of grazing animals (cattle, sheep, goats and Equidae) expressed in LSU per hectare of 
fodder area, so it does not include pigs. LSU facilitates the aggregation of livestock from various 
species and age as per convention, via the use of specific coefficients established initially on the 
basis of the nutritional or feed requirement of each type of animal. For pigs the values are 1) 
piglets having a live weight of under 20kg, 0.027; breeding sows weighing 50kg and over, 0.500 
and other pigs, 0.300 (the reference unit used for the calculation of livestock units (=1 LSU) is 
the grazing equivalent of one adult dairy cow producing 3000kg of milk annually, without 
additional concentrated foodstuffs). The figure 4 shows the relative livestock specialization and 
head of livestock in 2017, based on % share of different livestock in relation to the EU-28 average; 
thousand head of livestock; by NUTS 2 regions), and figure 5 represents the livestock population 
in livestock units by type for EU-28 in 2016 (% of total livestock units). 
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Figure 3: Livestock density by NUTS 2 regions, EU-28, 2016 (livestock units per hectare utilised 
agricultural area). Source: Eurostat (ef_lsk_main),  (ef_m_farmleg). Source: Eurostat 
(https://ec.europa.eu/eurostat/statistics
explained/index.php?title=File:Map1_Livestock_density_NUTS2_EU-28_2016.png) 
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Figure 4: Relative livestock specialization and head of livestock in 2017, based on % share of 
different livestock in relation to the EU-28 average; thousand head of livestock; by NUTS 2 
regions). Source: Eurostat (agr_r_animal), (apro_mt_lscatl), (apro_mt_lspig), (apro_mt_lssheep) 
and (apro_mt_lsgoat) (https://ec.europa.eu/eurostat/statistics
explained/index.php?title=Agriculture_statistics_at_regional_level#Livestock_and_milk). 
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Figure 5: Livestock population in livestock units by type, EU-28, 2016 (% of total livestock units) 
Source: Eurostat. 

The Eurostat data explorer allows a number of options for main livestock indicators by Nuts 2 
regions (https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=ef_lsk_main&lang=en). An 
example of the menu for animal is shows in figure 6. 
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Figure 6: One of the menus of the Eurostat data explorer, which displays a number of options 
for main livestock indicators by Nuts 2 regions. This example indicates the livestock species that 
can be selected  (https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=ef_lsk_main&lang=en). 
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2.3.1.2. Global Livestock Environmental Assessment Model (GLEAM) 
The following text is based on the description of Global Livestock Environmental Assessment 
Model (GLEAM, Gilbert et al. 2018). GLEAM is the geographic distribution of animal populations. 
Total animal numbers at national level are reported in FAOSTAT, and the spatial distribution of 
animal numbers and the production systems used in GLEAM are based on the Gridded Livestock 
of the World (GLW, FAO). They rely on disaggregation of (sub) national numbers using different 
natural and socio-economic predictors, such as land cover, length of growing period, human 
population or irrigation. 

The first gridded livestock of the world database (GLW1) produced in 2007 had three objectives: 
i) to collect, harmonize and disseminate subnational global livestock data, ii) to predict livestock 
numbers in areas with missing census counts (gap-filling), and iii) to provide a statistically-
informed estimate of how livestock may be distributed within census units (downscaling). In 2014, 
an updated GLW2 was published (Robinson et al. 2014), benefiting from the availability of finer-
scale and more contemporary input census data, from the improvement of the processing and 
from higher spatial resolution predictor variables that were used for downscaling. The last version 
of the GLW3 database, reflects the most recently compiled and harmonized subnational livestock 
distribution data for 2010. GLW3 (Gilbert et al. 2018) provides global population densities of 
cattle, buffaloes, horses, sheep, goats, pigs, chickens and ducks in each land pixel at a spatial 
resolution of 0.083 decimal degrees (approximately 10km at the equator). They are accompanied 
by detailed metadata on the year, spatial resolution and source of the input census data. GLW3 
subnational livestock dataset has been generated using Random Forests (RF), a machine-learning 
technique recently shown to provide more accurate gap filling and disaggregation of livestock 
data than did the previously used multivariate regression methods. The improvements to global 
livestock distribution data have been motivated by the pressing need for higher resolution and 
more contemporary outputs than provided by the original GLW1 (2007) livestock distributions. 
Although the methodology has been considerably revised in many aspects, it remains like that 
developed by Wint and Robinson for GLW1, involving the use of several stratified multiple 
regressions linking observed livestock densities to environmental data. 

All species distributions are now available in two representations: 

o	 Dasymetric weighting (DA model): livestock numbers are disaggregated within 
census polygons according to weights established by statistical models using high 
resolution spatial covariates; 

o	 Areal weighting (AW model): animal numbers are distributed homogeneously with 
equal densities within their census polygons to provide spatial data layers free of any 
assumptions linking them to other spatial variables. 

For each species, GLW3 provides a detailed report that includes comprehensive metadata on the 
input census data for each country (e.g. year, resolution and source) and goodness-of-fit metrics 
of the models by continent and by the size of the administrative unit from which the census data 
came. This enables users to assess the quality of the estimates for each combination of species, 
country and size of census unit. The AW models were introduced because the spatial predictor 
variables used in the downscaling algorithms (e.g. human population density, vegetation indices 
and topography) may introduce uncontrolled confounding effects or circularity for users wishing 
to study livestock distribution numbers independently of any other spatial variables. The AW 
models are free of the influence of other spatial predictor variables, at the cost of displaying 
cruder distribution patterns, especially in large census areas containing a wide range of different 
environmental, land-use and farming conditions. In polygons where input census data were 
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Modelling wild boar distribution 

missing, the AW model simply includes the aggregated predictions of the DA models, and a 
separate layer is provided for the user that distinguishes between predictions and census 
observations. Future versions of GLW will differentiate stocks according to production systems 
for ruminant (meat vs. dairy) and monogastric species (intensive vs. extensive, meat vs. egg 
production). Higher resolution models for individual countries where the census data can support 
such predictions will also be produced. Figure 7 shows an example of the distribution of chicken 
density in the world and Europe for both models (Gilbert et al. 2018), and figure 8 presents the 
global distributions of the pig based on the DA models for GLW2 and GLW3, respectively, while 
figure 9 does in more detail the GLW3 for Europe. 

Figure 7: Example of the distribution of chicken density in the world and within Europe (Gilbert 
et al. 2018). The bottom panels highlight the difference between the dasymetric (bottom left) 
and areal-weighted (bottom right) databases. Dark grey are areas considered unsuitable and dark 
green areas correspond to IUCN protected areas. 

Detailed livestock census statistics are mined from agricultural yearbooks or through direct 
contacts with ministries or statistical bureaux. The census statistics are usually found in the form 
of numbers per administrative unit, in which case they need to be linked to corresponding 
geographic information system (GIS) boundaries. Data are increasingly found though as pre-
prepared GIS files that are then integrated in a centralized database. These individual country 
data are combined into a global database, which often implies resolving typology issues; miss
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matched, split or merged polygons, for example. In compiling GIS data from subnational census 
counts priority is given to censuses that most closely match the reference year (2010 for GLW 3) 
and those with the highest level of spatial detail. This results in a global mosaic of data from 
different spatial resolutions and different years. 

Livestock densities are estimated correcting for unsuitable areas. Densities are estimated in each 
of the census polygon by dividing the number of animals from the census by the surface area of 
the administrative unit polygon (estimated in an Albert equal area projection), corrected by a 
mask excluding unsuitable areas. The suitability mask is very conservative and only excludes 
permanent water (pixels covered by >50 percent of water), and areas where human population 
densities exceed 5,000 (North America, Europe and Oceania), 7,500 (South America) or 10000 
(Asia and Africa) people km2 as defined by the human population data layer. Those different 
thresholds are used to account for the fact that urban population density is often higher in LMICs, 
where small-scale livestock farming may continue deeper into periurban and urban areas. The 
thresholds are conservatively defined to exclude only the core urban centres following an 
exploratory data analysis of human population density in urban pixels defined by the MODIS 
global land cover 201010 or with >50% built up areas in the Global Human Settlement Layer of 
201411. In addition, a global mask of protected areas is derived from the 2010 version of the 
World Database on Protected Areas. The International Union for the Conservation of Nature 
(IUCN) categories Ia and Ib, II, and III were masked as unsuitable as these are characterised by 
stringent conservation measures and tight regulation of human activity – the encroachment of 
grazing activities is therefore less likely in these than in other areas. 

The data records are publicly and freely available on the GLW 3 Dataverse and through the FAO 
livestock systems World Web site (http://www.fao.org/livestock-systems/). The data records are 
grouped by species, and each species data record includes a metadata document, quick view 
graphic files and the GIS data as Geotiff files with a spatial extent of −180 to 180 degrees of 
longitude and −90 to 90 degrees of latitude. With a spatial resolution of 0.083 decimal degrees 
per pixel, the resulting raster is 4,320 by 2,160 pixels. The metadata document provides a detailed 
explanation of the different files, quick views of the different maps, ASR and census year maps 
and histograms, indicators of the RF models’ GOF and a comprehensive list of original data 
sources grouped by countries and providing references to the publication and/or URL of the 
original country census data. Quick views and GIS raster files are provided for the dasymetric 
product, the areal-weighted product, and the distribution of prediction vs. observed status, 
highlighting areas where there were missing census data and where RF predictions were used. 

Authors of GLW3 note the data are most appropriate for applications at global and continental 
scales. Decisions regarding the use of this version of GLW over smaller spatial extents should be 
taken in relation to the ASR of the underlying census data. It is also important that users of these 
data are mindful of the fact that the type of production system is not accounted for in these 
livestock distribution data. The distribution data should therefore be used in conjunction with 
information on production systems. Currently, global and regional ruminant production systems 
data are available and global monogastric systems are available for pigs and chickens. The DA 
version is recommended for applications where spatial detail matters more than concerns about 
circularity in the analytical workflow in relation to spatial predictor covariates. However, authors 
warn potential users against over-interpretation of spatial accuracy of the DA product. Much 
variability was not captured by the models and the downscaled densities of the DA version only 
imperfectly represent what may actually be on the ground. When circularity concerns are more 
important than detailed spatial resolution, it is recommended that the AW versions be used. In 
order to facilitate zonal summations, the values in each pixel of the DA and AW data sets 
correspond to the absolute numbers of animals, not to densities. These values can be converted 
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to densities (number per km2) by dividing each pixel value by the pixel area in km2. For 
convenience, a global Geotiff file of pixel areas, expressed in km2/pixel, is provided along with 
each species data file. All outputs have been corrected so that the total number of animals in a 
country matches the FAOSTAT 2010 total stock. However, in a number of cases, there are 
significant differences between the total numbers of animals found in the original national census 
data and the values recorded in FAOSTAT. The total of the original census is provided for each 
country and species in the metadata report so that users may revert to these by dividing all pixel 
values by the FAOSTAT 2010/Census total ratio. Figure 8 shows the global distributions of the 
pig based on the DA models. Data are available, by production system, at: 
http://www.fao.org/livestock-systems/production-systems/pig/en/ and 
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/A7GQXG (for GLW2 
see below geo wiki). 
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Figure 8: The global distributions of pigs (GLW) based on the dasymetric (DA) models. Top: 
GLW2 (Robinson et al. 2014, data for 2007), bottom: GLW3 (Gilbert et al. 2018, data for 2010). 
Numbers are heads of pig per km2. 

A true validation of the predictive accuracy of these models would involve field observation of 
livestock densities in different pixels and testing those observations against predicted values. 
However, livestock census data are generally collected and distributed by area (administrative 
units) and so validation would have to be done on re-aggregated model predictions. In a multi-
partner collaboration centred on the International Livestock Research Institute (ILRI), the Food 
and Agriculture Organization of the United Nations (FAO) and the Université Libre de Bruxelles 
(ULB-LUBIES), global maps of livestock distributions and production systems are being revised 
and updated. The Geo-Wiki is used to provide a central viewer, validation tool and repository 
for these data. The module currently contains data on livestock distributions (cattle, chicken, 
duck, pig, sheep & goat, see figure 9). Geo-Wiki uses Internet crowd-sourcing to validate and 
modify land cover information. It is a web-based application with Google Earth as a backdrop, 
over which various global land cover datasets are draped. Currently, data on livestock production 
systems and livestock densities are disseminated via the Gridded Livestock of the World (GLW) 
website, hosted by FAO (http:// www.fao.org/ag/againfo/resources/en/glw/home.html). Whilst 
this has provided a valuable information resource it is not interactive so the opportunities for 
users to provide feedback are limited. The figure 10 shows GLW3 predictions for pig census in 
Europe. 
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Figure 9: The Gridded Livestock of the World (GLW2) database in Europe, produced in 2007 
provided modelled livestock densities of the word (as it is seen in geo-wiki). Data can be 
downloaded from Geo-wiki. Top left: all pigs, top right: intensive farming, bottom left extensive 
farming, bottom right: semi-extensive farming. Note the almost absence of extensive production 
in western Europe according to predictions. 
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Figure 10: The Gridded Livestock of the World (GLW3) database in Europe, produced in 2010 
provided modelled livestock densities of the word. Data can be downloaded from http:// 
www.fao.org/livestock-systems/. Top intensive, middle semi-intensive, bottom extensive. Note 
the almost absence of extensive production in western Europe according to predictions by GLW3. 

2.3.1.3. Other sources of pig population data in eastern Europe 
Other sources of pig population data in eastern Europe identified by FAO 
(http://www.fao.org/3/a-ak755e.pdf) 

o	 Russian Federation Backyard holdings: Results of All-Russian Agricultural Census in 2006. 
In 9 volumes/Federal State Statistical Service. Vol. 5.: Livestock Population: Book 1: 
Livestock Population Structure. – 447 p.: incl. diagrams. M.: IITS “Statistika Rossii”, 2008. 
(In Russian) available at www.gks.ru/news/perepis2006/T5/tabl_ t5k1.pdf Commercial 
holdings: Official data of the Federal State Statistical Service for 2010 available at 
www.gks.ru/wps/portal/OSI_P/SEL 

o	 Ukraine Backyard and commercial holdings: Official statistics of the Ministry of Agriculture 
(MoA) available at www.minagro.kiev.ua/stat/tvar/viewstat.php3?statid=6  
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o	 Belarus Backyard and commercial holdings: Official Statistics of the MoA, provided by 
FAO National Focal Point 

o	 Moldova Backyard and commercial holdings: Socio-economic situation in the Republic of 
Moldova in January-July 2009. National Bureau of Statistics. – 60 p. (In Russian)2 

o	 Lithuania Backyard and commercial holdings: Department of Statistics to the Government 
of the Republic of Lithuania (Statistics Lithuania). Database on Animal Production in 2007 
available at www.stat. gov.lt/en/. 

o	 Latvia Backyard and commercial holdings. Central Statistical Bureau of the Republic of 
Latvia. Database on the Structure of Agricultural Farms in 2007 available at 
www.csb.gov.lv/?lng=en. 

o	 Estonia Backyard and commercial holdings. Statistics Estonia. Statistical Database on 
Livestock Farming available at http://pub.stat.ee/ px-web.2001/dialog/statfile1.asp. 

2.3.2. Characteristics of outdoor pig production in Europe 
A variety of outdoor pig production systems are present in the EU (figure 11, ASF-STOP and 
COST), which may play a more relevant for the maintenance and spread of ASF in Europe. 
Currently, in the EU, the rearing of pigs outdoors is banned in ASF affected countries but as the 
virus spreads further, free-range and outdoor herds are being investigated in countries where the 
virus has not yet been confirmed. A recent report by ASF-STOP and COST, based on literature 
research and on questionnaires on outdoor production in 12 European countries (Belgium, 
Estonia, Finland, Germany, Italy, Latvia, Norway, Serbia, Slovenia, Spain, Sweden and the 
Netherlands), broadly characterised outdoor production in Europe 
(https://thepigsite.com/articles/characterising-outdoor-pig-production-in-europe) described the 
characteristics of outdoor pig production in Europe as follows: 

2 www.statistica.md/public/fi les/publicatii_electronice/Raport_trimestrial/rus/raport_II_2009_rus.pdf 

www.efsa.europa.eu/publications 23	 EFSA Supporting publication 
2020:EN-1834 

The present document has been produced and adopted by the bodies identified above as authors. This 
task has been carried out exclusively by the authors in the context of a contract between the European 
Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, 
view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 

http://www.csb.gov.lv/?lng=en
https://thepigsite.com/articles/characterising-outdoor-pig-production-in-europe)
www.efsa.europa.eu/publications
www.statistica.md/public/fi
http:http://pub.stat.ee
www.stat


  

                
                  
               

                
                

                
       

     

   
 

    

     
   

   
     

 
    

 

       
      

    
    

     
     

      

Modelling wild boar distribution 

Figure 11: Main outdoor pig production systems in Europe (ASF-STOP and COST). 

	 Organic (EU countries, Norway and Switzerland): In many countries, outdoor pig production 
is predominantly organic. Organic production is very well regulated by EU legislation but 
varies by country. Sows are typically kept in outdoor systems, whereas weaned pigs are 
usually kept indoor with access to an outdoor yard. 

	 Iberian pigs (Spain and Portugal): the native Iberian pig breed uses the natural 
meadowland resources of pastures and acorns for at least 60 days of its life. This breed is 
widespread in the south-west of the Iberian Peninsula. In Spain - with regards to the census 
- extensive systems only make up 5 percent of the national pig herd but are representative 
of Spain’s commercial outdoor production. Other extensively reared pigs are located 
predominantly in northern Spain and the Balearic Islands and generally make use of local 
breeds, which effectively use natural resources. 

	 Semi-wild pig production is more common in Eastern European countries and in Sardinia. 
In Sardinia, raising pigs outdoors is a traditional method of husbandry in the mountainous 
and hilly areas where pigs are kept on communal land. These herds can range from 2 to 300 
pigs. Pigs graze on vast publicly owned areas during the entire year or, in case of partial 
confinement, the animals graze on public areas during the fall, to utilise acorns produced by 
evergreen oaks, and are kept indoors for the rest of the year. Animals belonging to different 
herds can share the same grazing areas and they can co-mingle with wild boar. For most pig 
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producers in Sardinia, pig production is a secondary income-producing activity. Indeed, 
approximately 70 percent of these farms raise more than one animal species on the same 
land (Mur et al, 2014). 

	 Backyard pigs (Slovenia): In Slovenia, the pig industry involves traditionally small pig farms 
with less than 50 breeding sows. Some of them are backyards where pigs are reared outside 
in a fenced area. The number of backyard pigs is unknown. These backyard pig operations 
might be a potential risk for the introduction and spread of diseases from wild boar to 
domestic pigs, even more so, since wild boar are present all over Slovenia. 

	 Free-ranging (Belgium): In Belgium there are 147 outdoor herds with capacity for 12,269 
pigs (2,100 pigs each). Pigs graze in confinement, particularly in Wallonia where mixed breed 
piglets (wild boar x domestic pig) are common. 

	 Farmed wild boar (Finland). They are fenced because they may attract wild boar in the 
wild for example during the breeding season. This system occurs in other Countries of 
Europe. 

	 Norway and Switzerland: In Norway, there are very few outdoor commercial pig 
production holdings (approx. 20-30 holdings). In outdoor sow herds, the typical housing 
system is huts on fenced pastures or mixed housing systems. In finisher herds, the typical 
housing is fenced pastures or mixed housing systems. 

	 Balkan Peninsula. In the Western Balkans countries (Republic of Serbia, North Macedonia, 
Montenegro) the outdoor pig production is widely distributed in villages, near the rivers, and 
in local forests. Actually, it is hard to differentiate between backyard and outdoor 
production systems (because the backyard herds do not have a complete fence, and the 
pigs are not enclosed). One of the characteristics of outdoor swine production in some 
regions is raising free-roaming domestic pigs, where they share forest habitat with the wild 
boar. It is also important that the owners of the outdoor production units in the same time 
have backyard pigs (Prodanov-Radulović et al., 2018). It is characteristic that the outdoor 
pigs do not have any restriction of contact with the populations of wild boar and/or domestic 
pigs originating from different owners, regardless of the epidemiological situation in the 
region (for instance Classical swine fever). The largest pig producer is currently Serbia. 
Organic, outdoor pig farming is officially present also in Serbia. The organic farms are 
actually outdoor production units, having not more than simple fragile fence and a separated 
fenced area for grazing. They are usually located outside of the village, and away from the 
main roads, at the riverbanks. Free-range pigs are usually settled in the forest and the 
herd size varies, but usually we can find pigs located in the local public areas from Spring to 
Fall. Some animals stay permanently in the wood but most of them are transported to the 
village and then they join the rest of the backyard pigs. This kind of pig production is officially 
recognised, all free-range animals have ear-tags. 

Eurostat (2019, figure 12) also classified the typology of European livestock production areas 
(data for 2010) at the NUTS3 (Nomenclature of Territorial Units for Statistics) level, or NUTS2 
level for Germany, Belgium and the Netherlands (reproduced from Hercule et al., 2017). NUTS 
areas with high livestock density and little permanent grassland (in red on the map) cover 35.5 
million ha across Europe; high-density grassland-based areas: 21.5 million ha; intermediate-
density grassland-based areas: 67.5 million ha; low-density grassland-based areas: 23 million ha; 
crop-livestock areas: 110 million ha; and crop-dominated areas: 91 million ha. 
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Figure 12: Classification of the typology of European livestock production areas (data for 2010) 
at the NUTS3 (Nomenclature of Territorial Units for Statistics) level, or NUTS2 level for Germany, 
Belgium and the Netherlands (reproduced from Hercule et al., 2017). 

3.	 Methodology: definition of the spatial interface between wild 
boar and domestic pigs 

3.1.	 The spatial interface between wild boar and domestic pigs at 
European scale 

To now, accurate data of pig farms at European level (farm coordinates) are available to 
ENETWILD consortium for five countries: Romania, Czech Rep., Estonia, Latvia and Slovakia; and 
one region in Spain (Murcia, aggregated at Municipality for the rest of Spain). While more data is 
gathered, we present this preliminary analysis using: 

	 For pig density data the predictive model published by Robinson et al. (2014) “Mapping 
the Global Distribution of Livestock” (https://livestock.geo-wiki.org/home-2/, figure 9). This 
model provides predictions of livestock density on a 1x1 km scale globally. The densities of 
pigs have been re-sampled (using the average) for the mesh (10x10km grids) at European 
scale used in the ENETWILD wild boar models (ENETWILD consortium 2020, see figure 13). 

	 For wild boar abundance and distribution data, the predictive model elaborated by 
ENETWILD consortium (2020). 

To establish the area of greatest overlapping between pigs and wild boar abundances (which 
does not necessarily equate to risk of contact), for both populations we first delimited the areas 
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with the different densities according to percentiles 33 and 66 (using 95% of the density range), 
determining three density classes (low, medium and high) for each group. Both layers were 
overlapped to obtain the regions where high densities of both pig and wild boar coincide 
(maximum risk). Areas at the interface were also classified in more detail as follows: 

Wild boar density 
low moderate high 

low * * ** 
moderate * ** *** 

Domestic 
pig 

density high * *** **** 

Figure 13: Number of pig heads per 10x10 km in Europe re-sampled from GLW 2 -
Gridded Livestock of the World 2: Global distributions of pigs (Pigs Global). 
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3.2. Connectivity analysis: a case study 
As an example of risk analyses that can be performed with high resolution data, we present a 
connectivity analysis of 10 farms in the region of Murcia (Spain). It is based on the "Isolation by 
resistance" (Mcrae 2006). This approach aims to identify spatial patterns of potential pathogen 
(or host contacts) flow, in that case, mediated by the matrix of wild boar populations. Pathogen 
flow reflects patterns of connectivity among farms and can help to determine if specific areas are 
more isolated than others, or contrary, more connected through wild boar than others. A deeper 
understanding of farms connectivity patterns may provide resource managers with better 
information for prioritizing control disease actions as a function of the pattern of connections 
among farm, in that case, mediated by wild boar. For that purpose, we used the model of wild 
boar abundances (2x2km resolution, ENETWILD consortium 2020) and calculated the connectivity 
between each farm using the inverse to the boar abundance as a cost (the more wild boar 
between two farms, the easier the connection). We created a network with 10 randomly selected 
farms to visualize the connections between them (van Etten 2017), and which are the most 
connected, i.e., the most connected farms and on which one would have to act first to prevent 
spread. 

3.3. Evaluation of the modelled interface: specific cases 

	 We correlated at 10x10km spatial resolution the total number of heads observed (data 
collected by EFSA from MSs in the framework of project about ASF under mandate by EC3) 
and the number predicted by GLW2 for Romania as a case example. A visual inspection of 
the correspondence between the number of pig heads per 10x10 km in re-sampled from 
GLW2 and the census distribution of the number of pigs can be seen in figures 14 to 16. 

	 Secondly, we compared the 2 predicted wild boar/domestic pig interfaces in Spain 
based on 1) GLW2 pig data and ENETWILD wild boar model vs. 2) on real data for pigs and 
wild boar abundance distribution model (validated) by Acevedo et al. (2014). For this purpose, 
the densities of pigs were re-sampled (using the average) for the mesh (10x10km grids) at 
Spain scale used in the wild boar models by Acevedo et al. (2014). Areas at the interface 
were classified as described in methods section. 

3 https://www.efsa.europa.eu/en/topics/topic/african-swine-fever 
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Figure 14: Distribution of the number of pig heads at 10x10 km. Modified from original data 
provided by EFSA and Ministry of Agriculture of Spain. 

Figure 15: Left: number of pig heads per 10x10 km in Spain re-sampled from GLW 2 - Gridded
 
Livestock of the World 2: Global distributions of pigs (Pigs Global). Right: distribution of the 
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number of pig heads at 10x10 km in Spain. Modified from data provided by Ministry of Agriculture 
of Spain (2016). 

Figure 16: Left: number of pig heads per 10x10 km in central and eastern Europe re-sampled 
from GLW 2 - Gridded Livestock of the World 2: Global distributions of pigs (Pigs Global). Right: 
distribution of the number of pig heads at 10x10 km in Estonia, Latvia, Czech Rep., Slovakia and 
Romania, modified from data provided by EFSA. 
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4. Results and discussion 

4.1. Data 
The present European wide livestock census distribution information is generally restricted to a 
spatial resolution of NUTS2, although downscaling modelling frameworks have been developed 
to disaggregate livestock data up to 1 km grid level (Neumann et al. 2009, Robinson et al 2014, 
Gilbert et al. 2018). Research has shown in general, for monogastric livestock (including pigs), 
low levels of correspondence between the allocation results and the livestock census data 
(Neumann et al. 2009). Pigs in Europe are much less connected to the immediate environment 
than ruminants and are characterized by large (spatial) variation in local concentrations of pigs 
and poultry. Often their production systems are decoupled from local agricultural production and 
traditions in farming and historic developments have had a stronger impact on livestock 
occurrence then biophysical factors. For instance, the figure 17, showing the total number of pigs 
by Municipality in Spain and total number of pigs in extensive by Municipality (Martínez et al. 
2017) in 2016, evidences strong discrepancy with GLW2 and GLM3 predictions for extensive pigs. 
There are other cases over the European geography where the occurrence of extremely dense 
pig populations cannot be explained by environmental conditions (e.g. Emilia-Romagna in Italy). 
Overall, the results we reviewed indicated that land-related and climatic factors can only, to a 
certain extent, explain the current spatial pig distribution in Europe. Although the spatial 
distribution of pigs is also related to environmental factors such as climate and topography, other 
variables such as distance to cities and ports, and locations of maize and wheat production are 
also important location factors (Neumann et al. 2009, Robinson et al 2014, Gilbert et al. 2018). 

The fact that subnational census statistics are usually found in the form of numbers per 
administrative unit, usually NUTS2, remarks the need of developing a framework to collect data 
at European scale with higher resolution, harmonized and following standards to ensure data can 
be comparable and validated, and finally, used. There is need also to resolve definition issues 
regarding the type of production systems. All this results in a European mosaic of data from 
different spatial resolutions, periods of time, variables and metadata that prevent their availability 
and usage. 
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Figure 17: Total number of pigs by Municipality (top left), and total number of pigs in extensive 
by Municipality (top right) (Martínez et al. 2017) in Spain in 2016. This is compared with The 
Gridded Livestock of the World (GLM3, bottom right, resolution 10x10km, intensive bottom left, 
extensive bottom right. Figures are number of heads. 

4.2.	 The spatial interface between wild boar and domestic pigs at 
European scale 

According to GLW2 and ENETWILD models, respectively, the figure 18 shows the areas of high 
pig (top) and wild boar (bottom) densities (Robinson et al. 2014 and ENETWILD 2020, 
respectively). For pigs, the highest densities are found in central Europe (the are delimited by 
Germany, Poland, Denmark, North Italy and Serbia), North west Spain (and other areas of this 
country) and the Bretagne regions. 

The figure 19 displays the wild boar-domestic pig interface, at the top, the highest risk category 
only is represented, at the bottom, we used a range of four risk categories that are defined from 
low to very high risk. The maximum risk areas are scattered over the area delimited by Germany, 
Poland, North Italy and Serbia, so as in North west Spain, representing approximately 10% of 
European surface. When considering all categories of risk, the areas abovementioned are larger, 
and most central Europe is at medium to high risk, so as large parts of Spain, North East France 
and Romania. Hungary, so as Serbia and Croatian in the Balkans are at the highest risk in that 
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region. However, the discussion of this preliminary report will not be focussed on the specific 
interface evidenced but on data and future methodological improvements that are required in the 
future. 

As for the wild boar model, the last report presented by ENETWILD consortium (2020) discussed 
the improved approach that would be adopted. It is remarkable that there was a clear bioregion 
effect of the predictions in this wild boar abundance distribution model, presenting the central 
and eastern part of Europe overpredictions in comparison to southern areas of the continent. This 
probably impacted the results of the interface we delimited in this report, and relevant interface 
areas in western and southern countries were probably not evidenced. As concerns pigs, we 
cannot assume that GLW predictions reliably represents the pig abundance distribution within 
countries, and therefore, data collection and validation of GLW needs to be performed in as many 
countries as possible. Our example here, for Romania, provided poor results (see Fig. 19). In 
addition, information on (i) the type of production system and (ii) number of farms and their 
geolocation are needed to represent the different scenarios at which interface may take place 
(e.g. extensive vs. extensive systems, or areas with few large farms compared to large number 
of small farms or backyard production). 
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Figure 18: Areas of high wild boar and domestic pig densities (ENETWILD 2019 and Robinson 
et al. 2014, respectively). 
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Figure 19: Wild boar-domestic pig interface risk maps. We used 4 risk categories that are defined 
from low to very high risk. 

4.3. Connectivity analysis 
The figure 20 represents the distribution and abundance of wild boar in the region of Murcia 
(South East Spain). The management units are represented in red colours, indicating, as 
abundance index, the hunting bag per km2 of suitable habitat. The pig farms are represented as 
dots. As a study case, a connectivity analysis between 10 random selected pig farms in the Murcia 
region was conducted. This approach assumes that two farms can be connected through the wild 
boar populations between them, and the epidemiological risk increase with the connectivity score 
of each farm. To assess the connectivity value of each pig farm, we followed the isolation by 
resistance approach (McRae, 2006). That means that two farms are not connected or isolated by 
euclidean distances, but by a resistance layer, in that case, low abundance of wild boar. In our 
case, we used the inverse of the model of wild boar hunting yields at 2x2 km resolution as 
resistance layer (the more wild boar between two pig farms, more connected are those farms). 
This is a simplified scenario used as an example, since all farms should be included in the analysis 
and differences in their specific interfaces must be accounted for (e.g. the type of production 
system, being extensive at higher risk). 

Hunting bag 
per km2 of 
suitable 
habitat 

Figure 20. Representation of the distribution and abundance of wild boar in the region of Murcia 
(South East Spain). The management units are represented in red colours, indicating, as 
abundance index, the hunting bag per km2 of suitable habitat. The pig farms are represented as 
dots. 
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The resulting connectivity network is shown in figures 21 and 22. This connectivity analysis shows 
that farms 2, 4, 8 and 9 are the most connected (the highest relative connectivity values, above 
11). This analysis could be a good strategy to prioritize sanitary interventions in the case of 
disease outbreak. 

Figure 21: Representation of minimum resistance paths (or maximal connectivity) between two 
selected farms using the inverse of the model of wild boar hunting yields as resistance layer 
between them in the region of Murcia (Spain). 
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Figure 22: Connectivity network for 10 random selected pig farms in the region of Murcia 
(Spain). Location of nodes represent actual location of pig farms in space. The thickness of edges 
between nodes represent the intensity of connections between pig farms due to wild boar 
abundance (less resistance between them). 

4.4.	 Assessing the spatial interface between wild boar and 
domestic pigs: case studies 

4.4.1.	 Assessing the pig abundance distribution: the case of Romania 
The figure 23 plots (at 10x10km level) the total number of pig heads observed (data provided 
by EFSA) and the number predicted by GLW2 for Romania, as a national case example. No 
statistically significant association was found, evidencing that predictions by GLW were not 
reliable at subnational level in this case and at the used spatial resolution (10x10 km). 
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Figure 23: Plot (at 10x10km level) of the total number of heads recorded from census in each 
10km square (data provided by EFSA) versus the number predicted by GLW2 for Romania. 

4.4.2. Assessing the interface risk map: the case of Spain 
As a second case, we assessed the reliability of the interface wild boar/domestic pig 
obtained from predictions at European level using GLW2 predictions for pigs and ENETWILD wild 
boar model (the model presented in section 4.2). For comparison purposes, we used as reference 
interface that obtained from official censuses of pigs and a validated model on wild boar 
abundance distribution in Spain (Acevedo et al. 2014). The figure 24 represents the data used to 
determine this reference interface in Spain. The figure 25 visually compares the wild 
boar/domestic pig reference interface in Spain (left) and the interface obtained using GLW2 data 
for pigs and ENETWILD model for wild boar (right). For the later interface, categories of risk were 
re-calculated using the values ranges (33 and 66 percentiles) obtained only for Spanish data, 
therefore the interface risk looked more widely distributed than that of the European level (figure 
19). 

www.efsa.europa.eu/publications 40	 EFSA Supporting publication 
2020:EN-1834 

The present document has been produced and adopted by the bodies identified above as authors. This 
task has been carried out exclusively by the authors in the context of a contract between the European 
Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, 
view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 

www.efsa.europa.eu/publications


  

                
                  
               

                
                

                
       

       
     

 

      
     

   

    
       

  
      

      
   

    
  

   
        

      

Modelling wild boar distribution 

Figure 24. Left map represents the wild boar abundance model (Acevedo et al, 2014, hunting 
bags), whereas the right-hand map represents the abundance of domestic pigs (in term of 
number of farms per Municipality, Martinez et al. 2017). 

Figure 25. Graphical comparison of the wild boar/domestic pig interface obtained from 
national predictions (left, real data for pigs/wild boar model: Acevedo et al. 2014, as a reference 
for comparison) and from predictions at European level (using GLW2/ENETWILD model, left) in 
Spain as a case. 

Overall, the interface based on GLW predictions for Spain evidenced as medium to high risk level 
the North East region, so as the region of Murcia (south east) and the province of Toledo (central 
Spain, medium risk). However, the interface used as reference additionally highlighted the South 
West region, i.e. the part of Spain where Iberian pig production (extensive) is relevant. A similar 
situation occurred for North West (Galicia region), where familiar production is frequent (there 
are many farms with low stocks). In the reference model, predictions of interface presented 
higher resolution in their spatial variation, whereas in the model bases on GLW looked like the 
administrative units (provinces). This is a consequence of data being collected as subnational 
level for GLW at NUTS3. Therefore, specific approaches are needed to properly display the 
interface for the sector of the pig industry that are more exposed to wild boar: outdoor production 
(e.g. the Iberian pig in South East Spain). However, as above described, the current discrimination 
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of extensive vs. intensive farms of predictive models (GLW) is not reliable to perform analyses 
separately for each production type. 

4.5. Conclusions and further steps 

4.5.1. Data 

	 At European scale (covering the whole continent), only predictive models are available for 
wild boar and pig abundances and distributions; data being usually available aggregated at 
large administrative level for the latter. The present Europe wide livestock census (including 
pigs) distribution information is generally restricted to a spatial resolution of NUTS 2 (province 
level), although downscaling modelling frameworks have been developed to disaggregate 
livestock data up to 1 km grid level (Gridded Livestock of the Word by FAO, GLW). 

	 Reliable and accessible information on the distribution and abundance of pigs in Europe is 
needed for analyses of the risk at pig/wild boar interface. However, abundance and 
distribution data seem to be even less reliable (not validated) and accessible than for wild 
boar. 

	 When attending to different sources of data (GLW, Eurostat, other sources), there is a global 
mosaic of data from different spatial resolutions and different years. 

	 GLW data are most appropriate for applications at global and continental scales. Decisions 
regarding the use of this version of GLW over smaller spatial extents should be taken in 
relation to the resolution of the underlying census data. 

	 The type of production system is not accounted for in GLW. To date, the exact distribution 
of housing types (outdoor/indoor) of the non-commercial pig holdings are unobtainable, but 
likely many have a combination of outdoor and indoor housing. It is not possible to 
differentiate between backyard and outdoor production systems (backyard herds do not have 
a complete fence, and the pigs are not enclosed). 

	 Much variability of livestock (and particularly not herbivores livestock, like pigs) is not 
captured by the GLW predictive models and the downscaled densities only imperfectly 
represent what may be on the ground. 

	 Overall, land-related and climatic factors can only, to a certain extent, explain the current 
spatial pig distribution in Europe. Although the spatial distribution of pigs is also related to 
environmental factors such as climate and topography, other variables are also important 
location factors. 

	 Pigs are produced throughout the EU on several types of farms with considerable variations 
from one Member State to another. Most of pigs are reared by just a few of the largest 
fatteners in western Europe, whereas small pig producers are mostly found in the member 
States that joined the EU since 2004 (central and Eastern Europe), with low size of the herds 
and more backyard production. This extensive pig farming regions can be risky areas for 
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interaction with wild boar. Not only the type of farming may differ from area to area, so as it 
probably does the seasonality pattern of risk at the interface. 

	 There is need also to resolve typology issues regarding the definition of pig production 
systems. All this results in a European mosaic of data from different spatial resolutions, 
periods of time, variables and metadata that prevent their availability and usage. 

	 To interpret pig farming (livestock in general) patterns, there is need to aggregate 
standardized data describing the types and numbers of animals raised in an area, being 
optimal detailed geographical coordinates. 

4.5.2. Assessment of the interface based on GLW data 

	 The risk on interaction, from the considering domestic pigs, depends on the intensity of 
farming. Pig density (preferable nº of farms, but also pig census) is an indicator of the 
intensity of livestock farming on an area and therefore susceptible population to interact with 
wildlife. However, risks are mainly depended on management type. 

	 In the reference model for the interface (Spain), the predictions of risk presented high 
resolution in their spatial variation, whereas the resolution of predictions of the model based 
on GLW was at the level of administrative units (provinces). This is a consequence of data 
being collected as subnational level for GLW (NUTS2). 

	 Therefore, specific approaches are needed to properly display the interface for the sector of 
the pig industry that are more exposed to wild boar: outdoor production (e.g. the Iberian pig 
in South East Spain). However, as above described, the current discrimination of extensive 
vs. intensive farms of predictive models (GLW) is not reliable to perform analyses separately 
for each production system. 

	 According to our prediction model for the interface at European scale, the maximum risk 
interface is scattered over the area delimited by Germany, Poland, North Italy and Serbia, so 
as in North-west Spain, representing approximately 10% of European surface. When 
considering all categories of risk, these areas are bigger, and most central Europe is at 
medium to high risk, so as large parts of Spain, North East France and Romania. Hungary, 
so as Serbia and Croatian in the Balkans are at the highest risk in that area. 

	 We cannot assume that GLW predictions reliably represents the pig abundance distribution 
across countries and therefore data collection and validation of GLW needs to be performed 
in more countries. 

	 Connectivity analysis: we used a simplified scenario as an example; however, future analyses 
should include all farms and differences in their specific interfaces must be accounted for 
(e.g. the type of production system, being extensive at higher risk). This analysis could be a 
good strategy to prioritize sanitary interventions in the case of disease outbreaks. 

	 In the specific case of Romania, no statistically significant association was found, evidencing 
that predictions by GLW were not reliable at subnational level in this example and used spatial 
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resolution (10x10 km). More validations are required in countries were fine resolution 
disaggregated information is available. 

	 Overall, the interface based on GLW predictions in Spain evidenced as medium to high risk 
levels the North East region, so as the region of Murcia (South East, medium risk), and the 
province of Toledo (Central Spain, medium risk). However, the interface used as reference 
additionally highlighted the South West region, i.e., where Iberian pig production (extensive) 
is relevant. A similar situation occurred for North West (Galicia region), where familiar 
production is frequent (there are many farms with low stocks). In the reference model, the 
predictions of interface presented higher resolution in their spatial variation, whereas in the 
model bases on GLW resembled the administrative units (provinces). This is a consequence 
of data being collected as subnational level for GLW at NUTS2. Therefore, specific approaches 
are needed to properly display the interface for the sector of the pig industry that are more 
exposed to wild boar: outdoor production (e.g. the Iberian pig in South East Spain). However, 
the current discrimination of extensive vs. intensive farms of predictive models (GLW) is not 
reliable to perform analyses separately for each production type. 

4.5.3. Next steps 

This report aims at reviewing the availability of quality data and proposing next steps, including 
methodological improvements and modelling approach that will be required in the future to best 
assess the interface of wild boar/domestic pigs. 

	 Concerning data on pig farm distribution and census at European level, next steps are: 

	 To collect data at the highest possible spatial resolution across European Countries; 

	 To collect data that allow to differentiate intensive from extensive types of production. 
Future versions of GLW will differentiate stocks according to production systems for 
ruminant (meat vs. dairy) and monogastric species (intensive vs. extensive, meat vs. egg 
production); 

	 This later involves strengthening collaborations with other organizations, namely, FAO; 

	 However, we are aware that probably a combination of GLW prediction models and data 
collected by EFSA/ENETWILD will be used; 

	 As for the wild boar, efforts to improve the reliability of the abundance model focused on 
hunting yield data will be addressed (deliverable by Jan 2020 and continued later): 

	 In order to smooth differences in wild boar abundance between bioregions, independent 
models for each bioregion will be done; 

	 Updated wild boar hunting yield data, at the finest spatial resolution as possible, will be 
used to correctly recalibrate our model, especially in low quality data areas, such as the 
Balkans; 

	 Relating hunting yield data/predictions with absolute values of wild boar density in order 
to be correctly interpreted in the risk analyses; 

	 The inclusion of new models for presence probability as a predictor variable in hunting 
yield models could help to control overestimations. 

All this will allow the wild boar “side” of the interface to more reliably represented over the 
continent and at finest spatial resolution, and therefore, better describe the risk at the interface. 
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