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Abstract: Intensive livestock farming has been linked to excessive pollution 
and contamination of land, water and air. A common body of knowledge is 
required in order to understand and assess this impact of agriculture, and take 
proper countermeasures with a focus on the sustainability and the protection of 
the physical environment, affecting agricultural productivity as little as 
possible. In this paper, we examine the problem of the environmental impact of 
livestock agriculture, targeting animal manure, which is a serious problem in 
various territories of Europe and the USA. Aiming to address this problem, we 
have developed AgriBigCAT, an online software platform that uses 
geophysical information from various diverse sources, employing geospatial 
and big data analysis, together with web technologies, in order to estimate the 
impact of the livestock agricultural sector on the environment, examining 
possible pollution of land, water and air, considering various scenarios and 
potential applications to mitigate the problem. The AgriBigCAT platform can 
assist both the farmers’ decision-making processes and the administration 
planning and policy making, with the ultimate objective of meeting the 
challenge of increasing food production at a lower environmental impact. 
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1 Introduction 

The central role of the agricultural sector is to provide adequate and good-quality food to 
an increasing human population. Because of its importance and relevance, it is on the 
focus of the policy agendas worldwide. 

Agriculture is considered as an important contributor to the deterioration of soil, 
water contamination as well as air pollution (Bruinsma, 2003). Intensive farming has 
been linked to excessive accumulation of soil contaminants (Teira-Esmatges and Flotats, 
2003), as well as to significant groundwater pollution with nitrates (Stoate et al., 2009). 
Almost 23% of global greenhouse gas emissions are attributed to agriculture. The 
negative environmental impact from livestock farming across Europe continues to make 
its mark (Stiftung, 2014), resulting in new legislations, policies and large research 
programs. However, despite a huge amount of published material and many available 
proposed techniques, doubts over the success of national and European initiatives still 
remain, regarding the extent over which environmental targets are met (Loyon et al., 
2016). Hence, a common body of knowledge is necessary to be developed, shared at local 
and regional levels of the countries involved and affected, so as to allow an effective 
monitoring of cropping and animal production systems, fertilisation and water demands, 
and impacts of climate change. This knowledge would assist policymakers to perform 
efficient regulatory enforcement considering sustainability and protection of the physical 
environment. 

To acquire this knowledge, information and communication technologies (ICT), such 
as web applications and mobile apps (Kamilaris and Pitsillides, 2016), need to be 
combined with geospatial and big data analysis (Mintert et al., 2016), in order to develop 
online tools that allow stakeholders and decision-makers to perceive, visualise and 
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analyse the impact of agriculture, facilitating policymaking towards mitigating or 
eliminating negative effects on the environment (Kamilaris et al., 2016). Big data 
analysis is crucial for analysing vast amounts of data (e.g., weather conditions, climate 
change trends, air, soil and water quality etc.) coming from various sources in near  
real-time (Kamilaris et al., 2017c). Geospatial analysis is also important for large-scale 
planning while ICT can provide the online platforms that give access to the users (i.e., 
policymakers, technical advisory services, researchers, environmental scientists, and 
other stakeholders) by means of graphical, user-friendly interaction interfaces. 

In this paper, we describe how these three aforementioned techniques and 
technologies (geospatial analysis, big data analysis, web technologies) can be combined 
to develop an online tool for policymakers, towards assessing the impact of livestock 
agriculture on the environment. This is one of the first initiatives combining these three 
emerging technologies together, in order to address such a complex multivariate problem 
from multiple perspectives, i.e., data analysis and visualisations (see Sections 4.1–4.3), as 
well as geospatial analysis, feasibility and impact assessment of potential solutions that 
could be applied (see Sections 4.4–4.7). Therefore, the contribution of this work is to 
describe the architecture and development of this online policy tool (see Section 3), 
together with its main features and applications implemented in order to assess and 
analyse the problem under study, employing various possible solutions (see Section 4). 
This paper is a summary and generalisation of the authors’ previous work (Kamilaris  
et al., 2017a, 2017b), targeting the area of Catalonia, Spain, which is a territory where the 
environmental impact of livestock agriculture, especially the one of animal manure, is 
considerable and worrying, and solutions need to be applied urgently in order to avoid the 
further pollution and contamination of the local land/soil, air and water. The work of this 
paper constitutes a joint effort with the Ministry of Agriculture, Government of 
Catalonia, a fact that gives a larger importance and credit to the scenarios, analysis and 
solutions presented, as they are based on the actual needs of the governmental 
organisation responsible for the environment and agriculture in the area under study. 

2 Related work 

The majority of ICT software in the agricultural domain involves modelling software and 
simulations for soil, crops, water needs, adaptation to climatic change etc., focusing 
mostly on farm level (Holzworth et al., 2015). More related efforts include geospatial 
platforms and applications that focus on addressing various problems of the agricultural 
sector, such as facilities management (Lucas and Chhajed, 2004), spatial decision support 
systems (Silva et al., 2014), land use and land cover changes (Embrapa, 2016), diseases 
control and epidemiology (Cringoli et al., 2007) etc. 

Relevant work also involves geospatial platforms dealing particularly with the impact 
of agriculture on the environment. Examples include animal manure transportation 
(Paudel et al., 2009), selecting sites for safe application of animal waste as fertiliser to 
agricultural land (Basnet et al., 2001) and environmentally sound management of 
livestock production (Jain et al., 1995). Finally, big data management and analysis 
platforms have recently appeared, focusing on the farm level (Kamilaris et al., 2016; 
Sawant et al., 2016), on climate change impacts (Schnase et al., 2017), or related to earth 
observation (Nativi et al., 2015; Karmas et al., 2014). 
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The contribution of this paper, as mentioned in introduction, is to present an online 
tool for policymakers that allows assessing the impact of livestock agriculture on the 
environment, by harnessing emerging technologies such as geospatial analysis, big data 
analysis and web technologies. 

3 Platform description 

AgriBigCAT (P-Sphere Project, 2017) is an online software platform that combines 
geophysical information from various diverse sources and web technologies, together 
with geospatial and big data analysis, in order to estimate the impact of the agricultural 
sector on the environment, considering land, water, air emissions (e.g., greenhouse 
gases), biodiversity and natural areas requiring protection, such as forests and wetlands. 
The platform intends to promote more sustainable agriculture, constituting a knowledge-
based platform, managing and analysing a wide range of geospatial and 
sensory/multimedia information, accessible by standard communication technologies 
such as the internet/web and mobile apps. Its architecture is depicted in Figure 1. 

The platform allows large-scale data acquisition and analysis of relevant parameters 
in various agricultural systems in near real-time, facilitating geospatial management and 
use of inputs (e.g., soil characteristics, farms locations, numbers/types of animals, crops 
needs and characteristics) and outputs (e.g., emissions, animal manure, visualisations, 
geospatial results from network analysis etc.). It assists farmers’ decision-making and 
administration planning/policy making, with the objective of meeting the challenge of 
increasing food production and productivity at a lower environmental impact. 

Figure 1 Platform architecture (see online version for colours) 

 

Figure 2 presents two snapshots of AgriBigCAT, showing the main screen with the 
possible features available [Figure 2(a)] and the particular visualisations/analysis 
information available after the user clicks on some feature [Figure 2(b)]. The first two 
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features provide access to the applications AgriBigCATapp (described in Section 4.1) 
and AgriCatVIZ (described below). The rest features constitute clusters of visualisations 
and geospatial analysis results. For each visualisation [Figure 2(b)], the user has the 
option to observe an interactive map, download the data in CSV or text format, and read 
about all relevant information involved when developing this visualisation (i.e., methods 
used, assumptions, sources of data etc.). 

Agriculture-related datasets are stored using Apache Hive, a big database software 
that allows management of large datasets residing in distributed storage. Visualisations of 
the datasets as well as geospatial analysis are performed by means of ArcGIS (ESRI, 
2017a) and its API for JavaScript, which allows the platform to be developed by using 
open web technologies (e.g., HTML, CSS, JavaScript, AJAX, PHP), but at the same time 
to use the visualisations and geospatial features of ArcGIS through its API. Finally, 
specific, ‘heavier’ scenarios of geospatial analysis are executed by means of ArcGIS and 
then illustrated through the platform in the form of maps. In this case, datasets imported 
into ArcGIS are abstracted as layers. Over time, multiple layers become part of a large-
scale geo-database for spatiotemporal analysis. Layers can also be combined for 
advanced knowledge. For example, the relationship between ‘locations of livestock 
farms’ and ‘areas vulnerable in nitrates’ might be mapped as an additional layer that 
denotes “areas close to livestock farms which are vulnerable in nitrates.” 

Figure 2 Snapshots of the AgriBigCAT platform (see online version for colours) 

 
(a) 
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Figure 2 Snapshots of the AgriBigCAT platform (continued) (see online version for colours) 

 
(b) 

We have primarily focused on the territorial domain of Catalonia (Spain), shown in 
Figure 3, located at the north-east part of Spain at the borders with France. We are 
motivated by the fact that it is one of the European regions with the highest livestock 
density, with reported numbers of around 7M pigs, 1M cows and cattle, and 32M poultry, 
in a geographical area of 32,108 km2. 

Figure 3 Map of Catalonia, Spain (see online version for colours) 
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The high density of livestock in some areas, linked to the insufficient accessible arable 
land, has resulted in severe groundwater pollution with nitrates (Nitrates Directive, 1991). 
Excessive soil accumulation of phosphorous and heavy metals from manure has also been 
reported in certain areas (Teira-Esmatges and Flotats, 2003). As a first step, large and 
diverse information datasets of the territorial domain of Catalonia were collected, 
summarised in Table 1. Difficulties in data collection have been discussed in Kamilaris 
(2017). 
Table 1 Datasets collected and included to the AgriBigCAT platform 

No. Area/group Datasets 

1 People, farms 
and animals 

Livestock farms of Catalonia and numbers/types of animals they 
possess, crop farms of Catalonia and categories/types of crops 

2 Areas and 
land 

Fishing, evapotranspiration/thermal regions, nitrate vulnerable areas, 
forests, municipalities, land parcels, soils and crops. 

3 Infrastructures Wind parks, road networks, water/gas pipeline network and existing 
manure management units. 

4 Biodiversity Vertebrates, lormophytes, lichens, bryophytes and waterbirds. 
5 Climate and 

atmosphere 
Thermal levels, temperature, rainfall, noise maps, climate type and 
atmospheric emissions (C02). 

6 Water Wetlands, zones vulnerable in nitrates, wastewater plants, watersheds, 
rivers, reservoirs, water network, monitoring stations, lakes,  
water-deficit areas, coasts, bays and aquifers. 

Figure 4 Platform’s layers visualisation (see online version for colours) 

 

These datasets are available through the platform as layers, for enabling different 
visualisations, available through the AgriCatVIZ application, which can be used through 
the AgriBigCAT platform. An example is depicted in Figure 4, where the precipitation  
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patterns in Catalonia are visualised together with the areas vulnerable in nitrates, to study 
how precipitation affects the leaching of nitrates to water, leading to groundwater 
pollution, which renders the water not suitable for human consumption. 

As described previously, these datasets were imported as layers in ArcGIS for 
geospatial analysis, as well as in our NoSQL database for big data analysis. Therefore, 
geospatial analysis was performed fast by means of ArcGIS Cloud, while big data 
analysis and calculations was done as fast through our cloud server and NoSQL database. 

4 Analysis 

The main purpose of the analysis performed is to examine by means of the AgriBigCAT 
platform the impact of livestock agriculture on the environment of Catalonia, with a focus 
on the animal manure storage/processing problem, as it constitutes a serious issue at the 
territory. Hence, the main aim is to optimise manure management by proper planning, 
targeting to prevent manure land overdosing and eliminating negative effects on the 
environment. This analysis could eventually result in mitigation of pollution/ 
contamination, by means of more efficient policies and guidelines. In the next sections, 
we describe and illustrate the different scenarios, analysis and visualisations we 
performed. We note that some of the figures presented below have been generalised/ 
abstracted, in order to avoid revealing the identity/location of farms and other sensitive 
data, an aspect considered very important by the Department of Agriculture. 

4.1 Calculation of emissions at farm level 

In an effort to understand how different farm types and sizes contribute to the animal 
manure and emissions production problem, we developed the AgriBigCATapp, also 
available online through the AgriBigCAT platform (P-Sphere Project, 2017). This 
application allows policymakers to estimate the impact of animal production on the 
physical environment at a farm level. Specifically, users can select a particular area on 
Catalonia (or all areas), particular animal types (e.g., pigs, dairy cows, poultry, beef cattle 
or all animals), and emission type (e.g., carbon dioxide, methane, nitrous oxide, 
ammonia) or nitrogen/phosphorous excreted from manure, and then the platform 
calculates the farms and animals involved in the query, manure produced and estimated 
emissions/excretions in monthly or yearly basis, taking into account existing weather and 
thermal conditions at the selected time period, either from historical data (past periods) or 
from forecasting (future periods). Calculations are based on IPCC guidelines (IPCC, 
2006) (TIER1) and relevant literature (Velthof et al., 2015; Borhan et al., 2012; Hayes  
et al., 2006) (TIER2). In particular, ammonia emissions are calculated based on 
(EMEP/EEA, 2016). 

Figure 5 illustrates a snapshot of the AgriBigCATapp application, where  
medium-to-large pig farms are selected and visualised, in order to examine the methane 
emissions produced all around Catalonia. Table 2 presents the total tones of manure, 
methane emissions, ammonia emissions and emissions of nitrous oxide, produced by the 
livestock industry in Catalonia, together with total numbers of farms and animals 
involved. 
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Figure 5 Snapshot of the demo application (see online version for colours) 

 

Table 2 Emissions produced by the livestock agriculture in Catalonia 

Animal 
type 

Total 
farms 

Total 
animals 

Manure 
produced 

(tones/year) 

Methane 
emissions 

(tones/year) 

Ammonia 
emissions 

(tones/year) 

Nitrous 
oxide 

(tones/year) 

Pigs 8,350 7,553,068 2,913 96,379 99,700 302 
Dairy 
cows 

1,772 201,393 1,575 30,646 13,614 68 

Beef 
cattle 

5,403 915,266 1,233 52,520 20,685 128 

Chicken 1,655 32,099,171 571 641 15,408 23 
Sheep 3,355 1,818,852 331 15,444 2,546 18 
Turkey 162 1,334,997 1,556 116 1,268 13 
TOTAL 20,697 43,922,747 8,179 195,746 153,221 552 

From Table 2, it is evident that pig farms constitute the large majority in the area, 
followed by beef cattle farms. However, chicken constitutes the largest population of 
animals, followed by pigs and beef cattle. Pig and beef cattle farms are largely 
responsible for the total yearly methane emissions (76%, estimations include both enteric 
fermentation and manure management). Pig farms are also the largest contributors of the 
total yearly nitrous oxide emissions (55%, estimations include direct emissions from 
manure management) as well as of yearly ammonia emissions (65%, estimations include 
solid and liquid manure management, manure applied to soils and excreta deposited by  
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grazing livestock). These statistics, together with geospatial maps and visualisations (see 
Sections 4.2–4.7), provide rich geospatial information over the distribution of farms, 
animals, manure produced and emissions around Catalonia, allowing policy- and 
decision-makers to better understand the impact of livestock agriculture on the region’s 
physical environment. 

4.2 Calculation of emissions at municipality level 

Aggregating farms and emissions at municipality level was considered important in order 
to gain insights over the problem at a higher abstraction, considering policies at the 
municipality administration level. Hence, calculations and visualisations of the 
concentrations of farms and animals at each municipality have been developed, including 
hotspots of farms/animals at each region, as shown in Figure 6(a). Red colour means a 
higher concentration of farms/animals, while blue colour indicates a lower one. Similar 
maps have been created for particular animal types as well. The south-west part of the 
region has generally the highest farm and animal concentrations. Figure 6(b) illustrates 
the production of animal manure at each municipality, with darker brown being a symbol 
of higher production. 

Figure 6 (a) Hotspots of farms around the different municipalities of Catalonia (b) Manure 
produced in different municipalities (see online version for colours) 

 
(a) 
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Figure 6 (a) Hotspots of farms around the different municipalities of Catalonia (b) Manure 
produced in different municipalities (continued) (see online version for colours) 

 
(b) 

Calculations and visualisations have also been developed regarding the emissions at 
municipality level, including methane, nitrous oxide and ammonia emissions, as well as 
excretions of contaminants such as nitrogen and phosphorous. Figure 7(a) shows the 
summary of yearly methane emissions at each municipality, based on existing 
farms/animals (TIER2 level). Darker orange means a larger production of methane 
emissions, while the darkest one indicates that caution is required and actions must be 
taken. Similar maps have been produced for other emission types, and per particular 
animal type as well. Calculations are based on the existing manure management storage 
methods in the region, i.e., liquid slurry storage (pigs and cows), pit storage (pigs), solid 
manure storage (cows, beef cattle, sheep and turkey), composting (beef cattle) and 
with/without litter (poultry). Similarly, Figure 7(b) presents a summarised snapshot of the 
yearly nitrogen excreted from animals’ manure at each municipality of Catalonia, based 
on all existing farms and animal types. Similar maps have been produced for 
phosphorous too. Darker blue means a larger amount of nitrogen excreted. Similar maps 
have been created per animal type. Calculations in this case are based on IPCC TIER1. 
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Figure 7 (a) Methane emissions per municipality (b) Nitrogen excreted at the livestock farms per 
municipality (see online version for colours) 

 
(a) 

 
(b) 
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4.3 Potential reduction of pollution by means of best available techniques 

An important aspect affecting the policies employed to reduce pollution is the question 
regarding which the potential mitigation of emissions/contaminants is, by adopting 
various strategies. To answer this question, we considered the existing BAT in nitrogen 
and phosphorous management, as indicated by the European Union (EU) BAT 
conclusions, under Directive 2010/75/EU of the European Parliament and of the 
European Council, for the intensive rearing of poultry or pigs (with suggestions affecting 
dairy cows too), with a focus on collection, storage and processing of manure. 

According to the EU directive, BAT includes the following general practices: 

1 appropriate design and management of new storage units 

2 check, repair, maintain and enhance existing structures and equipment 

3 on farm processing of manure and efficient manure land spreading 

4 better diet formulation and nutritional strategy. 

Based on the above BAT, potential savings per municipality are listed in Figure 8, for 
nitrogen [Figure 8(a)] and phosphorous [Figure 8(b)]. Obviously, the largest potential 
exists at the areas where the larger concentration of animal farms is, i.e., the south-west 
part of Catalonia. 

Figure 8 (a) Potential savings in nitrogen production (b) Phosphorous application by employing 
BAT (see online version for colours) 

 
(a) 
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Figure 8 (a) Potential savings in nitrogen production (b) Phosphorous application by employing 
BAT (continued) (see online version for colours) 

 
(b) 

According to our calculations, there is a potential saving of 22,725 tons of nitrogen 
(average 22% per farm) and 12,714 tons of phosphorous (average 18% per farm) by 
applying some of the aforementioned BAT around the territory. These potential savings 
differ across animal types, ranging from 17–20% in pig farms to 21–26% in poultry 
farms. In the case of turkey farms, potential savings are negligible (1–2%). 

4.4 Manure management: find best routes 

A possible solution to the animal manure problem would be for the government to 
subsidise trucks which could pass from all medium-to-large animal farms, or at least from 
the ones which do not possess manure treatment units, and collect the manure transferring 
it to the existing centralised manure management units of Catalonia. In this case, it is 
necessary to consider the best routes to connect farms together, in order to perform this 
collection and delivery in the most efficient way possible. This is a network analysis 
problem that we approximated by means of the ArcGIS Network Analyst toolbox (ESRI, 
2017b), harnessing OpenStreetMap (2017) to simulate the transportation network of 
Catalonia (also in the cases of Sections 4.5 and 4.6). Figure 9 shows an example solution 
of the problem for the case of large farms which do not possess their own manure 
management units on-site, in the north-east part of Catalonia. Here, the best routes (i.e., 
minimising total travel time/distance) are displayed in light brown colour. Similar maps 
have been created for other parts of the territory and for different scenarios (i.e., all  
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farms, different farm sizes, different maximum distances from the centralised treatment 
plants etc.). For some farms at the top-left side of the figure, there do not exist nearby 
management plants, after setting a cut-off distance of 20 kilometres. 

Figure 9 Example visualisation of finding best routes to connect farms together  
(see online version for colours) 

 

4.5 Manure management: find closest plants 

According to the structure of the existing manure management plants, which are the 
closest ones that can serve the animal farms in Catalonia to dispose their manure? This is 
another possible scenario in our efforts to mitigate the animal manure problem, and the 
government could perhaps subsidise some of the transportation costs of the farmers in the 
future, in order to properly dispose their manure. To consider though possible 
subsidisation strategies, the total transportation distances and costs from each farm to the 
nearest manure treatment plan(s) need to be computed. This was achieved once more by 
means of the ArcGIS Network Analyst toolbox, and an example snapshot for the case of 
the south part of Catalonia is depicted in Figure 10. 

The farms are drawn as yellow circles while the management plants as yellow 
rectangles. This scenario includes only large centralised treatment plants (not smaller 
ones located in nearby farms). It is interesting to observe that for the farms at the top-left 
side of the figure, no nearby management plants exists (after selecting a cut-off distance 
of 20 kilometres). Similar maps have been created for other parts of the territory and for 
different scenarios (i.e. particular farms with different size/characteristics/animal types, 
different maximum distances from nearby treatment plants or from the governmental 
centralised ones etc.). The geospatial analysis results indicate an average transportation 
distance of 14.35 kilometres between each farm and its closest plant. 
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Figure 10 An example visualisation of finding closest plants (see online version for colours) 

 

4.6 Manure management: identify best locations 

A long-term goal of the Department of Agriculture is to install additional manure 
treatment plants. In this case, the geospatial problem is about which the best candidate 
locations/areas to build these manure processing units are, considering their proximity to 
the particular farms involved (i.e., minimise transportation distance and travel time), as 
well as the existence of various treatment units in the territory. Moreover, various 
restrictions must be satisfied, while laws and regulations need to be respected. Some of 
these restrictions are the following, based on the Decree 40/2014 on the management of 
livestock farms, prepared by the Catalonian Ministry of Agriculture, Livestock, Fisheries 
and Food: 

• Avoidance of forests, natural parks, areas vulnerable to nitrates, areas of natural 
interest or protected, wetlands. 

• Proximity to towns (at least 2,000 metres distance), commercial operators  
(300–2,000 metres distance, depending on animal type) and surface water, e.g., 
lakes, rivers, stream (1,000 metres distance). 

• Proximity to nearby livestock farms (300–2,000 metres distance, depending on 
animal type), slaughterhouses (500–2,000 metres distance, depending on animal 
type), treatment plants for animal corpses (1,000–2,000 metres distance, depending 
on animal type) and landfills (500 metres). 

By modelling the problem in ArcGIS network analyst, incorporating the above 
restrictions, the best options (i.e., minimising total travel time/distance from farms) are 
listed in Figure 11, displayed as blue circles on the map. Each candidate solution offers 
different characteristics, advantages and disadvantages, and different combinations of 
average transportation distances and times from the farms involved in the scenarios. 
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Figure 11 An example visualisation of identifying best locations (see online version for colours) 

 

4.7 Manure management: use of manure as fertiliser 

A final approach could be to use animal manure (and its contents in nitrogen) as fertiliser 
for nearby crop farms. To model and evaluate this scenario, we divided the territory of 
Catalonia into 74,970 grid cells, each representing one square kilometre of physical land, 
as shown in Figure 12(a). 

Figure 12 (a) Division of the territory of Catalonia in cells of square kilometres (b) Assignment 
of livestock/crop farms at each grid cell (see online version for colours) 

 
(a) 
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Figure 12 (a) Division of the territory of Catalonia in cells of square kilometres (b) Assignment 
of livestock/crop farms at each grid cell (continued) (see online version for colours) 

 
(b) 

We assigned all livestock and crop farms to the grid cell where it geographically belongs, 
i.e., brown small circles and blue areas in Figure 12(b) for livestock and crop farms 
respectively. Then, we calculated the aggregated production of nitrogen by the animal 
farms, as well as the needs in nitrogen by the crop farms, depending on the type of crop 
they cultivate and their total hectares. After, we tried to solve this problem of ‘nitrogen 
exchange’ using the following objectives: 

• Total needs of fertilisers at crop farms need to be satisfied as much as possible. 

• Total aggregated transportation distance, covered from the livestock farms to the 
crop farms, in order to deposit the manure/nitrogen as fertiliser, needs to be as small 
as possible. 

The following algorithm has been used to solve this problem: 

1 First, for some cell (x, y), try to exchange nitrogen between the livestock and the 
crop farms located at this cell (distance 0–1 km). Do this for all grid cells. 

2 Then, if availability of nitrogen still exists, try to transfer nitrogen from the cell (x, y) 
with the crop farms located at the nearby grid cells (x ± 1, y ± 1) (distance 1–2 km). 
Do this for all grid cells. 

Continue this procedure for grid cells located at increasing distance k each time (x ± k,  
y ± k) from cell (x, y). At each step k, do this for all grid cells, before moving to a 
distance k + 1. This will be repeated until the availability of nitrogen is completely 
satisfied, or a maximum distance m = 15 (i.e., grid cells distance) has been reached. 
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A minimum value of nitrogen was selected (i.e., 20 kilos), allowing only the 
exchange of this or larger quantities among farms. This restriction applied only for farms 
having a distance larger than four grid cells (i.e., 4–5 kilometres). The results of this 
experiment are presented in Figure 13. 

Apparently, most of the nitrogen exchange happens up to a distance of five grid cells 
(i.e., between 5–6 kilometres), i.e., 99.0% of the total nitrogen exchanged. Hence, it 
makes sense to select a cut-off distance of five grid cells (i.e., 5–6 kilometres), above 
which no exchange would be allowed. In this case, from the total availability of 1,274 
tons of nitrogen available from animal manure, 1,262 tons can be transferred in order to 
satisfy the needs of crop farms in fertiliser, a percentage of 99.0%. On the other hand, the 
needs of the crop farms are far larger, hence this amount of manure/nitrogen can satisfy 
only the 1.5% of the total needs, which reach 81,960 tons of nitrogen yearly. 

Figure 13 (a) Results of the animal manure used as fertiliser experiment. Total transportation 
distance covered from the livestock farms to the crop farms in relation to grid cell 
distance between the farms (b) Total nitrogen exchanged between the farms at each 
grid cell distance (see online version for colours) 

  
(a)     (b) 

In respect to transportation distance, 173,332 kilometres must be covered to enable the 
exchange of manure/nitrogen up to a distance of five grid cells, and this distance involves 
65,653 exchanges between livestock/cultivation farms. Observing Figure 13(a), it is 
evident that aggregated transportation distances remain high in larger grid distances, 
although the total exchanges of nitrogen, and the quantities involved, are very low. This 
is another indication that a cut-off distance of five grid cells is more than enough. 
Distance approximation has been modelled by means of weighted Euclidean distance, 
using g = 1.25 (Wenzel and Peter, 2017). Although this approximation mainly applies for 
urban areas, we argue that the territory of Catalonia is well connected, characterised by a 
sub-urban transportation network where the farms are located. 

Moreover, we note that the minimum value of nitrogen selected in order to allow a 
transaction to happen (i.e., 20 kilos), affects the results in terms of total distance covered 
and needs in nitrogen satisfied. The larger its value, the lower the transportation distance 
required to be covered, but at the same time the lower the needs that are satisfied. These 
changes are small, ranging between 2–15% in nitrogen need satisfaction and 1–2% in 
transportation distance, for minimum nitrogen values between 1 and 50. We considered 
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the value of 20 as the one that satisfies most the nitrogen needs without serious penalty in 
transportation distance. Finally, some of the assumptions made in this scenario (i.e.,  
cut-off distance, minimum nitrogen value) are under consideration of the Catalonian 
Ministry of Agriculture, which would be the one finally deciding on the exact strategy to 
follow, after incorporating actual costs and comparisons with alternatives. 

5 Discussion 

Section 4 listed various scenarios, analysis of cases, visualisations and geospatial 
applications trying to address the problem of understanding and mitigating the impact of 
livestock agriculture on the environment, with a focus on animal manure. All the 
scenarios and findings have been prepared in collaboration with the Ministry of 
Agriculture of Catalonia, which proposed, co-designed and evaluated the cases examined. 
All the findings and results are available to the Ministry, for more elaborate study before 
designing the future policies and regulations to be applied at the agricultural territory of 
Catalonia. All the scenarios of Section 4 are listed and further described (i.e., methods, 
assumptions, analysis, inputs, parameters, results, and visualisations) at the AgriBigCAT 
online software platform (P-Sphere Project, 2017). Each member of the Ministry 
involved to the project has personal credentials to enter ‘restricted’ sections of the 
platform, where sensitive information is provided which should stay private, such as the 
actual locations of livestock/crop farms and their emissions footprint. 

Our interaction with the Ministry gave us the opportunity to understand which their 
priorities and main interests are, in respect to the problem under study. The ‘manure as 
fertiliser’ scenario seems to be quite interesting to the policymakers (see Section 4.7), 
while installation of new manure management plants (see Section 4.6) is at the  
longer-term plans of the department, encouraging at the same time the installation of 
small-scale on-farm treatment units such as solid/liquid separators, because they facilitate 
nutrient exports. Of high interest is the potential impact of applying various cutting-edge 
BAT, together with a cost and feasibility analysis of each technology, deciding whether 
and at which extend to follow on-farm vs. centralised strategies (Flotats et al., 2009). We 
examined a small number of existing popular BAT, but many others (e.g., end of pipe 
manure treatment technologies) are pending to be examined too. Future plans also 
involve studying more carefully the impact of better animal nutrition on their manure 
content, emissions and nitrogen excreted (Beauchemin et al., 2008; Santonja et al., 2017). 

Some aspects of our analysis would not have been complete or even possible without 
estimating the environmental impact of crop farms, such as the ‘manure as fertiliser’ 
scenario. While approximating the problem of nitrogen exchange between livestock and 
crop farms, it was necessary to calculate the needs of the crop farms in nitrogen as 
fertiliser [see Figure 14 (a)]. The needs of crop farms in fertiliser (i.e., 81,960 tons of 
nitrogen) are higher at the dark brown areas, and these are areas with extensive 
cultivation of olive trees (27% of nitrogen needs), barley (18%), wheat (9%), corn (6%), 
alfalfa (4%) and rice (4%). In addition, the aforementioned estimation allowed us to 
develop visualisations of emissions of nitrates at the soils of crop farms where animal 
manure has been applied, as shown in Figure 14(b), with higher concentrations of nitrates 
where the dark gray circles are located. 
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Figure 14 (a) Needs of crop farms in nitrogen (b) Nitrate emissions at the crop farms where 
animal manure has been applied (see online version for colours) 

 
(a) 

 
(b) 
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Finally, we were asked by the Department of Agriculture to develop an online application 
that allows to select particular areas of Catalonia and/or crop categories/types, and to 
estimate in real-time their nitrogen needs. An example can be observed in Figure 15. 

Figure 15 Online application that estimates in real-time the nitrogen needs of crop farms, 
depending on their location and the crop they cultivate (see online version for colours) 

 

Our point here is that in order to perform a complete analysis of emissions and ways to 
mitigate them, the whole picture needs to be taken into account, involving livestock as 
well as crop farms, including soil characteristics, distance to nearby water sources, 
weather conditions etc. Some of the latter aspects constitute future work plans. 

6 Conclusions 

This paper has described the architecture and design of AgriBigCAT, an online software 
platform combining geospatial and big data analysis, together with web technologies, to 
estimate the impact of the livestock agricultural sector on the environment, with a focus 
on the animal manure problem. Serving as a knowledge-based platform, AgriBigCAT 
constitutes a useful tool for administration planning and policy making, contributing to 
the challenge of increasing food production at a lower environmental impact. Various 
scenarios, applications, analysis of cases and visualisations have been presented, 
examining different potential solutions to the issues of quantifying, understanding, and 
mitigating the impact of animal manure. 

Combining calculations and analysis of emissions and contaminants excreted from 
current and BAT, together with geospatial analysis, visualisations and modelling of land 
and water (e.g., areas vulnerable to pollution), soil/crop types and animal farms’ 
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characteristics, stakeholders may assess the yearly impact of the livestock industry with 
high precision, through the AgriBigCAT platform. 

As future work, we plan to examine in more detail novel and promising BAT 
available for agricultural animal/manure management, assessing the potential 
environmental benefits (considering cost trade-offs) of their application in Catalonia (or 
other regions considered in the future through our platform). Our plans also include more 
dynamic assessment of environmental impacts by considering real-time stochastic 
parameters such as weather conditions, rainfall patterns and climate change. 
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