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Summary 
Reforestation will mitigate global warming as forests sequester atmospheric carbon dioxide. In Europe, Ireland 

stands out as one of the countries with high restoration potential which, according to national policies, could 

expand to cover 18%, in contrast to 11% at present, of Ireland’s total landmass in 2050. To reach this target 

approximately 15.000 ha of forest growth per year is needed for the coming 30 years. Reforestation is most likely 

to occur on lands that are currently in use as pastures. Many farmers have a dismissive attitude towards changing 

to forestry because of social, financial and cultural reasons. A less rigorous alternative to plantation forestry is 

silvopastoral agroforestry which can also help to make agricultural practices more sustainable. Wild cherry 

(Prunus avium) is known to be a good alternative as it is often cultivated in temperate agroforestry systems and 

is highly valued for its fruit and timber. By identifying the most suitable locations for wild cherry, targeted policies 

and actions can be developed to facilitate and incentivize the transition to agroforestry. Through a GIS-based 

land suitability analysis priority areas for wild cherry growth on pastures have been located by using national and 

global datasets. Through literature study and expert opinions optimal growing conditions for various climatic, 

soil and topographic parameters were defined. In the spatial modelling environment QUICKScan multi-criteria 

decision analysis methods, Bayesian networks and knowledge matrixes, were applied to calculate the suitability. 

The final suitability map of the Bayesian network shows that 67% of the Irish terrestrial land is suitable for wild 

cherry, whereas the knowledge matrixes show that only 43% is suitable. When adding the pastures to the 

analyses 70 to 80% of the suitable area is found on pastures, respectively. Both analyses show that the 18% forest 

cover goal of the Irish government can be met with silvopastoralism with wild cherry.  
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1.  

INTRODUCTION 
 

According to a recent study by Bastin et al. (2019) on the global tree restoration potential, ecosystems could 

support an additional 0.9 billion ha of canopy cover located outside of human settlements and croplands. When 

looking at the study´s results on a map, Ireland stands out in Europe as one of the countries with the highest 

forest restoration potential (Figure 1). Ireland could total 2.74 M ha continuous tree cover, of which 0.74 M ha 

presents the current forest cover (11%) and so 2 M ha can potentially be added (Bastin et al., 2019b). Now one 

of the least forested countries in Europe, Ireland is planning to increase its forest cover to 18% in 2050 (World 

Bank, 2016; NFI, 2017). This would amount to an additional 0.55 M ha – a number that is a lot lower than the 

potential calculated by Bastin et al. To reach 18% forest cover approximately 15.000 ha afforestation per year 

from 2020 is needed (COFORD, 2016). Many farmers would have to convert their land to forestry, and although 

in the past this has been done fervently (34.8% of the estate is planted by farmers) currently afforestation rates 

are too low (DAFM, 2018). Many farmers lack expertise, or are otherwise against changing to forestry because 

of social, financial and cultural reasons (Duesberg, O’Connor & Dhubháin, 2013). On top of that, the forests that 

are planted are mainly plantation forests with Sitka spruce, which are not the public’s favourite (Bray, 2019) and 

can cause environmental harm (Bremer & Farley, 2010; Giller & O’Halloran, 2004). Some studies even indicate 

that plantation forests can store less carbon than natural woodlands (e.g. Luyssaert et al., 2008; Stephenson et 

al., 2014), meaning that adding plantations for carbon sequestration goals might give the opposite result. And 

not only forestry has become a very intensive practice, farming has too. Production of livestock from grassland 

is causing nutrient leakages and is harming biodiversity. Through decreased levels of livestock output, better 

nutrient management on farms, increased tree cover, and stabilisation of rural communities the EU is trying to 

promote more sustainable farming practices (McAdam, Short, Hoppé, 2006) as agriculture is currently under 

great distress in Ireland as well as in the rest of Europe.  

Figure 1 Excerpt of the forest restoration potential map (Bastin et al., 2019). The darker the green overlay, the higher the 
potential (0%-100%). Especially the eastern part of Ireland shows high potential. 

Silvopastoral agroforestry can be part of the solution to increase the sustainability of conventional agricultural 

and forestry practices. Silvopastoralism is defined as “the intentional combination of trees, forage plants and 

livestock together as an integrated, intensively-managed system” (Aftaweb, 2019). Silvopastoralism can 
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contribute to mitigating climate change, providing hardwood, and sustaining the rural economy (DAFM, 2015). 

It can diversify the landscape and enhance biodiversity. It can reduce nitrate leaching in intensively managed 

agricultural landscapes (Reisner et al. 2007). On top of that trees have many soil improving effects such as 

enhancing soil organic matter, improving water holding capacity, and increasing nutrient inputs (Reisner et al. 

2007). By conducting a GIS-based land suitability analysis, this study will look into the potential of silvopastoral 

agroforestry to help Ireland achieve its 18% forest cover goal. Moreover, it will compare estimations of the global 

landscape study of Bastin et al. (2019) to the estimations of this study and so can tell us more about the credibility 

of such ‘global conclusions’ on a national scale.   

In Ireland 64% of the land is being used for agriculture (World Bank, 2016), of which 12% is considered to be 

‘rough grazing’ and 80% ‘pasture, hay and grass silage’ (DAFM, 2018). In a silvopastoral system land can be used 

for agricultural purposes such as grazing and creation of silage as it is growing simultaneously (Carrington, 2019), 

meaning that it wouldn’t have to compete with food supply. However, contrary to many other countries in 

Europe, Ireland does not have a history in agroforestry systems (Den Herder et al., 2015). As of 2017 only 51 ha 

are covered with silvopastures. Since almost half of the country is covered in pastures, there is still a lot of 

potential there. In order to assess the potential of silvopastoralism in Ireland, the ecological suitability for 

growing wild cherry (Prunus avium)  will be studied. Wild cherry is often cultivated in temperate agroforestry 

systems and is highly valued for its fruit and timber. To assess its suitability, climate, soil, and topography factors 

will be taken into account, as these factors and the interaction between them largely determine a tree’s 

productivity (Horgan et al., 2003; Farrelly, Fealy & Radford, 2009).  

By diving deeper into the potential of silvopastoralism in Ireland, the government can be encouraged to spent 

more effort into promoting this agricultural system. According to the Council for Forest Research and 

Development (COFORD) more evidence based studies about the viability of agroforestry are needed. One of the 

research requirements that would help improve the trust in agroforestry is to be more certain about the 

suitability of different site types for various tree species (COFORD, 2016). Scientific evidence is that agroforestry 

in similar climates as Ireland (e.g. Scotland) can lead to an improved harvest and other beneficial ecosystem 

services (e.g. Toal & McAdam, 1995; Burgess, 1999; Torralba et al., 2016). Even the midterm review of the 

Forestry Programme 2014-2020 states that the experimental plots in Ireland give enough evidence that 

agroforestry is possible under Irish conditions (DAFM, 2018). However, the specific question of where and with 

which tree species has not been conducted on a national scale. The map created by the European Atlas of Forest 

Tree Species (Welk, de Rigo & Caudullo, 2016) shows the maximum habitat suitability of wild cherry. This shows 

that only part of the eastern part of the country is deemed suitable enough. Reisner et al. (2007) have conducted 

a study on the potential of wild cherry on arable lands, also on a European scale. However, a study focusing on 

silvopastoralism solely, on a national scale with national datasets, has not yet been conducted. This study’s 

outcome, a suitability map of wild cherry, can give national policy makers a hands-on tool to  assess the potential 

of agroforestry with wild cherry in an area of choice.  

In order to do this the main research question is as follows: What is the potential of silvopastoralism with wild 

cherry (Prunus avium) to help achieve 18% forest cover in Ireland? To answer this question the following sub 

questions have been formulated:  

1. What is the area of land suitable for productive wild cherry growth in Ireland?  

2. What is the land availability for suitable wild cherry growth in silvopastoral systems in Ireland?   
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2. 

MATERIAL AND METHODS 
 

There are generally two methods that can be employed to assess the potential ecological distribution area for 

plants (Reisner et al., 2007). It can be done directly from databases that are based on actual observations of areas 

where the plants are growing, which is then generalized to cover a greater area. This has been done on a 

European scale for many tree species for the European Atlas for Forest Tree Species (2016). Another way is to 

indirectly map areas where ecological growth requirements are fulfilled. The strategy opted for in this study is 

the last one. The creation of the maps will be done through a GIS-based land suitability analysis (Figure 2). 

Land suitability analysis (LSA) is a method that aims to identify the most appropriate spatial pattern for land uses 

according to specific requirements, preferences, or predictors of some activity (Malczewski, 2004). In this stud 

the LSA is carried out by using the software tool QUICKScan, a spatial modelling environment that combines 

expert knowledge with spatial and statistical data (QUICKScan, 2020). The result of QUICKScan will be overlaid 

with a map of pastures and the total agroforest cover will be compared to the government’s goals and the study 

of Bastin et al. (2019).  

 

Figure 2 Conceptual model 

In this chapter you can first read about the history of Ireland’s forestry and why agroforestry would be a 

sustainable alternative to its current practices (2.1). Then wild cherry and its preferred growing conditions will 

be elaborated upon (2.2). The next sections (2.3 & 2.4) will explain the methods for answering research question 

1 and 2 respectively.   
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2.1. Study area: Republic of Ireland 

 

For its high forest restoration potential and high afforestation goals Ireland has been chosen as the focus area of 

this study. Ireland is experiencing problems in reaching its afforestation goals due to a lack of interested farmers. 

On top of that it experiences environmental and social hindrances connected to plantation forests with 

introduced species. That makes Ireland an excellent case for studying the potential of a more sustainable 

alternative, agroforestry.   

In the middle through to the later part of the 20th century many forests in Ireland were planted on sites that were 

considered marginal for agricultural use, to avoid competition with agricultural production (Farrelly, Ní Dhubháin, 

& Nieuwenhuis, 2011). The few species that could thrive relatively well on these poor and wet sites were exotic 

conifers such as Sitka spruce (Picea sitchensis) and lodgepole pine (Pinus contorta). In a short time Sitka spruce, 

being highly adaptable and suiting a wide range of climatic conditions, developed itself to be the workhorse of 

Irish forestry (Farrelly et al., 2011). Since the 1980s better lands were also being afforested and many landowners 

with less productive agricultural land were targeted. Since then a big share of forests have been planted by 

farmers with government grant aid, now making up 34.8% of total forest area (NFI, 2017). ‘Farm forests’ mostly 

contain coniferous species, especially Sitka spruce. Sitka spruce plantations are not really the public’s favorite 

(Bray, 2019; Irish Examiner, 2019). Claims have been made that “there is no life beneath Sitka plantations”, 

“rivers were polluted”, and “there is no biodiversity whatsoever” (Bray, 2019). Others have claimed that 

monocultures drive out many species of birds and insects, some which are already threatened with extinction 

(Irish Examiner, 2019; Colwell, 2018).  

Until now the Irish government has given great effort to encourage farmers to plant forests by giving economic 

incentives through afforestation grants (DAFM, 2015). However, forest conversion rates have been lower than 

expected (DAFM, 2018). Farmers are put off from forestry for many reasons, for example a lack of knowledge, 

social and family pressure, intrinsic values about farming, and a lack of economic incentives (Duesberg, O’Connor 

& Dhubháin, 2013). Silvopastoralism is not the only solution to these hindrances, but it can help farmers in the 

transition to conventional forestry and it can be a way for them to continue with farming simultaneously 

(COFORD, 2016).  

Since 2014, an agroforestry grant has been available for landowners. This grant, new to the Forestry Programme 

of 2014-2020, plans to have 195 ha of silvopastoral agroforestry by the year 2020. A lack of knowledge and 

tradition of agroforestry is one of the reasons of the government to keep the target of the agroforestry grant 

relatively small (Curran & McAdam, 2018). 195 ha is negligible compared to the 43.410 ha of additional other 

forest (DAFM, 2015). But as is the case with conventional forestry, until now afforestation rates of agroforestry 

are lower than aimed for (DAFM, 2018). Currently there are few farmers that have taken up agroforestry, 

summing up to a total of 51 ha in 2018, compared to 5 ha in 2015 (Curran & McAdam, 2018). Nonetheless, the 

government has acknowledged the many benefits of agroforestry (DAFM, 2015). The  main aim of the 

agroforestry scheme is to “ensure a sustainable source of roundwood for wood product manufacture and by 

doing so provide jobs in rural areas and help farmers diversify their income” (DAFM, 2015, p. 47).   
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2.2. Study subject: wild cherry 

 

The reason that wild cherry is chosen for this case analysis is that it is highly valued for its fruit and timber. It is 

an often used tree in temperate agroforestry systems in Europe, just as other high value trees such as walnut, 

olive and chestnut. Wild cherry is also mentioned as a primary option for the agroforestry grant of the Irish 

government, together with sycamore and oak.  

Wild cherry (Prunus avium L.), also known as sweet cherry, belongs to the Rosaceae family. According to one 

study the northern borders of its natural occurrence are in central Poland and central Germany (Martinsson, 

2001). However, its natural occurrence is most probably distorted because for centuries wild cherry is in frequent 

human use (O’Brien Horticulture, 2020). Its fruit is eaten around the world, and its wood is highly sought after 

for veneer, furniture, panelling and flooring (Martinsson, 2001; Coello et al., 2013; Den Herder et al., 2015). 

Besides that it is an ornamental tree, that is often planted for its early flowering period (Coello et al., 2013). The 

flowers and fruit are also known for their high value for biodiversity: the flowers provide a source for nectar and 

the fruit is eaten by many birds and mammals (O’Brien Horticulture, 2020). 

Wild cherry has a high growth rate: its rotations are between 40 to 50 years long. In natural conditions wild 

cherry can adapt to many climatic and soil conditions, but for achieving high quality timber, which is often one 

of the goals in agroforestry, it is necessary to achieve the most suitable conditions (Coello et al., 2013). In general, 

it is a light-demanding species, growing on deep, moist to well-drained soils in acidic to calcareous conditions. It 

does not grow well on heavy clays, waterlogged or badly drained sites (O’Brien Horticulture, 2020). Wild cherry 

is sensitive to pests and diseases, which is why it is not recommended to have a pure cherry plantation, unless it 

is in a smaller area (<1 ha). In a pure plantation the planting density on the lower end (<300 trees per ha) is with 

6m spacing. In a mixed plantation it can be at 4m width (300-800 trees per ha) (Coello et al., 2013). When the 

stems have enough protection, both sheep and cattle can be placed on the field (Pilbeam, 2016).  

2.3. Land suitability analysis  
 

Land suitability for tree growth and agricultural use is not defined by a single parameter, but needs the input of 

several parameters, which can be further divided into various criteria (Prakash, 2003). These criteria can then be 

evaluated according to their influence through multi-criteria decision analysis (MCDA). Operationally, MCDA 

supports structuring decision problems, assessing the performance of alternatives across criteria, exploring 

trade‐offs, formulating a decision and testing its robustness (Esmail & Geneletti, 2018). In conservation, MCDA 

has been increasingly used to identify the most suitable alternative(s), by combining factual information with 

value-based information collected through stakeholder engagement. Stakeholder engagement and expert 

knowledge is an often used part of the MCDA method. This can be realized through for example workshops with 

experts in the field of interest. For this study no such workshop has been organized. Rather, information from 

literature is analysed and combined with expert knowledge.    

The first steps of the land suitability analysis are the gathering of data, the establishment of suitability classes, 

and the formulation of the criteria (2.3.1. to 2.3.3. respectively). After that follows the multi-criteria decision 

analysis, which is done in the QUICKScan modelling environment with Bayesian networks and knowledge 

matrixes (2.3.4.).  
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2.3.1. Datasets 
In total 10 datasets are used to create the suitability maps (Table 1). On top of that a land cover dataset has been 

used to answer research question 2. The land cover dataset was downloaded from CORINE Land Cover 2018 from 

the Copernicus Programme (2020) and has a resolution of 100 m. A digital elevation model (DEM) of Ireland (1 

arc-sec) was downloaded from the Shuttle Topography Mission (SRTM), of which the altitude and slope maps 

are derived (NASA, 2020). The mean annual temperature and mean annual precipitation maps were downloaded 

from the Bioclimatic variables of WorldClim Version 2 with a resolution of 30 arc-sec (Fick & Hijmans, 2017). The 

variables are derived from the monthly temperature and monthly rainfall values. The used variables are BIO1 

(mean annual temperature) and BIO12 (mean annual precipitation). The data used to create the wind speed map 

of Ireland is downloaded from the Global Wind Atlas (2020), which has a resolution of 250 m. Wind speed was 

measured at a height of 10 m. As for the soil maps, two data sources were used. The global Soil Grids from ISRIC 

(2020) were used for soil pH at a soil depth of 0 to 5 cm, at a resolution of 250 m. For the other soil parameters, 

the 3rd edition of the National Soil Map of Ireland from the Irish Soil Information System has been used (Teagasc, 

2020a). This map has vector data at a scale of 1:250.000. The polygons represent different soil types (a total of 

69), to which other soil parameters are attached: drainage, texture, and depth to bedrock.  

The programs used to prepare and analyse the maps are Google Earth Engine and ArcGIS Pro. In ArcGIS Pro the 

maps were edited to have the same projected coordinate system, the same pixel size, and the same extent, 

which are prerequisites for use in QUICKScan. To do this the vector data was transformed to raster data. The 

projected coordinate system of choice is the Irish grid (TM65). The pixel size has been set to 250 (X) by 250 (Y), 

or 250 m. Layers with a higher resolution were down sampled using a mean aggregation method. Layers with a 

lower resolution were up sampled with the nearest neighbour method. The National Soil Map of Ireland was 

used to digitize the boundary of Ireland and filter out water bodies and urban areas, to end up with maps that 

all have the same extent. The steps that were used to prepare the raster files can be found in more detail in the 

data action model in Annex I.   

Table 1 Parameters and datasets that are used to define the suitability areas of wild cherry 

 

Parameter Unit  Dataset Year Resolution or scale 

Land cover classified CORINE Land Cover 2018 2018 100 m 

Altitude m a.s.l. SRTM Digital Altitude Data 2000 1 arc-sec  

Slope % SRTM Digital Altitude Data 2000 1 arc-sec  

Mean annual temperature °C WorldClim Version 2 2016 30 arc-sec  

Mean annual precipitation mm WorldClim Version 2 2016 30 arc-sec  

Wind speed (10 m) m/s Global Wind Atlas  2018 250 m 

Soil type classified National Soil Map of Ireland, 3rd ed. 2014 1:250.000 

Depth to bedrock cm  National Soil Map of Ireland, 3rd ed. 2014 1:250.000 

Soil drainage dg/kg  National Soil Map of Ireland, 3rd ed. 2014 1:250.000 

Soil texture classified National Soil Map of Ireland, 3rd ed. 2014 1:250.000 

pH pH x10 ISRIC SoilGrids pH 0-5 cm 2016 250 m 
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2.3.2. Suitability classes 
The stratification of the suitability map is made in terms of four classes (Table 2), based on the FAO Land 

Suitability guidelines (FAO, 2019). The FAO presents two orders of suitability: the order ‘suitable’ and the order  

‘not suitable’. These orders can then be further divided into classes. For this study the suitable order is divided 

into three classes, and the unsuitable order represents one class.  

Table 2 The suitability classes that are used in this study, based on FAO Land Suitability guidelines (FAO, 2019) 

Suitability class Description 

S1 Very suitable X having no significant limitations to sustained application of a given use, or only minor 

limitations that will not significantly reduce productivity or benefits and will not raise inputs 

above an acceptable level.  

S2 Suitable X having limitations which in aggregate are moderately severe for sustained application of a 

given use; the limitations will reduce productivity or benefits and increase required inputs to 

the extent that the overall advantage to be gained from the use, although still attractive, will 

be appreciably inferior to that expected on Class S1 land.  

S3 Marginally suitable X having limitations which in aggregate are severe for sustained application of a given use 

and will so reduce productivity or benefits, or increase required inputs, that this expenditure 

will be only marginally justified.  

N Unsuitable Land which has qualities that appear to preclude sustained use of the kind under 

consideration 

 

Generally speaking, the analysis in this study is done with the idea in mind that the lands are labelled as suitable 

when they are suitable ‘as they are. Often agricultural soils or those used for plantation forestry are altered to 

suit the needs of the crop or tree. For example slopes can be levelled off, soils can be drained, or pH levels can 

be changed with fertilizer input. For the sake of having a level playing field the idea is that no alteration of the 

land is needed when that land is labelled suitable. This idea is being supported by the agroforestry grant as it 

mentions that “ideally, sites should contain free draining mineral soils and should have no requirement for 

additional drainage or additional fertiliser for tree growth” (Teagasc, 2020b).  

2.3.3. Parameters and criteria 
The parameters and their criteria for productive wild cherry growth are determined through literature research. 

Three studies form the main input: Reisner et al. (2007) did a study on “Target regions for silvoarable agroforestry 

in Europe” for various tree species including wild cherry; Coello et al. (2013) wrote about “Wild cherry (Prunus 

avium) for high quality timber”; the study of Napoli & Mercurio (2008) was about the requirements of wild cherry 

and common walnut, and the land capability for cultivating these species. These studies, together with studies 

from e.g. CABI (2003) and Welk et al. (2016), form the basis on which the parameters and their criteria have been 

established (Table 3). After the table follows a detailed explanation of the choice of each criteria. 
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Table 3 Growth requirements of wild cherry, divided into the four suitability classes, with their literature reference 

Parameters Suitability class Criteria Reference 

Altitude (m asl) S1 <250 CABI, 2003; Napoli & Mercurio,  
 S2 250-400 2008; Coello et al., 2013 
 S3 400-800  
 N >800  

Slope (%) S1 <15 Napoli & Mercurio, 2008 
 S2 15-20  
 S3 20-30  
 N >30  

Mean annual 
temperature (C) 

S1 9-12 Reisner et al., 2007; Welk et al., 
2016 

 S2 7-9 & 12-14  
 S3 5-7 & 14-16  
 N <5 & >16  

Mean annual 
precipitation (mm) 

S1 900-1500 Reisner et al., 2007; Coello et al., 
2013  

 S2 700-900 & 1500-1600  
 S3 600-700 & 1600- 1700  
 N <600 & >1700  

Wind speed (m/s) S1 0-3.3  Coello et al., 2013 
 S2 3.4-5.5  
 S3 5.5-7.9  
 N 8-20   

Soil type sub groups S1 [typical, typical calcareous & humic] brown 
earths 

Horgan et al., 2003; expert 
judgement; Creamer & 

 S2 [typical brown & humic brown] podzolics, 
[typical] luvisols 

O’Sullivan, 2018 

 S3 [stagnic] brown earths, [stagnic] luvisols, 
[gleyic brown] podzolics 

 

 N Peat, [all] rendzinas, [all] gleys, [all] 
podzols, blown sand 

 

pH S1 5.5-7 Coello et al., 2003; Napoli &  
 S2 5-5.5 & 7-7.5 Mercurio, 2008; Boeckmann, 
 S3 4.5-5 & 7.5-8 2019 
 N <4.5 & >8  

Texture S1 Loamy, fine loamy Coello et al., 2013; Reisner et al.,  
 S2 Coarse loamy 2007; Napoli & Mercurio, 2006 
 S3 Coarse loamy  
 N Peat, sandy, clayey  

Depth to bedrock (cm) S1 >80 Napoli & Mercurio, 2008;  
 S2 40-80 Reisner et al., 2007 
 S3 0-40  
 N 0-40  

Drainage S1 Well Napoli & Mercurio, 2008 
 S2 Moderately  
 S3 Excessively  
 N Imperfectly, poor, other  
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2.3.3.1. Topographic parameters: altitude & slope  

The majority of Ireland lies at sea level, and the highest point is at 1,041 m. The average altitude is 118 m (CIA, 

2020; Figure 3). Most of the land is undulating, hilly or mountainous (McAdam & McEvoy, 2009). The mountain 

areas are mainly found in the west of the country but some, like the Wicklow mountains, are found in the east. 

Napoli and Mercurio (2008) claim that severe limitations in growth occur when the altitude above sea level is 

higher than 800 m. Coello et al. (2013) suggest on the other hand that unsuitable growth conditions only occur 

after reaching 1700 m asl. Most favourable conditions are when the altitude is lower than 800m. Ducci et al. 

(2013: 466) state that “altitude of the natural range can vary from sea level in northern countries, up to 1,200-

1,700 m in southern areas”. Wild cherry can handle late frosts or severe winters, this does not harm the quality 

of the timber (Coello et al., 2013; Napoli & Mercurio, 2008). However, cold and therefore altitude does reduce 

annual tree growth. Russel (2003: 2) mentions that it is “essentially a lowland species”, with lowland often being 

characterised as lying below 200 m asl.  

Slope is a determining factor for growth of high quality wood. According to Napoli & Mercurio (2008: 318) a slope 

higher than 30% has severe growth limitations, a slope between 15 and 30% has moderate limitations, and lower 

than 15% has absent or slight limitations to growth.  The slopes with the highest percentage are mainly found at 

the coast and in mountainous areas (Figure 4). 

 

2.3.3.2. Climatic parameters: mean annual precipitation, mean annual temperature & wind speed 

Napoli & Mercurio (2008) claim that wild cherry only vegetates when the mean annual temperature is between 

8 and 15°C, whereas Reisner et al. (2007) state that the minimum requirements for growth are between 6 and 

14°C. For Ireland this makes quite a big difference in the available suitable growth area: areas with a higher 

latitude are excluded when the lower temperature limit is changed with only one degree  difference. Welk et al. 

(2016) display a graph that shows that observed presences within Europe were found from a mean annual 

temperature of 5°C, with the bulk of the presences occurring from 7°C. Regarding the upper limit the graph shows 

that most presences were found until 13°C. Lower temperatures are mainly correlating to higher altitude (Figure 

5). 

Figure 3 Altitude map of Ireland derived from SRTM Digital 
Altitude Data. The minimum height is -22 m (asl) and the 
maximum height is 100 m (asl). The lighter the area the 
higher the altitude. 

Figure 4 Slope map of Ireland derived from SRTM Digital 
Altitude Data. The slope is represented in percentages; the 
darker the area the lower the slope. 
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Coello et al. (2013) and Reisner et al. (2007) agree that the lower limit of the mean annual precipitation lies 

around 600 mm, whereas Napoli & Mercurio (2008) claim that it is rather around 800 mm. The upper limit lies 

between 1600 (Napoli & Mercurio, 2008) and 1800 mm (Reisner et al., 2007). The low lying areas have a mean 

annual precipitation of 800 to 1200 mm but the upland areas can exceed 1500 mm (Figure ).  

 

The only mention of wind speed found in literature was made by Coello et al. (2013) which states that wild cherry 

has medium to high wind sensitivity. What you can see on the map is that also higher wind speed seems to 

correlate with higher altitudes (Figure 7).  

 

 

  

Figure 6 Map of the mean annual temperature (°C) in 
Ireland, derived from WorldClim Version 2. The range of 
temperature lies between 5.3 and 10.8 °C. 

Figure 5 Map of the mean annual precipitation (mm) in 
Ireland, derived from Worldclim Version 2. The range of 
precipitation lies between 763 and 1801 mm per year. 

Figure 7 Map displaying the average wind speed (m/s) in 
Ireland, derived from the Global Wind Atlas. The range of 
wind speed lies between 0.8 and 19.6 m/s.  
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2.3.3.3. Soil parameters: soil type sub group, texture, drainage, depth to bedrock & pH 

The national soil type map is divided into 69 associations, but in Figure 8 these associations have been further 

divided into subgroups (Teagasc, 2020a) for purposes of clarity. Ireland is known for its bogs or peatlands. There 

are two main types of bogs in Ireland: blanket bogs which are mainly found in uplands or wet areas, and are 

therefore corresponding with higher latitudes, and raised bogs, which are mainly found in lowland areas. 

Rendzinas are shallow soils with many rocks, gleys are wetland soils that are saturated with water, podzols are 

acidic and infertile soils and distinguished from podzolics for their iron eluviation, luvisols are fertile soils widely 

used for agriculture enriched with clay, and lastly brown earths are fertile young soils (Creamer & O’Sullivan, 

2018). These soil types are strongly connected to texture, soil depth, drainage and pH (and other soil 

parameters), and so could theoretically suffice for the soil component of this analysis. However, not all 

parameters correspond to the soil type as expected and are therefore also analyzed separately.  

 

 

 

  

Figure 8 Map displaying the sub groups of the 69 soil 
types, derived from the 3rd National Soil Map of 
Ireland (2014). 
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Based on the studies of Reisner 

et al. (2007), Napoli and 

Mercurio (2008) and Pirinoble 

(2013) the soil textural classes 

have been assigned to the four 

suitability classes. All three 

studies agreed that the medium 

textural class (loamy) is very 

suitable for wild cherry. A 

somewhat coarser texture is less 

suitable, and the closer to pure 

sand and pure clay, the more 

unsuitable it is. Besides the 

peatlands, most of Ireland has 

very suitable soil texture (Figure 

9).  

 
Figure 9 Map displaying the soil 
textural classes, derived from the 3rd 
National Soil Map of Ireland (2014). 

 

 

According to Napoli & Mercurio 

(2008) the intensity of 

limitations for growth of wild 

cherry regarding soil drainage 

are absent or slightly present in 

a well-drained soil. Limitations 

are moderate in a somewhat 

excessively drained and 

moderately well-drained soil. 

Severe limitations exist in an 

excessively drained, somewhat 

excessively drained, and very 

poorly drained soils (Figure 10).  

 
Figure 10. Map displaying the 
various types of soil drainage, 
derived from the 3rd National Soil 
Map of Ireland. 
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Reisner et al. (2007) and Napoli 

and Mercurio (2008) both state 

that the minimum depth to 

bedrock for wild cherry is 100 

cm. Lower than 50 cm is 

unsuitable for growth. The 

national soil map has four 

categories of soil depth: ‘not 

known’, 0 to 40 cm, 40 to 80 cm, 

and more than 80 cm. The 

unknown depths are almost 

entirely corresponding to 

boglands or urban areas, which 

are unsuitable (Figure 11). Even 

though 80 cm is not the 

required minimal 100 cm 

depth, for the sake of this 

analysis they are treated 

equally.   

Figure 11. Map displaying the depth to bedrock, derived from the 3rd National 
Soil Map of Ireland (2014). The ‘not known’ areas have a unknown depth or a 
depth that corresponds to 0 cm. 

 

 

For soil pH the ranges of the 

studies of Coello et al. (2013) 

and Napoli and Mercurio (2008) 

have been averaged. The upper 

and lower limits correspond with 

the criteria of Napoli and 

Mercurio (2008) and are also the 

most extreme limits of the two 

studies (Figure 12).  

 

 

 

 

Figure 12. Map displaying soil pH 
level, on a depth from 0-5 cm, 
derived from ISRIC SoilGrids (2016)  

 



16 
  

2.3.4. QUICKScan analysis 
In QUICKScan the raster files of the parameters are inserted and further analysed through multi-criteria decision 

analysis, in this case by using a Bayesian (belief) network and knowledge matrixes.  

Bayesian (belief) networks (BNs) are “models that graphically and probabilistically represent relationships among 

[parameters]” (Barton et al., 2012: 418). They are used in this study because there is a lack of information on the 

conditional dependence between the parameters and BNs can calculate the probability of a suitability class to 

occur. In this study the BN is set up as a causal probabilistic network, meaning that its nodes (or parameters) 

represent cause and effect variables and their states. The nodes are set as ‘nature nodes’, which are nodes that 

model reality, as opposed to the other two node options the software gives, namely ‘decision nodes’ or ‘utility 

nodes’. The parameters (the input) are considered to be the causal nodes, whereas the suitability (the outcome) 

is considered to be the node that displays the effect (the caused node) (Figure 13). The criteria of the parameters 

are set to discrete when they are categorical and set to continuous when they are numeral. The causal nodes are 

all linked with the caused node in conditional probability tables (CPTs;  

Table 4). These CPTs tell the probability of a suitability class under the various criteria. The BN is constructed in 

Netica, a graphical user interface for BN modelling (Norsys Software Corp., 2020).  

Figure 13 BN that displays the suitability for wild cherry and its relationships to the drivers. 

 

Table 4 Conditional probability table relating the mean annual precipitation to the suitability classes. It shows the probabilities 
(%) of a suitability level occurring at certain precipitation ranges. 

Mean annual precipitation (mm) 
  

Suitability 600-900 900-1200 1200-1500 1500-1800 

Very suitable 20 30 30 20 

Suitable 30 20 20 30 

Marginally suitable 25 22 23 30 

Unsuitable 30 17 18 35 
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Besides using BNs to calculate the suitable areas for wild cherry growth, the other method that is used is defining 

rules to the importance of certain layers and criteria. In QUICKScan this can easily be done with the use of so 

called knowledge matrixes. In a knowledge matrix (KM) one or several parameters can be combined, and can so 

be assigned the rules that determine what suitability class the combination of both parameters’ criteria will be 

assigned to (see Table 5 and Table 6). The general rule that is applied in this analysis is that once an area is 

deemed unsuitable by one parameter, it cannot be made suitable by adding a parameter in which the same area 

is deemed suitable. Also, classes can only be downgraded, and not upgraded (with the exception of the first KM, 

Table 5). These rigid rules have been applied to only end with the most suitable areas. The KMs are compiled in 

a network, the final KM displaying the end result (Figure 14).  

Table 5 The first knowledge matrix in the chain consists of two parameters and has a suitability class as an output. This is an 
example: classes can be applied depending on the relative importance of the input parameters 

 Parameter 1: S1 Parameter 1: S2 Parameter 1: S3 Parameter 1: N 

Parameter 2: S1 S1 S2 S2 N 
Parameter 2: S2 S2 S2 S3 N 
Parameter 2: S3 S2 S3 S3 N 
Parameter 2: N N N N N 

 

Table 6 The knowledge matrixes that come after the first one have as an input the output of the previous knowledge matrix 
(the suitability class, vertical axis) and another parameter (horizontal axis). This table figures as an example. 

 Parameter 1: S1 Parameter 1: S2 Parameter 1: S3 Parameter 1: N 

Very suitable: S1 S1 S2 S2 N 
Suitable: S2 S2 S2 S3 N 
Marginally suitable: S3 S2 S3 S3 N 
Unsuitable: N N N N N 

 

 

Figure 14. Example of a network of knowledge matrixes, in which the rasters form the base and the outputs are suitability 
classes. 
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2.4. Potential area for silvopastoralism  

 

After the suitability over the entire country’s land mass has been calculated, what rests is to create a map that 

displays this result masked by the area covered by pastures (Figure 15). This will present a map that shows the 

potential area of agroforestry with wild cherry. This final overlay will be done in ArcGIS Pro.  

 

Figure 15 Map that displays the pastures in Ireland, derived from the CORINE land cover map (Copernicus, 2018). 

Figure 16 shows the division of Ireland’s land mass in land cover classes according to the map derived from 

CORINE 2018 (Copernicus, 2018). Of the total terrestrial land area, some areas are for sure unavailable for wild 

cherry growth, but 6.627 M ha of technically available land is left. This distinction is important to keep in mind 

as the unavailable areas have been left out of the suitability maps too (they are blank areas on the maps) and 

are left out of the final calculations for research question 2.  

 

Figure 16 Chart presenting the various land cover classes of Ireland, derived from CORINE 2018.  

Terrestrial land area 

6.916 M ha

Unavailable: 
urban, industrial & 

artificial
0.164 M ha

Unavailable: 
water bodies

0.125 M ha

Technically available

6.627 M ha

Pastures

3.870 M ha

Other agricultural 
use

0.718 M ha

Forests

0.740 ha

Other natural areas

1.299 M ha
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Once the suitability maps are overlaid with the pasture map and the final agroforestry cover can be calculated 

for the scenarios created with BNs as well as KMs, what is last is to compare these results to the estimates of 

Bastin et al. (2019) and the Irish government. Bastin et al. (2019) estimated that there can be almost 2 M ha 

additional forest cover on lands that are currently not occupied by human settlements or cropland (on top of the 

0.7 M ha that is already forested). So if this has to be done with silvopastoral agroforestry about almost half of 

the current pastures have to be converted. The Irish government is a little bit less ambitious (but still very 

ambitious) and aims for 18% forest cover, corresponding to approximately 1.25 M ha of total forest cover. To 

reach the government’s goals, 0.55 M ha additional forest is needed.  The definition of the Irish government of 

forest is:  

“Forest is defined as land with a minimum area of 0.1 ha under stands of trees 5 m or higher, having a minimum 

width of 20 m and a canopy cover of 20% or more within the forest boundary; or trees able to reach these 

thresholds in situ (…)” (DAFM, 2018: 3). 

Bastin et al. (2019) have stated that their forest definition corresponds to a canopy cover of 10%, whereas the 

Irish government states it is 20%. The agroforestry grant of Ireland states that: “Initial stocking rate should be 

between 400 and 1000 trees per ha equally spaced out (e.g. 5m x 5m or 7m x 3.5m). Minimum plot size is 0.5 ha 

with a tree-to-tree width of 20m.” (Teagasc, 2020b). This means that the agroforestry areas, if they are bigger 

than 0.5 ha (which is the case in this analysis since every pixel has a size of 250 by 250 m), will be designated 

forest areas.  
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3.  

RESULTS 
 

This chapter presents the results of research question 1 and 2. The results are presented as suitability maps and 

are summarized in graphs. In chapter 4 the results will be further discussed.  

3.1. Land suitability analysis  

 

In the following section, what will first be displayed is the result of the Bayesian network (BN), followed by the 

result of the knowledge matrixes (KM).  

3.1.1. Result of the Bayesian network 
As can be seen in Figure 17, wild cherry’s suitability looks rather positive according to the results of the BN. The 

regions that are deemed unsuitable are mainly found in the west coast, at higher latitudes, and at the lowlands 

in the centre of the country. Marginal areas are found at the borders of the unsuitable areas, and most of the 

rest of the country is very suitable for wild cherry growth. In total 51% of the total land mass is very suitable, 10% 

suitable, and 6% marginally suitable. So according to the BN method a total of 67% of the total Irish land mass is 

to a certain degree suitable for wild cherry growth. The probabilities that have been assigned to the conditional 

probability table of each parameter can be found in Annex II and the table of sensitivities to findings in Annex III. 

The BN is mainly sensitive to wind speed, soil type, depth to bedrock, drainage, and pH (sensitivity of 25% or 

higher for variance reduction).  

 

Figure 17 Result of the Bayesian network of wild cherry’s suitability in Ireland. 
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The results of two individual BNs can be seen in Figure 18. The left map (a) displays the BN of soil parameters 

only, whereas the right image (b) only includes climate and topography parameters. Map a shows that in the 

southeast of the country the most suitable soils can be found. As can be seen in the methods section 2.3.3.3, the 

very suitable areas are mainly located where there are typical (calcareous) brown earths, the most suitable soil 

kind. Next to the fact that this soil type of itself was considered to be very suitable (by expert judgement), also 

most of the drainage, texture, and soil depth is very suitable. Hence most it is deemed very suitable by the BN as 

almost all input parameters had a very high probability of being very suitable at those locations.  

On the other hand, climate and topography is suitable throughout the country (map b), which is why once it is 

being added to the complete BN, the probability of a pixel being marginally suitable or unsuitable becomes fewer. 

The marginal areas correspond to the higher altitudes. Not only the altitude is marginally suitable, but this 

correlates to a suboptimal temperature, precipitation, slope and wind speed.  

 

 

Figure 18 Results of individual Bayesian networks of soil parameters, and of the climate and topography parameters. 
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3.1.2. Result of the knowledge matrixes 
On the next page the result of the analysis with the KMs can be seen. The way the KMs are connected can be 

seen in Annex IV, and how they are set up can be seen in Annex V. The final result is map d. Maps a, b and c 

display the steps that have been taken in order to get to the end result. Map a shows the result of combining the 

four soil parameters from the 3rd National Soil Map (drainage, depth to bedrock, texture, and soil type) and their 

assigned suitability. In the east of Ireland a big patch of very suitable land remains. However, when the pH map 

(b) is added to the analysis, what mainly changes is the amount of very suitable land, of which suitable land has 

come in its stead. In map c, wind speed adds patches of marginal land. This effect is rather dispersed as wind 

speed does not have a very clear pattern. The last steps are the addition of altitude, slope, mean annual 

temperature and mean annual precipitation (map d). The effect of altitude and slope however is not visible, as 

the areas that can be negatively influenced by these two parameters are already made unsuitable by the previous 

parameters. The main change from map c to d, which can be noticed in the northeast of the country, is caused 

by precipitation: this part of the country receives an average of 600 to 900 mm per year, which, although still in 

the wild cherry’s suitable range, is a bit less suitable than the surrounding areas which have remained very 

suitable and receive an average rainfall of 900 to 1200 mm per year. The final result (map d) gives a very suitable 

area of 5% of the total land mass, a suitable area of 31%, and a marginally suitable area of 8%. So according to 

the KM method 43% of the Irish landmass is to a certain degree suitable for wild cherry growth.  
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Figure 19 Results of the knowledge matrixes, d being the final result of the analysis.   
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Figure 20 Graph with the various results of the land suitability analysis, for both methods, both for soil 
only and then the complete suitability over Ireland.  

Figure 20 gives an overview of the results of the land suitability analyses, of which the ‘complete’ bars show the 

final result of both methods. For the KM, what stands out is the fact that adding climate and topography on top 

of the soil parameters does not make a big difference, still the total suitable hectares are around 3 M ha. It also 

stands out that the BN’s result of ‘soil only’ gives the same amount of total ha, but it shows around 2 M ha of 

very suitable area. The ‘complete’ result of the BN is in sharp contrast to the KM results: the amount of very 

suitable area has multiplied about 10 times.   
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3.2. Potential area for silvopastoralism  

Figure 21 shows the total suitability of wild cherry on pastures, according to the result of the BN (left) and the 

result of the KMs (right). The result of the BN shows more suitable areas than the result of KMs. 

 
Figure 21 Result of the suitability analysis, with a mask overlay of pastures (from CORINE 2018). On the left the final result of 
the Bayesian network and on the right the result of the knowledge matrixes. 

Figure 22 is a comparison between the suitability analysis results of research question 1 (3.1.), that covers entire 

Ireland (excluding water bodies and urban, artificial, and industrial areas), and the suitability that remains of it 

when it is overlaid with pastures. According to the KMs, 80% of the suitable lands can be found on pastures, 

whereas according to the BN, 70% can be found on pastures.   

Figure 22 Graph with the 
result of the land suitability 
analysis for both the 
knowledge matrixes and the 
Bayesian network, for the 
suitability classes on 
pastures and on the lands 
outside of pastures.  
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Figure 23 shows the total agroforest area that can be added to the current forest cover of Ireland (first two bars) 

and the goal of additional forest area of the Irish government and the prediction of Bastin et al. (2019). In this 

Figure the marginal areas are left out of the analysis. It shows that according to both methods of analysis, the 

forest goal of the government can be met with agroforestry with wild cherry.  

Figure  23 Graph with the 
result of the suitable areas 
(excluding marginally 
suitable areas) on pastures 
compared to the additional 
forest goal of the Irish 
government and the 
potential forest restoration 
area calculated by Bastin et 
al. (2019).  

 

 

 

The last result displays the total future forest cover if the result of the KMs and the BN is put into practice. It 

shows the total suitable (excluding marginally suitable) area of agroforestry on top of the 11% of forest cover 

that is currently there (Figure 23). The third bar shows the forestry goal of the Irish government, and the fourth 

bar the prediction of total possible forest cover of Bastin et al. (2019). 

Figure 24 Graph with the 
future forest cover in 
Ireland under various 
scenarios. The first two are 
the additional forest cover 
of agroforestry with wild 
cherry, then the goal of the 
Irish government (18%) 
and the last bar displays 
the total potential forest 
cover of Bastin et al. 
(2019).  
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4.  

CONCLUSION AND DISCUSSION 
 

This study’s aim was to create maps that display the suitability of productive wild cherry growth in Ireland, 

specifically its suitability on pastures. This was done using the spatial modelling environment QUICKScan in which 

two methods of multi-criteria decision analysis (MCDA) were applied: Bayesian networks (BNs) and knowledge 

matrixes (KMs). The final suitability map of the BN shows that 67% of the Irish terrestrial land area falls in the 

suitable order, whereas the KM show that only 43% is in the suitable order (S1 to S3). Within this order the BN 

calculated that 51% is very suitable (S1), compared to 5% according to the KMs. When adding the pastures to 

the analyses 70 to 80% of the suitable area is found on pastures, respectively. Even when the marginally suitable 

growing areas are excluded from the final calculation, both of the analyses show that the forest goal of the Irish 

government can theoretically be met with silvopastoral agroforestry. 

What follows is first a discussion of the results of the QUICKScan analysis (4.1), then a general reflection on this 

study and similar studies (4.2), and to end this study´s topic is put in a broader perspective (4.3).  

4.1. Discussion of the QUICKScan results 

 

As can be seen in the results, there is a big difference between the result of the BN and the result of the KMs. 

This can be explained. The main discrepancy in the use of BNs for this analysis is the fact that BNs cannot take 

into account big weight differences between parameters. In the KMs the rule has been applied that when one 

parameter is unsuitable, this will remain unsuitable even when all other variables are suitable. In the BN 0% 

probability cannot be assigned to a possibility. In the CPTs some parameters have been given probabilities that 

have a wider range than other parameters. For example, drainage is known to be an important factor in cherry 

growth, so the differences between the probabilities within the suitability classes are bigger (ranging between 5 

to 60%) than for example with precipitation. Hence the network is more sensitive to its findings. Precipitation is 

a less defining factor, which is why its probabilities within the classes range between 17 and 35% and so the 

network is less sensitive to its findings. This is a way of giving weights to certain layers, in a more meticulous way 

than applying a simple weighted analysis. By changing to which parameters the network has the highest 

sensitivity the final result can be changed. This can be done by changing the differences between probabilities 

within the suitability classes. However, the final result will probably not change much as the BN still assigns the 

suitability class considering all parameters, of which the topographic and climatic parameters are almost 

everywhere either suitable (S2) or very suitable (S1) (Figure 18, map b). So it is not surprising that the BN’s result 

shows that 67% of the land mass is suitable for wild cherry growth when all probabilities are added up (Figure 

17). One may realize the ‘complete’ BN result is not realistic when considering the result of the ‘only soil’ BN: 

many parts of Ireland are deemed unsuitable (Figure 18, map a). So even though the country might have perfect 

temperature and precipitation levels, on a ferric podzol you won’t see any wild cherries growing. What can be 

done to resolve this issue is to leave out the factors that have little influence, for example precipitation and 

temperature. However, they do make a difference, be it very little, so it is not a preferred choice to leave them 

out.  

That is why instead an alternative method has been opted for. Knowledge matrixes can be applied in such a way 

as to make sure that unsuitable areas remain unsuitable, and no pixel has been upgraded from for example 

suitable to very suitable when a very suitable parameter is added to the analysis. This last rule might seem too 
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rigid, but it makes sense as the parameters are ranked from seeming most to least influential and they are judged 

on a case by case basis. This case by case evaluation gives a lot of room for minor changes with a big (or small) 

impact. So using KMs is an even more meticulous way of analysing the different layers, and it is a lot more strict 

than BNs. Hence the result of only 43% of the total land mass being suitable for wild cherries, of which only a 

few percentages are in the very suitable class. This result is deemed more credible as it corresponds more to 

similar studies’ results, which will be elaborated upon in the next section.  

4.2. Reflecting on this study and similar studies 

 

According to the Council for Forest Research and Development (COFORD) more evidence based studies about 

the viability of agroforestry are needed (COFORD, 2016). One knowledge gap that this study helped to fill is to 

increase the certainty about Irish site conditions for wild cherry.  

With the Irish government planning to increase forest cover, a big forest expansion programme is required over 

the next thirty years. To achieve this goal, the active participation of many stakeholders is needed: farmers and 

other landowners, businesses and conservation agencies have to be on board. The results of this study, especially 

when it is presented in a user friendly interactive mapping environment (see Annex VI), will give planners and 

policymakers a hands on tool that can help them to understand the suitability of wild cherry (one of the tree 

species that is being subsidised) and that can help them to promote agroforestry practices throughout the 

country. The same applies to farmers that have an interest in agroforestry: this tool can give a first indication of 

the suitability of wild cherry in their region. From that indication onwards, and if willing to transition to 

agroforestry, the next step is a site classification analysis that includes doing on-site measurements of the soil 

and vegetation indicator species. Because only if a yield class of 14 or more for Sitka spruce is possible, the site 

is eligible for afforestation grants including the agroforestry grant (Farrelly & Gallagher, 2015). One way to find 

out if this is possible is by using CLIMADAPT, the Irish Ecological Site Classification Decision Support System (ESC-

DSS). This online tool assesses species suitability and yield for individual sites under current and future climate 

scenarios (Ray et al., 2009). It requires the user to manually input the location’s grid reference, its elevation, soil 

type, humus form, and indicator plant species. This is then combined with data on accumulated temperature, 

moisture deficit, windiness, and continentality. As a result the model presents the site type and which tree 

species can productively grow there. CLIMADAPT has been developed to reverse the trend of foresters to pick a 

tree species first and to alter the site with for example fertilizer input. What the developers instead want to 

accomplish is that foresters pick a site first, and then the species. This will lead to a more natural and sustainable 

forest that is more resilient to climate change and that fits the landscape better.  

The transition to agroforestry is not easy, even though it is said to be easier than to transition to conventional 

forestry completely (COFORD, 2016). The transition depends not only on whether the land is ecologically suitable 

for wild cherry (or another species), but even more so on the farmer’s norms and values, financial situation, and 

social pressure (Burges & Rosati, 2018). This study would be greatly improved if also the social and economic 

dimension can somehow be represented. This would result in a map that is more representative to reality and 

can therefore better calculate the potential area of agroforestry that could be achieved. However, it would not 

give a better tool to farmers who are best at determining their own economic or social suitability and would only 

be helped by finding out the land’s ecological suitability. To improve the latter, what can be added to this study 

with further research is first and foremost the future climate scenarios, but also other environmental 

uncertainties such as risk of excess rainfall, storms, and pests and diseases. Besides, the study could be improved 

by adding a layer which indicates the location of the fishery sensitive areas and those that are affected by 

National and EU designations (see Farrelly & Gallagher, 2015). The latter are mainly nature conservation areas 
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which can include agricultural areas with for example bird directives or water quality guidelines. This informative 

layer would then indicate that applications for (agro)forestry might still be permissible, but probably need 

additional measures (Farrelly & Gallagher, 2015).  

Abovementioned drawbacks of land suitability analyses do not undermine the potential that these studies have- 

if only to raise attention to the possibilities of a certain land use change. For example, Bastin et al. (2019) gave a 

benchmark estimate of carbon storage and restoration potential, which is very important to (forest) 

policymakers worldwide. Other studies that have assessed the suitability of wild cherry with a land suitability 

analysis are for example the one from the European Atlas of Forest Tree Species by the European Union Joint 

Research Programme (Welk et al., 2016), and the study of Reisner et al. (2007). Reisner et al. (2007) have 

identified regions in Europe where wild cherry can grow in productive silvoarable agroforestry systems. They 

have used a similar method as this study: areas were identified using a GIS-analysis based on data on land cover, 

topography, climate, and soil factors. On top of that they analysed where in Europe silvoarable agroforestry 

systems can help mitigate environmental risks such as soil erosion, groundwater nitrate concentration, and low 

landscape diversity. Tree growth requirements from the Forestry Compendium and expert advice were used to 

generate the final criteria. As croplands only cover a few percentages of Ireland, the results of this study are hard 

to extrapolate or compare to this study’s results. The final assessment has a resolution of 1100m x 1100m, and 

so is more coarse than this study. As is stated in its discussion, the results would have been different if they were 

derived from national data of higher spatial and thematic resolutions.  

The European Atlas of Forest Tree Species used yet another method. This study lasted several years and required 

the input of many experts to create an Atlas with the species distribution and suitable growing areas of over forty 

forest species. They used a RDS-MHS model to create the maximum habitat suitability (MHS) maps (Figure 25). 

They were created based on datasets of field observations, harmonised in FISE, and each map is modelled using 

the relative distance similarity approach (RDS) based on bioclimatic and geographic factors. The model calculated 

the maximal spatial extent where a species can live, and can also indicate areas that for sure are unsuitable as 

the conditions are very dissimilar to all observations. The spatial scale used in this study is 1km (de Rigo et al., 

2016). 

Figure 25 Map of the European Atlas of Forest Tree Species (2016) displaying  the estimated survivability of wild cherry. 
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Figure 25 displays that wild cherry’s survivability is ‘negligible’ in the west of the country. The negligible class 

would correspond to the unsuitability class of this study. The result from this study show unsuitable areas in the 

same and in different locations. The main difference of this study is that it has used national soil data, whereas 

the European Atlas has used no soil data at all, but it has used bioclimatic factors and topographic factors. On 

top of that it has combined these with field observations of actual wild cherry presence in nature, which is 

currently not very common in Ireland. The combination with few field observations might have caused the limited 

survivability. The analysis of this study is believed to be more realistic, as soils form the basis of tree growth, and 

both the BN and the KM analysis have shown that otherwise climatic and topographic parameters are not very 

limiting factors for wild cherry growth (except for higher latitudes).  

The tree restoration potential of Bastin et al. (2019, Figure 1) is similar to the amount that can be achieved 

according to the KM analysis (Figure 19, map d). Bastin’s analysis is based on a selection of five climate, three 

soil, and two topographic variables: annual mean temperature; annual precipitation; precipitation seasonality; 

mean temperature of the wettest quarter; precipitation of the driest quarter; organic carbon stock from 0-to-15 

cm, depth to bedrock; sand content from 0 to 15 cm; elevation; and hill shade (Bastin et al., 2019c:  3). Just like 

the European Tree Atlas, Bastin’s map shows that the east of the country has most potential. Many of the used 

parameters correspond to this study, except for the soil parameters. Critique on Bastin’s study states that the 

study overlooked the growing constraints in areas that lie at higher latitudes or that have infertile soils or other 

harsh growing conditions (Luedeling et al., 2019). In its estimate for Ireland however, it was probably right as the 

mentioned constraints are not present there. The study was also critiqued for its use of grazing lands as areas 

eligible for afforestation, as transforming these lands to forestry hampers agricultural expansion and 

consequently decreases food supply (Delzeit et al., 2019) However, Bastin et al. argued for the case of 

agroforestry, which does not need to decrease food supply, but does imply a lower forest cover (Bastin et al., 

2019d). This study helped to prove their point: 2 M ha afforestation with agroforestry can be feasible. 

4.3. Silvopastoralism in a broader perspective 

 

Agriculture no longer only represents the role of food provisioning, but is also needed to deliver other ecosystem 

services, such as protection of wildlife habitat and enhancement of the countryside. The need to integrate food 

production with other services is reflected in the change of agricultural policies in the EU as well as in national 

legislations, that have increasingly incorporated agri-environmental schemes. Farmers are now encouraged and 

paid to farm in a sustainable way with less inputs, ensuring positive countryside management (McAdam & 

McEvoy, 2009). As agroforestry benefits the environment and the vitality of the countryside, one would say that 

it can help farmers to  apply for the European Common Agricultural Policy (CAP). However, one of the papers 

resulting from the EU commissioned AGFORWARD project explains that the CAP can be improved to 

accommodate agroforestry more (Mosquera-Losada et al., 2018). The CAP is divided into two Pillars: Pillar I for 

direct payments and Pillar II for rural development. As for Pillar I, in the current CAP there is a reduction in 

payment when tree density exceeds 100 trees per ha, which is 300 trees per ha below the commonly used 

planting density. According to Mosquera-Losada et al. (2018) this should change: considering the environmental 

and social benefits of agroforestry a farmer should gain the full Pillar I payment. In Pillar II of the CAP there is 

only one measure specifically targeting agroforestry (“Article 23 Establishment, regeneration or renovation of 

agroforestry systems”), but there are 27 more which could in theory also support it. Not only can transitioning 

to agroforestry benefit the farming system, it will also contribute to sequester carbon from the atmosphere – 

something that more and more governments are aware of and see potential in. Also for this reason should 

agroforestry farmers get more assistance from government policies than is currently the case: regardless of its 

problem-solving potential agroforestry is not mentioned enough in European agro-political discussions (Reisner 
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et al., 2007). Traditional agroforestry systems are still widespread in Europe, for example the Dehesas in Spain 

and the ‘Streuobst’ meadow orchards in temperate Europe. Unfortunately modern agroforestry systems are 

hardly being adopted, often because of a lack of subsidies, promotion or support (Reisner et al., 2007; Graves et 

al., 2009). In temperate European countries, the effect of agroforestry on the production and environment is 

generally perceived as positive, but the management related issues are perceived as negative. Bridging the gap 

between these two would overcome an important barrier to the transition to agroforestry practices (Graves et 

al., 2009).  

Ireland promotes agroforestry through the agroforestry grant, part of the Forestry Programme 2014-2020. This 

ambitious afforestation programme aims to help Ireland reduce its greenhouse gas emissions. Despite some 

reductions in a few sectors, overall greenhouse gas emissions increased by 1.7 M tonnes in 2017. The goal to 

decrease emissions by 1 M tonnes a year is therefore not even closely met. To reduce greenhouse gas emissions, 

a lot focus is put on the agricultural sector as it causes about one third of the total emissions. If 2030 goals are 

to be met, the Annual Review 2019 of the Climate Change Advisory Board states that  it is of absolute necessity 

that cattle numbers are reduced as they cause the bulk of methane and nitrous oxide emissions. However, until 

now they are only projected to increase, together with fertiliser use and carbon losses from land (Climate Change 

Advisory Council, 2019). One might be able to say that Irish agriculture is in crisis and it is no surprise that social 

movements are sounding the alarm (O’Brien, 2019).  

For the Irish government it seems clear, farmers need to plant trees if it wants to avoid multimillion-euro fines 

from the EU. But afforestation rates are too low because farmers are reluctant to give up farming to grow trees 

(DAFM, 2018; Duesberg, O’Connor & Ní Dhubháin, 2013). Even though agroforestry offers a slower transition to 

forestry, the target of the agroforestry grant is small (DAFM, 2015) and the planting rates are not being met 

(DAFM, 2018). In 2018 there was approximately 51 ha of agroforestry in Ireland (Curran & McAdam, 2018), while 

the targeted amount was 105 ha (DAFM, 2015). As a reply to this low rate the premium rate and grant rate was 

increased and specific training for agroforestry are to be provided (DAFM, 2018). Another hurdle to transition to 

agroforestry is that it is currently supported under the forestry grant and therefore requires permanent 

reclassification of land use and permanent forest cover. The Climate Change Advisory Council (2019) proposes 

that similar agricultural schemes that do not require this might be needed. So the definition of agroforestry of 

the DAFM might need to change in order for more farmers to make the transition. 

Since 1989 there have been several trial plantations and experiments with silvopastoral systems in Ireland. These 

trials have generally given reason to be optimistic about the future of silvopastoralism in Ireland. It is clear that 

there are at least very few environmental barriers to its adoption (COFORD, 2016). In Northern Ireland, with very 

similar environmental conditions, ash (Fraxinus excelsior) planted at a density of 400 trees per ha with grazing 

sheep until year 11, then cattle, has caused significant landscape, environmental, economic and sustainability 

benefits. There was significant increase in insect (carabid beetles, spiders) and bird biodiversity compared to 

normal pasture or woodland. No reduction in livestock output was measured until year 10 compared to pasture. 

Even without subsidy support the authors measured that (lowland) silvopastures was more profitable than 

pasture. Also enhanced animal welfare was measured, in the sense that sheep were looking for shade more in 

hot sunny days than on cold winter days. In Ireland itself, another experiment was started in 2002 with oak 

(Quercus robur) and beef cattle, also with great success (McAdam, Short & Hoppé, 2006). The barriers to 

adoption that are still there are often technical, social or economic. Farmers have to think about how to protect 

their (young) trees from browsing and bark stripping or from weeds taking over. Protection can be made for 

example with tree shelters at least 1.5m tall, or with electric fencing, possibly in combination with (organic) 

herbicides. This is an extra cost for the farmer. As a solution a farmer can choose for a higher planting density, 

as there will be less grazing animals per tree and as a consequence less ground compaction and tree damage. 
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Another option is to reduce livestock numbers, or plan grazing in such a way to reduce stress on trees, for 

example through rotational grazing (Beaton & Hislop, 2000). The planting density also depends on the planning 

of pruning and thinning. When there is more focus on thinning a higher initial planting density is needed. In 

general, the higher the density the greater the initial costs of the new system and also the earlier trees will have 

an impact on the animals. Not only do all these extra measures require extra costs, the gathering of this 

knowledge and expertise in itself forms another expense. So gaining enough profit from the woodland 

component without having to make compromise in the agricultural component remains a challenge. McAdam et 

al. (2006) proposed that farmers could look into niche markets where non-timber products, such as the fruit of 

the wild cherry in this case, can be grown for a high value.  

Trials have shown that it is possible to grow temperate tree species on pastures successfully. However, in the 

face of climate change growing conditions will change. Climate change will possibly have a big impact on fruit 

trees such as wild cherry because the quality of their fruit is so dependent on environmental conditions such as 

the timing for dormancy and for flowering. Current risks as a consequence of a changing climate are warmer 

winters and higher risk of frost damage in early spring. Hotter summers can in turn change the dormancy onset. 

Wood quality is less directly dependent on environmental conditions and is therefore more robust to climate 

change impact. Most farmers in Ireland will focus on the wood component of agroforestry as this is most 

profitable and most promoted. Further research into Ireland’s agroforestry potential can look into the 

consequences of climate change, especially for the tree species that are being subsidised. Also, researchers 

should find a way to bring agroforestry knowledge and awareness to the farmers, as this is still the biggest issue 

that needs to be solved.  
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ANNEX I 
Data action model. 

 

 

 

  

1. Transform land cover map from vector to raster, resolution to 250 m, projection system  to TM65 Irish Grid, 
 and clip to mask 
2. Derive slope from digital elevation data, change resolution from elevation and slope to 250 m, projected 
 coordinate system to TM65 Irish Grid, and clip to mask 
3. Change MAT resolution to 250 m, projected coordinate system to TM65 Irish Grid, and clip to mask 
4. Change MAP resolution to 250 m, projected coordinate system to TM65 Irish Grid, and clip to mask 
5. Change wind speed projected coordinate system to TM65 Irish Grid, and clip to mask 
6. Change soil types from vector to raster and resolution to 250m 
7. Change pH projected coordinate system to TM65 Irish Grid, and clip to mask 
8.  Clip mask from soil types 
9. Select pastures from land cover 
10. Derive drainage, depth to bedrock, texture, and soil type subgroups from soil types 
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ANNEX II 
The probability tables of the Bayesian network per parameter.  

 

 

 

 

 

 

 

Altitude (m a.s.l.)

Suitability Lessthan250

Between250a

nd400

Between400a

nd800

Morethan80

0

VerySuitable 50 20 23 7

Suitable 35 40 20 5

MarginallySuitable 20 25 30 25

Unsuitable 15 20 25 40

Slope (% )

Suitability Lessthan15

Between15a

nd20

Between20a

nd30 Morethan30

VerySuitable 35 30 20 15

Suitable 30 35 20 15

MarginallySuitable 20 20 30 30

Unsuitable 15 20 30 35

Mean annual temperature (°C)

Suitability 5-6 6-7 7-8 8-9 9-10 10-11

VerySuitable 5 10 15 20 25 25

Suitable 10 15 20 20 20 15

MarginallySuitable 25 20 15 15 15 10

Unsuitable 30 25 15 15 10 5

Mean annual precipitation (mm)

Suitability 600-900 900-1200 1200-1500 1500-1800

VerySuitable 20 30 30 20

Suitable 30 20 20 30

MarginallySuitable 25 22 23 30

Unsuitable 30 17 18 35

Wind speed

Suitability 0-0.5 0.5-1.5 1.5-3.3 3.3-5.5 5.5-7.9 7.9-10.7 10.7-13.8 13.8-17.1 17.1-20.7

VerySuitable 33 23 18 15 5 2 2 1 1

Suitable 10 15 27 23 17 4 2 1 1

MarginallySuitable 1 1 2 8 20 33 28 5 2

Unsuitable 1 1 1 2 2 8 19 28 38

Soil type

Suitability Peat Typical rendzinasHumic RendzinasHistic LithosolsTypical groundwater gleysCalcareous groundwater gleysHumic groundwater gleysTypical surface-water gleysHumic surface-water gleysFerric podzols

VerySuitable 1 2 2 2 2 2 2 2 2 2

Suitable 1 2 2 2 2 2 2 2 2 2

MarginallySuitable 3 10 10 3 3 5 5 3 3 3

Unsuitable 14 4 4 8 8 8 8 8 8 6

Soil type cont.

Suitability Iron-pan stagno podzolsTypical brown podzolicsGleyic brown podzolicsHumic brown podzolicsTypical luvisolsStagnic luvisolsTypical brown earthsStagnic brown earthsTypical calcareous brown earthsHumic brown earths

VerySuitable 2 7 2 7 7 3 16 3 16 18

Suitable 2 9 3 11 9 3 13 3 13 15

MarginallySuitable 3 1 12 1 1 16 1 15 1 1

Unsuitable 6 1 4 1 1 4 1 4 1 1
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Texture

Suitability Peat Sandy Loamy FineLoamy

CoarseLoam

y Clayey

VerySuitable 5 10 30 25 20 10

Suitable 5 10 25 30 20 10

MarginallySuitable 18 18 12 12 20 20

Unsuitable 20 17 13 13 17 20

Depth to Bedrock (cm)

Suitability 0 0-40 40-80 >80

VerySuitable 1 4 35 60

Suitable 5 15 60 20

MarginallySuitable 20 50 25 5

Unsuitable 35 35 20 10

Drainage

Suitability Excessively Well Moderately Imperfectly Poor

VerySuitable 13 60 12 10 5

Suitable 15 30 36 14 5

MarginallySuitable 32 10 28 20 10

Unsuitable 12 8 10 32 38

pH

Suitability <4.5 5.0-5.5 6.0-6.5 7.0-7.5

VerySuitable 5 20 55 20

Suitable 5 35 25 35

MarginallySuitable 40 25 15 20

Unsuitable 50 12 8 30
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ANNEX III 
The sensitivity of PrunusAviumSuitability to the other parameters.  

 

 

  

Node Variance 

reduction 

Mutual info Variance of 

beliefs 

PrunusAviumSuitability 1.25 2.00 0.5625000    

Wind speed  0.7845 0.75156 0.1286009    

Soil type 0.4741       0.45097      0.0578210    

Depth to bedrock 0.4464       0.36798      0.0467490    

Drainage 0.3416       0.28331      0.0417955    

pH 0.3282       0.25348      0.0262148    

Altitude 0.1929       0.14505      0.0154736    

Mean annual temperature 0.1688       0.10770      0.0095249    

Texture 0.1255       0.09540      0.0082951    

Mean annual precipitation 0.03182      0.02634      0.0023367    



42 
  

ANNEX IV 
The way the knowledge matrixes are linked.  
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ANNEX V 
The knowledge matrixes used in Annex IV 

 

Texture and drainage 

 

Add depth to bedrock 

 

Combined expert judgement with depth to bedrock  

 

Add pH 
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Add wind speed 

 

Add mean annual temperature 

 

Add mean annual precipitation 
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ANNEX VI 
Online interactive map of results created with Mango Maps.  

 

 


