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Abstract: The global challenges of food security and biodiversity are rarely addressed together, 
though recently there has been an increasing awareness that the two issues are closely related. The 
majority of land available for agriculture is already used for food production, but despite the 
productivity gains, one in nine people worldwide are classified as food insecure. There is an 
increasing risk that addressing food insecurity through methods such as agricultural expansion or 
intensification could lead to biodiversity loss through destruction of habitats important for 
conservation. This analysis uses various indicators of biodiversity at a global scale, including 
biodiversity hotspots, total species richness, and threatened and endemic species richness. Areas 
where high biodiversity coexists with high food insecurity or a high risk of agricultural expansion, 
were examined and found to mainly occur in the tropics, with Madagascar standing out in 
particular. The areas identified are especially at risk of biodiversity loss, and so are global priorities 
for further research and for policy development to address food insecurity and biodiversity loss 
together. 
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1. Introduction 

Conserving biodiversity and increasing food security are two of the world’s most pressing issues 
[1]. The two problems of food insecurity and biodiversity loss are both global in scope and must not 
be viewed independently [2]. In a world with limited resources, the methods used to address one 
necessarily involve choices affecting the other [2]. However, combining efficient agricultural land use 
with biodiversity conservation is a major challenge [3]. 

Food insecurity is largely attributed to poverty [3] and 75% of people considered ‘food insecure’ 
live in rural areas, relying heavily on ecosystem services for primary services and goods [4,5]. Those 
who directly utilise biodiversity resources do not often have any alternatives, and hence there is a 
risk of the short term incentives of food and materials outweighing the long term stability of the 
ecosystem [4]. The importance of biodiversity to food security in areas of poverty cannot be 
overstated [6], as rural, poorer populations rely more heavily on biodiversity and often encroach on 
forests to extract natural products, increasing pressure on local fauna and flora [3].Yet, conservation 
and poverty data have rarely been fully integrated [4] so there is a paucity of research specifically 
addressing the connections between food security and biodiversity [1].  

Food security was defined at the 1996 World Food summit as ‘existing when all people, at all 
times, have physical and economic access to sufficient safe and nutritious food that meets their 
dietary needs and food preferences for an active and healthy life’ [7]. Despite huge productivity gains 
and the apparent success of the Green revolution [8], roughly one in nine people still lack access to 
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food or are chronically malnourished [9]. Undernourishment affects approximately 795 million 
people worldwide [9] and the people suffering most from hunger or malnutrition are often those 
working in agricultural societies [10], which shows that the availability of food does not necessarily 
assure access [5,11]. 

Many food-insecure regions of the world also contain rich biodiversity, with biodiversity being 
defined as the variety of genes, species and ecosystems [1]. Often, agricultural expansion is one of the 
greatest threats to biodiversity [2], with habitat destruction and fragmentation from land use change 
being the predominant drivers of species extinctions [12]. Within the next few decades, developing 
countries could increase the total amount of cultivated land by an estimated 110 million hectares [13], 
which would pose significant threats to biodiversity [14]. One study shows that if projected land use 
changes by 2040 are realised, over 1000 threatened species worldwide would lose over 50% of their 
current ranges [15], therefore identifying areas of potential risk is of high importance.  

This study has three aims: (a) to identify countries with the highest risk of conflict between 
biodiversity conservation and food security, (b) to show the biodiversity hotspots with the highest 
prevalence of food insecurity, and (c) to examine areas where high biodiversity overlaps with high 
risk of agricultural expansion. Each of these aims provide an insight to which areas are at high risk 
of biodiversity being lost as a result of food insecurity.  

2. Materials and Methods  

2.1. Risk of Conflict Index  

We develop an index of potential conflict between food security and biodiversity which 
represents the risk of natural resource exploitation. This was constructed using the 2016 Global Food 
Security Index (GFSI) developed by the Economist Intelligence Unit [16]. This index considers the 
core issues of affordability, availability and quality of food across 113 countries, using 28 indicators 
that measure the drivers and underlying factors influencing food security. By analysing conditions 
at the national level, however, the GFSI does not capture local context or important cultural and 
political dimensions, but provides a useful approach to understanding the risks to food security.  

Furthermore, the National Biodiversity Index (NBI) from the Global Biodiversity Outlook 
produced by the Secretariat of the Convention of Biological Diversity was also used [17]. This index 
is based on estimates of country richness and endemism in four terrestrial vertebrate classes and 
vascular plants. Vertebrates and plants are ranked equally with overall scores normalised ranging 
from 1 as the maximum for Indonesia, and 0 as the minimum for Greenland. 

To create the risk of conflict index, both the GFSI and the NBI were ranked independently. As 
some countries were not listed on both indexes, there were a total of 107 countries used for this study. 
Analysis of the frequency distributions of values for both indices showed a normal distribution to 
ensure compatibility. For the GFSI, 107 was assigned to the country which was the least food secure, 
whilst 1 was assigned to the country with the highest score. For the NBI, the reverse rank was 
assigned with the country with the highest biodiversity score being ranked as 107 and with the lowest 
assigned 1. A combined ranking, the risk of conflict index, was then calculated using the sum of the 
two ranks for each country. This then showed the countries with the highest risk of conflict between 
food security and biodiversity as the country with the highest combined rank, having the highest 
biodiversity relative to the lowest food security. 

2.2 Biodiversity Hotspots 

To examine another proxy for biodiversity, the biodiversity hotspot database [18] was used and 
overlaid with the Global Food Security Index to examine which hotspots had the highest prevalence 
of undernourishment. 35 regions have been identified by Conservation International as biodiversity 
hotspots, meeting the criteria for holding at least 1500 endemic plant species as well as having lost 
70% or more of their original habitat, applying the principles of irreplaceability and vulnerability to 
guide global conservation planning [19]. Collectively, these regions contained over 50% of vascular 
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plants and 42% of terrestrial vertebrates as endemics [19], and therefore they are globally significant 
in terms of biodiversity conservation.  

2.3 Overlap of Biodiversity Indicators with Risk of Agricultural Expansion Index 

On a global scale, climate and soil factors are the main constraints for cultivation for crops [20]. 
Therefore in the final analysis, a soil dataset from the Conservation Biology Institute [21] was used, 
showing the overall index of land suitability for cultivation derived as a product of the climate and 
soil quality limits to cultivation [20]. This was overlaid with a global cropland database [22] to exclude 
areas which are already cultivated, and the resulting index was used as an indicator of potential 
threat of agricultural expansion in the future. We analysed croplands here since they are the most 
intensively managed agricultural lands, with the greatest impact upon native biodiversity. The risk 
of agricultural expansion index is shown in Figure 1. 

 

Figure 1. Risk of agricultural expansion index, representing the overlay of agricultural suitability of 
soil and global croplands database. 

The criteria for the biodiversity hotspots database in the previous analysis only takes into 
account plant species richness. Hence, an analysis using the following species richness datasets as 
indicators for biodiversity was then conducted:- 

• species richness for mammals, birds, amphibians [23], and plants [24] 
• endemic species richness for mammals, birds, and reptiles using the World Wildlife Fund 

(WWF) WildFinder database [25] 
• globally threatened species richness [26] using the WWF Wildfinder [27] and the 

International Union for Conservation of Nature (IUCN) Red List [28]. 

Each biodiversity dataset was overlaid with the risk of agricultural expansion index. The overlap 
of the top 50% of both datasets were then examined to show areas of high biodiversity with a high 
potential threat from future agricultural expansion.  

3. Results 

3.1. Risk of Conflict Index 

The country with the highest rank i.e. that showing the greatest risk of conflict, was Madagascar 
followed by Burundi and Haiti (Table 1).  
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Table 1. Top 10 countries with highest combined rank (shown in red on Figure 2). 

Country Combined Rank 
Madagascar 195 
Burundi 193 
Haiti 186 
Sierra Leone 182 
Congo (Democratic Republic of the) 176 
Togo 176 
Indonesia 173 
Rwanda 173 
Tanzania 171 
Cameroon 167 

The majority of countries with the highest rank, where low food security and high biodiversity 
simultaneously occur, are located in the tropics (Figure 2). These countries are most at risk of 
biodiversity being exploited to meet nutritional needs, as there are few alternatives. The country with 
the lowest combined rank was Ireland, followed by Canada and Sweden, as shown in Table 2. These 
countries are predominately in temperate regions and represent the lowest risk of conflict between 
biodiversity and food security, as biodiversity tends to be lower whilst food security is higher. 

Table 2. Bottom 10 countries with lowest combined rank (shown in green on Figure2). 

Country Combined Rank 
France 28 
Kuwait 25 

Netherlands 24 
Finland 20 

Germany 18 
United Kingdom 17 

Norway 16 
Sweden 16 
Canada 13 
Ireland 4 

 

Figure 2. Index of conflict risk between food security and biodiversity. 
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3.2. Biodiversity Hotspots 

The Global Food Security Index was overlaid with biodiversity hotspots as defined by 
Conservation International in 2011 to indicate regions of global biological significance most affected 
by high occurrence of hunger (Figure 3). 

 

Figure 3. Overlay of biodiversity hotspots and Global Food Security Index (GFSI). 

This shows Burundi being the most under pressure, with high biodiversity along the Albertine 
rift, the Western branch of the East African Rift yet having the highest food insecurity out of all 107 
countries (Figure 3, Appendix A). Burundi is followed by Sierra Leone, Haiti, Mozambique, and 
Eastern Congo, again along the Albertine Rift. 

3.3. Overlap of Biodiversity Indicators with Risk of Agricultural Expansion Index  

Figure 4 shows the top 50% of the index and species rich areas, as well as the overlap between 
the two. The majority of the overlap can be seen throughout Central America e.g. Mexico and South 
America, especially along the Andes mountain range and scattered in areas across Brazil, such as the 
Amazon basin and the Cerrado. Plant species richness also shows high overlap in South East Asia, in 
particular China, Indonesia and Papua New Guinea. South Africa also displays some overlap as well 
as areas in East Africa for mammal and bird species richness. 

 
Figure 4. Panel of species richness for (a) plants (b) mammals (c) birds and (d) amphibians overlaid 
with risk of expansion index. 
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A similar methodology was followed for the other two datasets. Figure 5 shows the overlay 
between the risk of expansion index and species richness of threatened animals as defined by the 
IUCN Red List. The overlap again shows areas which could be put under most pressure from 
agricultural expansion which are currently uncultivated and also have a high level of threatened 
species richness. These areas are the hotspots of potential conflict between agriculture and the 
conservation of threatened species. 

The main areas of overlap are in South America along the Andes mountain range and in South 
East China. There are also a few areas of overlap in the Cerrado (Brazil), and in other parts of South 
East Asia, including Indonesia. The island of Borneo is particularly noteworthy for containing high 
levels of threatened species richness throughout the island, with Malaysia also exhibiting high levels 
throughout the country.  

 
Figure 5. Overlay of threatened species richness and risk of expansion index. 

Similarly for endemic species richness, an overlay with the risk of expansion index was 
conducted as shown in Figure 6. This shows significantly less overlap, with the only major hotspots 
shown in Peru along the Andes mountain range, Costa Rica, and the Western branch of the Great Rift 
Valley, also known as the Albertine rift. For endemic species, Madagascar and the southernmost tip 
of Western India are noteworthy. However, the Solomon Islands contain particularly high 
biodiversity, with the highest endemic species richness. 

 
Figure 6. Overlay of endemic species richness and risk of expansion index. 
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4. Discussion 

Madagascar is the country with the highest risk of conflict index (Figure 2). This is because 
Madagascar had very high biodiversity, with an NBI score of 0.813 (Appendix A), yet low food 
security and a GFSI score of 31.6. The combined rank reflects these extremes, as Madagascar has the 
highest risk of conflict score of 195 (Table 1). This is further demonstrated in Figure 3, which shows 
that the entire country is classified as a biodiversity hotspot, as well as being in the lowest category 
of the Global Food Security Index (Figure 3).  

Madagascar is one of the most important biodiversity hotspots based on richness and endemism 
of plant species, as well as having ongoing loss of original primary vegetation [29,30]. It stands out 
from other hotspots because of its endemism at higher taxonomic levels, e.g. genera and families 
amongst plants and vertebrates, which occurs because its flora and fauna have evolved for long 
periods largely in isolation [29]. Its biodiversity is demonstrated further in the number of new species 
discovered recently, with 46 new species identified in the 1990s and 51 new species discovered since 
2000 [31]. However, many of these species are highly threatened, which makes Madagascar a global 
conservation priority [23]. 

Furthermore, it is characterised by a high level of human dependence on ecosystems [32,33]. 
Ecosystems are intrinsically important for its economy as a major driver of tourism, as well as for 
human wellbeing and Malagasy culture [33]. Madagascar has very high levels of poverty, with many 
people directly depending on natural resources for food, water, and materials [33]. Natural resources 
also have important cultural and traditional significance to the people; however, despite conservation 
efforts, habitat loss has continued and has been driven by poverty and food insecurity [32,33]. This 
habitat loss has intensified with the onset of a political crisis in 2009, since when there have been 
widespread increases of illegal activities within Madagascar’s national parks [34]. Hence the results 
confirming that Madagascar has a high risk of conflict between food security and biodiversity, is 
consistent with other studies. 

According to the Global Food Security Index 2015 overview, Madagascar (71.8%) and Rwanda 
(71.7%) had the highest percentages of household expenditure devoted to food consumption [35]. 
The higher the share of household expenditure on food, the harder it is to cope with price increases 
and shocks, which demonstrates particularly low food security in both countries [35]. Rwanda, along 
with Burundi, are also part of the Eastern Afromontane biodiversity hotspot, which harbours 
tremendously high endemic diversity [23].Burundi and Rwanda are also in the top 10 countries with 
the highest combined rank (Table 1), and are both in the lowest categories in the Global Food Security 
Index (Figure 3). They are located along the Albertine Rift area of the hotspot, which encompasses 
much of the western Rift valley from southern Tanzania to the Rwenzori Mountains, bordering 
Uganda and the Democratic Republic of the Congo [36]. The Albertine rift is one of the most 
important regions for conservation in Africa, as it is the most species rich region for vertebrates on 
the African continent, containing species such as the mountain gorilla [36]. However, it also has a 
heavy human population pressure with decreasing connectivity between conservation sites [36]. This 
region is one of the few areas where high endemic species richness overlaps with high risk of 
agricultural expansion (Figure 6). Furthermore, Hannah et al. [37] classifies the region as a global 
priority area for funding to support adaptation, to protect agriculture and preserve biodiversity in 
the face of climate change .  

Burundi is of particular concern as it is the country with the lowest GFSI score of 24 (See 
Appendix A) and is second only to Madagascar in the risk of conflict index (Table 1). Furthermore, 
in a socio-economic analysis, Burundi was one of the ‘hottest hotspots’, meaning that it is one of the 
most biologically important areas most affected by poverty issues [4]. It has also been ranked second 
globally in a national biodiversity risk assessment to quantify conservation performances and 
identify countries of critical conservation concern [38]. It is identified as having an exceptionally high 
biodiversity risk, due to a combination of high pressure on biodiversity, low conservation capacity 
or investment, lack of economic resources and few ‘safe’ biological resources [38]. Similarly, Sierra 
Leone is also listed as having a high biodiversity risk, ranked third after Burundi at second [38], and 
is listed as fourth most at risk in this study (Table 1).  
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Haiti is the exception, as it is the only country not in Africa in the top five, with Indonesia being 
the only other country outside of Africa to be in the top ten (Table 1). According to the Global Food 
Security Index overview, Haiti’s score placed it in the bottom tier of the region for every single 
indicator in the index besides agricultural import tariffs and volatility of agricultural production, 
which are negatively correlated with food security [35]. Furthermore, the Caribbean Islands are also 
highlighted as a global priority, with Haiti showing an intersecting agricultural and habitat suitability 
loss [37]. 

Hannah et al. [37] also shows several other areas as global priorities which overlap with areas 
identified in this study, including Madagascar, Central America, and the Andes . Another recent 
global study also shows similar hotspots, with the ‘hottest hotspots’ of potential future conflict 
between biodiversity and agriculture being found in Central America and the Caribbean, south-
western Brazil, in West and East Africa, including Madagascar, several parts of tropical Asia and the 
tropical Andes [39]. The Peruvian Andes were the only region highlighted as an area of overlap in all 
the maps in the final part of the analysis (Figure 4-6). Previous biodiversity evaluations have 
designated Peru as a ‘megadiverse’ country because of the great number of species found within its 
borders [40]. Within Peru there is incredibly high ecological diversity, with numerous known 
endemic species of mammals, reptiles, amphibians, flowering plants, and ferns [41]. Hence it is 
unsurprising that Peru is shown to harbour high biodiversity. However, this area also has a very high 
risk of agricultural expansion, as it is suitable for agriculture yet currently uncultivated (Figure 1). 
Since there is no threshold available in the literature, high risk was set as the top 50% of the scale and 
likewise for high biodiversity This percentile is arbitrary, yet other percentiles were examined e.g., 
the top 25% and found to either show little overlap or similar results to those shown. Other percentiles 
could be explored in the future, but the 50% used here demonstrates the utility of the method for 
identifying hotspots for further examination.  

The original data for suitability of soil for agriculture shows that there is a large reserve of 
cultivable croplands, mainly in tropical South America and Africa [21]. However, this land is often 
located under valuable forests [21] and as shown in this analysis, overlaps with areas of high 
biodiversity. These areas also have significant areas that are uncultivated as shown in the risk of 
expansion index, with Peru, the Albertine rift and South East China showing the highest levels of 
overlap (Figures 4–6). This is important, as although the majority of future food demand is predicted 
by the Food and Agricultural Organisation (FAO)to be met through intensification, 20–30% is forecast 
to be accounted for by agricultural expansion [14]. There is a subsequent potential biodiversity impact 
of clearing land not yet used for agriculture but is suitable for agricultural use. Therefore, the areas 
shown are regarded as at high risk of conflict between food security and biodiversity conservation. 
Although this is a very broad analysis, it identifies key areas where land is highly suitable for 
agriculture and largely uncultivated, yet harbours significant biodiversity. This is important for 
selecting areas for further analysis on smaller scales, exploring in finer detail the interactions between 
biodiversity and agriculture. 

The majority of regions identified as global priorities in this study are located in the tropics, as 
these areas harbour greater biological diversity [41], yet 55% of new agricultural land in the tropics 
has come from conversion of forests [42]. As these countries tend to be poorer, less developed 
countries, food insecurity can be a driver of this land use change. They also have a narrower scientific 
base [38], so in order to prevent further biodiversity loss, research is needed on regional scales in the 
countries identified to prioritise specific areas important for local biodiversity with a high prevalence 
of food insecurity. The regions identified as global hotspots can allow national conservation agencies 
to address potential risks within a nation [38]; however specific solutions are likely to be different 
within each national context. These could range from developing biodiversity friendly farming 
projects [43], to introducing Payments for Ecosystem Services [44], both of which have seen recent 
success.  

It is clear that increasing human demand for biologically productive land limits our ability to 
preserve biodiversity [45]. Habitat conversion reduces local biodiversity [46], and globally it is the 
dominant driver of biodiversity loss [39]. Therefore, it is largely assumed in this analysis that 
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agricultural land use results in negative consequences for biodiversity. However, it is also important 
to note that for many small scale farming landscapes, using techniques such as agroforestry and 
integrated pest management techniques, agricultural land can in fact harbour large amounts of 
biodiversity [43]. Yet even within wildlife friendly farming systems which support high species 
richness, a large proportion of wild species cannot survive, even in the most benign agricultural 
landscapes, and hence protection of wild lands is essential [47].  

A main mechanism for reducing risks of conflict between biodiversity conservation and food 
security is through enhancing self-sufficiency and supporting small scale farming rather than 
industrialised agriculture [2]. It is well established that small, diversified farms rather than large 
monocultures show greater productivity per area, yet low input agriculture relies heavily on 
biodiversity and associated ecosystem services [3]. One study has shown that loss of species richness 
exceeding 20% is likely to substantially impair the contribution of biodiversity to ecosystem function 
and services, and thus human wellbeing [46]. Hence local solutions to ensure that methods of 
increasing production also preserve functional biodiversity, are essential for reducing risks facing 
smallholders [3].  

Supporting more efficient, profitable, and sustainable production of smallholders could also 
secure better access to food for the rural poor [3]. Poverty is the main cause of food inaccessibility [2], 
therefore increasing food production where the hungry live is an important priority for reducing the 
risk of conflict between these two aims [3]. Co-operation with local policy makers is needed to ensure 
measures are put in place to increase accessibility which could range from improving public transport 
to encouraging re-ruralisation and urban agriculture [2]. As the poor often rely heavily on 
biodiversity and associated ecosystem services, improving accessibility to food can also avoid the 
potential ‘vicious cycle’ between poverty and biodiversity loss, where ecosystem degradation and 
species loss negatively affects local livelihoods, leading to further degradation [4]. 

Population pressure also contributes to increased pressure on ecosystems, especially in areas of 
high biodiversity with high natural resource extraction [4]. However, although population is taken 
into consideration in the Global Food Security Index, it is not explicitly considered in this analysis. 
Biodiversity threats in heavily populated countries, for example, India and China may therefore be 
overlooked in this analysis. Population density is a key factor in threats to biodiversity; however on 
a national scale it depends on the ecological nature of a country, as well as the number of species 
threatened by extinction [48]. Population growth can also have detrimental effects on biodiversity 
due to increasing demand for land, for urban expansion, food and energy [49], with land conversion 
resulting in habitat loss and fragmentation [46]. A more in-depth analysis taking population into 
account is therefore recommended to examine how this factor changes the results, and which 
countries would be at higher risk.  

Another limitation is that this study focuses on on-site factors; however there are various off-site 
factors which could also contribute to increasing the risk of conflict between biodiversity and food 
security. During the past few decades, agricultural trade has increased dramatically, which has led 
to the globalisation of food products and many countries relying on imports, as opposed to being 
self-sufficient [50]. This can also impact biodiversity where for example, in Latin America, increasing 
global food demand has resulted in accelerated deforestation in areas of high potential [51]. This is 
highlighted in the final analysis, as Latin America shows the greatest area that is potentially 
threatened by agricultural expansion into areas of high biodiversity (Figures 4–6). Globalisation can 
bring other risks to both food security and biodiversity such as the introduction of invasive species 
[2], yet it also has the potential to relieve pressure on marginal ecosystems, as regional specializing 
in the most locally appropriate land uses can increase global efficiency of land use [52]. There are, 
however, multiple other trade-offs in the globalised food system on various scales which would need 
examining in finer detail [52]. This would be a key recommendation for further work, as failure to 
address them could result in increased food insecurity, ecological degradation, and loss of livelihoods 
[52]. 

Furthermore, as only single indicators of biodiversity and food security are considered in the 
first part of the analysis, many sub-national, regional, and local trends have not been considered. The 
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analysis focuses on a global scale identification of hotspots of potential risk of conflict between food 
security and biodiversity, and so is limited with respect to smaller scale patterns. This is also true for 
the second analysis showing the overlap of food security indicators with biodiversity hotspots on a 
global scale. Although this is valuable for demonstrating important ecoregions for biodiversity which 
are also faced with poverty [4], it also leaves room for further work to be done at a finer resolution. 
Therefore the importance of this analysis is the usefulness of results for targeting further research. 

5. Conclusions 

This hotspot analysis determines areas of potential conflict between food security and 
biodiversity conservation. In favour of conducting a global analysis, some aspects including 
population pressure, off site factors, and regional indicators could not be considered. However, the 
results provide the basis for detecting priority areas within which further research on finer scales can 
be conducted, for example in Madagascar and the Peruvian Andes. This is greatly beneficial for 
directing future work exploring these interactions in greater detail and incorporating the limitations 
described in this study.  

The regions identified coincide with numerous other studies and are mainly located in the 
tropics, which harbours significant biodiversity, as well as food insecurity being prevalent in many 
countries. Innovative methods to address these two challenges simultaneously will need well-
informed regional and targeted solutions [3,48]. Restricting human requirements for land globally 
will be important for limiting the biodiversity impacts of increasing food production [48], as well as 
being open to alternative methods of production and new approaches to food choice and diet [2]. 
High resolution spatial data on biodiversity and land use change will also be required to assist with 
decision making, allocate funding, and to develop a better understanding of the synergies and trade-
offs between biodiversity conservation and food security. However, it is of utmost importance that 
they are not viewed independently, and there is an increasing need for recognising the strong 
interdependencies of these two issues. 
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Appendix A. Risk of conflict index showing combined rank and individual index ranks 

Country GFSI Rank NBI Rank Combined rank 
Algeria 54.3 61 0.308 8 69 
Angola 33.7 96 0.641 70 166 

Argentina 68.3 33 0.615 63 96 
Australia 82.6 3 0.853 102 105 
Austria 79.3 15 0.469 35 50 

Azerbaijan 57.1 52 0.534 49 101 
Bangladesh 36.8 90 0.538 51 141 

Belarus 63.1 42 0.368 14 56 
Belgium 77.4 19 0.445 29 48 

Benin 40.2 83 0.618 65 148 
Bolivia 51.6 65 0.724 90 155 

Botswana 57.8 49 0.461 33 82 
Brazil 67.6 37 0.877 104 141 
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Country GFSI Rank NBI Rank Combined rank 
Bulgaria 60.6 46 0.493 39 85 

Burkina Faso 31 100 0.526 48 148 
Burundi 24 107 0.683 86 193 

Cambodia 39.8 84 0.568 55 139 
Cameroon 41.6 80 0.689 87 167 

Canada 81.9 7 0.299 6 13 
Chad 28.6 105 0.364 11 116 
Chile 74.4 22 0.57 56 78 
China 65.5 38 0.839 99 137 

Colombia 61 45 0.935 106 151 
Congo (Dem. Rep.) 30.5 101 0.651 75 176 

Costa Rica 68.3 34 0.82 98 132 
Cote d’Ivoire 42.3 79 0.632 68 147 

Czech Republic 73.9 23 0.498 42 65 
Denmark 80 13 0.403 18 31 

Dominican Republic 55.1 59 0.661 80 139 
Ecuador 57.5 51 0.873 103 154 

Egypt 57.1 53 0.326 10 63 
El Salvador 53.3 64 0.616 64 128 

Ethiopia 34.7 93 0.593 59 152 
Finland 78.9 16 0.29 4 20 
France 82.5 5 0.423 23 28 

Germany 82.5 6 0.365 12 18 
Ghana 47.8 73 0.646 74 147 
Greece 71.5 28 0.55 54 82 

Guatemala 49.6 68 0.744 93 161 
Guinea 35 92 0.603 61 153 
Haiti 29.4 102 0.68 84 186 

Honduras 48.2 72 0.653 77 149 
Hungary 69.3 30 0.441 28 58 

India 49.4 70 0.732 92 162 
Indonesia 50.6 66 1 107 173 

Ireland 84.3 2 0.279 2 4 
Israel 78.9 17 0.601 60 77 
Italy 75.9 20 0.512 44 64 

Japan 75.9 21 0.638 69 90 
Jordan 56.9 55 0.468 34 89 

Kazakhstan 53.7 63 0.435 26 89 
Kenya 42.7 78 0.643 72 150 
Kuwait 73.5 24 0.224 1 25 

Madagascar 31.6 98 0.813 97 195 
Malawi 31.4 99 0.627 66 165 

Malaysia 69 31 0.809 96 127 
Mali 39.3 86 0.381 15 101 

Mexico 68.1 35 0.928 105 140 
Morocco 55.5 57 0.459 32 89 

Mozambique 29.4 103 0.522 47 150 
Myanmar 46.5 75 0.628 67 142 

Nepal 42.9 77 0.642 71 148 
Netherlands 82.6 4 0.412 20 24 



Land 2017, 6, 67 12 of 15 

Country GFSI Rank NBI Rank Combined rank 
New Zealand 81.1 10 0.52 46 56 

Nicaragua 49.4 71 0.643 73 144 
Niger 29 104 0.412 21 125 

Nigeria 39.4 85 0.548 53 138 
Norway 81 11 0.297 5 16 
Pakistan 47.8 74 0.495 40 114 
Panama 64.4 40 0.793 95 135 

Paraguay 54.2 62 0.613 62 124 
Peru 57.7 50 0.843 100 150 

Philippines 49.5 69 0.786 94 163 
Poland 72.4 26 0.367 13 39 

Portugal 80 14 0.511 43 57 
Romania 65.5 39 0.424 25 64 

Russia 62.3 44 0.447 30 74 
Rwanda 40.7 82 0.726 91 173 

Saudi Arabia 71.1 29 0.281 3 32 
Senegal 41 81 0.512 45 126 

Sierra Leone 26.1 106 0.652 76 182 
Slovakia 67.7 36 0.589 58 94 

South Africa 62.9 43 0.714 89 132 
South Korea 73.3 25 0.423 24 49 

Spain 77.7 18 0.486 37 55 
Sri Lanka 54.8 60 0.656 79 139 

Sudan 34.7 94 0.539 52 146 
Sweden 81.3 9 0.304 7 16 

Switzerland 80.9 12 0.497 41 53 
Syria 36.3 91 0.469 36 127 

Tajikistan 38.6 87 0.456 31 118 
Tanzania 36.9 89 0.674 82 171 
Thailand 59.5 47 0.67 81 128 

Togo 37.9 88 0.693 88 176 
Tunisia 57.9 48 0.408 19 67 
Turkey 63.6 41 0.572 57 98 
Uganda 44.2 76 0.655 78 154 
Ukraine 55.2 58 0.415 22 80 

United Arab Emirates 71.8 27 0.392 17 44 
United Kingdom 81.9 8 0.32 9 17 

United States 86.6 1 0.677 83 84 
Uruguay 68.4 32 0.487 38 70 

Uzbekistan 49.8 67 0.436 27 94 
Venezuela 56.9 56 0.85 101 157 
Vietnam 57.1 54 0.682 85 139 
Yemen 34 95 0.387 16 111 
Zambia 33.3 97 0.537 50 147 
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