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Figure 31: Top 5 of “region*commodity” pairs for non-arable land occupation presented along with contribution to food
wastage volume

Figure 32: Top 10 of “region*commodity” pairs for land occupation per capita
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Degradation or decline in ecosystem services corresponds with a change in state of these services due to
pressures and resulting in various degradation processes, that is, the land degradation trend. However,
before quantifying these changes, the baseline of the actual status of each ecosystem needs to be deter-
mined, that is, the land degradation status. Trend and status can be further combined in classes of land
degradation, that is to say particular “trend*status” pairs.

Land on which the agricultural production of food eventually lost/wasted occurred falls into three classes
of land degradation (as defined in FAO LADA, 2011):v Class 1: high (good) land status + medium to strong land degradationv Class 2: low (bad) land status + medium to strong land degradationv Class 3: low (bad) land status + weak land degradation

Figure 33 offers a view of the land degradation class/status/trend of the surfaces occupied to grow food
lost at the agricultural production phase.

Figure 33: Repartition of food wastage at agricultural production stage, by class of land degradation
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Almost 99 percent of food wastage at agricultural production stage appears to be produced in regions
whose soils are experiencing, on average, medium to strong land degradation, thus adding pressure un-
duly. In addition, more than 50 percent of food wastage at the agricultural production stage appears to
be produced in regions whose soils are, on average, currently at a low status in terms of soil degradation.

Biodiversity

Method

Biodiversity comprises the diversity of life on Earth, across genes, species and ecosystems. In this study,
the impact of food wastage on biodiversity is focused on the agricultural production phase. Clearly, dam-
ages caused to natural habitats during the production phase are considerably greater than biodiversity
impacts due to the disposal of unused parts of food. Biodiversity impacts are discussed where production
occurs. Therefore, food wastage responsibility related to international trade is deliberately excluded from
the assessment, as this important aspect requires detailed global supply chain models not contemplated
in this study.

Biodiversity impacts related to agricultural production are assessed both at ecosystem level, through the
extent of deforestation due to agriculture, and at species level, through the extent of Red Listed species
of mammals, birds and amphibians threatened by agriculture. The biodiversity impacts related to fisheries
are assessed at community level, by considering trends in mean trophic levels of species in a Large Marine
Ecosystem (LME) since 1950. The Marine Trophic Index (MTI) measures the decline in abundance and di-
versity of fish high in the food chain, thus reflecting the complex interaction between fisheries and marine
ecosystems (Pauly & Watson 2005). These three biodiversity indicators were chosen as they were the most
meaningful and available ones to assess the impacts of food production at global level. Other indicators,
such as trends in genetic diversity or trends in invasive species, are not fully developed or could not easily
be linked to food production.

The quantitative assessment that follows is focused on terrestrial and marine biodiversity at regional or
sub-regional level, but not at commodity level. This means that food wastage volumes could not be di-
rectly related to impacts on biodiversity, as for the other categories of environmental impacts. However,
this study offers a qualitative review of evidence about the impacts of the different food commodities
on biodiversity. This evidence base is then used to help interpret the relation between the quantitative
biodiversity indicators and the regional information on food wastage per commodity. It should also be
noted that in the quantitative assessment, the importance of the production system type (e.g. intensity
level, traditional vs. industrial) could not be accounted directly, due to data availability issues. Moreover,
the estimates of extent of deforestation from agriculture are maximum values, assuming all land defor-
ested between 1990 and 2010 was due to conversion to agriculture. In reality, the extent of deforestation
due to food production is probably smaller, as some of this agricultural land may not go to food produc-
tion (e.g. biofuels) and as not all new agricultural land actually comes from forest areas. In addition these
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estimates do not consider a number of other factors that can affect the magnitude of biodiversity im-
pacts, such as the initial state of the forest (i.e. whether it was already degraded or not), or whether sev-
eral conversions occurred in the 20-year period taken into consideration.

The review of evidence highlights that the greatest threats posed by crop expansion are likely to occur
in the tropics, which support the highest species richness and endemism, while providing the greatest
scope for increasing global agricultural production. In the developed world, there is generally poor con-
servation of biodiversity because industrial agriculture and urban expansion have led to declines in farm-
land diversity, ecosystems’ pollution and habitat loss. Current trends towards agricultural land
abandonment may lead to further biodiversity declines through reductions in habitat heterogeneity. 

Animal husbandry has widespread impacts on biodiversity, mostly due to the conversion of natural areas
to pastures and the production of forage, but also due to grazing and loss of livestock genetic diversity.
Livestock production is concentrated in areas of cheap food supply, while becoming more industrialised.
Generally, biodiversity decreases along a gradient of grazing intensities, where low-input rangelands have
the highest biodiversity value, while rangelands with high stocking rates have the lowest biodiversity value.
In the developing world, livestock production can play an important role in deforestation. In the developed
world, livestock farming with low grazing intensity is often essential in maintaining semi-natural habitats
of high ecological value, which are gradually being lost to high-input and more productive pastures.

Fish and seafood production are also a considerable source of biodiversity decline. Marine fisheries have
severely depleted and damaged fishery resources and fundamentally altered marine ecosystems. In fact,
the number of overexploited, depleted or recovering marine fish stocks increased in 2008 to 32 percent,
the highest in history. In addition, about half of the marine fish stocks are estimated as fully exploited,
and for the ten species that have the highest share in catches, most of the stocks are overexploited (FAO
2010). This is largely due to modern industrial fishing, which causes significant collateral damage by de-
stroying sea floor habitats and by-catch of unwanted species that is discarded as waste at sea. Aquacul-
ture may also pose significant threats to biodiversity, but at the same time, it can have some locally
positive impacts. For example, effluents in oligotrophic marine waters increase local biodiversity. The
main causes of biodiversity decline due to aquaculture involve the escape of alien species, increasing use
of hormones and antibiotics and discharge of other pollutants in the aquaculture process, genetic alter-
ations of wild fish stocks and transmission of diseases.

Results overview

Farming, including conversion of wild lands and intensification, is a major threat for biodiversity world-
wide. However, most of the impacts of food production on biodiversity occur in low-income regions, such
as Sub-Saharan Africa and Latin America. Deforestation due to agricultural expansion seems to occur
today mainly in tropical and sub-tropical areas of the African continent, Western and Southeastern Asia
and Southern America (Figure 34). This is in line with existing findings showing that, between 1980 and
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2000 across the tropics, more than 55 percent of new agricultural land came at the expense of intact
forests and another 28 percent came from disturbed forests (Gibbs et al. 2010). While bioenergy crops
have witnessed a rapid expansion over the past 10 years, especially in the tropics, deforestation remains
largely due to the production of food commodities (Phalan et al. 2013). Maize, sorghum and cassava show
somewhat lower rates of expansion than bioenergy crops but concern larger extents of land (Phalan et
al. 2013), and thus are significant cause of land conversion.

Threats to biodiversity are considerably higher in developing countries than in developed countries: on
average, crops are responsible for 44 percent of species threats in developed countries, compared with
72 percent in developing countries. The threat is lower for livestock production, with developed countries
responsible, on average, for 21 percent of the threats, compared with 34 percent for developing countries.
The main biodiversity impacts are also located in tropical and sub-tropical regions, including Central and
Southern Asia, Central and South America, and Africa. 

Overall, this study shows that agriculture is responsible for 66 percent of threats to species (Figure 35),
but there is considerable regional variability, since agriculture causes only 23 percent of threats to species
in New Zealand, but up to 90 percent of threats in Mongolia. The production of food crops has approxi-
mately twice as much impact on mammals, birds and amphibian biodiversity than livestock production:

Figure 34: Maximum area of forest converted to agriculture from 1990 to 2010, in regions where deforestation occurred
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70 percent vs. 33 percent of threats to species, respectively (Figure 36). This difference is striking and partly
reflects the fact that rangelands, especially low-input and low density ones, promote habitat diversity,
making them relatively biodiversity-friendly. 

Overall, mammals, birds and amphibians show similar responses to food production activities. However,
bird species appear especially vulnerable to food production activities in tropical and sub-tropical regions,
probably because of the relatively high number of forest-dependent species in this group. Mammals
tend to be less vulnerable than the other two taxonomic groups.

Figure 35: Percentage of Red List species of Birds, Mammals and Amphibians that are threatened by agriculture (both
crops and livestock). The number of threatened species is indicated above the bars

The Marine Tropic Index measures the degree to which countries are “fishing down the food chain,” with
fish catches increasingly consisting of smaller fish that are lower in the food chain. The average mean
trophic level has been declining in most LMEs since 1950 (Figures 37 and 38), but this decline occurs at
very different rates in different seas and regions. Middle- and high-income regions which have a diversity
of seas (i.e. Europe, NA&Oce, Ind. Asia) have approximately two thirds of their seas showing declining
trends in MTI since 1950. This is likely due to the importance of commercial fishing and its impacts on
the food webs. For example, in the Humboldt current (i.e. NA&Oce), MTI plummeted as soon as fisheries
of anchoveta, a low trophic level species, took-off in 1955. In contrast, developing regions with few seas
(i.e. SSA, NA,WA&CA, S&SE Asia) show relatively stable or positive trends in MTI since 1950. 
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This probably reflects the fact that fishing mostly occurs at artisanal or subsistence levels in these areas.
Developed regions (i.e. Europe, NA&Oce, LA) also show a number of stable or increasing trends in MTI
values, that may in some cases reflect the uptake of more sustainable fishing practices, but also mask
some biodiversity declines. For instance, in the Agulhas current (LA), the sharp increase in mean trophic
level since the 1970s reflects the collapse of the fisheries for pilchard and anchovies, which are two low
trophic level species14.

These biodiversity impacts can then be linked to food wastage through the production phase for each
commodity and region to detect hotspots of biodiversity impacts. In some cases, the greatest biodiversity
impacts are for those commodities and regions which also have the greatest amounts of food wasted
and/or largest environmental impacts. For example, cereal production is a main cause of food wastage
in most regions, probably constituting the main threat to biodiversity, both in terms of deforestation
and species’ threats. This is due to the large extents of land that need to be converted for their production,
usually leading to simplification and degradation of habitats. The hostpots of biodiversity impacts linked
to crop production are located around the tropics, which is both a global biodiversity hotspot that, in re-

Figure 36: Percentage of Red List species of Birds, Mammals and Amphibians that are threatened by crop production (blue
bars) and livestock farming (orange bars). The number of threatened species is indicated above the bars

14 http://www.lme.noaa.gov
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cent years, has also experienced the most rapid agricultural expansion. Wastage of cereals in S&SE Asia
is thus expected to be an important threat to biodiversity (as for other environmental components), due
to related deforestation (Figure 34). More generally, important food crops in LA and SSA, such as cassava,
rice, maize are continuing causes of deforestation (Figure 34).

More locally, starchy roots can represent important volumes of wastage, but they do not translate into
large environmental impacts. However, they may sometimes lead to significant biodiversity impacts. For
example, cassava in Thailand and Brazil is increasingly grown in large scale monocultures and it is a cause
of deforestation in central Africa (Phalan et al. 2013).

In contrast, while vegetable and fruit production is a considerable source of food wastage, especially in
the tropics, with large water footprint, it is likely to have relatively less important impacts on biodiversity
than cereal production. Fruits and vegetables are usually grown on smaller scales and involve a diversity
of crop types, which may contribute to maintaining a certain habitat diversity. 

There may also be some trade-offs between the quantities of food wasted and their impact on biodiver-
sity. Meat, fish and seafood, and oilcrops and pulses represent small volumes of food wastage in all re-
gions. However, they represent important production volumes and intensities and thus, have considerable
impacts on biodiversity. Fisheries have been declining or collapsing in most regions, largely as a result of
the over-exploitation of fish stocks by large commercial fisheries (Figures 37 and 38). Likewise, while oil-
crops and pulses are not important in terms of food wastage, when grown in large scales plantations,
their impacts on biodiversity are similar to those of cereals.

Meat wastage actually has overall high environmental impacts because of its land take, and the main
producing regions (i.e. Europe, NA&Oce and LA) are expected to also experience high biodiversity impacts.
While species threats due to livestock production represent only a third of those induced by agricultural
crops (Figure 36), they remain significant. There are higher in developing regions, and LA is a likely biodi-
versity hotspot of meat wastage. Indeed, in LA, most new agricultural land is cleared for cattle pastures,
leading to increasing habitat fragmentation and degradation, resulting in biodiversity declines.
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Figure 37: Average change in mean trophic level since 1950 in selected Large Marine Ecosystems (LMEs) of Europe,
NA&Oce and Ind. Asia. The percent change is indicated above the bars, blue bars represent significant changes, while
red bars represent non-significant changes
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Figure 38: Average change in mean trophic level since 1950 in selected Large Marine Ecosystems (LMEs) of SSA, NA,
WA&CA, S&SE Asia, and LA. The percent change is indicated above the bars, blue bars represent significant changes,
while red bars represent non-significant changes
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Figure 39: Contribution of each commodity to food wastage and economic cost

Figure 40: Contribution of each region to food wastage and economic cost
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Table 3: Cross-analysis of all environmental components, by “Region*Commodity” pairs.
In each column: contribution to total in percent and ranking from 1 to 10 (or 5) in bold

Cross-analysis and key findings

Table 3 presents a cross-analysis of all quantifiable environmental components. All the “region*commod-
ity” pairs that appeared in the top 10 for carbon, blue water or land occupation (arable or non-arable)
are presented here with their contribution to total food wastage17.

Region * commodity Volume Carbon Blue water Arable Non-arable land
Ind. Asia * Veg. 11.2% 1 10.0% 3
Ind. Asia * Cereals 7.8% 2 14.4% 1 13.2% 2 5.4% 5
S&SE Asia * Cereals 7.8% 3 11.1% 2 24.2% 1 9.3% 2
SSA * SR 5.3% 4
Ind. Asia * SR 4.5% 5
Europe * SR 4.0% 6
S&SE Asia * Veg. 3.9% 7 2.8% 10
S&SE Asia * Fruits 3.6% 8 4.5% 4
LA * Fruits 3.4% 9 3.3% 6
Europe * Cereals 3.3% 10 3.3% 9
Europe * Veg. 3.1% 4.2% 8
NA.WA&CA * Veg. 2.7% 2.7% 10
Ind. Asia * Fruits 2.7% 3.2% 7
Europe * Fruits 2.6% 3.0% 9
Europe * Meat & Milk 2.3% 5.2% 5 5.1% 7
S&SE Asia * Meat & Milk 2.3% 3.4% 5 5.4% 4 16.7% 2
NA,WA&CA * Cereals 2.0% 7.8% 3 3.8% 8
NA&Oce * Meat & Milk 2.0% 5.2% 6 3.7% 10 8.4% 5
LA * Meat & Milk 1.5% 4.9% 7 6.9% 3
Ind. Asia * Meat & Milk 1.5% 5.3% 4 11.5% 1 11.3% 4
S&SE Asia * O&P 1.3% 3.2% 8
SSA * Cereals 1.3% 3.7% 9
NA,WA&CA * Meat & Milk 0.9% 33.2% 1
SSA * Meat & Milk 0.5% 5.4% 6 13.1% 3
Total top 10 55% 64% 68% 60% 83%

17 Excluding fish and seafood, in order to allow a comparison on the same grounds. This is why percentages presented here for food
wastage volumes and carbon are not exactly similar to those presented in Figure 14.
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While from an environmental assessment perspective, combining environmental impacts to define a rank-
ing of hotspots is precarious, it is nevertheless possible to distinguish a number of key findings, as follows:v Cereal wastage in Asia emerges as a significant environmental hotspot, with major impacts on car-

bon, blue water and arable land. The relative importance of rice is underlined, given its high carbon
intensity, combined with high levels of wastage. While cereal wastage is similar in Ind. Asia and S&SE
Asia, the overall carbon footprint is higher in the former, as more cereals are wasted at the consump-
tion phase. However, higher yields for rice and wheat result in a lower water footprint and lower land
occupation in Ind. Asia: less land is being used for the same level of production. This echoes a broadly
recognizable global pattern: high efficiency and high consumer level waste in middle- and high-in-
come regions versus lower production efficiency and lower consumer level waste in low-income re-
gions. The main contributing crops in this hotspot identification are rice and wheat. Rice emerges as
an important element, with high carbon intensity and high levels of wastage. Rice crops emit CH4
because of the decomposition of organic matter in flooded paddy fields and thus, has higher impact
factors compared to other cereals. In terms of land occupation and water footprints, the impacts of
rice and wheat are more similar. It can be noted that India and China are the major contributors of
the water footprint of cereals in their respective regions.v Meat has high impacts in terms of land occupation and carbon footprint, making it a major environ-
mental hotspot, although wastage volumes in all regions are comparatively low. Meat is a carbon
hotspot in high-income regions and Latin America. In absolute terms, more meat is produced, con-
sumed and wasted in high-income regions (in particular at consumption phase) and Latin America
compared with low-income regions. High-income regions and Latin America account for 80 percent
of meat wastage. Regarding land occupation, the observed variability across regions for the contri-
bution of arable or non-arable land is due to differences in production systems. This can include com-
position of feeding rations and amount of land required to produce the constituents of the ration.v Fruit wastage emerges as a blue water hotspot in Asia, Latin America and Europe, but it is linked
more to food wastage volumes than to the blue water intensity of the commodity. Due to data lim-
itations, FAOSTAT identifies a particularly voluminous category in its Food Balance Sheets as “other
fruits”, which prevents detailing this hotspot by key crop.v The carbon footprint of vegetables singles them out as a hotspot in Ind. Asia, Europe, and S&SE Asia,
mainly due to large food wastage volumes. Nevertheless, some differences in terms of carbon inten-
sity can be seen between regions. For instance, it is likely that the carbon intensity of vegetables
wastage is higher in Europe, due to the fact that a higher share of vegetables is grown in heated
greenhouses. It can be noted that some assumptions had to be made on these aspects.v Starchy roots, although experiencing high volumes of wastage in SSA, Europe and Ind. Asia, never ap-
pear in impacts top 10. This commodity actually has low carbon, water and land intensity, mostly be-
cause yields are high, thus limiting the impacts per kg.
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Potential improvement areas

Food wastage percentage

This study quantifies food wastage volumes by applying waste percentages to Food Balance Sheets data.
These percentages of food lost and wasted have been gathered based on a thorough literature search,
carried-out for the FAO (2011) study. The authors also had to make a number of assumptions for remaining
data gaps, most notably for low-income regions. To date, no database consolidates worldwide statistics
on food wastage which would provide harmonized datasets for analysis. The prerequisite for developing
such a global tool is to have harmonized definitions of the major concepts linked to food loss and waste.

Quantifications of environmental impacts

Due to a lack of data or other methodological constraints, a number of assumptions had to be made to
quantify environmental impacts. In some cases, certain aspects of the environmental footprint could
not be taken into account, such as land occupation and water footprint relating to non-agricultural
phases. All these aspects offer room for improvement. In particular, priority should be given in further
research to the integration of land use change in carbon footprint accounting. Moreover, the sources of
uncertainty are manifold in this study, since each input of the FWF model has an attached uncertainty.
Integrating an uncertainty calculation module in the model would be a valuable option to support analy-
ses of the outcomes of the model.

Biodiversity

The biodiversity impacts of food wastage have only been estimated semi-quantitatively, by identifying
the regions where food production is likely to have the greatest impacts on biodiversity. Further research
would be needed to clarify the biodiversity impacts of food throughout the supply chain, including trade
issues. This could be achieved through advances towards the inclusion of biodiversity impacts in life-
cycle analysis tools, or multiregional input-output approaches.

Economic assessment

The economic component of this study is a first step that calls for further research to quantify the costs
along the food supply chain. In addition, the environmental cost of lost natural resources due to food
wastage could be taken into account in future work. For instance, the blue water wasted in a given year
might not have the same economic, social and/or environmental cost in future years.
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