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Foreword
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This study, conducted by FAO and the Mountain Partnership Secretariat, draws attention to an alarming fact: in 2012, 39 percent of the mountain population in developing countries was considered vulnerable to food insecurity, which is an increase of 30 percent compared to the conditions of mountain peoples in the year 2000. The situation is even worse if we consider only rural mountain peoples.

The living conditions of mountain peoples have deteriorated and their vulnerability to hunger has increased. Harsh climates and the difficult, often inaccessible terrain, combined with political and social marginality certainly contribute to making mountain peoples particularly vulnerable to food shortages.

In mountain areas, where family farming and smallholder agriculture, forestry and animal husbandry are the prevailing farming systems, it is essential to create a supportive, enabling environment in which mountain peoples have access to training, information, credit and healthcare, and benefit from reliable governance systems and infrastructure.

FAO has been promoting sustainable mountain development since founding the Mountain Partnership, jointly with the governments of Italy and Switzerland and the United Nations Environment Programme, in 2002.

The Mountain Partnership Secretariat, which is hosted at FAO, works with the 263 members to improve the livelihoods of mountain peoples through advocacy, capacity development and joint action on the ground.

The data revealed in this study gives voice to the plight of mountain peoples. This study provides a clear message to policy-makers on the importance of including sustainable mountain development in their agendas. As we now endeavour to reach the Sustainable Development Goals, the international community and resource partners are hereby called upon to invest in mountain areas and reinforce the efforts of FAO and the Mountain Partnership Secretariat.
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José Graziano da Silva
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Executive summary

Mountains cover 22 percent of the world’s land surface and are home to some 915 million people, representing 13 percent of global population. Mountains also provide between 60 and 80 percent of the earth’s fresh water. Yet, in spite of this global relevance, there is a dearth of data and information on the status of mountains and mountain peoples. In 2003, the Food and Agriculture Organization of the United Nations (FAO) published “Towards a GIS-based analysis of mountain environments and populations”, a study that estimated mountain peoples’ vulnerability to food insecurity. The study, undertaken as a follow-up to the 2002 UN International Year of Mountains, has become a cornerstone of development efforts. It is used and quoted, for as a reference, requesting more investments, specific policies and global attention toward mountains.

A current analysis of hunger in mountainous areas

Now, more than ten year later, this report is an update on the 2003 study, providing a new understanding of trends in mountain areas and more targeted information on the current situation.

This study, produced by FAO and the Mountain Partnership Secretariat (MPS), first presents an updated geographic and demographic picture of the world’s mountain areas and population, based on data gathered from the most recent datasets. The core of the study is the analysis of mountain vulnerability to food insecurity, conducted on the basis of a new methodology – the FAO 2015 Mountain Vulnerability Model – which was developed after thorough consultations between FAO and external experts on mountain development, nutrition, statistics, livestock and GIS techniques.

The study defines vulnerability to food insecurity as the probability of a person or household falling or staying below a minimum food security threshold within a certain timeframe. Mountains are classified according to the United Nations Environment Programme-World Conservation Monitoring Center (UNEP-WCMC) classification, which rates six classes based on elevation and slope, ranging from Class 1 with an elevation of greater than 4 500 m to Class 6 with an elevation of 300 to 1 000 m. Countries are grouped according to the UN Statistics Division M.49 standard, which divides the world into five macrogeographic regions – Africa, Americas, Asia, Europe and Oceania – and distinguishes between developing and developed areas.

According to the new analysis results, 39 percent of mountain population (urban and rural combined) in developing countries were considered vulnerable to food insecurity in 2012. This is a 30 percent increase in the number of vulnerable mountain people in the 12 years since 2000, while the mountain population itself has increased just 16 percent. The numbers are even more shocking if only considering mountain people who live in rural areas. While the global average of food insecure people in developing countries is one in eight, almost half of those who live in developing countries’ rural mountain areas are vulnerable to hunger, and face poverty and malnutrition.

The global mountain population increased from 789 to 915 million people between 2000 and 2012, with 90 percent living in developing countries. The growth was not equal across the regions, e.g. Africa, and Latin America and the Caribbean had increases of 38 and 22 percent, respectively, from 2000 to 2012, while the mountain population of Asia grew by only 8 percent in the same period. Population also increased in all of the elevation classes except the highest, which saw a sharp decrease. Middle elevation classes showed the most significant population growth, particularly in South America where many cities, including national capitals, are located in mountain areas.

The analysis of the population data found that, in 2012, on average, 30 percent of the mountain population lived in urban areas, increasing from 26 percent in 2000. Half of the mountain inhabitants of developed countries, but only a quarter of those in developing countries, live in urban areas.

The FAO 2015 Mountain Vulnerability Model

The FAO 2015 Mountain Vulnerability Model was formulated under the guidance of FAO experts, the Mountain Partnership Secretariat (MPS) and Mountain Partnership (MP) members. It provides the most accurate possible estimate of the vulnerability to food insecurity in mountain areas, based on the best technologies and data available. The model was applied only to developing countries, on the assumption that peoples in developed countries are not food insecure and that factors other than agriculture are relevant to their livelihoods. It is also worth noting that the mountain population of developed countries has only increased by 12 percent since 2000. For rural people, the model defines vulnerability based on caloric and protein requirement per day, while for urban populations it uses the World Bank urban poverty indicator.

The model provides an estimate of the caloric availability in rural mountain regions, considering the production rate of agricultural areas as an average of the yields of six main mountain crops (beans, cassava, maize, potatoes, rice and wheat) expressed in calories. It then adds information on food quality by estimating the availability of proteins from beef meat, cow milk, sheep meat, sheep milk, goat meat, goat milk, pig meat, chicken meat and eggs.

In practice, the FAO 2015 Model is based on a more refined set of indicators than those used in the previous study but it has limitations. It does not capture productive activities other than agriculture and animal husbandry. That means that income from activities such as forestry, tourism and trade, as well as remittances and salaries that comprise or complement the livelihoods of mountain peoples, were not included.
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Household surveys: another tool to measure hunger

Case studies were undertaken in Ecuador and Malawi in an attempt to test the validity of the model, and results were aligned overall. The studies were based on real data from household surveys to verify the results obtained from the model, and to illustrate what could be achieved if georeferenced household data were available and analysed for all countries.

The mountain areas of the two countries have different socio-economic conditions. Ecuador is an upper middle-income country where mountain people live mostly in urban areas. Malawi is a low-income food insecure country where most mountain people live in rural areas. The studies used a newly developed composite vulnerability indicator that accounts for both food security and social protection measures.

Household survey data included food consumption patterns and living conditions as well as factors such as water quality, sanitation facilities and road networks. The data collected enabled estimates of vulnerability to food insecurity in the countries by both elevation classes and ethnic groups.

As the case studies illustrated, having this wide range of information allows for holistic assessment of vulnerability to food security and for precise localization of vulnerability hot spots which, in turn, can facilitate and support design of policy interventions.

Results and conclusions of the study

In comparing data from 2000 to the new information gathered in 2012, the study found that the 30 percent increase in the number of mountain people considered vulnerable to food insecurity meant that the number of vulnerable people in developing countries had increased to nearly 329 million, compared with 253 million in 2000. The study also identified changes in the number of vulnerable mountain people in all developing regions and subregions of the world.

Current regional maps based on data from the study show large areas already abandoned by vulnerable people who faced situations so dramatic that they were compelled to leave. Not only did their migration increase the population pressure on the already poor areas where they ended up settling, their leaving also resulted in losses in the areas they left behind – in terms of provision of ecosystem services and preservation of cultural and agrobiological diversity.

Overall, it should be noted that although the data indicates that one of every three mountain people in developing countries is vulnerable to food insecurity, when only rural areas are considered, this figure increases to one out of every two mountain people. Based on the FAO State of Food Insecurity in the World 2015 report, the average number of people suffering from chronic hunger in developing countries is one out of eight.

Having this level of data gives voice to, and quantifiable understanding of, the plight of mountain peoples. It sends a clear message to policy-makers on the importance of including mountain development in their agendas – development that can alleviate the harsh living conditions of mountain communities and slow outmigration from mountain areas.


Infographics of the results
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Introduction

People living in mountain areas are particularly vulnerable to food insecurity. Slopes with steep and differing elevations often make the soil shallow, poor in micronutrients, limited and difficult to cultivateand unsuitable for mass agricultural production. Distance from roads, poor infrastructure and marginalization render access to markets more difficult. Further, the occurrence and magnitude of extreme climatic events are traditionally higher in mountains than in lowlands, a situation that is increasing due to climate change.

In 2002, in observing the International Year of Mountains, the Food and Agriculture Organization of the United Nations (FAO) dedicated a special section of its annual State of Food Insecurity (SOFI) report to mountain areas. In 2003, the FAO report Towards a GIS-based analysis of mountain environments and populations enriched this information. The report both investigated the conditions underlying poverty and hunger in mountain environments and informed the international community of the extent of vulnerability in mountains so that, in turn, effective policies and programmatic activities could be formulated to answer the needs and challenges faced by mountain people. Until now, the data presented in that report – based on research carried out more than ten years ago – remained the only such data available at global scale.

Recognizing the priority need for updating the data, FAO, the MPS and MP members determined to reassess the vulnerability of mountain peoples to food insecurity, and analyse the main trends that have occurred at global, regional and national levels since the 2003 study. All the maps, tables and figures in this study have been produced using a new methodology developed by FAO and its partners – which is explained in detail in section 2.

Vulnerability in the food security context

FAO defines food security as the condition that “exists 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” (World Food Summit, 1996). The definition is therefore based on four main dimensions: physical availability of food; economic and physical access to food; adequate food utilization (good general hygiene and sanitation, water quality, health care practices, and food safety and quality so that the body can make the most of various nutrients in the food); and stability of the other three dimensions over time.

When incorporating vulnerability into the analysis of food security, the concepts of poverty, food insecurity and vulnerability are often used interchangeably, frequently leading to misunderstandings. However, most misunderstandings can be cleared by viewing the concepts with a time perspective – poverty and food insecurity generally refer to people’s conditions at the present time, while vulnerability embeds a forward-looking perspective that is used to predict if the well-being of individuals and households is likely to change in future.

Vulnerability, in the food security context, can be defined as the probability of a person or household falling or staying below a minimum food security threshold within a certain timeframe. In these terms, while vulnerability refers to the ex-ante probability of falling or remaining below a specific threshold, food insecurity is actually being below the threshold. Vulnerability has often been associated with the idea of “living on the edge” to symbolize the precarious state faced by people living under such a condition. A unique approach to measuring vulnerability to food insecurity does not exist, because such a measurement must be related to a specific dimension of food security or a nutritional outcome.

Vulnerability within mountain farming systems

In virtually all mountain areas across the world, crop-based farming systems are important components of local livelihoods. These include, e.g. the maize-bean system in the upland areas of central Mexico and Central America, the perennial-crop-based system of the Ethiopian and eastern African highlands, and the rice-wheat (highland-mixed) system found across the entire Himalayan range. At higher elevations and in dry mountain environments, animal husbandry fulfills a prominent role in food and income generation.
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However, for millions of mountain people, hunger and the threat of hunger are nothing new. Harsh climates and the difficult, often inaccessible terrain, combined with political and social marginality make mountain people vulnerable to food shortages. Hunger and micronutrient deficiencies contribute to the significantly higher infant mortality rates in mountain regions, where maternal mortality is also higher than in the lowlands. It is important to understand that hunger and malnutrition are not merely symptoms of poverty in mountain communities – they contribute to perpetuate poverty.

This publication presents a geographic and demographic picture of the world’s mountain areas. It then traces the vulnerability trends that have impacted the dynamics of mountain populations and assesses their exposure to food insecurity through a methodology specifically developed for this study.

This analysis covers the years 2000 to 2012, a 12-year period chosen to ensure continuity. The previous FAO study on mountain vulnerability conducted in 2003 was based on data from 2000, and 2012 data were the latest available when this analysis was initiated. Thus, this report builds from an analysis based on 2000 data that covered all the mountain areas of the world, but adds a new global approach that combines GIS and statistics techniques. As one of the main goals of this study was to identify the main trends for mountain vulnerability, the data in the 2003 report were completely recalculated in order to base the analysis on fully harmonized, comparable and consistent numbers. The great amount of new data that has been collected will be made available on-line on the Mountain Partnership website to support further studies, analyses and discussions.
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The final section of the publication presents an alternative and complementary approach based on an analysis of household surveys which used a composite index developed specifically for this study. Because of the lack of data for many countries, this methodology is currently only suitable for national and subnational analysis and can be implemented only if information on the position of the households is available. Still, its potential to improve the quality and accuracy of the information is tremendous.

Investing in targeted data gathering and adding mountain-specific items to the existing national household surveys would enable a wider application of the composite index and result in a significant improvement in understanding the food security situations of mountains dwellers.
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1. Geographic and demographic context

Mountain areas of the world

The definition of mountain is not univocal. Individual countries and institutions adopt their own criteria for distinguishing mountains from hills and plains, which impacts efforts to gather global data. In fact, this lack of univocal definitions can lead to significant differences in results if, for example, latitudinal, climatic, topographic and cultural specificities cannot be reflected in a definition with global relevance.

For this publication, mountains are defined according to a topographic criterion that combines altitude above sea level, steepness of slope and local elevation range (LER). This classification was developed in 2000 by the United Nations Environment Programme – World Conservation Monitoring Center (UNEP-WCMC) in order to represent the environmental gradients that are key components of mountain environments.

The classification indicates six elevation classes of mountains according to the following scheme:

• Class 1: elevation ≥ 4 500 m

• Class 2: elevation 3 500–4 500 m

• Class 3: elevation 2 500–3 500 m

• Class 4: elevation 1 500–2 500 m and slope ≥ 2°

• Class 5: elevation 1 000–1 500 m and slope ≥ 5° or LER > 300 m

• Class 6: elevation 300–1 000 m and LER > 300 m

A seventh class, identified in 2002, includes isolated inner basins and plateaus measuring less than 25 km2 that are surrounded by mountains but do not themselves meet the criteria of the other classes. However, many research projects, including this publication, have not taken this new class into account because it represents flat areas of relatively low elevations that would present fewer constraints in terms of productivity and mobility. Lowlands can be referred to as Class 0.

Grouping scheme

Countries have been grouped according to the United Nations (UN) Statistics Division “M.49” standard. M.49 is a geoscheme that divides the world into macrogeographical regions and subregions, and allows for the generation of selected economic groupings. M.49 identifies five macrogeographical regions: Africa, Americas (Northern America and Latin America & the Caribbean), Asia, Europe and Oceania.

This framework also allows for the allocation of countries to developing and developed regions. The designations “developed” and “developing” are intended solely for statistical convenience and do not necessarily express a judgment about the stage reached by a particular country or area in the development process. While there is no established convention for this designation in the United Nations system, in common practice it considers Japan in Asia, Canada and the United States in Northern America, Australia and New Zealand in Oceania, and Europe as developed regions, and all the other areas are considered developing regions.

In view of the focus on developing countries of this study, developed countries are considered as a whole, while data for developing countries are presented at the regional and subregional level.

Mountains of the world

Mountains cover 32 million km2, which is 22 percent of the world’s land surface (Map 1).

This is a slight increase of the area classified as mountain in comparison to the data presented in 2003, which reported 29 million km2 of land covered by mountains. The change in the mountain areas calculation is due to the improvements in the resolution and accuracy of remote sensing models since 2000. Information and communication technologies and remote sensing developments have opened new ways and strategies for quantitative analysis and scientific research in mountain environments: sensors observe the landscape more frequently and with higher resolution, and newly elaborated methodologies provide better access to information related to patterns, status and trends of mountain environments.
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Mountain ranges are not homogeneously distributed around the globe (Figure 3, Table 1). Asia alone hosts more than one-third of the world’s mountains, including Mount Everest in the Himalayan chain which, at 8 848 m, is the world’s highest peak. Thirty-seven percent of mountains are located in developed countries – 18 percent of them in Europe, 17 percent in Northern America, 1 percent in Australia and New Zealand, and 1 percent in Japan. Fifteen percent of the world’s mountain massifs cross the Latin America and the Caribbean region. This includes the Andean chain which, at more than 7 000 km, is the world’s longest range. African mountains, which account for 11 percent of the total, have especially important roles in the continent’s life. They are often the granaries of their countries due to higher rainfall and high quality agricultural land, and also serve as water towers for the vast surrounding drylands. Finally, the remaining 1 percent of mountains are found on the Melanesian, Micronesian and Polynesian subregions of Oceania. Almost half of the world’s highlands peak at less than 1 000 m (Class 6) and, overall, only 10 percent of mountains are higher than 3 500 m (Classes 1 and 2) (Figure 4).
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A portrait of mountain populations: key facts and figures

In 2012, 915 million people lived in mountain areas (Map 2), representing 13 percent of the global population (Figure 5). Of them, 90 percent or 835 million lived in developing countries. Data have been collected through GIS technology for the years 2000 and 2012, in order to assess the changes that occurred during the years after the FAO 2003 study was released.
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The mountain population’s share of global population has remained stable while, in absolute terms, there has been a 16 percent increase in mountain population, which is in line with global population growth.
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Global mountain population increased from 789 to 915 million people between 2000 and 2012. However, it evolved differently according to the different geographic regions and subregions of the world (Table 2; Figure 6A, 6B). In developing countries, 718 million people lived in mountain areas in 2000, increasing to more than 835 million in 2012. Africa and Latin America and the Caribbean saw great increases of 38 and 22 percent, respectively, in their overall mountain populations from 2000 to 2012. Although the mountain population of Asia grew by only 8 percent in this same period, about half (52 percent) of world mountain people still live in the Asian region, while 22 percent live in Africa, 17 percent in Latin America and the Caribbean, 9 percent in developed countries and 0.3 percent in the developing countries of Oceania. The low number of mountain people living in Oceania is due to the fact that Australia and New Zealand are grouped with developed countries and thus the region includes only the smaller islands and archipelagos.
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When comparing population figures with the km2 covered by highlands in each region, it emerges that mountain population density is not homogeneous. European mountain areas, for example, account for about a 18 percent of global mountain land cover, while their inhabitants are only 7 percent of the total mountain population. The opposite is true in Asia and Africa, which are characterized by 36 percent and 11 percent of mountain land coverage respectively, but the Asian mountains alone are home to half of the global mountain population, and Africa follows with 22 percent.

The population trend analysed at the subregional level (Figure 7) shows worldwide mountain population growth, with the exception of Eastern Asia, Micronesia and Polynesia which decreased 9, 94, 51 percent respectively. Nevertheless, Eastern Asia remains the most populated mountain area in spite of the decrease. On the other hand, Northern and Southern Africa, Caribbean and Southern Asia present interesting cases, with the percentage of their mountain population increasing more strongly than the total subregional one (i.e. including lowlands, too). In Northern Africa the mountain population grew 34 percent while the total population grew by only 23 percent; in Southern Africa the corresponding growth rates were 32 and 17 percent; in the Caribbean 35 and 19 percent; and in Southern Asia 38 and 19 percent.
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The changes were also analysed with respect to the six elevation classes, in order to understand whether the change in mountain population was uniform at all altitudes or not (Table 3; Figure 8A, 8B). Overall, population growth affected all the elevation classes except the highest. The number of people living above 4 500 m (Class 1) decreased by one-third in 12 years. The majority of mountain population still lives between 300 and 1 000 m (Class 6) and has increased by 10 percent. A considerable increase observed between 1 000 and 3 500 m (Classes 3, 4 and 5) can be mainly ascribed to developing countries, where middle elevation classes showed the most significant population growth. This was particularly evident in South America, which has many cities including capitals located in these mountains classes.

The share of people belonging to each elevation class has remained rather stable over the last decade (Table 3; Figure 8B). In fact, now as then, about 70 percent of mountain people live below 1 500 m (Class 5 and 6), while only 9 percent live above 2 500 m and 2 percent above 3 500 m.
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The distribution of the population by mountain elevation class differs significantly from one region to another and also within the subregions of the same area (Tables 4 and 5). In 2012, 10 percent of mountain people in South America lived above 3 500 m, the share even reaches 35 percent if the analysis is extended to include those living between 2500 and 3500. This is a very peculiar case, as no other subregion in Latin America and the Caribbean nor elsewhere presents a similar situation. History and geography offer insight, as the region was the cradle of ancient civilizations such as the Incas and is also rich in mineral resources, which led to early urbanization and higher population densities. Eastern Africa also presents a unique case, with about 50 percent of mountain dwellers living at altitudes ranging from 1 500 to 2 500 m, so that there is more population living in this elevation than in the two lower elevation classes added together. African mountains are often areas of high agricultural potential due to favorable climate and soils, and this is reflected in population distribution.
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In developed countries a depopulation trend has affected all elevations above 2 500 m where mountain settlements are increasingly abandoned by people migrating to the lowlands, most likely in quest of better employment conditions.
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Urban versus rural population

In 2012, urban mountain population reached 273 million, which accounted for 30 percent of total mountain population. This represented an increase of 33 percent compared with 12 years before, although the majority of people (642 million) still lived in rural settlements (Table 6; Figure 9A, 9B).
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Noteworthy differences appear when comparing developing and developed countries, subregions and elevation classes (Table 7). Overall, in developed countries, half of the mountain inhabitants are settled into urban centres while, in developing countries, only a quarter live in a town or a city. Compared with the year 2000, urban population is expanding in all mountain areas, especially in developing countries. This growth is mainly driven by South America, where it is common to have major cities located at high altitudes.

The pattern of mountain urbanization is overall aligned with the global urbanization trend, despite the fact that mountain topography makes it harder to establish large urban communities.
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2. Measuring food insecurity

Methodology

Due to the lack of disaggregated data, it has not been possible to apply any existing methodology to mountain areas to estimate their vulnerability to food insecurity. Thus, in order to quantify the number of mountain peoples vulnerable to the risk of food insecurity, the MPS coordinated a long and thorough consultation among FAO and external experts of mountain development, nutrition, statistics, livestock and GIS techniques, which led to the formulation of a model able to provide the most accurate possible estimate given the technologies and data available.

The new model was developed and applied to both 2000 and 2012 data, so as to assess the current situation and depict any trends that emerged in the 12-year period. Data for 2000 have been recalculated to have a consistency in the methodology and thus allow for a comparison.

Both the previous FAO 2003 model and the current FAO 2015 model define vulnerability for rural and urban mountain populations. For rural people, the two models’ definitions are based on caloric requirement per day, while for urban populations the models use the World Bank urban poverty indicator.

The 2003 FAO Model, used in the 2003 FAO report Towards a GIS-based analysis of mountain environments and populations, indicated that vulnerability affected:

• rural mountain people living in areas where cereal production was less than 200 kg per person and bovine density index was medium to low

• 15 percent of urban mountain people

• all people living in closed forests and protected areas.

The 2015 FAO 2015 Model indicates that vulnerability affects:

• rural mountain people living in areas where less than 1 370 kcals and 14 g of proteins are available per person per day

• 23.6 percent of urban mountain people.

The model has been applied to developing countries only. In fact, it is suitable for areas where agriculture tends to be the prominent activity, as it doesn’t capture the service industry. For example, the model would find that areas where tourism or mining activities are prominent in income generation but agriculture is almost absent are vulnerable.

The 2015 FAO Model in detail

The 2015 model builds on the framework established in the 2003 model, adding more information to better capture the factors that contribute to ensuring food security in the specific mountain context.

In view of the geographic focus of this study, the model was applied only to mountain areas. All the masks mentioned below were overlaid with the 2014 global map of mountains developed by Center for Development and Environment (CDE). Map 1 follows the UNEP-WCMC classification of mountains referenced throughout this publication.

The following paragraphs look at the various aspects that the model used to determine the vulnerability of mountain populations to food insecurity.

Population: rural and urban distinction

As with the 2003 model, the 2015 model distinguishes between urban and rural inhabitants, and the intrinsically different elements that drive their exposure to food insecurity. While rural mountain areas still rely mainly on agriculture – including husbandry and forestry – and usually face isolation, poor infrastructure and low trade opportunities, mountain cities present a scenario comparable with any other urban areas.

The sources for population data were the FAOSTAT and LandScan™, the finest population distribution model available (Oak Ridge National Laboratory).
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Criteria for rural population: calorie and protein availability

For the rural population, the model analyses nutrients coming from a selection of staple crops and livestock to determine if minimum quantitative and qualitative dietary requirements are met. The model uses calories to evaluate the quantitative component and animal proteins to assess the qualitative one. If less than 1 370 calories and 14 g of protein are available per person per day, the population in the area is considered to be vulnerable to food insecurity. Thus, the model identifies rural areas where the output of agriculture and animal husbandry is not enough to provide inhabitants with the minimum requirements.
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Identification of thresholds

International dietary guidelines jointly developed by World Health Organization (WHO), FAO and United Nations University (UNU) on levels of energy and protein consumption suggest that the daily intake of energy needed by an adult varies from 1 680 to 1 990 kilocalories (Kcals), depending on the country. They also set the safe level of protein consumption at about 58 g per adult per day.

A lower threshold for energy requirements was set for the present study, because it was assumed that other foods would be eaten to meet the remainder of daily energy requirements. The 1 370 calories limit is taken as a survival requirement in the event other foods are not available, as a threshold to avoid starving. In fact, if other foods are lacking and consumption of the major staples falls below 1 370 calories per person per day, weight loss and eventually wasting will occur. Hence, the established threshold is considered a reasonable cut-off, as it provides enough to stave off starvation, but not necessarily enough – and certainly not enough on its own – to stave off food insecurity. Following the same approach, the model sets the threshold for safe animal protein consumption at 14 g, so as to take into account the fact that people have sources of proteins available other than the animal ones captured by the model.

Estimation of calorie availability

To estimate an average production rate for each area, the model considers yields of six main crops important to mountain agriculture: beans, cassava, maize, potatoes, rice and wheat. The selection, based on analysis of national production data, excludes cash crops and species unfit for cultivation in mountain areas.
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The FAO Global Land Cover (GLC-SHARE) map, used to identify cultivated areas, identifies locations of fields, but does not provide information on what is actually harvested. The analysis was carried out at 1 km pixel resolution and, thanks to GLC-SHARE, it was possible to learn which percentage of each pixel was covered by agricultural areas. Pixels were then aggregated into four main classes of agricultural coverage according to the percentage (25-50-75-100 percent) of cultivated areas within the pixel.

The production per country of the six selected crops were derived from the Spatial Production Allocation Model (SPAM), which provided information on the kg/ha of each crop. Yields were then converted into Kcal/ha using the chart of nutrient values developed by the FAO Nutrition Division.

The two maps were overlaid so as to obtain the average production of the area expressed in calories.

In other words, the average yield of production in calories of each pixel was multiplied by its cultivated area so to compute the estimated total amount of calories available in each pixel. Finally, the total amount of calories of each pixel was divided by the population of this pixel.

Estimation of protein availability

Protein availability is derived from livestock data. As a consequence, it only includes animal proteins. The maps of global livestock distribution, prepared by the FAO Livestock Information, Sector Analysis and Policy Branch (AGAL), were used to estimate the number of live animals per pixel. Cattle, sheep, goats and chicken were the animal species selected for this study, which considered both meat production and other products for each species. Therefore, food items included: beef meat, cow milk, sheep meat, sheep milk, goat meat, goat milk, pig meat, chicken meat and eggs. Starting from the average unitary production data (yield) per head of livestock and by country available in the FAOSTAT database, the edible portion coming from each animal was computed and then converted into proteins. Data for milk and egg production were added where relevant, and the distinction between milking and non-milking animals was considered. Finally, country data on protein availability per head of cattle were summarized into subregional averages and allocated to each animal present on the global mask. Allocating the values of protein derived from each animal allowed for summarizing the total protein available per pixel and estimating the availability of protein in each pixel. Again, the total amount of proteins of each pixel was divided by the population of this pixel.
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Criteria for urban population: poverty headcount ratio at urban poverty line

For assessing vulnerability of the urban populations of mountain areas, the model used a World Bank World Development Indicator (WDI): the poverty headcount ratio at urban poverty line. This indicator is available at the country level only, but it was applied to urban mountainous areas as their poverty levels were assumed to be at least as high as the national poverty level. Urban poverty rate reflects the percentage of the urban population living below the national urban poverty line and is usually estimated on an annual basis. For each developing country, the average urban poverty rate registered from 1998 to 2000 and 2010 to 2012 was calculated, and the values synthetized in unique averages for all developing countries. This approach found that 25.9 percent of the urban mountain population was vulnerable to food insecurity in 2000 and 23.6 percent in 2012.

The issue of closed forests and protected areas

While the FAO 2003 analysis considered all people living in closed forests and protected areas as vulnerable, the new 2015 model does not maintain this criterion. The topic of protected areas is often controversial and thus has been carefully inspected. In principle, protected areas exist to achieve the long term conservation of nature with associated ecosystem services and cultural values. Millions of people depend on them and the access to their natural resources as a means of subsistence. When establishment of protected areas weakens or extinguishes legitimate tenure rights of local communities, this can result in increased hunger, poverty, displacement and social conflict. In order for protected areas to contribute not only to conservation objectives but also to food security and sustainable livelihoods, it is necessary to apply principles of responsible governance of tenure and equitable access to resources. When these principles are observed, the livelihoods of local people are not hampered and may eventually be improved. On account of this, the present study did not adopt any dedicated criteria to target people living in protected areas or in closed forests.
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Comparison between the FAO 2003 and FAO 2015 models

In summary, the new FAO 2015 methodology offers several improvements with respect to the model previously used. By looking at both calories and proteins, it introduces the concept of dietary quality into the analysis while, before, only quantity had been assessed. In addition, calories from six staple crops (beans, cassava, maize, potatoes, rice and wheat) are examined instead of just cereal production. This better reflects the mountain diet.

Finally, proteins from multiple livestock products (beef meat, cow milk, sheep meat, sheep milk, goat meat, goat milk, pig meat, chicken meat and eggs) are grouped together instead of considering bovine density only. Again, this provides an estimate closer to reality.

Limits of the model

Developing the model was a great challenge because of the global scale of the analysis. Homogeneous and disaggregated (subnational/local) data are scarce, as data usually are gathered or disclosed at the country level. Moreover, many data were not updated regularly or at all over the period of time under consideration. Accordingly, several assumptions had to be made to build this model. Case studies based on household surveys were undertaken in Ecuador and Malawi (see Section III). They are included in this report to illustrate what could be achieved if georeferenced household data were available for all countries.

In order to perform the global analysis, it was decided to use a GIS-based model and develop a dedicated methodology. When local data were missing, values were replaced by the subregional average calculated on mountain areas only. This happened, for example, when working on the crop component. GLC-Share, the source of information on cultivated land, tells where fields are located but not what is actually harvested there. SPAM is a global mask that provides yield for all crops that might be harvested in each area. There are some cases where GLC-Share signals an agricultural land cover, but SPAM has no yields available for crops in that area. In those cases, to estimate field yields, the study applied the average yield recorded in mountain areas of its subregion. The same was done for the livestock component, i.e. when yields for a given country were missing in FAOSTAT, the subregional mountain average was applied.
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Being a model based on multiple assumptions and adapted to the global scale, its findings should not be considered for their significance at a pixel level (the 30 arc-second grid pixel used for the analysis is approximately 1 square kilometre). Instead, they provide estimates at a larger scale. The model considers that all agricultural production is converted into food for human consumption. In reality, this is often not the case. Nevertheless, the assumption is that if production is used to feed livestock or sold, it will ensure farmers have alternative food source or generate additional income, so in the end they prevent the exposure to food insecurity anyway.

The model does not capture productive activities other than agriculture and animal husbandry. It is acknowledged that the sources of income of mountain households are most likely wider. In fact, forestry, tourism and mining are just a few examples of activities that may complement the livelihoods of mountain people, together with the remittances that are sent by migrated mountain people. Unfortunately, for the time being, it is impossible to appraise their value and find information globally. This limitation of the model is something that needs to be addressed with future data collection.

On the global scale, there is a lack of disaggregated information even on the sociodemographic structure of the mountain population. Almost no data specifying gender, age, literacy or employment is available at the global level. All that is known is the total count – how many human beings live in the mountains. Again, such additional information would tremendously enrich the analysis.
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Estimate of vulnerable mountain people in developing countries

Vulnerability trends in developing countries

In the 12 years from 2000 to 2012, the number of people vulnerable to food insecurity increased in the mountain areas of developing countries across the world. In 2000, more than 250 million people living in mountain areas were considered vulnerable to food insecurity, representing about 35 percent of the mountain population of developing countries at that time. By 2012, the study found the number of vulnerable mountain people had increased 30 percent, while the mountain population itself had increased just 16 percent. This meant that vulnerability had increased to include nearly 329 million people – a number corresponding to 39 percent of the 2012 mountain population (Table 8; Figure 10A, 10B).
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Focusing on rural mountain populations only, the degree of vulnerability along the 12-year timeline increased by 31 percent – from 209 million people (38 percent) in 2000 to 274 million (45 percent) in 2012, while rural mountain population increased by only 10 percent in the same period (Table 9; Figure 11A, 11B).
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This increase was not spread equally across all mountain regions, and some differences were also detected at the subregional levels (Table 10, 11).
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The following examines mountain peoples’ vulnerability to food insecurity by region.

Africa

Almost 59 million mountain people in the African region were identified as vulnerable to food insecurity in 2000, a number that increased 46 percent – to 86 million – by 2012 (Table 12; Figure 12A; Map 3). This increase reflects in part the 38 percent increase in the overall African mountain population. The majority of vulnerable people are still located in the eastern Africa subregion, which accounts for 65 percent of the total, and increased by 45 percent between 2000 and 2012 (Figure 12B). However, the proportion of vulnerable people in this region remained quite stable from 2000 to 2012, passing from 40 to 41 percent of the local mountain population. Middle Africa, the subregion with the highest proportion of vulnerable local populations, grew from 63 to 64 percent of the local mountain population. A clearer increasing trend in vulnerability was observed in northern Africa, where the percentage of vulnerable mountain people went from 29 percent in 2000 to 35 percent in 2012, as well as in western and southern Africa (Table 12).
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How to read vulnerability on the regional maps

Maps provide a graphic overview rather than punctual information and shall not be interpreted at the pixel level.
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The increase in vulnerability among African mountain populations is correlated with altitude, with the lowest elevation classes experiencing the highest increments of vulnerability (Table 13; Figure 13A). Mountain areas between 300 and 1 000 m (Class 6) saw the number of vulnerable people rise 52 percent in 12 years, passing from 16 to 24 million. More than 33 million people living between 1 500 and 2 500 m were considered vulnerable to food insecurity in 2012, which was an increase of 11 million people, or 47 percent, in 12 years. On the other hand, there were fewer vulnerable people living at the highest altitudes (>3 500 m) in 2012 than in 2000. However, this was likely a consequence of the overall decrease in mountain population at those elevations, which are the ones usually experiencing the strongest outmigration phenomena. Interestingly, the share of vulnerable people living between 2 500 m and 3 500 m decreased in spite of a slight increase in the number of vulnerable people at the same elevation between 2000 and 2012. The distribution of vulnerable mountain people among the six elevation classes traced the distribution of mountain population (Table 4, 5) and remained quite stable (Table 13; Figure 13B).
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Latin America and the Caribbean

In Latin America and the Caribbean, the number of vulnerable mountain people increased from more than 39 million in 2000 to nearly 48 million in 2012, an increase of 22 percent (Table 14; Figure 14A, 14B; Map 4). However, the proportion of vulnerable mountain populations remained quite stable, passing from 30 to 31 percent in 12 years. The majority of vulnerable people (52 percent) lived in South America, mainly located between 300 and 1 000 m (Class 6), although almost 10 million vulnerable people lived above 2 500 m (Classes 1, 2 and 3) in 2012. Populations living at the highest altitudes (Class 1) had a 47 percent decrease in the number of vulnerable people, probably due to outmigration from those areas (Table 15; Figure 15A, 15B). On the other hand, there was a slight increase in the number of vulnerable people living between 1 500 m and 3 500 m (Classes 3 and 4), in spite of a decrease in the share of vulnerable people out of total mountain people at the same elevations. In both South and Central America, the proportion of vulnerable people remained unchanged between 2000 and 2012.
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Asia

Mountain populations of Asia are particularly prone to vulnerability. Results show that more than 192 million people were considered vulnerable to food insecurity in 2012, an increase of over 40 million people, or 26 percent, from 2000 (Table 16; Figure 16A; Map 5). This mainly occurred in Central, Southern and Western Asia, where the increase in the number of vulnerable people exceeded 50 percent. The study also found the proportion of vulnerable people among mountain populations grew from 35 to 41 percent, more or less equally spread among the five subregions. In 2000, Eastern Asian populations represented the majority (55 percent) of vulnerable mountain people of Asia, with more than 84 million individuals affected. This situation persisted in 2012, when 93 million people in Eastern Asia were vulnerable to food insecurity, although the share of Eastern Asian vulnerable people among the other regions decreased to 49 percent. (Table 16; Figure 16B).
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In 2000, 87 million people living below 1 000 m (Class 6) were vulnerable to food insecurity, accounting for 57 percent of Asian vulnerable mountain population. The majority (54 percent) of vulnerable people lived below 1 000 m in 2012, although a slight increase was observed at higher altitudes (Classes 3, 4 and 5). The share of vulnerable people among mountain populations of Asia in 2012 scored between 39 and 45 percent at all elevation classes, with the exception of the highest – in which it reached 64 percent of the mountain population. On the other hand, as in all the other regions, populations living above 4 500m (Class 1) saw a strong, 50 percent decrease in vulnerability in 12 years, probably as a consequence of depopulation, which is a global trend at these altitudes (Table 17; Figure 17A, 17B).
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Oceania

Oceania is a delicate case to analyse, as its mountain territory covers just 229 000 km2 and its overall mountain population includes only 3 million people. Thus, small variations in the demographic figures may result in high percentage variations. In 2000, less than 2 million people, corresponding to 77 percent of mountain population, were considered vulnerable. By 2012, the number had increased 10 percent to more than 2 million, corresponding to a 23 percent increase in mountain population between 2000 and 2012. Despite this, the share of vulnerable people out of the total mountain population dropped to 69 percent. Nearly all the mountain populations of Oceania were located in the Melanesian subregion, which also had the highest number of vulnerable mountain people (Table 18; Map 6).

[image: images]

[image: images]

A view of different elevation classes indicates a major variation in the trend of vulnerability in Oceania (Table 19). In 2012, nearly 1.5 million individuals living between 1 500 and 2 500 m (Class 4) were found to be vulnerable to food insecurity, an increase of 54 percent in 12 years.

However, Class 6 (300 – 1 000 m) and Class 2 (3 500 – 4 500 m) had 50 percent decreases in the number of vulnerable people but, at the same time, experienced great reductions in total populations. In fact, 93 percent of those left in 2012 were vulnerable to food insecurity, compared to 89 percent in 2000.
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Overall findings on vulnerability in mountains

If the global picture is considered, 1 out of 3 mountain people in developing countries is vulnerable to food insecurity. The data is obviously alarming, and even more so if compared with the FAO global estimate of the percentage of people suffering from chronic hunger for the same countries, which is 1 out of 8 people.

This figure gives voice to the plight of mountain peoples. It also helps explain why many mountain dwellers have been or will be forced to abandon their homelands and outmigrate in search of better living conditions and job opportunities. This is clearly illustrated in the regional maps (Maps 3, 4, 5, 6) which identify the enormous areas already abandoned by vulnerable people who faced situations so dramatic they had to leave. Their migration, in turn, increased the pressure on already poor areas where they settled – increasing the populations and exacerbating the vulnerability to food insecurity of all.

This should send a strong message to policy-makers on the need to include mountain development in their agendas – development aimed at alleviating the harsh living conditions of mountain inhabitants and slow outmigration from mountain areas. Losing population in these areas will result in an inestimable loss in terms of provision of ecosystem services and preservation of cultural and agrobiological diversity.
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3. Household surveys: zooming in to assess vulnerability to food insecurity

Methodology

This section presents a new approach for estimating mountain peoples’ vulnerability to food insecurity starting from household survey data. In addition to crop and livestock activities, this approach includes other factors impacting food security such as water quality, sanitation facilities and road networks, allowing for a holistic assessment of vulnerability to food insecurity. Thus, the methodology used in these case studies allows for greater differentiation among vulnerable areas, as it can depict also when vulnerability factors like poor water quality or isolation of rural communities play a major role. This approach has huge potential, as it builds upon a wide range of information collected at the household level and allows for the precise localization of vulnerability hotspots. This, in turn, helps target and facilitate policy interventions. For this study, the methodology was applied to two pilot countries, Ecuador and Malawi, where mountain areas present different socio-economic characteristics: while Ecuador is an “upper middle-income” country where mountain people are concentrated in urban areas, Malawi is a “low income – food insecure country” where mountain people are mostly rural.

Each case study first presents the main findings obtained from survey data in terms of living conditions, food consumption patterns1 and exposure to food insecurity of the populations living in the different elevation classes. It then introduces the newly developed “composite vulnerability indicator (CVI)” which takes into account the dimensions of food security that are relevant at the household level as well as social protection measures. Finally, each case study provides an estimate of vulnerability to food insecurity of mountain people by elevation class and ethnic group.

Vulnerability to food insecurity is related to the (in)ability to cope with external shocks that impact food and nutrition security and to come back to the original conditions once the shock is over. In order to estimate vulnerability to food insecurity, the CVI takes three food security dimensions into account:

1.Physical access to food markets: for isolated households, access to food markets is made difficult by the poor conditions, or even the absence, of transport infrastructure. Consequently, isolated households’ food security is more affected by extreme climatic conditions and environmental shocks. In addition, the opportunities to market their own products are scarce, reducngthe potentil to improve their livelihoods. Thus, the present study considers access to improved ways of transportation, such as paved or cobbled roads, as the indicator for the physical access dimension.

2.Economic access to food: inadequate purchasing power is generally viewed as the main cause of food insecurity at the household level. In the new approach presented here, rural and urban households are identified as vulnerable if the following situations occur:

a.in rural areas: if per capita income is below the national poverty line and the household does not own land and does not benefit from any health/job insurance scheme or subsidy programme;

b.in urban areas: if per capita income is below the poverty line, or the household is not covered by any kind of health or job insurance.

3.Utilization: sufficient energy and nutrient intake is the result of good care and feeding practices, food preparation, dietary diversity and intra-household distribution of food. When combined with good biological utilization of food consumed, this determines the nutritional status of individuals. In this study, access to improved water sources and presence of improved sanitation facilities are used as indicators for the utilization dimension. In many cases, poor hygienic conditions and contaminated drinking water are the main determinants of health problems that may impact food utilization.

This approach considers a household “vulnerable” to food insecurity as a whole if it is vulnerable to at least one of the food security dimensions described above.

However, vulnerability can be reduced by building resilience of both people and communities, e.g. by adopting social safety nets in the form of policy measures meant to prevent vulnerable people from falling under certain minimum levels of livelihoods as a consequence of a shock. These are important tools that can support maintaing household food security over time.

The final figure of vulnerable people estimated by this case study will therefore exclude those “vulnerable” households that benefit from safety nets such as school feeding and food distribution programmes.

It is to be noted that the concept of vulnerability to food insecurity should not be confused with food insecurity itself. A household “vulnerable” to food insecurity may or may not experience food insecurity depending on exogenous conditions.

Ecuador

Ecuador is the most densely populated country of Latin America and the Caribbean, and one of the most “bio-diverse” countries in the world. With a 2014 GDP of about US$100 billion and a population of almost 16 million, it is ranked by the World Bank in the “upper middle income” group. At the time of the household survey, however, food insecurity was still an issue for around 13 percent of its population, according to the 2015 SOFI report published by FAO. The Andes, the longest mountain range in the world, crosses the country from north to south, covering 40 percent of the national territory and is home to nearly half of the total population. Due to their proximity to the equator and hence to the lack of harsh climatic conditions, elevated plateaus have been chosen throughout history as locations for major urban settlements. The capital, Quito, located at an elevation of 2 850 m (Class 3), is an urban area with infrastructure and subsidiary activities uncommon to most of the mountain areas around the world.
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Data presented in this case study were gathered by the Ecuadorian National Statistics Institute (INEC) in 2011–12 through a Household Income and Expenditure Survey that involved almost 40 000 households and about 150 000 people. Matching survey data with the location of each household and the corresponding elevation allowed the study to derive household statistics by elevation class and to identify patterns in the change of living conditions and vulnerability to food insecurity in the different classes.

The study found elevation Classes 2 and 5 to have a strong rural character, with low population density and low number of cities, as opposed to Classes 3 and 4, which had the opposite characteristics. Classes 2 and 5 had the lowest percentages of dwellings with improved water sources and sanitation facilities, a high dependency ratio and the highest percentage of women among the elevation classes, suggesting that many adult men leave their families in search of better employment and economic conditions. This preliminary conclusion is supported by the results of the survey’s “self-evaluation of living standards” module, which included questions on the causes of household poverty. In answering those questions, “unemployment” and “lack of good jobs” were the causes most frequently reported by respondents of Classes 2 and 5.
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The urban character of elevation Classes 3 and 4 is reflected by higher per capita income and a lower percentage of people working in the primary sector. Class 3 has the highest percentage of people holding a University degree and the highest standards of water and sanitation facilities among the elevation classes, but is also characterized by higher income inequality and higher food prices.

As for food consumption patterns, households in the rural Classes 2 and 5 spent the highest income portion on food and had the lowest dietary diversity, measured in terms of total number of food items reported during the interview. The food group “cereals and products” contributed the most to the dietary energy and protein consumption in all elevation classes, with white rice being the biggest energy contributor among the single food items. However, the share of energy derived from cereals on total dietary energy was lower than in the country as a whole, while the share of roots, tubers and pulses was higher. In quantitative terms, milk was the most consumed food item in Classes 1 through 5, while in Class 6 and in lowlands white rice was followed by green plantains. The share of dietary energy obtained from own-produced food on total dietary energy in elevation Class 5 was higher than in all other classes. Maize was the most frequently cultivated crop in almost all elevation classes, with the exception of elevation Classes 2 (potatoes) and 6 (plantains). The mostly urban Class 3, on the other hand, obtained its highest share of calories from purchased food.

Based on the methodology described in the previous paragraph, about 5.8 million people are vulnerable to food insecurity in Ecuador, corresponding to 40 percent of total population2, of which 2.1 million live in mountain areas (Figure 19). The share of vulnerable people to total population is lower in mountain areas (31 percent) than in lowlands (48 percent) (Table 20). In total, 19 percent of people in mountain areas have insufficient economic access to food, making economic access the food security dimension that contributes the most to the final figure of vulnerable people.
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The majority of vulnerable mountain people live in rural areas, although almost 1 million vulnerable people live in urban areas. In absolute terms, elevation Class 3 – the most densely populated elevation class of Ecuador – has the highest number of vulnerable people, located both in urban and rural areas. In elevation Class 2, the number of vulnerable people is small, but they represent 73 percent of the total population.

Two different patterns of vulnerability to food insecurity can be identified in Ecuadorian mountain areas: one of the rural areas and one of the urban areas. In rural contexts, vulnerability is often linked to isolation, poor water and sanitation infrastructures, and lack of good job and education opportunities, which contribute to outmigration to urban areas. In urban settings, vulnerability to food insecurity is mainly driven by high income inequality, higher prices of food, and lack of job or health assistance, all of which can contribute to household inability to cope with food-related or economic shocks.
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Sucumbíos Province in Northeast Ecuador has the highest prevalence of vulnerability to food insecurity (excluding the provinces where people are completely located in lowlands), while the western Manabí Province (fully mountainous, it is where Quito is located) has the highest number of vulnerable people in absolute terms.

Based on self-declared ethnicity, the two groups with the lowest prevalence of vulnerability to food insecurity (about 35 percent) are Mestizo and Blanco, which account for about 75 percent of the total population. Among indigenous people, on the other hand, prevalence of vulnerability is about 60 percent, and among other minorities, the prevalence is higher than the national average as well. Indigenous people (almost 1 million people) are mostly located in mountain areas, where they account for about 13 percent of the mountain population. In absolute terms, vulnerable indigenous people are mainly located in rural areas of Classes 3 and 6, although the highest prevalence of vulnerability is observed in rural areas of Class 5.

Out of the 2.1 million vulnerable people living in Ecuadorian mountain areas, 1 million belong to households benefiting from some form of social safety nets.3 This leaves about 1.1 million mountain people who are vulnerable to food insecurity and do not benefit from any social safety nets, corresponding to 16 percent of total mountain population.
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Malawi

Malawi, a landlocked country in eastern Africa, experienced fast population growth over recent years, becoming one of the most densely populated countries in sub-Saharan Africa. In 2014, the country had a GDP of US$4.3 billion and an estimated population of 16.8 million, and was therefore classified by the World Bank as a “low-income” country. According to SOFI 2015, 21 percent of the population was undernourished in the period 2010-11.
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Malawi’s main territorial features are the East African Rift – part of the Great Rift Valley – which runs through the country from north to south, and Lake Malawi, which covers 20 percent of the country’s surface area. Elevated plateaus are located west of the Rift Valley and south of Lake Malawi, while southernmost regions are characterized by very low elevations and hot climate. The rainy season begins in November and ends in April, while from May to October there is almost no rainfall.

Around 31 percent of the Malawian population4 live in mountain areas, almost entirely located at elevations lower than 1 500 m. Three out of Malawi’s four main cities are partially located in elevation Class 5, the class with the largest mountain population.5 Almost two-thirds of the total population live in elevated plains and plateaus that cannot be classified as “mountain” as they miss the slope requisite; about 85 percent of total Malawian population, finally, lives in rural areas.

The Third Integrated Household Survey (IHS3), undertaken from March 2010 to March 2011, provides a rich source of information on Malawian household livelihoods. Its data on household elevation, slope and terrain roughness, enable the allocation of each surveyed household to the respective elevation class.

About half the total Malawian population lives below the poverty line, and about 24 percent of the population lives below the ultra-poor (food) poverty line. The share of the ultra-poor on total population is lower in the relatively more urbanized elevation Class 5, where higher educational levels are also attained. Elevation Class 4 – the highest inhabited class in Malawi – is instead the class with the lowest level of per capita consumption, the higher share of rural population and the greater average distance from main roads.

At national level, only 8 percent of total population has piped water as its main source of drinking water; more than half of the population relies on boreholes for drinking water, with an average time spent to get drinking water of about 15 minutes. While in urban areas the percentage increases to 38 percent, only 2 percent of people in rural areas has access to piped drinking water, with consequences on the average time spent to collect water6. In addition, only 7 percent of Malawi’s total population has access to flush toilets and Ventilated Improved Pit (VIP) latrines, with better conditions – on average – in Class 5.
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Around 20 percent of the working age population, some 1.3 million people, declared not to have worked over the week preceding the interview, nor to have an economic or farming activity. As opposed to the above mentioned indicators, however, unemployment is higher in urban (36 percent) than in rural (15 percent) areas. Almost 60 percent of the working age population undertakes agricultural or fishing activities, while another 13 percent is involved in informal off-farm (or ganyu) labour. The most cultivated annual crop is maize, followed by tobacco and groundnuts. Maize, indeed, is a major factor in Malawian food security. Tobacco, cotton and oilseeds, on the other hand, are the main cash crops. At higher elevations, beans and soybean are the most cultivated crops after maize. Malawian agriculture, however, is almost entirely rain fed and, hence, subject to the seasonal succession of rainy and dry seasons.

The share of food consumption over total consumption is as high as 87 percent, with no significant differences between mountain and non-mountain areas. About half of the dietary energy is derived from the food groups “cereals” and “roots and tubers” (Table 21). Fish and pulses are fundamental components of the Malawian diet as well, as they provide about half of total dietary proteins, with fish more important than pulses at lower elevations and vice versa.

Almost half of the Malawian population in the 12 months preceding the interview had faced a situation in which not enough food was available for the household, with very high portion of the population affected by food scarcity in the central months of the 2009/10 rainy season. The main causes of the food shortages mentioned by respondents in rural areas were all related to scarce availability of food stocks, due to either lack of farm inputs, drought/poor rains, or small land size. In urban contexts, high prices in the food market were the main cause of the inadequacy of food access. This food security pattern did not show substantial differences between mountain and non-mountain areas.

About two-thirds of the Malawian mountain population was estimated to be vulnerable to food insecurity in 2011–12, corresponding to 2.8 million people, with physical access being the main food security dimension contributing to the final figure. The majority of vulnerable people live in rural areas, where they represent almost 80 percent of rural mountain population, while the prevalence of vulnerability in urban areas is 22 percent (Table 21). Food insecurity in rural areas is mainly driven by the small farm size and absence of irrigation systems as these do not support sufficient accumulation of food stocks that will suffice to last over both the dry season and the pre-harvest period. In urban contexts, high unemployment and poverty rates, associated with a very high Engel’s ratio (the portion of income spent on food) and strong seasonal food price fluctuations, are its main drivers.
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Social safety nets reach almost 20 percent of vulnerable mountain people through, among other things, school feeding programmes, distribution of free food, food for work and cash for work programmes, targeted nutrition programmes, and direct cash transfers. Expanding the results by using the survey weights indicates that almost 2 million of the 10.3 million vulnerable people in Malawi benefit from social safety nets.
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The relationship between metabolism, altitude and temperature

The effects of altitude on the energy requirements of long-term mountain dwellers are extremely unclear and research findings are often inconsistent. While differences between the energy requirements of highland and lowland people may be observed, this is usually associated more with temperature rather than altitude.

Altitude is not usually thought to affect mountain residents, as it has only short-term effects that tend to disappear after a few weeks. Sudden exposure of lowland people to high altitudes, especially above 3 500 m, leads to reduced food consumption and weight loss. However, these are temporary effects and, for example, appetite returns to normal within two weeks of high altitude residency.

Since the first FAO and WHO Expert Consultations on Human Energy Requirements in the 1950s, considerable studies have been carried out on the effect of temperature and humidity changes on human energy requirements. The FAO “reference man” is 25 years of age, weighs 65 kg and lives in a temperate zone at a mean annual temperature of 10°C. His energy requirements should increase 3 percent for every 10 °C of mean annual temperature below the reference temperature of 10 °C, as cold and exercise are responsible for an increase in human energy requirements.

The effect of altitude depends on acclimatization. As a result, the impact of altitude on the metabolism of mountain people is not easy to quantify, and no generalized adjustments can be recommended. Yet, elevation, slope and temperature do affect the productivity of the soils and their nutrient supply and, thus, the nutrient properties of harvested food. As a consequence, mountain people have adapted over the centuries and developed unique metabolic processes.

Metabolic processes in populations living at high altitudes

Paola Virginia Gigliotti and Francesco Coscia, Laboratory of Physiology of Sport, University of Perugia

People who are born and raised in villages at high elevations, up to about 5 100 m, have adapted to the altitudes over generations. They are genetically able to carry out normal daily activities in conditions that would not be amenable to the health of lowland people.

The environmental characteristics of mountains – namely dry air, low temperatures and reduced oxygen pressure – are key factors to human adaptation to life in mountains. In fact, the genetic adaptation patterns of the two “highest” populations of the world, the Tibetans and the Andeans, cannot be found in any other populations.

Adaptation to mountainous environments means the optimization of oxygen use under the conditions of chronic hypoxia (low levels of blood oxygen). Oxygen is used in metabolic processes, both to maintain the basal metabolic rate and body temperature and for the oxidation reactions of the energy substrates that are needed for physical activity.

Hypoxia also affects protein synthesis and thus the maintenance of muscle mass. Protein synthesis at high elevation is, in fact, reduced by the action of hypoxia on enzymes. This results in a need for meat and milk proteins, enzymes from various vitamins, and amino acids such as arginine, the substrate that allows for the synthesis of nitric oxide. Nitric oxide acts on vascular walls, causing decreases in peripheral resistance and thus vasodilation, better tissue oxygenation and a decrease in blood pressure. An increase in blood pressure in the pulmonary artery, on the contrary, would lead to pulmonary edema.

Tibetans who live at high altitudes have a greater amount of nitric oxide in their muscle tissue than other mountain populations. They have less mitochondria than usually required for normal activities, and they remain very active.

All the metabolic activities described above require catalysts, i.e. vitamins, for the redox (oxidation-reduction) reactions of the energy substrates (proteins, fatty acids, carbohydrates). People living at high altitudes practice mainly aerobic activities. This helps to optimize the exchange of oxygen for the tissues and lungs. Aerobic activity can use substrates glucose, fatty acids and amino acids as energy, the latter also being essential to maintain protein mass.

Fatty acids have higher energetic potential than an equal amount of glucose. During a maximal exercise performed at high altitude by local mountain people – people chronically exposed to hypoxia – lactate concentration progressively decreases. This phenomenon is known as “lactate paradox”.

Altitude usually increases oxidative stress with related substance degradation. However, the Tibetan populations have proven to be an exception. Their muscles show low accumulation of lipofuscin, a substance that reflects the damage caused by free radicals to the body cellular structures, and a significant increase in protein with high antioxidant action. This feature is only present in the native Tibetan populations, living at altitudes up to 4 800 m. Tibetans also have a higher concentration of nitric oxide.

While Tibetans adapted by developing these genetic protection factors, this is not the case for other populations, such as those living in the Andes. Their adaptation happens through ventilation mechanisms and through an increase in hemoglobin concentration and oxygen transportation.

Tibetan women during pregnancy have an increased blood flow to the placenta due to the protective effect of nitric oxide. Andean women’s bodies ensure oxygenation to the fetus through an increase of hemoglobin concentration and ventilation.

These scientific observations are consistent with the centuries-old history of survival of these populations, which is directly linked to the history of their agricultural and livestock production. Agricultural production in Tibet has always been based on a combination of agriculture, especially wheat and barley, as they are very resistant to cold, and animal husbandry. Their pastoralism activities include yak, sheep and Tibetan goat breeding. The yaks provide abundant milk and meat.

Tibetan monasteries and, in more recent times, small Tibetan schools have ensured protein availability with their small herds. Tea with yak butter is in fact the national drink of Tibet.

Historically, Andean peoples have always had a diet comprising corn, potatoes, tubers and a special meat, the “cuy” (guinea pig), which is high in protein and low in fat, plus river fish. In the pre-Columbian era, the central Peruvian Andes were the largest cultivation centre of the ancient world for grasses, legumes, many types of fruit and aromatic herbs.

Both scientific and historical anthropological studies have supported the assumption that for populations living at high altitudes, food quality is more important than food quantity. Unfortunately, migration and “food globalization” often meet the quantitative but not the qualitative criterion.
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Conclusions and way forward

This study was undertaken to increase understanding of the current vulnerability to food insecurity of mountain peoples living in developing countries and to quantify the changes. It found that during the period 2000–2012, the situation of rural mountain people deteriorated, and their vulnerability increased almost everywhere. The results are alarming: mountain peoples are among the world’s poorest and hungriest, and a shocking 45 percent of rural mountain peoples are food insecure. In other words, about one in three mountain people in developing countries is at risk of hunger, compared with an average of one out of eight at global level.

The lack of food security combined with widespread poverty, political, social and economic marginalization, limited access to education, health and sanitation services and the hardship of living in a hostile environment, combined with the effects of climate change, is heavily affecting the livelihoods of mountain populations and their capacities to exploit their full potential.

This has also resulted in a strong depopulation in the highest mountain areas in which these difficulties are more severe, forcing many mountain peoples to leave their homes in search of a better future. Indeed, the study found that during the period 2000–2012, the population steadily decreased in Class 1, the highest mountain class (elevation ≥ 4 500 m), and grew much more slowly than the global average in Class 2 (elevation 3 500–4 500 m).

The results of this study are a clear call to politicians, development agencies and experts. Mountains urgently need attention, investments, social protection policies and interventions to support their sustainable development and economic growth. According to the latest Intergovernmental Panel on Climate Change (IPCC) report, temperatures are predicted to increase further in most mountain areas, making it very likely that in the near future, disasters and extreme events will impact mountains even more. At this rate, climate change could increase the vulnerability of mountain peoples in the long run and may push them to continue to outmigrate or to deplete mountain natural resources to survive.

A collective effort is urgently required to ensure that mountain ecosystems are preserved and the livelihoods of mountain peoples improved to match the standard of lowland peoples. When some groups of inhabitants within a given country or region face harsher conditions than others, this may lead to a high level of inequality, and to social and political instability. As the vulnerability of mountain populations grows, migration increases, with migrants moving towards urban centres that often already face high population pressure.

In mountain areas, where family farming and smallholder agriculture, forestry and animal husbandry are the prevailing farming systems, it is key to create a supportive, enabling institutional and political situation in which mountain peoples can have access to key services such as training, information, credit and healthcare, and benefit from supportive political systems and proper infrastructure.

Markets are often difficult to reach from mountain villages due to the distance, extreme climatic events, lack of roads and other obstacles. Small producers could benefit from specific training to improve the entire production chain of their main products by, for example, creating cooperatives and similar forms of collaboration to reduce the number of middlemen in order to obtain a fair compensation for their products.

Equitable economic growth is central to the fight against hunger and malnutrition – countries that become richer are less likely to be food insecure. However, for mountain peoples, the key factor is inclusive growth, meaning growth that promotes access for everyone to food, assets and resources, particularly for poor people and women so they can develop their potential. National averages can be misleading in countries with low economic cohesion (i.e. strong income disparity). Policy-makers as well as the general public could incorrectly assume that the vulnerability to food insecurity is low, while in mountain areas and in other marginal areas, the vulnerability could be high or increasing.

Because the necessary disaggregated data does not exist that would give a specific picture of the vulnerability of indigenous mountain communities, conservative estimates have had to be made based on more general data. Thus, it is very likely, that the vulnerability of these communities is even higher than identified in this study.

Mountain agriculture has significant potential to contribute to improving food security. Investments and technical support are needed to diversify and boost mountain production systems through, for example, integrating indigenous knowledge and traditions with modern techniques. Realizing this potential calls for enhanced dialogue concerning key resource management issues and ecosystem services between mountain people and lowlanders.

Good governance systems with robust participation and ownership of mountain communities as well as secure land tenure are crucial driving factors for promoting inclusive growth. This is particularly relevant to mountain areas which are not only geographically isolated, they are also often politically and socially marginalized.

This study is a call to action. Strong political commitment and effective actions are necessary to invert the hunger trend and address the roots of food insecurity in mountains, filling the hunger gap between lowland and upland people, and ensuring that mountains can continue supporting life on Earth.


Annex – Country grouping scheme
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There is no established convention for the designation of “developed” and “developing” countries or areas in the United Nations system. In common practice, Japan in Asia, Canada and the United States in northern America, Australia and New Zealand in Oceania, and Europe are considered “developed” regions or areas.
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2Population figures refer to the 2010 Population census data. Since the survey was not designed to be representative at the level of the mountain versus non mountain areas, the survey expansion factors have been recomputed to derive statistics representative of the population of the different elevation classes, based on the 2010 Census data.

3Free breakfast and lunch at school, “Mi papilla”, food bags, visits by a health care team, etc.
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67 minutes in urban areas vs 16 minutes in rural areas.
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Figure 8A and 8B. Mountain population in 2000 and 2012 by elevation class
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Figures 16A and 16B. Vulnerable mountain people living in Asia in 2000 and 2012
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