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ABSTRACT

In 2009, Bolivia adopted a new constitution that committed the
government to guaranteeing the Right to Food. Despite ratification of
supporting legislation, these intentions have largely not translated into policies
with measurable impacts on food sovereignty, food security, or the livelihoods
of small-scale producers. Through food systems modeling (including foodprint,
foodshed, and climate change vulnerability) and stakeholder interviews, I
investigated the potential for increasing regional self-reliance (RSR) for certain
items in the basic food basket in the Department of La Paz (DLPZ), Bolivia, and
asked how departmental-level policies can help to improve RSR, food security,
rural livelihoods, and climate resilience in agricultural systems. Based on this
analysis, I present recommendations to better understand the contemporary
situation for producers in DLPZ, deliver technical assistance in new ways, expand
demand for traditional products and smaller volumes of product, and further
develop the pilot food systems models as tools for planning and policymaking.

ii

ACKNOWLEDGEMENTS

I have many wonderful people to thank for their support over the last two
years as I have immersed myself in research on food security in Bolivia. I would
first like to thank Emily Broad Leib and Ona Balkus, who invited me to intern at
the Harvard Food Law & Policy Clinic and subsequently supported my interest in
working with Fundación Alternativas. This is where it all began. I would like to
thank María Teresa Nogales, Founder and Executive Director of Fundación
Alternativas and thesis committee member, for nearly two years of collaboration.
Thank you, María Teresa, for nurturing my nascent interest in Bolivia; for sharing
your expertise and enthusiasm for the work of food security and food policy; and
for excellent communication and encouragement over Skype, email, and during
my stay in La Paz. Along with María Teresa, I must thank Javier Thellaeche,
Anabelle Gutierrez, Mariela Rivera Rodríguez, Rina Paredes, and Álvaro
Calderón Rivera of Fundación Alternativas for welcoming me to La Paz, weaving
me into the daily life of the organization, and becoming friends in six short
weeks. I would also like to thank the community gardeners of Huerto Orgánico
Lak’a Uta for being open to another foreigner in their midst. In particular, I must
acknowledge gardener José Chambi for the stimulating conversations and for
taking me to his rural hometown of Chulumani. The trip to Chulumani gave me a
window into rural life in the Department of La Paz that I couldn’t acquire with
any amount of reading. I also extend my gratitude to all the Bolivian

iii

stakeholders who shared their knowledge, perspective, and interests with me in
interviews.
This thesis was greatly supported by the guidance of my thesis advisor,
Dr. Julian Agyeman of the Department of Urban & Environmental Policy &
Planning (UEP) at Tufts University. Thank you, Julian, for having faith in my ability
to take on an ambitious project and for helping me keep my eye on the social
and environmental justice issues inherent in the work of food and agricultural
policy. I am grateful for the advice and guidance of thesis committee member,
Dr. Chris Peters of the Friedman School of Nutrition Science & Policy at Tufts
University, whose expertise in food systems modeling and analysis was
indispensable. Thank you, Chris, for supporting my aspiration to adapt your
models to the Bolivian context, even when there were major data gaps. I would
also like to thank my professors Dr. Barbara Parmenter and Dr. Sumeeta
Srinivasan for their instruction in geographic information systems (GIS), and for
encouraging me to troubleshoot and problem solve as I applied new skills in my
analyses. There are too many to thank by name, but thank you to each of my
professors at UEP and Friedman whose teaching has touched this work in small
and large ways. Thank you to the Tufts Institute of the Environment for the
funding that made this research project possible.
Here, as in all my endeavors, my family and friends have been constant
supporters, advocates, confidants, empathizers/sympathizers, and companions.
Thank you especially to Mom, Dad, and Gann; to my UEP potluck family; to my
iv

climbing crew; to The Girls; and to Cobo. Thank you for helping to revise and
edit fellowship applications and thesis chapters, for taking interest in my work,
for encouraging me to seek balance and step away from my thesis sometimes,
and for helping me celebrate the completion of this research.
With my deepest gratitude, thank you all.

v

TABLE OF CONTENTS
LIST OF TABLES ................................................................................................... ix
LIST OF FIGURES .................................................................................................. x
CHAPTER 1: INTRODUCTION .............................................................................. 2
CHAPTER 2: LITERATURE REVIEW ....................................................................... 5
Food Security in Bolivia ......................................................................................... 5
Food Security by the Numbers ......................................................................... 5
Food Security and Nutrition .............................................................................. 7
Food Security and Urbanization ...................................................................... 10
Food Security, International Food Trade, and Food Prices............................. 13
Frameworks for Food Security and Food Sovereignty ........................................ 15
The “Zero Hunger” Sustainable Development Goal....................................... 15
Bolivian Legislative Framework for Food Sovereignty and Food Security ...... 19
Regional Self-Reliance and Food Systems Modeling .......................................... 23
Bolivian Targets for Food Sovereignty ............................................................ 23
Regional Self-Reliance, Foodprint, and Foodshed Models ............................. 24
Climate Change and Vulnerability Modeling ...................................................... 27
Climate Change Projections for Bolivia ........................................................... 27
Climate Change Vulnerability Models ............................................................. 29
CHAPTER 3: METHODOLOGY ........................................................................... 36
Case Study .......................................................................................................... 36
Models................................................................................................................. 37
Interviews ............................................................................................................ 38
CHAPTER 4: CONTEXT – THE DEPARTMENT OF LA PAZ, BOLIVIA ................. 40
Overview ............................................................................................................. 40
Geography, Topography, and Climate ............................................................... 41
Agricultural Production........................................................................................ 46
Description of Producers ................................................................................. 46
In Contrast with the Department of Santa Cruz .............................................. 47
Crop Production in the Department of La Paz ................................................ 52
Livestock Production in the Department of La Paz.......................................... 53
Challenges in Production and Barriers to Marketing Goods ............................... 59
CHAPTER 5: FOODPRINT AND FOODSHED MODEL ....................................... 62
Objectives ........................................................................................................... 62
Methods .............................................................................................................. 63
Model Diet Definition .......................................................................................... 63
Agricultural Land Requirement Estimates ........................................................... 65
Regional Self-Reliance ......................................................................................... 66
Foodshed Calculations ........................................................................................ 66
Data Sources ....................................................................................................... 67

vi

Results ................................................................................................................. 68
Agricultural Land Requirements of the Model Diet......................................... 68
Regional Self-Reliance for Plant-Based Food Crops ....................................... 71
Regional Self-Reliance for Agricultural Land (Foodshed) ................................ 72
Limitations and further development .................................................................. 74
Animal Production Modeling (Livestock Modeling) ........................................ 74
Modeling Different Diets and/or Alternative Food Baskets ............................ 76
CHAPTER 6: CLIMATE CHANGE VULNERABILITY MODEL ............................... 78
Objectives ........................................................................................................... 78
Selection of Indicators ......................................................................................... 78
Data Sources ....................................................................................................... 79
Methods .............................................................................................................. 81
Results ................................................................................................................. 82
Spatial Autocorrelation and Clustering of Vulnerability .................................. 82
Agricultural Land Use and Productive Potentials by Vulnerability Level ......... 91
Limitations and Further Development ................................................................. 92
Weight of Indicators and Sub-Indices ............................................................. 92
Heterogeneity of Ecoregions, Climate, and Agricultural Systems .................. 94
Road Infrastructure Development ................................................................... 95
CHAPTER 7: SYNTHESIS OF INTERVIEWS ......................................................... 97
East-West Tensions ............................................................................................. 97
The Agrarian Reform of 1953 .......................................................................... 97
Economic Transitions and Risks of Specialization ......................................... 100
Governmental Focus for Agricultural Policy .................................................. 102
Comparative Advantage in the Department of La Paz...................................... 103
Rural-Urban Dynamics ....................................................................................... 105
Misunderstanding the Rural Situation ........................................................... 105
“Weekend Campesinos”: The Rural-Urban Connection ............................... 107
Governmental Focus for Development Policy ............................................... 108
Investing in Agricultural Support ....................................................................... 109
Technical Assistance and Extension .............................................................. 109
Confronting Climate Change ........................................................................ 111
The Legislation and Policy Landscape .............................................................. 113
Legislation vs. Policies: The Language of Aspiration and the Language of
Targets........................................................................................................... 113
Successful Policies to Support Small-Scale Farmers? .................................... 115
A Role for Paceño Farmers in Bolivia’s Agricultural Future? ............................. 117
CHAPTER 8: RECOMMENDATIONS AND CONCLUSION ............................... 123
Recommendations ............................................................................................. 124
Increase understanding of the contemporary situation for producers in rural
and urban populations in western Bolivia ..................................................... 124

vii

Expand demand and access to markets for traditional agricultural products
and smaller volumes of product .................................................................... 125
Adapt and further develop the pilot food systems models as tools for
planning and policymaking in the Department of La Paz.............................. 130
Necessary Conditions ........................................................................................ 133
Conclusion ......................................................................................................... 134
APPENDIX A. TECHNICAL METHODS FOR FOODPRINT AND FOODSHED
MODEL .............................................................................................................. 135
APPENDIX B. TECHNICAL METHODS FOR CLIMATE CHANGE VULNERABILITY
MODEL .............................................................................................................. 143
REFERENCES .................................................................................................... 153

viii

LIST OF TABLES

Table 1. Comparison of the Millennium Development Goal on Hunger and the
Zero Hunger Sustainable Development Goal ............................................. 18!
Table 2. Annual per capita and population agricultural land requirements for the
La Paz-El Alto metropolitan region .............................................................. 69!
Table 3. Annual per capita and population agricultural land requirements for the
La Paz-El Alto metropolitan region .............................................................. 70!
Table 4. Regional self-reliance for plant-based foods in the La Paz basic food
basket .......................................................................................................... 72!
Table 5. Regional self-reliance for agricultural land in the Department of La Paz,
Bolivia .......................................................................................................... 74!
Table 6. Global Moran's Index for spatial autocorrelation of exposure, sensitivity,
adaptive capacity, and aggregate vulnerability .......................................... 83!
Table 7. Targets for national agricultural production in Pilar 6.2: Productive
sovereignty with diversification ................................................................. 131!
Table 8. Basic food basket for La Paz ................................................................ 135!
Table 9. Data sources and assumptions for the foodprint and foodshed model
................................................................................................................... 137!
Table 10. Selected indicators by vulnerability component and relationship to
vulnerability ............................................................................................... 143!
Table 11. Selected vulnerability indicators by data source ............................... 144!
Table 12. Steps to prepare indicators for vulnerability analysis ........................ 146!
Table 13. Municipalities of the Department of La Paz, Bolivia, by aggregate
vulnerability level ....................................................................................... 152!

ix

LIST OF FIGURES

Figure 1. Nutritional Status of Children Under 5 in Bolivia, 1891-2008 ................ 8!
Figure 2. Poverty and Inequality in Bolivia, 2000-2014 ....................................... 11!
Figure 3. Departments of the Plurinational State of Bolivia ................................ 44!
Figure 4. Major ecoregions of Bolivia ................................................................. 45!
Figure 5. Distribution of area of agricultural production units (APUs) in hectares
for the Departments of La Paz and Santa Cruz............................................ 49!
Figure 6. Area in summer cropland production (by crop) in the Department of La
Paz ............................................................................................................... 50!
Figure 7. Land uses in the agricultural production units of the Department of La
Paz ............................................................................................................... 52!
Figure 8. Agricultural Production Potentials in the Department of La Paz .......... 56!
Figure 9. Agricultural Production Potentials in the Department of La Paz .......... 57!
Figure 10. Livestock population and participating APUs in the Department of La
Paz ............................................................................................................... 58!
Figure 11. Livestock population in the Department of La Paz as a percentage of
the national livestock population ................................................................ 59!
Figure 12. Annual per capita agricultural land requirements for the La Paz basic
food basket by crop groups ........................................................................ 70!
Figure 13. Selected indicators for the exposure, sensitivity, and adaptive
capacity sub-indices. Source: Caitlin Matthews........................................... 80!
Figure 14. Exposure sub-index for agricultural production systems in the
Department of La Paz, Bolivia ..................................................................... 87!
Figure 15. Sensitivity sub-index for agricultural production systems in the
Department of La Paz, Bolivia ..................................................................... 88!
Figure 16. Adaptive capacity sub-index for agricultural production systems in the
Department of La Paz, Bolivia ..................................................................... 89!
Figure 17. Aggregate vulnerability index for agricultural production systems in
the Department of La Paz, Bolivia ............................................................... 90!
Figure 18. Agricultural land use by aggregate vulnerability to climate change in
the Department of La Paz, Bolivia ............................................................... 92!
Figure 19. Example calculations for foodprint model ....................................... 142!
Figure 20. ArcGIS Model Builder diagram of exposure sub-index index model
................................................................................................................... 148!
Figure 21. ArcGIS Model Builder diagram of sensitivity sub-index model ....... 149!
Figure 22. ArcGIS Model Builder diagram of the adaptive capacity sub-index
model ........................................................................................................ 150!
Figure 23. ArcGIS Model Builder diagram of the vulnerability index model .... 151!

x

Food Security and Regional Self-Reliance:
A Food Systems Modeling Case Study
in the Department of La Paz, Bolivia
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CHAPTER 1: INTRODUCTION

Since 2009, when Bolivia adopted a new constitution in which it declared
the Right to Food as a fundamental human right and committed the Bolivian
government to guaranteeing food security for the Bolivian population, Bolivian
legislators have ratified a series of laws that establish the legislative framework
to realize this right. Unfortunately, these laws have largely not been translated
into national or regional policies with measurable impacts on food sovereignty,
food security, or the livelihoods of smallholder and indigenous farmers. Despite
major gains in nutrition and food security during the timeframe for the United
Nations Millennium Development Goal on Hunger, nearly one in five Bolivians
are living with hunger today. Many of these hungry people are rural migrants
now living in cities, experiencing an abrupt transition from being an agricultural
producer to being a consumer in a monetized market with increasing availability
of processed foods. The new United Nations “Zero Hunger” Sustainable
Development Goal makes explicit connections between food security and the
essential problems of poverty, gender inequality, climate change, biodiversity,
and trade. In western Bolivia, these issues are tied to transitions in agricultural
production, which is the focus of this case study.
The geographic scope of this case study is the Department of La Paz in
western Bolivia, including the La Paz-El Alto metropolitan region. In this
department, the pairing of a large metropolitan population and many rural,
small-scale agricultural producers presents unique opportunities and challenges
2

for increasing regional self-reliance, rural livelihoods, and food security with food
sovereignty. I employ a dual methodological approach that integrates
qualitative and quantitative data to investigate the following research questions:
1.! What is the potential for regional self-reliance in the Department of La
Paz for certain items in the Basic Food Basket?
2.! How can departmental-level public policies improve food security
through increasing regional self-reliance, rural livelihoods, and/or climate
resilience in agricultural production systems in the Department of La Paz?
My approach includes quantitative analysis through data and spatial modeling,
as well as qualitative research through engagement and interviewing of food
systems stakeholders and policymakers in the public, private, and nonprofit
sectors in the Department of La Paz.
The results of this research include the creation of two pilot food systems
models (a foodprint and foodshed model, and a climate change vulnerability
model) and the synthesis of extensive interviews. The two pilot models quantify
the agricultural land requirements to meet the needs of the La Paz-El Alto
metropolitan population, identify strategic agricultural products for which there
is potential to improve regional self-reliance, identify municipalities in which
agricultural production systems are likely to be more vulnerable to the impacts
of climate change, and identify common agricultural land uses in vulnerable
areas. The synthesis of interviews knits together broadly ranging conversations
that touched on the dynamics of rural-urban migration, policies and programs
3

intended to support small-scale farmers, transitions in economic and trade
policies, and the role of small-scale producers in Bolivia’s vision for food security
with food sovereignty.
Based on my qualitative and quantitative research, I offer four key
recommendations: to increase understanding of the contemporary situation for
producers in rural and urban populations in western Bolivia, to employ new ways
of delivering technical assistance and capacity building to small-scale producers,
to expand demand and access to markets for traditional products and smaller
volumes of product, and to further develop the pilot food systems models as
tools for planning and policymaking in the Department of La Paz.
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CHAPTER 2: LITERATURE REVIEW

This literature review consists of three main sections that frame and
contextualize my research. These are: 1. Food security in Bolivia, 2. Frameworks
for food security and food sovereignty, and 3. Regional self-reliance and food
systems modeling. The goals of the first section are twofold: to give a
comprehensive overview of the metrics and measurements of food security in
Bolivia and to describe some of the social, political, and economic factors
impacting food security in Bolivia. In the second section, I illustrate how critical
pieces of Bolivian legislation that establish the Right to Food, guarantee food
security, and prioritize food sovereignty couple with the Sustainable
Development Goal of Zero Hunger. The third section provides an overview of
modeling and analysis methods for relating production and consumption
patterns to land requirements, calculating potential for regional self-reliance,
and assessing climate change vulnerability of agricultural systems.

Food Security in Bolivia
Food Security by the Numbers
The Food and Agriculture Organization of the United Nations (FAO)
defines food security as “A situation that exists when all people, at all times,
have physical, social, and economic access to sufficient, safe and nutritious food
that meets their dietary needs and food preferences for an active and healthy
life” (FAO, 2015, p. 53). Although the FAO definition could be interpreted to
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include both macronutrient and micronutrient needs, most data on food security
focuses only on the satisfaction of caloric (energy) needs but not on the
adequacy of diets. Despite improvements in recent years, Bolivia ranks 70 of 113
countries in the Global Food Security Index – behind all other South American
countries (The Economist Intelligence Unit, 2016). Based on the decline in the
prevalence of undernourishment from 38% of the population in 1990-92 to
15.9% in 2014-16 (a 58.1% reduction), Bolivia has officially met the Millennium
Development Goal on hunger (MDG Target 1.C) by cutting the proportion of
people who suffer from hunger by at least one half (FAO, 2015). This reduction
in undernourishment is a considerable achievement, but the declaration of
“mission accomplished” masks the reality of malnutrition for the nearly two
million Bolivians living with hunger and a rising number of Bolivians living with
overweight and obesity.
Various social, political, and economic factors impact and are impacted
by food security in Bolivia. These factors include nutrition outcomes including
the “double burden of malnutrition” (FAO, 2006) and dietary changes (Borda,
2013; Gobierno Autónomo Municipal de La Paz, 2013); poverty (Fay, 2005;
World Bank, n.d.-b), increasing wealth (Lazcano, 2014), and persistent economic
inequality (World Bank, n.d.-b); urbanization and population dynamics (Center
for Economic and Social Rights, n.d.; World Bank, n.d.-b); and agricultural
production (World Bank, n.d.-a), international food trade and increased reliance
on food imports (Erbol, 2015; Instituto Boliviano de Comercio Exterior, 2015),
6

and price fluctuation for items in the Basic Food Basket (Fundación Jubileo,
2013; Zeballos H., 2011).

Food Security and Nutrition
Bolivia is also one of an increasing number of developing nations
experiencing the “double burden of malnutrition.” The FAO defines
malnutrition as “An abnormal physiological condition caused by inadequate,
unbalanced, or excessive consumption of macronutrients and/or micronutrients.
Malnutrition includes undernutrition and overnutrition as well as micronutrient
deficiencies” (FAO, 2015, p. 53). In this regard, the double burden of
malnutrition refers to the simultaneous occurrence of undernutrition and
overnutrition in separate populations in developing nations. Persistence of
undernutrition, especially among children, and the rapid rise in overweight,
obesity, and diet-related chronic diseases are key indicators of this double
burden (FAO, 2006). In Bolivia, from 1981 to 2008, the prevalence of
malnourishment as stunting1 in children ages five and under decreased steadily
from 48.1% to 27.2% (see Figure 1).2 While this is a considerable reduction,
prevalence of malnutrition as stunting in more than one quarter of Bolivian
children under the age of five indicates periods of sustained undernutrition
during critical periods of development for a substantial portion of the young
population. As the prevalence of child undernourishment has decreased, the
prevalence of overweight and obesity has increased in child, adolescent, and
7

adult populations. In 2008, approximately six times as many Bolivian children
under the age of five are overweight as are underweight (8.7% overweight
versus 1.4% wasting3).4 Prevalence of obesity is far greater in the adult
population. Impressively, as of 2010, 19% of adult males and 40% of adult
females in Bolivia were obese.5
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Figure 1. Nutritional Status of Children Under 5 in Bolivia, 1891-2008
Source: World Health Organization4

The increase in obesity in Bolivia coincides with a major shift in food
consumption patterns over the course of the last 40 years (Gobierno Autónomo
Municipal de La Paz, 2013). Bolivia’s nutritional transition is a shift away from
traditional diets characterized by locally-produced foods towards energy-dense
diets consisting of high calorie, low nutrient products such as sweets, soda, and
fast food (Borda, 2013). Evidently, changes in lifestyle and changes in food
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availability and/or affordability have contributed to this shift (Gobierno
Autónomo Municipal de La Paz, 2013). Processed “Western” products are
increasingly available as a result of globalization, urbanization, and greater
purchasing power (Borda, 2013). Globalization has not only increased the
availability of processed food, it has also increased international demand for
traditional staple goods – like quinoa – that have gained international popularity
(DePillis, 2013). Due to increasing quinoa export, a 79.6% increase in the price
of quinoa in the cities of La Paz and Cochabamba has made it virtually
unaffordable to Bolivian nationals (Fundación Jubileo, 2013). Additionally, as
more Bolivians move to urban areas, the urban work schedule impacts diet
patterns with an increase in foods eaten away from home (Gobierno Autónomo
Municipal de La Paz, 2013). This represents both an increase in food
expenditure and a change in diet that is generally unfavorable to good nutrition
and health (Gobierno Autónomo Municipal de La Paz, 2013).
It is important to underscore that both undernourishment and
overnourishment are symptoms of food insecurity and these conditions burden
national economies in many ways, including underperformance in school,
preventable health care costs, and decreased productivity (Shepard, Setren, &
Cooper, 2011). In children, food insecurity affects physical and intellectual
development, and is correlated with greater absenteeism and lower academic
performance (Belachew et al., 2011). In people of all ages, food insecurity leads
to higher health care costs due to increased rates of chronic diseases associated
9

with obesity as well as acute and chronic nutrient deficiencies (Shepard et al.,
2011). Overall, food insecurity interferes with human capital development
(Torero, 2014).
Food Security and Urbanization
Intertwined with this dietary shift have been the dramatic shifts in
Bolivia’s social and economic landscape over the last fifty years. Bolivia is rapidly
urbanizing and the urban-rural population distribution has inverted. Today,
nearly 70% of the population lives in urban areas whereas fifty years ago 70%
lived in rural areas.6 As Bolivian cities have grown, so has the Bolivian economy,
with a 5.5 percent GDP growth rate in 2014 (Lazcano, 2014). In tandem with the
country’s economic development, more than one million Bolivians have risen out
of poverty in recent years, resulting in greater purchasing power (Instituto
Boliviano de Comercio Exterior, 2015). However, despite Bolivia’s economic
growth, income inequality and poverty remain high (The World Bank, 2016).
As recently as 2002, Bolivia ranked sixth in the world and first in Latin
America for greatest income inequality (Center for Economic and Social Rights,
n.d.); and although the Gini Index in Bolivia fell from 63 to 46 from 2000 to
2012, income inequality today remains high (The World Bank, 2016). Based on
2012 data, Bolivia is ranked 31 of 145 countries for greatest income inequality.7
This points to shortcomings in wealth redistribution, especially in ways that
enable all sectors of the population to equally employ their economic and social
rights, including the right to food (Center for Economic and Social Rights, n.d.).
10
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Figure 2. Poverty and Inequality in Bolivia, 2000-2014
Source: World Bank, Global Poverty Working Group and Development Research
Group8
Importantly, economic growth has not guaranteed food security for
Bolivia’s rural or urban poor. Although rates of poverty have generally been
declining (see Figure 2), in 2014, 30.6% of the urban population and 57.6% of
the rural population lived below the national poverty line.9 The poorest segment
of the Bolivian population spends between 60 and 80 percent of household
income on food, making these households less resilient to rising food prices
(Zeballos H., 2011). Consequently, more than 2.1 million Bolivians live in
extreme poverty and cannot afford the basic food basket – the minimum
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amount and variety of food to satisfy energy and protein needs for one
individual (Fundación Jubileo, 2013).
Food security is a concern in both rural and urban areas of Bolivia,
though not all areas are equally vulnerable to food insecurity. While the Bolivian
population is concentrated in the western departments of the country, food
production is concentrated in the northern and eastern departments where large
scale, mechanized agriculture takes place (Zeballos H., 2011). Thus, the areas
that are most vulnerable to food insecurity are concentrated in the western
departments of La Paz, Oruro, Potosí, Chuquisaca, and Cochabamba (Estado
Plurinacional de Bolivia & World Food Programme, 2012; Zeballos H., 2011). But
even within these vulnerable departments, there is further disparity between
urban and rural areas. Generally, rural areas have higher vulnerability to food
insecurity than capital cities, where there is a greater availability and diversity of
food (Zeballos H., 2011). However, it is important to note that Latin American
cities tend to be segregated, with the urban poor living farther from services and
resources including food (Fay, 2005). In this regard, the urban poor are less likely
to live near supermarkets and other sources of fresh, healthy food. However,
even when the urban poor have physical access to food, they often do not have
economic access.
Urban poverty and economic access to food have a unique
interrelationship not seen in rural areas. Many rural residents are involved in
food production for subsistence or commercial sale, which directly links them to
12

the rural food supply chain wherein producers are also consumers. In contrast,
the urban poor are integrated into a market economy and their food
consumption is monetized. As a consequence, the urban poor are more
vulnerable to market fluctuations, and their food consumption is increasingly
influenced by even the slightest changes in income and food prices (Fay, 2005).

Food Security, International Food Trade, and Food Prices
While 34.8% of Bolivia’s land area is agricultural area,10 the clear majority
of that agricultural area (30.5%) is permanent meadow and pasture,11 while only
4.1% of land area is arable land12 and only 0.21% of land area is permanent
cropland.13, 14 Not only does Bolivia have limited arable land, additionally,
several crops dominate the cultivated landscape. For example, of the 4.4 million
hectares of arable land,15 approximately 1 million hectares are planted in
summer soybeans largely destined for export (Nolte, 2015). In fact, in the 20122013 agricultural season, nearly 1 million hectares of the 2.76 million hectares in
summer cropland was planted in soybeans (Instituto Nacional de Estadística,
2015). With decreasing diversity in cultivated crops, Bolivia is increasingly reliant
on imported food to feed a population of 10.7 million people and growing.16
As Bolivia’s population continues to grow and urbanize and individual
wealth improves, there will be increased demand for food and an increasingly
diversified food basket (Instituto Boliviano de Comercio Exterior, 2015). Trends
in the last ten years indicate that Bolivia increasingly looks outside its borders to
13

satisfy these demands. In recent years, Bolivia has spent great sums of money to
import large volumes of food. Since 2005, expenditures for food imports have
tripled and, in 2013, food import expenditures and volumes hit record highs with
US$688 million spent on 812,000 metric tons of food (Instituto Boliviano de
Comercio Exterior, 2015). As an example, imported wheat and other cereals
have become staple foods in Bolivia. Domestic wheat production supplies only
half of the wheat consumed in Bolivia, with imported wheat and wheat flour
filling the gap (Erbol, 2015).
Though a greater volume of food imports has improved food availability,
this has not guaranteed affordability. Economic access to sufficient, safe, and
nutritious food is a prerequisite for food security; but today, this basic
requirement is not met for many Bolivians (FAO, 2015). As mentioned, more
than 2.1 million Bolivians live in extreme poverty and cannot afford the basic
food basket (BFB) (Fundación Jubileo, 2013). In 2013, the cost of the BFB for a
household of five exceeded the national minimum salary in Bolivia’s three
largest cities: Santa Cruz, La Paz, and Cochabamba. Between 2012 and 2013,
approximately two-thirds of basic food basket items increased in price, with
increases ranging between 15 to 90 percent for items such as quinoa, tomatoes,
rice, potatoes, and wheat flour (Fundación Jubileo, 2013). When food prices are
high and volatile, unhealthy calories tend to be less expensive than healthy
calories. Therefore, elevated food prices for both internationally traded and
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domestic food, as well as price volatility, are associated with the consumption of
food with little nutritional value (Cuesta, 2013).
Realistically, Bolivia must continue to import food to meet the nutritional
needs of the Bolivian people. However, rising imports lead to increased
dependence on the international food market and greater vulnerability to
international food price volatility. It is important to underscore that greater
dependence on imported food also diminishes Bolivia’s food sovereignty
because it infringes upon people’s “right to define their own food and
agriculture systems”17 (Forum on Food Sovereignty, 2007). There are a number
of compelling arguments for increasing the production and consumption of
domestic food in order to improve food security and food sovereignty, increase
rural livelihoods and promote economic development, and improve
sustainability and climate resilience (Conrad, Tichenor, Peters, & Griffin, 2016;
Griffin, Conrad, Peters, Ridberg, & Tyler, 2015; Peters, Bills, Wilkins, & Fick,
2009).

Frameworks for Food Security and Food Sovereignty18
The “Zero Hunger” Sustainable Development Goal
In September 2015, the United Nations adopted the Sustainable
Development Goals – “seventeen goals to transform the world” (United Nations,
2015). As illustrated in Table 1, a comparison between the Millennium
Development Goal on Hunger (MDG 1) and the Zero Hunger Sustainable
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Development Goal (SDG 2) reveals increasing ambition in goals and targets
between 2000 and 2015. In contrast to MDG 1, which paired hunger and
extreme poverty, SDG 2 directly links hunger with food security, improved
nutrition, and sustainable agriculture and includes targets related to small
producer livelihoods, climate change, genetic resources, rural infrastructure,
international trade agreements, and markets (United Nations, 2015). While MDG
1 aimed to “eradicate extreme poverty and hunger,” the metric of the
accompanying Target 1.C was to halve the proportion of people suffering from
hunger (United Nations, 2000). SDG 2 and corresponding targets ambitiously –
and perhaps unrealistically – aim to “end hunger and ensure access by all
people…to safe, nutritious and sufficient food all year round” and to “end all
forms of malnutrition” – in essence, to eliminate food insecurity the world over
(United Nations, 2015). While the targets of SDG 2 may merit commendation for
making explicit connections between food security and the essential problems
of poverty, gender inequality, climate change, biodiversity, and trade, the
suggested timeline belies that food security is a wicked problem19 (“Wicked
Problems: Problems Worth Solving,” n.d.).
Achieving food security and agricultural sustainability will require
ongoing collaboration, adaptation, and innovation within countries as well as
between them. Targets will be elusive due to existing and dynamic social,
political, economic, and environmental factors. Therefore, having a framework
for nations to work towards these targets is essential. In the Bolivian context,
16

many of the targets adopted in SDG 2 have precedents in the objectives and
principles of previously established Bolivian laws and national plans, as I discuss
in the next section as well as in Chapter 7.
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Table 1. Comparison of the Millennium Development Goal on Hunger and the
Zero Hunger Sustainable Development Goal
MDG 1
(United Nations,
2000)
“Eradicate extreme
poverty and
hunger”
Targets
1.A: Halve,
between 1990 and
2015, the
proportion of
people whose
income is less than
$1.25 a day

1.B: Achieve full
and productive
employment and
decent work for all,
including women
and young people
1.C: Halve,
between 1990 and
2015, the
proportion of
people who suffer
from hunger

SDG 2
(United Nations, 2015)

“End hunger, achieve food security and improved nutrition and promote
sustainable agriculture”
Targets
2.1! By 2030, end hunger and ensure access by all people, in particular
the poor and people in vulnerable situations, including infants, to
safe, nutritious and sufficient food all year round
2.2! By 2030, end all forms of malnutrition, including achieving, by 2025,
the internationally agreed targets on stunting and wasting in children
under 5 years of age, and address the nutritional needs of
adolescent girls, pregnant and lactating women and older persons
2.3! By 2030, double the agricultural productivity and incomes of smallscale food producers, in particular women, indigenous peoples,
family farmers, pastoralists and fishers, including through secure and
equal access to land, other productive resources and inputs,
knowledge, financial services, markets and opportunities for value
addition and non-farm employment
2.4! By 2030, ensure sustainable food production systems and
implement resilient agricultural practices that increase productivity
and production, that help maintain ecosystems, that strengthen
capacity for adaptation to climate change, extreme weather,
drought, flooding and other disasters and that progressively improve
land and soil quality
2.5! By 2020, maintain the genetic diversity of seeds, cultivated plants
and farmed and domesticated animals and their related wild species,
including through soundly managed and diversified seed and plant
banks at the national, regional and international levels, and promote
access to and fair and equitable sharing of benefits arising from the
utilization of genetic resources and associated traditional
knowledge, as internationally agreed
2.6! Increase investment, including through enhanced international
cooperation, in rural infrastructure, agricultural research and
extension services, technology development and plant and livestock
gene banks in order to enhance agricultural productive capacity in
developing countries, in particular least developed countries
2.7! Correct and prevent trade restrictions and distortions in world
agricultural markets, including through the parallel elimination of all
forms of agricultural export subsidies and all export measures with
equivalent effect, in accordance with the mandate of the Doha
Development Round
2.8! Adopt measures to ensure the proper functioning of food
commodity markets and their derivatives and facilitate timely access
to market information, including on food reserves, in order to help
limit extreme food price volatility

Bold text is added to emphasize connections to the major topics in this thesis work
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Bolivian Legislative Framework for Food Sovereignty and Food Security
In the past decade, through several federal laws and national plans,
Bolivia has established a legislative framework that commits to guarantee the
Right to Food, ensure food security for all citizens, and achieve food
sovereignty. In 2009, with the adoption of the new Constitution, the Bolivian
government declared the Right to Food as a fundamental human right and
committed to guaranteeing food security for the Bolivian population: “All
people have the right to water and food. The State has the obligation of
guaranteeing food security, through healthy, adequate, and sufficient diet for
the population” (Constitución Política del Estado Plurinacional de Bolivia, 2009,
Title II, Chapter II, Article 16.I and 16.II).20 The 2009 Constitution set the stage
for a series of laws that further developed a vision to not only guarantee the
Right to Food, but to do so through food security with food sovereignty.
In 2011, with the ratification of the “Law of the Productive, Communal,
and Agricultural Revolution” (known as Law 144), the Bolivian government
reiterated its pledge to ensure access to adequate food and achieve food
sovereignty. In Law 144, the State defines “adequate food” and “food
sovereignty” as fundamental principles that govern the law (Estado Plurinacional
de Bolivia, 2011). In the context of this law, “adequate food” refers to
“permanent access to healthy and sufficient food for the population, without
discrimination or distinction based on social class, religious creed, political party,
gender, or age” (Ley de la Revolución Productiva Comunitaria Agropecuaria,
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2011, Title I, Chapter II, Article 6.7).21 As a guiding principle of the law, “food
sovereignty” in practice means that “The Bolivian people, through the
Plurinational State, define and implement their own policies and strategies for
the production, aggregation, transformation, conservation, storage, transport,
distribution, commercialization, consumption, and trade of food” (Ley de la
Revolución Productiva Comunitaria Agropecuaria, 2011, Title I, Chapter II,
Article 6.8).22 An implicit understanding of this law is that adequate food (food
security) is a condition of food sovereignty; therefore, the law’s stated objective
presents food sovereignty and adequate food in that hierarchical order: “The
goal of the present law is to achieve food sovereignty in conditions of innocuous
and quality food for the living well of all Bolivians, through the Productive,
Communal, and Agricultural Revolution in the framework of the plural economy”
(Estado Plurinacional de Bolivia, 2011, Title I, Chapter I, Article 3).23
In addition to ultimate goal of food sovereignty, Law 144 “[prioritizes]
organic production in harmony and balance with the abundance of mother
earth” (Estado Plurinacional de Bolivia, 2011, Title I, Chapter I, Article 2). In
2012, the “Framework Legislation on Mother Earth and Comprehensive
Development for Living Well” (known as Law 300) codified this priority. Law 300
emphasizes the interconnectedness of sustainability in the natural and human
environment, as well as the “compatibility and complementarity of the rights,
obligations, and duties” of Mother Earth and the Bolivian people (Estado
Plurinacional de Bolivia, 2012, Title I, Chapter I, Article 1). Throughout, Law 300
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explicitly ties the concept of Living Well to food sovereignty and food security.
In the text of the law, food sovereignty and food security appear in tandem and
indivisibly, and the law establishes their relationship to food production and
consumption specifically using the phrases “fundamental objective of [food]
sovereignty with food security” (Estado Plurinacional de Bolivia, 2012, Title III,
Chapter I, Article 24.1) and “the right to food…with food sovereignty and
security” (Estado Plurinacional de Bolivia, 2012, Title II, Chapter IV, Article 13).
One of the ten “Objectives to Live Well through Comprehensive Development”
is “To know how to feed oneself to Live Well” (Title II, Chapter IV, Article 12).
This objective contains twelve principal aspects, many of which link producers
and consumers in the pursuit of food sovereignty with food security. A few such
aspects include:
•! “Recognizing and supporting diversification of production, diversity
of market offerings, diversity of diet, diversity of exchange practices
(commerce, sharing, trading, bartering, etc.), protection of native and
local varieties, as well as the promotion of food cultures and
traditions” (Title II, Chapter IV, Article 13.4).
•! “Prioritizing the supply of nationally produced food and promoting
just commerce of agricultural and forestry products, such as the
formulation of policies that benefit the small producer and the
community economy” (Title II, Chapter IV, Article 13.6).
•! “Establishing better conditions and integral skills for production,
access, and consumption of healthier, innocuous, nutritious,
agroecological, and culturally adequate foods for human beings, with
emphasis on the urban areas” (Title II, Chapter IV, Article 13.9).
•! “Revaluing and strengthening of the ways of life of small producers,
indigenous rural nations and peoples, intercultural and Afro Bolivian
communities, cooperatives and other associative systems, and
through the sustainable management of biodiversity, and the
respect, revaluing, and reaffirmation of their knowledge within the
framework of cultural diversity” (Title II, Chapter IV, Article 13.10).
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As seen in these featured aspects, Law 300 laid the groundwork for the future
legislative focus on small producers and was followed by the “Law of Indigenous
and Peasant Economic Organizations and Communal Economic Organizations
for the Integration of Sustainable Family Agriculture and Food Sovereignty”
(known as Law 338) in 2013.
Law 338 is an example of federal agricultural legislation that directly
addresses the smallholder and indigenous farmers that are characteristic of the
agricultural production systems in western Bolivia, including the Department of
La Paz (Estado Plurinacional de Bolivia, 2013b). The objective of this law is to
“establish norms for sustainable family agriculture…from throughout the country
and with different degrees of connection to local, regional, national, and
international markets, in order to contribute to food sovereignty” (Estado
Plurinacional de Bolivia, 2013b, Title I, Chapter I, Article 2). The stated goal of
this law is evidence of an attempt to interweave sustainable family agriculture
with its legislative predecessors: the Constitutional Right to Food; Law 144’s
Productive, Communal, and Agricultural Revolution; and Law 300’s concept of
Living Well. As such, Law 338 somewhat clumsily articulates its goal: “To
contribute to the achievement of food sovereignty and food security for the
Living Well of all Bolivians, through sustainable family agriculture, as part of the
process of the Productive, Communal, and Agricultural Revolution and the
Integral Development of the plural economy, in harmony with Mother Earth; the
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Right to Food being a human right” (Estado Plurinacional de Bolivia, 2013b,
Title I, Chapter I, Article 4).24 Nonetheless, Laws 144, 300, and 338 illustrate
how, in the years immediately following the adoption of the Constitutional Right
to Food, Bolivian leaders elaborated a vision of guaranteeing this right.
Unfortunately – and despite the symbolic legislative commitments to the
Right to Food, as well as to the principles of food sovereignty and food security
– these laws have largely not been translated into national or regional policies
with measurable impacts on food sovereignty, food security, or the livelihoods
of smallholder and indigenous producers.

Regional Self-Reliance and Food Systems Modeling
Bolivian Targets for Food Sovereignty
Although Bolivia will continue to import food in order to sustain its
population, the government has identified food sovereignty as a goal and set
targets in the 2016-2020 Social and Economic Development Plan (Plan de
Desarrollo Económico y Social 2016-2020), which directly responds to Law 300
(Estado Plurinacional de Bolivia, 2015a). Pilar 8 “Food Sovereignty” includes the
goal of “Sovereignty through local food production” and outlines targets for
2020 to:
•! Increase wheat production to 721,000 metric tons and reduce the deficit
for national wheat consumption;
•! Increase production of key products like wheat, soy, corn, quinoa, and
potato;
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•! Substantially increase aquaculture to contribute to the gradual change in
greater fish consumption throughout the country;
•! Diversify production throughout the country, maintaining native and local
seed varieties as well as ecological and organic production; and
•! Increase State storage capacity for products that are strategic for food
sovereignty (Estado Plurinacional de Bolivia, 2015a).
One challenge of setting targets for and measuring progress towards increased
domestic food production and consumption is establishing a baseline. Food
system modeling methods, including foodprint and foodshed models, can assist
in establishing baselines and analyzing potential for regional self-reliance.

Regional Self-Reliance, Foodprint, and Foodshed Models
Regional self-reliance (RSR) – which has been the focus of a series of
closely related US food system analyses in recent years – is the ratio of the
quantity demanded of a certain agricultural product for a population of interest
to the quantity of the same agricultural product produced in the region of
interest (Conrad et al., 2016; Griffin et al., 2015). In these studies, this ratio
describes “the degree to which US regions can satisfy the food needs of their
resident populations” (Griffin et al., 2015, p. 349). Interest in RSR has risen as the
increasing geographic concentration and specialization of agricultural
production is threatened and impacted by extreme weather events, disease and
pest outbreaks, changes in temperature and precipitation patterns, and other
impacts of climate change (Conrad et al., 2016). Concerns about the
concentration of detrimental byproducts such as livestock waste, pesticide and
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excess nutrient runoff, and isolation from markets and trading partners may also
motivate RSR analysis (Conrad et al., 2016).
Foodprint and foodshed models are at the core of RSR research. A
foodprint is similar to an ecological footprint for food, and some studies in this
vein had used such terminology, including the ecological footprint studies for
Cardiff, Wales, and Bogotá, Colombia (Collins & Fairchild, 2007; Rodríguez
Muñoz, 2005). However, distinct from a carbon footprint that calculates the
greenhouse gas equivalence of a consumption pattern, a foodprint seeks to
calculate the agricultural land requirements of a food consumption pattern
(Peters, Wilkins, & Fick, 2007). Foodprint analysis involves the creation of a
spreadsheet model that integrates data on food consumption, processing
conversions, food losses and food waste, and production yields to compute
annual per capita land requirements (Peters et al., 2016, 2007). A foodprint can
be scaled up from the individual to a city, region, or country, as Peters and
colleagues have done for New York State (Peters, Bills, Lembo, Wilkins, & Fick,
2009, 2012; Peters et al., 2007) and the US as a whole (Peters et al., 2016).
Additionally, foodprint models may include multiple food consumption patterns
or diets (Peters et al., 2016, 2007). Foodprint models assist in understanding
quantities of agricultural products demanded by a population of interest, an
estimate that is essential to RSR analyses, such as those for the northeastern US
(Conrad et al., 2016; Griffin et al., 2015).
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While foodprint models describe the consumption requirements of the
RSR equation, foodshed models describe the productive potential of the region.
“Foodshed” is a term and concept coined in 1929 by W.P. Hedden in the book
How Great Cities Are Fed. To define foodsheds, Hedden draws on our
understanding of watersheds: “By analogy, we may conceive of the flow of
foodstuffs to consuming markets as determined by foodsheds. The barriers
which deflect raindrops into one river basin rather than into another are natural
land elevations, while the barriers which guide and control movements of
foodstuffs are more often economic than physical” (1929, p. 17). Although some
of Hedden’s terminology is outdated, he refers to a number of barriers that still
delimit foodsheds today: sanitary and phytosanitary measures, freight rates,
tariffs, trade agreements, and other government policies (Hedden, 1929).
Hedden was writing at a moment when innovation in refrigerated
transport and storage of perishable foods forever changed the distance food
traveled between producer and consumer, which precipitated changes in
consumer demand and the diets of urban residents. His work in this area
stemmed from a potential railroad strike in 1921, which had prompted relevant
agencies in New York City to form an emergency committee to address how to
feed a city of eight million people in the event of complete paralysis of the rail
system (Hedden, 1929). After Hedden’s publication, the concept of the
foodshed passed several decades in dormancy, but has surfaced again in recent
literature on sustainability in food production and distribution. The 1921 New
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York City study and subsequent case studies in How Great Cities Are Fed are
the predecessors of recent RSR, foodshed, and foodprint analyses; however, the
focus has largely shifted from food distribution logistics to the productive
potential and sustainability benefits of a more localized foodshed (Kloppenburg,
Hendrickson, & Stevenson, 1996; Peters, Bills, Wilkins, et al., 2009).
Together, foodprint and foodshed models can be used to calculate
carrying capacity, as Peters et al. (2016) have most recently done for ten diet
scenarios for the US population. There are no existing foodprint or foodshed
models for Bolivia or any regions within Bolivia. One objective of this thesis is to
develop a pilot foodprint and foodshed model to establish a baseline for land
requirements to supply the population of the La Paz-El Alto metropolitan region
with a basic food basket produced in the Department of La Paz. This model
could serve as a tool for planning and policymaking, for example to identify
agricultural products that have comparative advantages, large production
volumes, and/or potential for increasing regional self-reliance within the
Department.

Climate Change and Vulnerability Modeling
Climate Change Projections for Bolivia
The impacts of climate change on food security are predicted to be
greatest in areas already vulnerable to food insecurity (Wheeler & von Braun,
2013), where marginalized, poor farming and pastoral communities are most
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impacted by and least able to adapt to climate variability and extreme weather
(Adger, 2006; Carmin & Agyeman, 2011; McDowell & Hess, 2012; Miranda,
Hastings, Aldy, & Schlesinger, 2011). Models predict that crop yields across
South America will decrease by 2050 due to changes in precipitation,
temperature, and greenhouse gas concentrations (Wheeler & von Braun, 2013).
General Circulation Models (GCM) predict that increased annual
temperature in the Altiplano (a high, dry plain in western Bolivian) will be
coupled with more frequent warm nights, frost days, and heat waves, leading to
greater thermal stress on crops (Thibeault, Seth, & Garcia, 2010). Higher
temperatures will exacerbate water availability issues due to glacial recession
(Rangecroft et al., 2013). Reduced average annual precipitation will be
characterized by delayed onset of rain during growing season (Seiler, Hutjes, &
Kabat, 2013; Valdivia et al., 2010), less frequent but more intense precipitation,
and increased frequency of flooding and droughts (Thibeault et al., 2010). These
climatic stressors are expected to translate to heightened vulnerability of
agricultural systems in the Altiplano. However, these models are criticized as
lacking specificity to local scales (Seiler et al., 2013).
Bolivians do not require complex climate models to note the present
impacts of climate change. On November 21, 2016, Bolivian President Evo
Morales declared national emergency in response the current and worsening
water crisis in the western departments in Bolivia, which are suffering the worst
drought in twenty-five years (Cuiza, 2016). The three reservoirs that supply the
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city of La Paz are at 1-8% of capacity (“Water rationing introduced as Bolivia
drought worsens,” 2016), and water rationing affects more than 340,000 people
in the metropolitan area of La Paz and El Alto, as well as many residents of rural
areas (“Bolivia en emergencia nacional por sequía,” 2016). This historic drought
provoked a 27% reduction in grain and oilseed production in the 2016
agricultural season (Nolte, 2016). These water shocks, as well as other observed
impacts of climate change confirm the need to plan for adaptation and
resilience in agricultural (and other) systems – planning that could be greatly
aided by modeling.

Climate Change Vulnerability Models
In the proliferation of vulnerability research, a commonly used framework
for assessing vulnerability to climate change is that of the Intergovernmental
Panel on Climate Change (IPCC) (Adger, 2006). Vulnerability research predating
the IPCC’s Fifth Assessment Report (AR5) in 2014 operates under the following
definition:
Vulnerability is the degree to which a system is susceptible to, and
unable to cope with, adverse effects of climate change, including climate
variability and extremes. Vulnerability is a function of the character,
magnitude, and rate of climate change and variation to which a system is
exposed, its sensitivity, and its adaptive capacity. (Pachauri & IPCC,
2008, p. 89)
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The AR5 definition of “vulnerability” differs slightly: “The propensity or
predisposition to be adversely affected. Vulnerability encompasses a variety of
concepts and elements including sensitivity or susceptibility to harm and lack of
capacity to cope and adapt” (Field, Barros, & Intergovernmental Panel on
Climate Change, 2014, p. 1775). The IPCC notes that “reflecting progress in
science, this [definition] differs in breadth and focus from the entry used in the
Fourth Assessment Report and other IPCC reports” (Field et al., 2014, p. 1775).
While the AR5 definition does not explicitly define vulnerability as a function of
exposure, sensitivity, and adaptive capacity, these three components continue
to be central to vulnerability studies (Dong et al., 2015; Gizachew & Shimelis,
2014; Li et al., 2015).
Climate change vulnerability analysis assesses social-ecological systems
wherein “any distinction between social and natural systems is arbitrary” (Adger,
2006, p. 268), and therefore includes both socioeconomic and biophysical
elements (Metternicht, Sabelli, & Spensley, 2014). Recognizing that farmer
livelihoods and well-being are intrinsically tied to the environment, it is
appropriate to include a variety of environmental variables as well as
socioeconomic and political variables as vulnerability indicators (Brooks, Adger,
& Kelly, 2005). The selection of suitable metrics is a challenge because
vulnerability is not limited to a single, quantifiable metric (Adger, 2006), and the
selection will also be influenced by the availability, currency, and quality of data
(Brooks et al., 2005).
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Researchers emphasize the need to develop local-scale vulnerability
models (Adger, 2006; Brooks et al., 2005; Gizachew & Shimelis, 2014). Brooks et
al. note that, “Within countries, vulnerability is geographically and socially
differentiated, and processes that mediate the outcomes of hazard events
operate at the local scale” (2005, p. 162). With respect to agricultural systems,
Wheeler and von Braun (2013) identified “improving projections of regional
climate change effects on food security at country level and on smaller scales
that are crucial for decision making for adaptation of food systems” as one of
four priorities for climate change and food insecurity research. The scale of
vulnerability analysis affects the selection of indicator variables and has
implications for application in policy decision making. “Generic determinants”
are developmental factors such as economic inequality and governance for
which metrics vary between nations rather than within nations, whereas “specific
determinants” are relevant to specific geographic and/or political contexts and
are more useful in determining vulnerability on a sub-national scale (Brooks et
al., 2005). Two relevant studies that employed geographic information systems
(GIS) to analyze the vulnerability of agricultural systems at a subnational level are
Gizachew and Shimelis (2014) for Ethiopia and Li et al. (2015) for China. In both
studies, the researchers constructed sub-indices for exposure, sensitivity, and
adaptive capacity, with which they then calculated an aggregate index for
vulnerability. Despite the similarity in framework, these two studies highlight
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how the selection of indicators varies based on the specific focus, social and
political context, and availability and quality of data.
Even robust quantitative analysis of climate change vulnerability has
limitations in application. As Brooks et al. remind, “Ultimately, it is people not
countries that are vulnerable” (2005, p. 162). Accordingly, Preston et al. (2011)
advocate for the inclusion of stakeholders in the modeling process – most
ideally in all aspects from determining the relevant scale, appropriate metrics,
and relative weights of metrics. Furthermore, quantitative assessments should
complement qualitative research in and with impacted communities, in order to
involve previously marginalized and vulnerable populations in analysis, policy
development and decision making processes (Adger, 2006; Preston et al., 2011).
Adger (2006) additionally contests that the policy making process should
prioritize “fair adaptation,” meaning that policies first focus on reducing the
vulnerability of the most vulnerable, not only reducing the vulnerability of “those
best able to mobilize resources” (p. 277).
With the goal “to deepen the knowledge of economic and social
characteristics that make a population more or less vulnerable, with emphasis on
municipalities that have a higher level of threat of disaster,”25 in recent years, the
Bolivian government has conducted analyses to assess municipal-level
vulnerability to a range of extreme climatic events including floods, droughts,
hailstorms, and frosts (Unidad de Análisis de Políticas Sociales y Económicas,
2015, p. 11). The resulting report, “Population Vulnerability to the Risk of
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Disasters in Bolivia” (“Vulnerabilidad Poblacional al Riesgo de Desastres en
Bolivia”), and the accompanying spatial database for mapping vulnerability
indicators26 have been developed as tools for policy and decision making. While
this analysis does not specifically focus on the vulnerability of agricultural
production or agricultural producers to climate change, a selection of these
indicators, supplemented by other agriculturally specific indicators could
provide insights into the vulnerability of agricultural livelihoods and food
production. One aim of this thesis is to develop a GIS-based municipal scale
vulnerability model focused on the smallholder and indigenous agricultural
producers of the Department of La Paz. This model could be used in
collaboration with vulnerable populations to identify policy approaches and
prioritize resources to improve climate resilience in agricultural production
systems, support rural livelihoods, and promote regional self-reliance for certain
items in the basic food basket.
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13
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The 2007 Forum on Food Security defined food sovereignty as “the right of peoples to healthy
and culturally appropriate food produced through ecologically sound and sustainable methods,
and their right to define their own food and agriculture systems.”
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detail with respect to the analyses and recommendations of this research project.
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“A wicked problem is a social or cultural problem that is difficult or impossible to solve for as
many as four reasons: incomplete or contradictory knowledge, the number of people and opinions
involved, the large economic burden, and the interconnected nature of these problems with other
problems.” (“Wicked Problems: Problems Worth Solving,” n.d.)
20
“Toda persona tiene derecho al agua y a la alimentación. El Estado tiene la obligación de
garantizar la seguridad alimentaria, a través de una alimentación sana, adecuada y suficiente para
toda la población” (Constitución Política del Estado Plurinacional de Bolivia, 2009, Title II, Chapter
2, Article 16.I and 16.II).
21
“Alimentación Adecuada. Acceso permanente a una alimentación saludable y suficiente para la
población, sin discriminación ni distinción de clase social, credo religioso, opción política, género
y generacional.” (Ley de la Revolución Productiva Comunitaria Agropecuaria, 2011, Title I,
Chapter 2, Article 6.7)
22
“Soberanía Alimentaria. El pueblo boliviano a través del Estado Plurinacional, define e
implementa sus políticas y estrategias destinadas a la producción, acopio, transformación,
conservación, almacenamiento, transporte, distribución, comercialización, consumo e intercambio
de alimentos.” (Ley de la Revolución Productiva Comunitaria Agropecuaria, 2011, Title I, Chapter
2, Article 6.8)
23
“Artículo 3. (FINALIDAD). La presente Ley tiene como finalidad lograr la soberanía alimentaria
en condiciones de inocuidad y calidad para el vivir bien de las bolivianas y los bolivianos, a través
de la Revolución Productiva Comunitaria Agropecuaria en el marco de la economía plural.” (Ley
de la Revolución Productiva Comunitaria Agropecuaria, 2011, Title I, Chapter 1, Article 3)
24
“Contribuir al logro de la soberanía y seguridad alimentaria para el Vivir Bien de las bolivianas y
los bolivianos, a través de la agricultura familiar sustentable, como parte del proceso de la
Revolución Productiva Comunitaria Agropecuaria y el Desarrollo Integral de la economía plural, en
armonía con la Madre Tierra; siendo el derecho a la alimentación un derecho humano.” (Estado
Plurinacional de Bolivia, 2013b)
25
“El objetivo de este estudio es profundizar el conocimiento sobre las características económicas
y sociales que hacen a una población más o menos vulnerable, poniendo énfasis en los municipios
que tienen un mayor nivel de amenaza de desastres en Bolivia.” (Unidad de Análisis de Políticas
Sociales y Económicas, 2015, p. 11).
26
UDAPE: Mapas de Vulnerabilidad Poblacional de Bolivia available at
http://www.udape.gob.bo/vulnerabilidad/AutoPlay/Docs/Visualizador/IVP/aIVP.html
19
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CHAPTER 3: METHODOLOGY

Case Study
The two guiding research questions of this thesis necessitate a dual
methodological approach. Therefore, I have elected to conduct a case study
using mixed methods that integrate both qualitative and quantitative data. It is
appropriate to conduct a case study for two main reasons: 1. This research
focuses on contemporary rather than historical circumstances and 2. Case
studies are particularly suited for “how” research questions related to public
policy (see the second guiding research question below) (Yin, 2014). The scale of
this case study is the Department of La Paz, Bolivia. The agricultural production
in question is all agricultural production within the Department of La Paz, while
the food consumption in question is the consumer demand of the La Paz-El Alto
metropolitan region.
Guiding Research Questions:
3.! What is the potential for regional self-reliance in the Department of La
Paz for certain items in the Basic Food Basket?
4.! How can departmental-level public policies improve food security
through increasing regional self-reliance, rural livelihoods, and/or
climate resilience in agricultural production systems in the Department
of La Paz?
My approach includes quantitative analysis through data and spatial
modeling, as well as qualitative research through engagement and interviewing
of food systems and policy actors in the Department of La Paz. The quantitative
modeling component of my thesis involves the construction of two pilot models:
a foodprint and foodshed model, and a climate change vulnerability model. The
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qualitative research consists of 17 interviews with food systems stakeholders and
policymakers in the public, private, and nonprofit sectors, which I conducted in
La Paz in July and August 2016.

Models
The foodprint and foodshed models integrate data on food
consumption, agricultural production, and land use to assess the current and
potential regional self-reliance for specific agricultural products for which there is
a comparative advantage for production within the Department. The climate
vulnerability model identifies areas of increased vulnerability based on stressors
and adaptive capacity in the agricultural production areas of the Department.
Each of the models is adapted from published methods from other scholars. The
work of Peters and his colleagues (Griffin et al., 2015; Peters et al., 2016; Peters,
Bills, Lembo, et al., 2009; Peters et al., 2012, 2007) directly influenced my
methods for the foodprint and foodshed model. I adapted my methods for the
climate vulnerability model based on two relevant studies that employed
geographic information systems (GIS) to analyze the vulnerability of agricultural
systems at a subnational level (Gizachew & Shimelis, 2014; Li et al., 2015). In
Chapters 5 and 6, I present the technical methods for each of these models
along with the corresponding findings. I include detailed supplemental
information for each model in Appendices A and B.
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Interviews
While in La Paz, I conducted interviews with 17 professionals from
academic institutions, non-governmental organizations, non-profit organizations,
and government agencies whose work relates to agricultural production, food
security, the food system, rural development, municipal and departmental
policies, and other themes germane to the project. I identified interview
participants in one of several ways:
1.! With the input of staff from my host organization, Fundación Alternativas,
I identified members of the La Paz Municipal Committee on Food
Security (Comité Municipal de Seguridad Alimentaria de La Paz
abbreviated here as CMSA-LPZ, an interdisciplinary committee
coordinated by Fundación Alternativas) who have expertise in the
aforementioned areas.
2.! I identified potential academic interviewees through their academic
profiles and research interests on the Universidad Mayor de San Andrés
website, with a focus on the Department of Development Sciences and
the Department of Agronomy.
3.! I identified other stakeholders and experts through my research before
traveling to Bolivia.
I interviewed six of members of CMSA-LPZ; nine stakeholders from
academic, research, and governmental institutions; and two Fundación
Alternativas staff members. The 17 completed interviews represent academic,
governmental, non-governmental, and civil society perspectives; perspectives
on rural and urban development policies; and representatives of small-scale
producers and representatives of urban food vendors. Although I made various
attempts in person and via email to contact faculty members in the Department
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of Agronomy at Universidad Mayor de San Andrés, I was not able to complete
interviews with agronomy faculty due to institutional barriers.
The interviews were semi-structured, building on a set of predetermined
questions on the topics of rural and urban development, agricultural production,
markets and commercialization, consumption and nutrition, food system
infrastructure, and public policies. Based on the interviewee’s area(s) of
expertise, I selected an appropriate subset of these questions and developed
more in-depth questions, either in advance or during the interview. With the
permission of the interviewees, I audio-recorded the interviews for later review.
Analysis of these interviews helps to contextualize my modeling analyses and
situate my recommendations for policy mechanisms within the local social,
political, economic, and environmental landscape.

39

CHAPTER 4: CONTEXT – THE DEPARTMENT OF LA PAZ, BOLIVIA

Overview
The Department of La Paz (hereafter referred to as the Department or
DLPZ) is unique in a variety of topographic, climatic, and environmental
characteristics that distinguish it from the eight other departments of Bolivia. As
seen in Figures 3 and 4, the Department is in the western-most region of Bolivia;
spans an impressively large range of elevation; and includes diverse topography,
ecosystems, and climates. The Andes mountain range cuts through the
Department and presents challenges for building road infrastructure and
connecting communities (see Figure 3). This mountainous transect cuts the
Department into regions with significantly different patterns of precipitation and
humidity. Across the Department’s diverse ecosystems, agricultural producers
cultivate crops and raise livestock using production practices that more closely
resemble Bolivia’s traditional small-scale, indigenous agricultural production
systems than do the large-scale, mechanized, and export-oriented systems of
Bolivia’s eastern tropical plains and the Gran Chaco plain, and especially those
of the Department of Santa Cruz (DSCZ).
The Department is home to the City of La Paz, which is the seat of the
national government, and the La Paz-El Alto metropolitan region, which is the
largest metropolitan region in the country. According to the most recent
national census, DLPZ is the most populous department in Bolivia, with 2.7
million of the country’s 10 million people (Instituto Nacional de Estadística,
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2012). According to the 2012 census, the La Paz-El Alto metropolitan region had
a population of 1.6 million people, about 158,000 residents more than Bolivia’s
largest single city, Santa Cruz de la Sierra (Instituto Nacional de Estadística,
2012). Nearly 1.5 million of the Department’s residents self-identify as belonging
to an indigenous or minority group, mainly Aymara (1.3 million), Quechua (over
8,000), and Afro-Bolivian (over 8,000) (Instituto Nacional de Estadística, 2012).
Within the Department, 64% of residents speak Spanish as their first language,
32.5% speak Aymara as their first language, and 3% speak Quechua as their first
language. About two-thirds of native Aymara and Quechua speakers are
concentrated in rural areas, whereas 79% of native Spanish speakers are
concentrated in urban areas (Instituto Nacional de Estadística, 2012).
The pairing of a large metropolitan population and many rural, smallscale agricultural producers presents unique opportunities and challenges for
increasing regional self-reliance, rural livelihoods, and food security with food
sovereignty. This chapter describes the current profile of DLPZ’s agricultural
producers and production systems based on the 2013 National Agricultural
Census, compares DLPZ with national trends, and contrasts DLPZ with DSCZ.

Geography, Topography, and Climate
The Department of La Paz covers 133,985 km2, equal to 12.2% of the
Bolivian territory (Instituto Nacional de Estadística, 2015). As a reference for
readers from the United States, DLPZ is roughly the size of Louisiana.
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Approximately one-fifth (25,352.5 km2) of the Department’s land area is part of
an agricultural production unit (APU), a property (parcel or group of parcels) that
is used at least in part for agricultural production of crops and/or livestock
(Instituto Nacional de Estadística, 2015). Nationally, 31.5% of Bolivian territory is
part of an APU, over one third of which is dedicated to livestock production
(Instituto Nacional de Estadística, 2015).
DLPZ is subdivided into 20 provinces which in turn are divided into 87
municipalities (Instituto Nacional de Estadística, 2015). Given the large number
of municipalities and relatively small departmental area, DLPZ’s municipalities
are, on average, smaller in area than municipalities in other departments,
especially DSCZ. The large number of small municipalities in the Department
could be an important reason to develop provincial and/or departmental level
policies that support producers and promote regional self-reliance.
The Department spans a huge range of elevation, from the Altiplano
which averages around 3,750 meters above sea level (approximately 12,300
feet), to the Department’s highest peak Illimani at 6,438 meters above sea level
(21,122 feet), to the Amazon basin at lower then 200 meters above sea level
(650 feet). The high elevation regions of DLPZ are one of the few places on the
planet where agriculture takes place at such high altitude, which is possible in
large part due to the Department’s proximity to the Equator. As seen in Figure
4, DLPZ includes four of the Bolivia’s five major ecosystems, with approximately
equal area in the Altiplano, Andean valleys, and Amazon ecoregions. Each of
42

these ecosystem types is apt for a unique cohort of crops and livestock, presents
distinct challenges based on climate and precipitation, and necessitates
adapted agricultural practices.
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Figure 3. Departments of the Plurinational State of Bolivia
Source: Created with data from GeoBolivia
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Figure 4. Major ecoregions of Bolivia
Source: Created with data from GeoBolivia
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Agricultural Production
Description of Producers
One distinct characteristic of production across DLPZ is the
predominance of small-scale family agriculture (Baldivia Urdininea, 2011). Family
agriculture in Bolivia is characterized by family members providing the main
labor source; predominantly manual labor to prepare land, plant seeds, and
harvest crops; mainly dry land (non-irrigated) agriculture on parcels smaller than
15 hectares; low yield; and some part of the harvest (possibly significant) being
consumed by the family (Baldivia Urdininea, 2011).
Most of these small-scale family producers are campesino (peasant)
producers of the Andean region – one of the four Bolivian producer typologies
described by CIOEC-Bolivia (an organization representing peasant economic
organizations) (CIOEC-Bolivia, 2009). The campesino farmers of the Altiplano
and semiarid valleys of DLPZ have principally settled around Lake Titicaca, in
valleys, and near rivers where they use the land both intensively and extensively.
Throughout these regions, agricultural production has led to the deterioration of
natural resources through erosion, loss of soil fertility, salinization, and loss of
native vegetation. In the Altiplano, small-scale production mainly consists of
livestock production with grazing of pasture and natural grasses. In the Andean
valleys, there is more agricultural activity and the principal crops include potato,
corn, wheat, barley, fava, quinoa, and, in certain regions such as the hot tropical
valleys called yungas, vegetables and tree fruits (CIOEC-Bolivia, 2009).
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In much the same way that DLPZ has diverse ecosystems and a wide
range of elevation, the department is home to a variety of types of producers. In
addition to the campesino producers, DLPZ producers also include colonizers in
the area around the municipality of Alto Beni and grassland ranchers in the
northern provinces of DLPZ. Agricultural production in areas around Alto Beni is
characterized by the expansion of the agricultural frontier through land clearing
and crop rotation. The availability of land but scarcity of labor has spurred ruralrural migration within Bolivia. In northern DLPZ, ranchers are mainly dedicated to
beef production. However, the ranches in northern DLPZ are not as large as
those in the major beef production areas of the Departments of Santa Cruz
(DSCZ) and Beni (DBNI). The only producer typology that is not represented in
DLPZ is the mid- and large-scale producers that are characteristic of eastern
Bolivia, mainly in DSCZ, that cultivate export crops and agroindustrial inputs.
These larger producers possess much more land in aggregate and per APU
(CIOEC-Bolivia, 2009).

In Contrast with the Department of Santa Cruz
Another important distinction of the agricultural production systems in
DLPZ is the size of APUs. In the 2013 National Agricultural Census, the DLPZ
claimed 245,455 APUs, a number equal to 28% of the nation’s APUs. This is the
largest number of APUs in any one department, surpassing the second
department (the Department of Cochabamba, DCBA) by almost 64,000 APUs
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(Instituto Nacional de Estadística, 2015). To better contextualize what this means
for DLPZ producers, it is appropriate to compare DLPZ with the Department of
Santa Cruz (DSCZ), which is the country’s dominant department for agricultural
production and is seen as the strategic target for national food security policies
(Baldivia Urdininea, 2011). In later chapters, I will examine and critique the idea
that DSCZ is the only strategic target for food security.
Figure 5 illustrates the disparity in the size of APUs in DLPZ and DSCZ.
Ninety percent of APUs in DLPZ are less than 20 hectares, whereas 50% of APUs
in DSCZ are larger than 20 hectares (Instituto Nacional de Estadística, 2015).
DSCZ has the greatest number of hectares in summer cropland (60.8% of the
national total), followed by DLPZ (10.6% of the national total) (Instituto Nacional
de Estadística, 2015). However, of DSCZ’s 1.68 million hectares of summer
cropland, nearly 1 million is planted in summer soybeans (98.7% of all soybean
hectares in the country) (Instituto Nacional de Estadística, 2015). In contrast,
summer cropland in DLPZ is planted in a diversity of crops, as Figure 6
illustrates.
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Figure 5. Distribution of area of agricultural production units (APUs) in hectares
for the Departments of La Paz and Santa Cruz.
Source: Created with data from Censo Nacional Agropecuario 2013 (Instituto
Nacional de Estadística, 2015)
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Figure 6. Area in summer cropland production (by crop) in the Department of La
Paz
Source: Created with data from the 2013 National Agricultural Census (Instituto
Nacional de Estadística, 2015)

DSCZ is a relatively flat lowland area that is predominantly tropical plains
and the Gran Chaco plain. This flat landscape influences the structure and
composition of APUs in DSCZ, DSCZ is a major production area for beef (along
with DBNI), wheat, soy, sunflower (as a winter rotation crop), sugar cane, and
poultry and eggs (along with DCBA) (Nolte, 2004).
Production in DLPZ varies by ecoregion (see Figure 4). In the Amazon
region of northern DLPZ, cattle production is increasingly common but is still
mainly producers with small to medium herds raised on pasture (Conde, 2016).

50

However, due to lack of road infrastructure and connectivity to markets, the
meat from these cattle are unlikely to reach the market in the La Paz-El Alto
metropolitan region (Pérez, 2016a). The Andean valleys are a major production
area for potatoes and tubers, both temperate and tropical tree fruits (depending
on the valley), cacao, coffee, and coca (CIOEC-Bolivia, 2009). There is growing
dairy production in the valleys and near Lake Titicaca (CIOEC-Bolivia, 2009;
Conde, 2016). The high, dry plain of the Altiplano is the main location of
camelid (llamas and alpacas) and sheep production (CIOEC-Bolivia, 2009;
Conde, 2016). Figure 7 illustrates the distribution of land uses in the APUs of
DLPZ, where 39% of APU land are is in pasture and grasses, 29% is in cropland,
18% is in forested areas, and 14% is in non-agricultural uses (Instituto Nacional
de Estadística, 2015).
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Figure 7. Land uses in the agricultural production units of the Department of La
Paz
Source: Created using data from the 2013 National Agricultural Census (Instituto
Nacional de Estadística, 2015)
*Other non-agricultural land uses include areas that are not apt for agriculture,
including roads, buildings, houses, and water bodies.
**Fallow land is land that is taken out of crop production for a year or less. Resting
land is land that is taken out of production for more than one year (typically two to
eight years) for natural regeneration of fertility.

Crop Production in the Department of La Paz
In DLPZ, 92.2% of APUs cultivate summer crops, making DLPZ the
department with the greatest number of APUs engaged in summer cultivation –
more than double the number of APUs with summer cultivation in any other
department (Instituto Nacional de Estadística, 2015). The top ten crops in terms
of hectares of summer cultivation are potato, alfalfa, barley (forage), coffee,
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barley (grain), coca, corn, quinoa, banana, and cacao (in descending order). The
top four crops account for almost 50% of land area in summer cultivation, and
potato alone accounts for 18%. DLPZ has the largest number of fruit trees of all
departments – just shy of 2 million of the nation’s 9 million fruit trees – and
almost one quarter of APUs in DLPZ have fruit trees (Instituto Nacional de
Estadística, 2015). As Figures 8 and 9 illustrate, the land area most apt for crop
production and mixed crop and livestock production is concentrated in the
Andean valleys of DLPZ.
Producers in DLPZ predominantly use native seed (84.2% of APUs),
followed by improved seed (14.8%), and few use certified seed (3.7% of APUs).27
A larger number of APUs in DLPZ use natural fertilizer than chemical fertilizer
(66.3% versus 28.6%); however, 44.9% of APUs in DLPZ apply agrochemicals to
control pests and diseases. Only 6.5% use biological controls, and 10.7% apply
natural products to manage pests and diseases. DLPZ has the largest number of
APUs that claim to produce organic crops (77,067 producers, equal to 31.4% of
the Department’s APUs). Coffee and cocoa are the two crops with the greatest
number of organically certified APUs in DLPZ (Instituto Nacional de Estadística,
2015).

Livestock Production in the Department of La Paz
While many APUs in DLPZ have livestock, it is largely in mixed crop and
livestock systems with a small number of animals. As Figure 10 illustrates, over
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one-third of APUs in the Department have cattle. DLPZ leads the nation as the
department with the largest number of APUs that have bovine livestock
(including both beef and dairy cattle). However, on average, these APUs have
many fewer head of cattle than APUs with bovine production in the DSCZ and
DBNI, which have 43.3% and 31.6% of the nation’s cattle, respectively, versus
DLPZ with only 6.0% (see Figure 11). This is largely due to the fact that DSCZ
and DBNI are the centers of both beef and dairy bovine production in Bolivia
(Instituto Nacional de Estadística, 2015). DLPZ has about 500,000 cattle, twothirds of which are for meat production and one-third of which is for milk
production (Instituto Nacional de Estadística, 2015). In DLPZ, beef cattle are
largely raised in the tropical lowlands of the Amazon region of northern DLPZ
(Conde, 2016) and dairy cattle raised on high plains of the Andes (Conde, 2016;
Nolte, 2004) (see Figures 8 and 9)..
As compared to the national proportions of meat and dairy cattle, DLPZ
has a higher representation of dairy cattle (nationally, only 13.6% of cattle are for
dairy production) (Instituto Nacional de Estadística, 2015). DLPZ leads the nation
in the number of APU that milk dairy cows, but DSCZ leads the nation in the
number of dairy cows milked. Again, this speaks to the smaller average herd size
of each APU engaged in dairy production in DLPZ in comparison to DSCZ. Just
over half of Bolivia’s dairy cows are in DSCZ (53.4%), but DLPZ has the second
largest number of all departments (17.1%) (Instituto Nacional de Estadística,
2015). DLPZ has lower average milk yield, which may reflect a difference in dairy
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production techniques, including the prevalence of manual milking (98.8% of
APUs in DLPZ). Nonetheless, DLPZ is the third department in total daily milk
production. This production has grown in recent years, but DLPZ still has limited
dairy infrastructure, including few milking machines and milk cooling tanks
(Instituto Nacional de Estadística, 2015).
The high, dry Altiplano is an important area for camelid and sheep
production. While Bolivia’s bovine population has grown fourfold since 1950,
the sheep population has declined by one-eighth. Nevertheless, DLPZ reports
the highest number of APU with ovine livestock as well as the largest number of
ovine livestock (28.7% of the national count). Camelid production, including
llamas and alpacas, is concentrated in the western highland departments of
Oruro, Potosí, and La Paz. DLPZ accounts for 21.7% of the national llama
population and 68.8% of the national alpaca population (Instituto Nacional de
Estadística, 2015). Today, camelid meat is not frequently consumed, especially
in the urban areas, and camelids are raised primarily for fiber.
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Figure 8. Agricultural Production Potentials in the Department of La Paz
Source: Created with data from GeoBolivia
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Figure 9. Agricultural Production Potentials in the Department of La Paz
Source: Created with data from GeoBolivia
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In DLPZ, there are similar trends in porcine and avian production, as seen
in Figures 10 and 11. DLPZ does not constitute a large portion of national
production of pork or poultry sold to markets. For both pigs and birds, smallscale (backyard) production is greater in both number of animals and percent of
APUs than is production of pigs or birds for market. This is evidence that pig and
bird (mainly chicken) production is mainly for home consumption rather than
commercial sale. There has been a steep increase in Bolivian demand for
poultry, as is evidenced by the 25-fold increase in avian livestock production
since 1950. However, this demand has mainly been satisfied by DSCZ and

40%

2,000,000

35%

1,750,000

30%

1,500,000

25%

1,250,000

20%

1,000,000

15%

750,000

10%

500,000

5%

250,000

0%

0

Participating!APUs!(left!axis)

Number!of!animals

Percent!of!APUs!in!DLPZ

DCBA (Instituto Nacional de Estadística, 2015).

Livestock!Population!(right!axis)

Figure 10. Livestock population and participating APUs in the Department of La
Paz
Source: Created with data from the 2013 National Agriculture Census (Instituto
Nacional de Estadística, 2015)
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Figure 11. Livestock population in the Department of La Paz as a percentage of
the national livestock population
Source: Created with data from the 2013 National Agriculture Census (Instituto
Nacional de Estadística, 2015)

Challenges in Production and Barriers to Marketing Goods
As mentioned, the agricultural production systems in DLPZ more closely
resemble the labor structure, cultural practices, and mechanization of traditional,
indigenous agricultural systems than do the production systems of eastern
lowland Bolivia. In DLPZ, 45.7% of APUs have “mink’a” or “ayni” labor systems –
which are based on collective work for the betterment of the community or on
familial reciprocity. Just over half of APUs (51.4%) in DLPZ have unremunerated
workers while just over one-quarter of APUs (26%) in DLPZ employ paid workers.
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Remunerated workers include 560,813 people in crop production (50.5% men,
49.5% women) and 17,186 people in livestock production (56.2% men, 43.8%
women) (Instituto Nacional de Estadística, 2015).
In half of DLPZ communities (49.9%), manual labor is the main soil
preparation strategy, whereas mechanized soil preparation is the main strategy
in only one-quarter of communities (23.4%). DLPZ is among the five
departments – all in arid, western Bolivia – most affected by erosion, with midlevels of hydraulic erosion in nearly 50% of communities. Salinization,
acidification, and compaction have also degraded the soil (27.1%, 16.2%, and
35.2% of communities, respectively) (Instituto Nacional de Estadística, 2014).
Production volumes and yields in DLPZ are also impacted by limited
irrigation and insufficient technical assistance, access to credit, and agricultural
insurance. Despite the dry climate in the Altiplano and semiarid Andean valleys,
only 9.5% of summer cropland in DLPZ is irrigated. The crops with the greatest
number of irrigated hectares are potato, alfalfa, fava, corn, and coca. The major
forms of irrigation are gravity (81% of APUs with irrigation), spray/sprinkler
(23.4%), and drip (3%) (Instituto Nacional de Estadística, 2015). As reported in
the 2013 National Agricultural Census, only 14.6% of APUs in DLPZ received
support or technical assistance from any type of institution, organization, or
government entity. Only 0.8% of APUs in DLPZ have agricultural insurance,
compared to 3.1% of APUs in all of Bolivia. Of the APUs in DLPZ that have
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agricultural insurance, the most common crop is potato, followed by corn, fava,
barley grain, and oca (a tuber) (Instituto Nacional de Estadística, 2015).
The DLPZ producers that surmount the climatic and institutional challenges to
produce a surplus harvest still face barriers in bringing their product to market.
In the 2013 National Agricultural Census community survey, DLPZ communities
identified 3 major challenges to selling their products: lack of road infrastructure,
scarcity of adequate transport, and scarcity of markets (Notiboliviarural, 2014).
For example, in recent decades, national and subnational (departmental and
municipal) governments have prioritized the improvement of road infrastructure.
Even so, only 46.3% of communities in DLPZ are accessible by permanent
highway or vehicular road (Instituto Nacional de Estadística, 2014). Climatic and
production challenges, institutional deficiencies, and infrastructural insufficiency
featured heavily in the interviews conducted in this research and these issues will
be explored further in Chapter 7.

NOTES
Native seed refers to seed that has been cultivated in the region or zone for generations and
that hasn’t been treated in any way. Improved seed that is treated in some way to improve yields
or increase resistance to pests or diseases; this includes hybrid seeds and all treated and selected
seeds. Certified seed refers to seed that has gone through a certification process, is registered,
and meets national standards for physical form and purity. (Instituto Nacional de Estadística, 2015)
27
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CHAPTER 5: FOODPRINT AND FOODSHED MODEL

Objectives
In simplified terms, a foodprint model is a spreadsheet model that
combines agricultural census data and spatial data to work backward from a
nutritionally adequate model diet; through food losses, food waste, and
commodity conversions; feed requirements (for animal-based foods only); and
crop yields to calculate the agricultural land required to support one individual
for one year (for a more detailed description, see Chapter 2). The land
requirement estimated in the model can be used to calculate population land
requirements, carrying capacity, and/or regional self-reliance. The foodshed
portion of this model utilizes geospatial data in conjunction with the results of
the foodprint model to calculate regional self-reliance based on current and
potential land uses in DLPZ. Thus, the primary objective of the foodprint model
for DLPZ is to estimate the amount of land required annually to support the La
Paz-El Alto metropolitan region with regionally produced food. This geographic
specification means that land requirement calculations are based on crop yields
specific to the Department. The second objective is to calculate the regional
self-reliance for individual food items in the model diet. This model could be
used to identify agricultural products for which there is potential for greater
regional self-reliance. The third objective is to compare the population land
requirements to the amount of agricultural land in the Department’s foodshed.
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Methods
My methods for constructing a foodprint and foodshed model are
adapted from models that Peters and colleagues have constructed to calculate
land requirements of food consumption and production, as well as regional selfreliance, in New York State and the United States (Griffin et al., 2015; Peters et
al., 2016; Peters, Bills, Lembo, et al., 2009; Peters et al., 2012, 2007). The basic
steps of the foodprint and foodshed model, as adapted from Peters, Wilkins, &
Fick (2007), are:
1.!
2.!
3.!
4.!
5.!
6.!
7.!
8.!
9.!

Define model diet
Account for food losses and food waste
Convert to farm commodities
Account for livestock feed requirements (for animal-based foods only)
Define productivity of land (crop yields)
Account for multi-use crops (e.g., soy oil and soymeal from soybeans)
Estimate land requirements (per capita and population)
Calculate regional self-reliance
Compare population land requirements with current agricultural land use

Model Diet Definition
The model diet serves as the foundation of the foodprint and foodshed
model. The model diet should be both nutritionally adequate and an
approximation of real consumption patterns. For this model, I use the basic food
basket (BFB) from Fundación ARU’s “Drawing the line: Estimating the basic food
basket and poverty lines in Bolivia during the 1999-2012 period” (HernaniLimarino, Jiménez, & Mena L., 2014). The BFB (known as the canasta básica de
alimentos in Spanish) is a collection of foods considered to be the minimum
amount and variety of food to satisfy energy and protein needs for one
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individual for one day (Fundación Jubileo, 2013). In this analysis, HernaniLimarino et al. (2014) derive the BFB for five geographic domains, including the
La Paz-El Alto metropolitan region, based on food expenditure data from the
Continuous Household Survey (Encuesta Continua de Hogares) between
November 2003 and November 2004.
These derived BFBs are the first updates to the BFBs that were derived in
1995. The authors argue that the 1995 BFB is inadequate for use because the
food consumption data available in 1995 were lacking, the demographic
structure has changed, and the criteria for nutritional needs are outdated
(Hernani-Limarino et al., 2014). Moreover, the BFBs in the Fundación ARU report
reflect the nutritional transition occurring, especially in urban Bolivia, and reflect
relative price changes, more diverse offerings of packaged foods and food away
from home, and more market share in supermarkets and specialty stores, as
seen in higher consumption of processed foods and wheat products and lower
consumption of traditional Andean crops (Hernani-Limarino et al., 2014). Thus,
these new BFBs describe actual consumption patterns that are nutritionally
adequate with respect to satisfaction of calorie and protein requirements as well
as other dietary standards, but are not necessarily nutritionally ideal with respect
to micronutrient requirements. The reference population consists of the first
quintile of households for which per capita energy (calorie) consumption meets
recommended levels28 (Hernani-Limarino et al., 2014). For the detailed
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information about the components and quantities of the BFB for La Paz, see
Table 8 of Appendix A.

Agricultural Land Requirement Estimates
Annual per capita land requirement (Apercap) is the sum of land
requirements for all plant- and animal-based foods in the model diet and is
estimated using Equation 1 from Peters et al. (2007):
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where for each plant-based food (i), the quantity consumed annually (Q) is
multiplied by a conversion factor (L) that accounts for food losses, processing,
and food waste, and then divided by yield (Y); and where for each animal-based
food (k), the quantity consumed annually (Q) is multiplied by a conversion factor
(L) that accounts for food losses, processing, and food waste, then multiplied by
feed requirements (R) for each feed ingredient (k) and then divided by yield (Y)
for each associated feed crop (Peters et al., 2007). See Figure 19 of Appendix A
for examples of land requirement calculations.
When there are multiple uses for a crop, such as soybean oil and
soybean meal, the land requirement for the larger of the two uses is included in
the model while the land requirement for the smaller use is omitted from the
model. This consideration avoids double-counting the land requirement for the
soybeans from which these two products are derived.
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Using the annual per capita land requirements, I then calculated the
annual population land requirements for the La Paz-El Alto metropolitan region
based on the 2016 population of the two cities.

Regional Self-Reliance
In addition to calculating population land requirements for the La Paz-El
Alto metropolitan region, I calculated the annual regional demand for each
crop. In turn, regional self-reliance (RSR) for each plant-based food (m) is
calculated using Equation 2, which is adapted from Conrad et al. (2016):
1213445,7 = 8
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where the regional output (O) for each food (m) is divided by the regional
demand (D) for each food (m). Regional output is based on average production
volumes in DLPZ for the 12 agricultural seasons between 2004 and 2016.
Regional demand is estimated as the annual demand for the La Paz-El Alto
metropolitan region estimated by the foodprint model.

Foodshed Calculations
To compare population land requirements from the foodprint
calculations with current and potential agricultural land use, I completed
foodshed calculations using Equation 3. Equation 3 illustrates that foodshed
calculations can be a modified regional self-reliance calculation by conceiving of
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agricultural land use as the regional output and the population land
requirements as the regional demand:
121?&@5,? = 8
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>ABC<,A

[3]

where the regional output (O) for each type of agricultural land (l) is divided by
the regional demand (D) for each type of agricultural land (l). For this analysis,
the foodshed boundaries are the same as the political boundaries of the
Department.

Data Sources
Production data for the Department of La Paz for the 12 agricultural
seasons between 2004 and 2016, including production area, volume, and yield,
is from the database of the Agroenvironmental and Productive Observatory
(Observatorio Agroambiental y Productivo), which houses data from the
National Statistics Institute of Bolivia (Instituto Nacional de Estadística de Bolivia)
and the Ministry of Rural Development and Lands (Ministerio de Desarrollo Rural
y Tierras), including data from the 2013 National Agricultural Census (Censo
Nacional Agropecuario 2013). Food waste and food loss estimates are from the
FAO report “Global Food Waste and Food Loss” (Gustavsson, Cederberg,
Sonesson, van Otterdijk, & Meybeck, 2011). Commodity conversion factors for
Bolivia are from the FAO report “Technical Conversion Factors for Agricultural
Commodities” (Statistics Division of the FAO, n.d.). When sufficient information
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about conversion factors was not available from the FAO report, I consulted the
USDA-ERS handbook “Weights, Measures, and Conversion Factors for
Agricultural Commodities” (USDA-ERS, 1992). There is a lack of reliable
quantitative data on the livestock production systems in DLPZ. Therefore,
information about livestock feed composition and feed conversion ratios for
dairy cattle, laying hens, and broiler chickens are adapted from a livestock
model from the United States (Peters, Picardy, Darrouzet-Nardi, & Griffin,
2014).29 This model assumes pasture-raised beef production for DLPZ, and data
is drawn from the FAO’s Bolivia country profile on pasture and forage resources
(Vera, 2004). For additional information on data sources for each of the steps as
well as assumptions, see Table 9 of Appendix A.

Results
Agricultural Land Requirements of the Model Diet
Based on the model diet, the annual per capita agricultural land
requirement is 1.94 hectares per person per year. Table 2 offers a summary of
the per capita and population land requirements for the La Paz-El Alto
metropolitan region by crop category. As is evident, the grazing land used for
livestock grazing accounts for the clear majority (68%) of the annual land
requirement. Annual crops account for 27% of the annual land requirement, and
perennial crops account for the remaining 5% of the annual land requirement.
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The population land requirement is just almost 3.3 million hectares per year to
satisfy the dietary demands of the La Paz-El Alto metropolitan region.

Table 2. Annual per capita and population agricultural land requirements for the
La Paz-El Alto metropolitan region
Crop category
Agricultural land requirements
Per capita
(ha/person/yr)

Population*
(ha/yr)

Annual crops
0.53
900,772
Perennial crops
0.09
157,501
Grazing land
1.32
2,230,395
Total
1.94
3,288,668
* Based on the 2016 combined population for the cities of La Paz and El Alto
(1,695,837 people)
It is also informative to disaggregate the land requirements by crop
groups used in reporting agricultural data in Bolivia, as seen in Table 3 and
Figure 12. After pasture or grazing land, cereals account for the largest portion
of the annual land requirement, followed by oilseeds and industrial crops. This
reflects the land requirements of wheat products, rice, sunflower oil, and sugar
for human consumption, as well as corn and soybeans for livestock feed.
Stimulants – including coffee, tea, and cacao – account for the smallest annual
land requirements but are also a small portion of daily caloric consumption.
Relative to the energy (calories) that they provide and the portion of the diet
that they constitute, tubers require a small land base for production.
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Table 3. Annual per capita and population agricultural land requirements for the
La Paz-El Alto metropolitan region

Cereals
Stimulants
Fruits

Per capita
land requirements

Population
land requirements*

(ha/person/yr)

(ha/yr)

plantbased
foods

animalbased
foods

all
foods

0.24

0.10

0.35

588,039

0.00

0.00

5,191

0.07

0.07

126,381

Vegetables

0.02

0.02

32,344

Tubers

0.02

0.02

26,799

0.05

253,237

Oilseeds and Industrial Crops

0.09

0.15

Forages

0.02

0.02

26,283

Pasture/Grazing land
Total

1.32

1.32
1.94

2,230,395

3,288,668
* Based on the 2016 combined population for the cities of La Paz and El Alto (1,695,837
people)

Grazing!land
Forages
Oilseeds!and!Industrial!Crops
Tubers
Vegetables
Fruits
Stimulants
Cereals
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

ha/person/yr
plantFbased!foods

animalFbased!foods

Figure 12. Annual per capita agricultural land requirements for the La Paz basic
food basket by crop groups
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Regional Self-Reliance for Plant-Based Food Crops
As economists Tietenberg and Lewis (2012) remind, self-sufficiency (or
regional self-reliance, RSR) is not necessarily an appropriate goal for a country or
a region. Due to the “law of comparative advantage,” regions or nations would
be economically better off specializing in the products for which they have a
comparative advantage (Tietenberg & Lewis, 2012, p. 283). However,
Tietenberg and Lewis (2012) also warn against becoming excessively reliant on
either domestic production or imports. This is especially important in the context
of increasing climatic shocks on production areas domestically and
internationally. In light of the law of comparative advantage, as well as the reality
that most animal-based products are produced outside of DLPZ (either in other
departments or other countries), I calculated RSR for plant-based foods only.
This decision is justified for two additional reasons: 1. the strength of this
foodprint model is plant-based foods due to the availability of specific
production and yield data for DLPZ and 2. both the foodprint calculations and
the stakeholder interviews (to be discussed at length in Chapter 7) identify
tuber, fruit, vegetable, and possibly legume crops as those that have some
comparative advantage in DLPZ.
Agricultural production in DLPZ exceeds the quantity demanded by the
La Paz-El Alto metropolitan region for seven of the 25 crops that make up the
plant-based foods in the BFB (see Table 4). Among these crops are high-value
export crops such as coffee and cacao. Notably, DLPZ exceeds RSR in key staple
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crops such as potatoes and fava bean, as well as for several fruit and vegetable
crops. DLPZ has low RSR for industrial crops such as sunflower, soybean, and
sugar cane, as well as staple grains like wheat and rice. There is potential for
improved regional self-reliance for several fruit, vegetable, and legume crops.
Table 4. Regional self-reliance for plant-based foods in the La Paz basic food
basket
Low
Potential for
Exceeds
Regional SelfImproved Regional
Regional Self-Reliance
Reliance
Self-Reliance
RSR < 0.25
0.25 ≤ RSR < 1.00
RSR ≥ 1.00
Sunflower
0.000
Squash
0.384
Mandarin
1.409
Apple
0.001
Peaches
0.401
Lettuce
1.727
Soybean
0.004
Peanut
0.490
Potato
1.870
Fava
Wheat
0.006
Peas
0.585
Beans
2.436
Strawberry
0.014
Tea
0.732
Coffee
5.195
Carrot
0.021
Papaya
0.763
Cacao
8.401
Onion
0.032
Banana
0.834
Plantain
11.424
Sugar Cane
0.039
Tomato
0.109
Rice
0.150
Orange
0.214
Calculations assume the Department of La Paz as the foodshed boundary and the La
Paz-El Alto metropolitan region as the consumer population

Regional Self-Reliance for Agricultural Land (Foodshed)
The DLPZ foodshed, which is delimited by the department political
boundaries, can be described in two ways: 1. according to spatial data defining
the “productive potential”30 of the land, based on analysis by the Territorial
Information System for Production Support (Sistema de Información Territorial
de Apoyo a la Producción, SITAP) or 2. according to data from the 2013
National Agricultural Census (Censo Nacional Agropecuario 2013). “Productive
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potential” is determined by soil type, slope, elevation, vegetative cover, and
current land use or land cover. Production potentials may speak to potential
future expansion of agricultural land uses, but is not a representation of current
agricultural land uses. Thus, the 2013 National Agricultural Census is a better
representation of the current land area in agricultural production.
According to the agricultural census, cropland in summer cultivation in
DLPZ accounts for only 28% of the cropland demand for the La Paz-El Alto
metropolitan region, and grazing land accounts for only 44% of grazing land
demand for the metropolitan region (see Table 5). Calculations based on
productive potentials present a more optimistic view of RSR. According to
productive potentials, DLPZ could exceed RSR in both cropland and pasture.
However, putting more of this land in production could result in environmental
degradation due to land use change.
Again, it may be best to focus calculations of RSR for agricultural land on
plant-based foods, especially those that have a comparative advantage in DLPZ.
Combined, the annual per capita land requirement for tubers, fruits, and
vegetables is 0.11 hectares per person per year. The population land
requirement for tubers, fruits, and vegetables is about 185,500 hectares per
year. These 185,500 hectares are well within the nearly 293,000 hectares in
summer cultivation reported in the 2013 agricultural census.
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Table 5. Regional self-reliance for agricultural land in the Department of La Paz,
Bolivia
Population land
RSR land
requirement
(ha/yr)

Cropland (all types)
Grazing land

According to
productive
potentials
1.53
1.08

1,058,273
2,230,395

According to
2013 CNA*
0.28
0.44

*2013 CNA = 2013 National Agricultural Census of Bolivia
Limitations and further development
Animal Production Modeling (Livestock Modeling)
The next step for this pilot model is to adapt the livestock analysis to the
Bolivian condition. This may require the collection of new data and metrics for
livestock production, including feeding practices (e.g., typical feeds, prevalence
of confinement versus free range) and more current productivity of grazing land.
Due to limited reliable sources for livestock production data for beef, dairy, and
poultry (including eggs) at the departmental level, I had to rely on more general
livestock data for Bolivia and adapt models of US livestock production for the
Department of La Paz. For beef production in DLPZ, although pasture-based
systems are still prevalent, the assumption that beef cattle in DLPZ are purely
pasture-raised overestimates this predominance. There is growing production of
cattle in the northern Amazon region of DLPZ (Conde, 2016), but most of this
cattle does not reach the market in the metropolitan region because it is more
advantageous to sell the cattle to more accessible areas (such as adjacent
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departments or Peru) rather than transport it through the Andes (Pérez, 2016b).
The cattle raised in the Andean valleys and in the Altiplano belong to small
herds and are mainly pasture-raised (Conde, 2016). These cattle may reach the
markets in the metropolitan region, although beef is mostly sourced from
eastern Bolivia. Nevertheless, for future iterations of this foodprint model,
acquiring accurate data sources on bovine livestock production should be a
priority.
For dairy and poultry, I relied on a model developed by Peters and
colleagues for the US (Peters et al., 2014). Both models assume industrial
production systems for dairy and poultry, which represents only a small portion
of the dairy and poultry production in DLPZ. In the case of poultry production,
the use of these models likely overestimates the use of annual crops such as
corn and soybeans as feed, whereas poultry in DLPZ is largely small-scale or
“backyard” production and utilizes waste streams from crop production, as well
as household food waste, as feed. Industrial dairy production in DLPZ is
growing; however, small-scale dairy is still prominent and milk yield is lower in
DLPZ than in several other departments in Bolivia and industrial production in
the US.
Lastly, this analysis does not include land requirements for farmed fish
feed. The La Paz BFB diet includes three species of fish: Argentinean silverside
(pejerrey), Carache (Karachi), and sardine. As a wild-caught marine fishery, the
sardine would not add to the land requirements. However, the Argentinean
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silverside is a species that was introduced into the Lake Titicaca watershed and
the population is farmed, at least in part (FAO, 2005). The Carache is endemic to
Lake Titicaca, and there is conflicting information about the methods of
production and harvest for this fish. In summary, due to the lack of reliable
information on the portion of wild caught versus farmed fish in Lake Titicaca, as
well as lack of information on feed composition and feed conversion ratios, I
elected to exclude fish from the land requirement calculations. However, in
recent years, Bolivia has committed to increasing aquaculture production and
the Bolivian Aquaculture Research and Development Center (Centro de
Investigación y Desarrollo Acuícola Boliviano) would be a good resource for
more information.

Modeling Different Diets and/or Alternative Food Baskets
The present foodprint model analyzes the annual land requirements and
RSR for only one model diet. Now that the model is built, it can be used to
estimate land requirements and RSR for diets with alternative priorities such as
micronutrient and macronutrient nutritional adequacy, increased consumption of
traditional Andean crops and livestock, increased consumption of crops with
comparative advantage, maximization of crop byproducts as animal feed, and/or
environmental sustainability (e.g., minimizing land requirements). A diet
prioritizing traditional Andean products including potatoes and other tubers
such as oca, papaliza, yuca, and hualuza; camelid meat; and grains such as
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amaranth and cañahua may also capture efficiencies for comparative advantage
and/or sustainability.
As a final note, the National Institute of Statistics (Instituto Nacional de
Estadística) was due to release a new official BFB in February or March 2017
(Aguilar, 2016). By the end of April 2017, it was still unavailable. Once this
updated BFB is available, the existing foodprint model for the La Paz-El Alto
metropolitan region could be re-calculated using the food items and quantities
of this new BFB.

NOTES
Energy and nutritional guidelines used in the BFB analysis from the Fundación ARU report are
from the 2001 FAO-WHO-UNU report “Expert Consultation Report on Human Energy
Requirements.”
29
Making assumptions about livestock production in Bolivia based on US models is somewhat
precarious. This will be discussed further at the end of this chapter.
30
The data layer for productive potentials used in the foodprint and foodshed model, as well as
the climate change vulnerability model is the product of analysis by the Bolivian government. This
shapefile is available through GeoBolivia.
28
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CHAPTER 6: CLIMATE CHANGE VULNERABILITY MODEL

Objectives
The primary objective of the climate change vulnerability analysis is to
identify municipalities whose agricultural production systems and agricultural
producers are most likely to be vulnerable to climate change. The secondary
objective is to compare the dominant agricultural land uses across municipalities
of different vulnerability levels. This model could be used in collaboration with
vulnerable populations to identify policy approaches and prioritize resources to
improve climate resilience in agricultural production systems, support rural
livelihoods, and promote regional self-reliance.

Selection of Indicators
This analysis employs 17 indicators within three sub-indices (exposure,
sensitivity, and adaptive capacity) to calculate an aggregate vulnerability index
at the municipal level. The selection of suitable metrics is a challenge because
vulnerability is not limited to a single, quantifiable metric (Adger, 2006), and the
selection is also influenced by the availability, currency, and quality of data
(Brooks et al., 2005). Moreover, given that the scale of this analysis is subnational, it was necessary to find data at the municipal level or with even greater
precision. Figure 13 illustrates the integration of the 17 selected indicators into
the sub-indices, as well as the aggregation of the sub-indices into the
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vulnerability index. For detailed information about the indicators, their
descriptions, and their relationships to vulnerability, see Table 10 of Appendix B.

Data Sources
The shapefiles and tabular data used in this vulnerability analysis come
from three sources: GeoBolivia, the National Institute of Statistics, and the Social
and Economic Policy Analysis Unit. GeoBolivia is part of the Spatial Data
Infrastructure of the Plurinational State of Bolivia (Infraestructura de Datos
Espaciales del Estado Plurinacional de Bolivia, IDE-EPB). Datalayers are free and
downloadable as shapefiles. The National Institute of Statistics (Instituto
Nacional de Estadística de Bolivia) has a database of tabular data, including the
2012 National Population and Housing Census (Censo Nacional de Población y
Vivienda 2012) and the 2013 National Agricultural Survey (Censo Nacional
Agropecuario 2013). The Social and Economic Policy Analysis Unit (Unidad de
Análisis de Políticas Sociales y Económicas) has an online visualizer for variables
related to population vulnerability to extreme weather events. See Table 11 of
Appendix B for more detailed information about data sources by indicator.
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sub-index

RISK OF HAILSTORM (+)

sub-index

RISK OF FROST (+)

sub-index

RISK OF DROUGHT (+)

EXPOSURE

RISK OF FLOOD (+)

SENSITIVITY

Weather events

ADAPTIVE CAPACITY

VULNERABILITY INDICATORS BY SUB-INDEX

Human sensitivity

Livelihood sensitivity
AGRICULTURAL POPULATION (+)
CROP DIVERSITY (–)
DISTANCE TO WATER SOURCE (+)
SLOPE (+)

Socioeconomic assets
RURAL ILLITERACY RATE (+)
AGRICULTURAL INSURANCE (–)
FARM ASSETS (–)
Infrastructural assets
DISTANCE TO ROADS (+)
DISTANCE TO URBAN CENTERS (+)
IRRIGATED CROPLAND (–)

RELATIONSHIP TO VULNERABILITY: (+) Increases vulnerability

(–) Decreases vulnerability

Figure 13. Selected indicators for the exposure, sensitivity, and adaptive
capacity sub-indices. Source: Caitlin Matthews
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aggregate index

DEPENDENCY RATIO (+)

VULNERABILITY

RURAL POPULATION DENSITY (+)

Methods
This vulnerability analysis uses the Intergovernmental Panel on Climate
Change (IPCC) framework for vulnerability to climate change, which defines
vulnerability as a “function of the character, magnitude, and rate of climate
change and variation to which a system is exposed, its sensitivity, and its
adaptive capacity” (Pachauri & IPCC, 2008, p. 89). The analytical method is
adapted from two relevant studies by Gizachew & Shimelis (2014) and Li et al.
(2015), both of which employ geographic information systems (GIS) to analyze
the vulnerability of agricultural systems at a subnational level.
To address the first objective of this model, I constructed three subindices for exposure, sensitivity, and adaptive capacity, and an aggregate index
for vulnerability at the municipal level in ArcGIS. To standardize each of the 17
indicators, I reclassified categorical variables for low, mid, and high vulnerability,
and reclassified continuous variables by terciles, eventually converting all
indicators to raster with re-classified values ranging from 1 to 3. For detailed
information about the steps required to prepare the data set and/or shapefile
for each indicator, see Table 12 of Appendix B.
For each sub-index, there are four to seven indicators. Within each subindex, each indicator carries equal weight. However, for each sub-index to carry
equal weight in the aggregate index, I normalized the sub-index score by the
number of indicators in the sub-index. I then used the raster layers for each sub-
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index to sum the aggregate index. To summarize the mean vulnerability by
municipality for the three sub-indices and the aggregate index, I used Zonal
Statistics as Table and then joined the tabular data with the municipalities layer.
Again, I determined the low, mid, and high aggregate vulnerability levels by
terciles. For all four indices, I conducted both Global Moran’s I and Local
Moran’s I calculations to analyze spatial autocorrelation (ESRI, 2017b, 2017a).
Figures 20 through 23 of Appendix B show the ArcGIS Model Builder diagrams
for each index.
To address the second objective, I summarized agricultural land uses by
area for each aggregate vulnerability level. This involved reclassifying the
agricultural and non-agricultural land uses in the productive potentials data (as
detailed in Table 12 of Appendix B), and then tabulating by area.

Results
Spatial Autocorrelation and Clustering of Vulnerability
In the Department of La Paz, there are significant spatial patterns with
respect to exposure, sensitivity, adaptive capacity, and aggregate vulnerability.
The Global Moran’s Index31 for each of the four indices shows significant spatial
autocorrelation, specifically clustering of municipalities of the same vulnerability
level (see Table 6). This result is to be anticipated, as many of the selected
indicators have significant clustering due to the influence of an environmental
characteristic such as climate, topography, ecoregion, etc. To further analyze
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patterns of clustering, the Local Moran’s Index32 results indicate that the highhigh and low-low clusters for each vulnerability sub-index and the aggregate
index are unique, meaning that exposure, sensitivity, adaptive capacity, and
aggregate vulnerability do not follow the same patterns or have the same spatial
distribution in the Department of La Paz. This suggests that policies and
programs to increase climate resilience of agricultural systems will necessarily
vary by municipality, based on the dominant factors influencing their increased
vulnerability. For example, a municipality with high vulnerability due to
sensitivity may focus on increasing crop diversity, whereas a municipality with
high vulnerability due to adaptive capacity may focus on increasing the area of
irrigated cropland.

Table 6. Global Moran's Index for spatial autocorrelation of exposure, sensitivity,
adaptive capacity, and aggregate vulnerability
Index
Global
p-value
z-score
Interpretation
Moran’s
Index
Exposure
0.483
<0.001
6.777
Clustered
Sensitivity
0.477
<0.001
6.731
Clustered
Adaptive Capacity
0.329
<0.001
4.682
Clustered
Aggregate
0.405
<0.001
5.727
Clustered
Vulnerability
The exposure sub-index reflects the aggregate risk of weather events
(flood, drought, frost, and hail) that could damage agricultural production. All
municipalities with high vulnerability due to exposure are in the Altiplano or the
western Andean valleys (see Figure 14). There is significant clustering of
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municipalities with high vulnerability due to exposure in the Altiplano in the
extreme southern part of the Department, whereas there is significant clustering
of municipalities with low vulnerability due to exposure in the eastern Andean
valleys of the Department. This finding is highly correlated with elevation. The
Amazon region in the northern part of the Department has low risk of drought,
frost, and hail, but relatively high risk of flooding. Nonetheless, the Amazon
region has low vulnerability due to exposure.
The sensitivity sub-index reflects concentrations of rural residents and
livelihoods based on agricultural production. The municipalities with high
vulnerability due to sensitivity are in the Andean valleys and on the Altiplano
bordering the Andean valleys (see Figure 15). This coincides with areas where
mixed crop and livestock systems, as well as crop systems and pasture systems,
are prevalent and the portion of the population engaged in agriculture is
relatively high. There are two areas of significant clustering of high vulnerability
due to sensitivity, both of which are in the Andean valleys. There is significant
clustering of low vulnerability in the northern Amazon region and Andean valley
municipalities that border the Amazon region.
The adaptive capacity sub-index reflects both socioeconomic and
infrastructural assets that may help to cope with climate change stressors on
agricultural systems. This sub-index speaks to both on-farm assets and
connectivity to markets. Municipalities with high vulnerability due to adaptive
capacity (indicating low adaptive capacity) are in the Amazon region, the
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northern Andean valleys, and the southern Altiplano region, all of which are
distant from the La Paz-El Alto metropolitan region (see Figure 16). There is
significant clustering of high vulnerability due to adaptive capacity in the
northern municipalities of the Andean valleys. One influential factor in this high
clustering is the existence of a national park (Parque Nacional Madidi) in the
area, and thus few roads and long distance to urban centers. There is a
significant cluster of low vulnerability due to adaptive capacity in the
municipalities adjacent to the La Paz-El Alto metropolitan region. The dominant
influences in low vulnerability levels in these municipalities are road networks
and access to urban centers.
The aggregate vulnerability index is a composite of the three sub-indices
and attempts to summarize the vulnerability of producers and agricultural
systems to the stressors of climate change. The agricultural systems and
agricultural producers with the highest aggregate vulnerability are in
municipalities in the arid, high-elevation Altiplano in the southern part of the
Department, as well as in the municipalities in the valleys throughout the Andes
Mountains in the central region of the Department (see Figure 17). For a
complete list of municipalities grouped by aggregate vulnerability level, see
Table 13 of Appendix B. There are two significant clusters of high aggregate
vulnerability – one cluster of municipalities in the Altiplano and one cluster of
municipalities in the western Andean valleys. These high clusters indicate areas
of high exposure and sensitivity with little adaptive capacity. These areas are
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higher in elevation; have fewer farm assets, higher rates of rural illiteracy, and a
higher percentage of land is in agricultural uses; and are further from roads,
urban population centers, and major water resources. The high vulnerability
municipalities in the Altiplano are among those with the highest risk of extreme
weather events, and the high vulnerability municipalities in the western Andean
valleys have sleep mountainous slopes. It is both a strength and a risk that these
high vulnerability areas have higher crop diversity than the municipalities of the
lower risk categories.
The significant cluster of municipalities with low aggregate vulnerability is
in the eastern Andean valleys. These areas are somewhat lower in elevation than
the western Andean valleys and thus have lower exposure to risk of flood, hail,
drought, and frost. They also have decent road coverage and connectivity to
population centers; are both closer in proximity to major water sources and have
more irrigated cropland (likely correlated); have median rural illiteracy rates,
lower percentages of land area in agricultural uses, more variability of slope
steepness, moderate crop diversity, low dependency ratios, higher rural
population density, and a greater percentage of the population engaged in
agriculture. The municipalities in the cluster of low aggregate vulnerability also
have the option of agricultural insurance coverage.
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Figure 14. Exposure sub-index for agricultural production systems in the
Department of La Paz, Bolivia
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Figure 15. Sensitivity sub-index for agricultural production systems in the
Department of La Paz, Bolivia
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Figure 16. Adaptive capacity sub-index for agricultural production systems in the
Department of La Paz, Bolivia
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Figure 17. Aggregate vulnerability index for agricultural production systems in
the Department of La Paz, Bolivia
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Agricultural Land Use and Productive Potentials by Vulnerability Level
Much in the same way that exposure, sensitivity, adaptive capacity, and
aggregate vulnerability follow spatial patterns influenced by environmental and
climatic characteristics, distinct agricultural land uses are clustered throughout
the Department and therefore vary in the degree to which they are vulnerable to
climate change (see Figure 18). Thus, it is important to consider which
agricultural uses are concentrated in areas of high vulnerability. In the DLPZ,
livestock uses (especially for bovine livestock) are concentrated in the Amazon
region and 99.7% of land with productive potential in livestock is in
municipalities with low aggregate vulnerability. In contrast, 55.5% of land with
productive potential in mixed crop and livestock agriculture is in areas of high
vulnerability, 27.4% is in areas of mid vulnerability, and 17.1% is in areas of low
vulnerability. Land with productive potential in pasture mirrors mixed agricultural
land, with 52.4% in areas of high vulnerability, 32.6% in areas of mid
vulnerability, and 15.0% in areas of low vulnerability. Land with productive
potential in crops is more evenly distributed, with 39.6% in areas of high
vulnerability, 17.7% in areas of mid vulnerability, and 42.7% in areas of low
vulnerability.
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Figure 18. Agricultural land use by aggregate vulnerability to climate change in
the Department of La Paz, Bolivia

Limitations and Further Development
Weight of Indicators and Sub-Indices
It is true of any model that the modeler will have to make some
seemingly arbitrary decisions that will impact the results of the model. The
decisions regarding whether and how to assign weights to indicators and/or
sub-indices undeniably influence the results of a model. Although Gizachew and
Shimelis (2014) assigned unequal weights to the indicators within their subindices, they did not justify the decision; and I did not see an inherent logic to
their weighting system. Therefore, in this model, I assigned equal weight to each
indicator within each sub-index. However, since each sub-index has equal
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weight in the aggregate index, ultimately some indicators have greater weight
than others in the aggregate vulnerability. For example, each indicator in the
exposure sub-index has a weight of 0.25 (1/4) within the sub-index, and a weight
of 0.083 (1/12) within the aggregate vulnerability index; whereas each indicator
within the sensitivity index has a weight of 0.143 (1/7) within the sub-index, and
a weight of 0.048 (1/21) within the aggregate vulnerability index. So, in
application, the weight of sensitivity indicators is equal to 57% of the weight of
exposure indicators in the aggregate index.
Who is to say which weighting scheme is correct? Brooks el al. (2005)
provide an interesting example of participatory vulnerability modeling, wherein
the researchers met with experts in the field and asked the experts to assign
weights to a set of indicators. The researchers then computed and compared
vulnerability analyses using all the unique weighting schemes from the experts,
looking for patterns in how the indicators were weighted (Brooks et al., 2005).
My vulnerability model could serve as a pilot model to be used in participatory
modeling with Bolivian stakeholders who have expert knowledge about the
climate change challenges facing agricultural producers in the Department of La
Paz. With greater insight into the on-the-ground challenges, these expert
stakeholders may assign different weights to the selected indicators and/or may
suggest the inclusion of other indicators.
Brooks et al. note that equal weights are an “arbitrary choice in terms of
[an indicator’s] relative importance” and that “key indicators are unlikely to be
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independent from each other given the nature of the shortlisted proxies, and
such an approach might over-emphasize the importance of factors represented
by multiple related variables” (2005, p. 156). In the case of my analysis, the
inclusion of both access to roads and access to population centers may overemphasize road infrastructure. This may be evident in the high-high clustering in
the central region of the Department for the adaptive capacity index (as seen in
Figure 16), which emphasizes a lack of adaptive capacity in an area that is
distant from roads and isolated from population centers, but is also largely
designated as a national protected area (specifically, Parque Nacional Madidi).

Heterogeneity of Ecoregions, Climate, and Agricultural Systems
As I explained in Chapter 4, the Department of La Paz has great diversity
with respect to elevation, ecoregion, and dominant climatic and precipitation
patterns. This heterogeneity runs along the north-south axis of the department –
from the tropical Amazon region in the extreme north, through the Andean
Valleys in the central region, to the high, dry Altiplano in the central and
Southern regions. The agricultural uses of lands are thus highly spatially autocorrelated and certain uses (especially mixed crop and livestock systems and
pasture systems) are concentrated in highly vulnerable areas.
It merits further consideration as to whether the selected indicators in
this analysis have equal influence in crop systems versus livestock systems. A
possible future development would be to build separate models with unique
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indicators to assess the vulnerability of crop systems and livestock systems
separately. Also, given the drastic climatic and environmental differences
between the arid, high-elevation Altiplano in the southern region of the
Department and the humid, low-elevation Amazon region in the north of the
Department, divided by Andean peaks and valleys in between, indicators such
as access to water sources and irrigated summer cropland may have variable
importance relative to sensitivity and adaptive capacity (respectively). In addition
to including access to water sources and irrigated cropland as indicators, the
model could include an indicator of average annual precipitation to give a more
complete understanding of water availability.

Road Infrastructure Development
In this analysis, one dataset of some concern was the roads shapefile,
due to its publication date of 2001. In recent years, the Bolivian government has
made considerable investments in infrastructure. In 2014, a projected 37.5%
(US$1.695 million) of the General State Budget went to infrastructure including
roads, bridges, and airports (Quispe, 2014). As a result of this investment in
public infrastructure, the Bolivian primary road network (red vial fundamental)
has grown by 70% since 1990 (“WB/Bolivia,” 2015). However, the focus of this
road infrastructure development has mainly been to improve connectivity
between the city of Santa Cruz in eastern Bolivia with cities in central and
western Bolivia.
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In early 2017 (after the completion of my vulnerability analysis),
GeoBolivia published an “ongoing” shapefile of the primary road network, as
well as a shapefile of the 2012 primary road network. When I compared these
two shapefiles to the 2001 shapefile of primary and secondary roads, I
discovered that the primary roads showed little difference within DLPZ over the
years. I decided not to rerun the analysis with updated shapefiles because, in
doing so, I would not dramatically change the outcome with respect to primary
roads but would sacrifice information about secondary roads. Nonetheless,
future applications of this vulnerability model should consider the ongoing
development of road infrastructure, as well as the availability of spatial data for
new roads.

NOTES
Spatial autocorrelation refers to the correlation of an attribute with itself through space. Global
Moran’s Index is a measure of spatial autocorrelation and determines if an attribute is clustered,
dispersed, or randomly distributed. A Global Moran’s Index with a significant p-value and positive
z-score (z>0) indicates that the attribute is clustered (ESRI, 2017b). In this analysis, spatial
autocorrelation is analyzed using first order Queen’s case contiguity.
32
Local Moran’s Index identifies hotspots (high-high clustering), cold spots (low-low clustering),
and spatial outliers (high-low or low-high outliers) (ESRI, 2017a).
31
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CHAPTER 7: SYNTHESIS OF INTERVIEWS

This chapter is an attempt to synthesize the various perspectives and
opinions of the Bolivian stakeholders whom I interviewed in July and August
2016, in order to situate the results of the two models in the Bolivian social,
political, economic, and environmental landscape. Though my interview
questions were more centered around my research questions, the interviewee’s
answers touched a broad array of topics in contemporary and historic Bolivia.
This breadth of responses testifies to the complexity of the issues of food
security, rural livelihoods, regional self-reliance, and climate resilience. It merits
recognition that this synthesis does not encapsulate all that was discussed in the
interviews. I have done my best to make connections between ideas expressed
by different stakeholders and about different topics. However, I have also
consciously and with great effort elected to leave topics for discussion elsewhere
beyond this thesis. The obvious favor of my selection is for topics and interviews
that communicate perspectives and experiences (professional and/or personal)
relevant to agricultural production in rural western Bolivia.

East-West Tensions
The Agrarian Reform of 1953
Understanding the Agrarian Reform of 1953 is critical to understanding
the state of agricultural production in eastern and western Bolivia in present day,
and it was the historical reference point for most interviews. The Agrarian
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Reform of 1953 is a defining moment in Bolivia’s agricultural history – an historic
event that has a “before” and an “after.” It represents social, economic, and
environmental change, which – depending on perspective – has been positive or
negative.
Despite low yields in the Andean region of western Bolivia, prior to the
Agrarian Reform, the majority of agricultural production took place there
(Ormachea Saavedra, 2016). Up until the 1950’s, agricultural production in the
eastern tropics was not very relevant because the region had a small population
and was isolated due to an undeveloped highway system (Ormachea Saavedra,
2016). For some, the Agrarian Reform represents the beginning of “the march to
the east” (“la marcha al oriente”) that, by some accounts, was catalyzed by
foreign influence (one story is that a US consultant expressed surprise that the
agricultural sector wasn’t under development in the east) (A. Vásquez, 2016). For
others, the Agrarian Reform represents the genesis of capitalist agriculture in
Bolivia – an economic transition that required a major shift in production and
management practices (Ormachea Saavedra, 2016). Given the favorable climatic
conditions and large expanses of relatively flat land in the eastern lowlands, the
future vision for Bolivian agriculture shifted to the Department of Santa Cruz
(DSCZ). Thus, the Bolivian government rolled out a series of policies to develop
eastern agriculture: increasing access to credit for producers in DSCZ, paving
the highway from Cochabamba to Santa Cruz, giving land to producers who
were willing to move east, providing technical assistance, supporting the scaling
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up of operations, and establishing the first agroindustrial companies with sugar
cane, cotton, and rice leading the way (Ormachea Saavedra, 2016; A. Vásquez,
2016).
Meanwhile, in western Bolivia, the Agrarian Reform carved up the
existing haciendas and communal property into parcels (Ormachea Saavedra,
2016; A. Vásquez, 2016). While the termination of the servile labor system of the
haciendas produced social good, the division of communal agricultural land
contributed to the deterioration of the social network and community decision
making in agricultural production and produced inequality and disparities
between independent producers (Ormachea Saavedra, 2016). Those that
adeptly adapted to market farming accumulated wealth while those that
continued in subsistence farming entered into deeper poverty (Ormachea
Saavedra, 2016). These conditions subsequently motivated impoverished
campesinos to sell their labor to capitalist farmers or to migrate to cities in
search of other employment (Bazoberry Chali, 2016; Ormachea Saavedra, 2016;
Pérez, 2016b). In succeeding generations, the smallholder farms created
through the redistribution of land in the Agrarian Reform have been further
subdivided by inheritance, to a point that few producers have sufficient land on
which to harvest enough volume to be of interest to the market (Fernández
Rodríguez, 2016; A. Vásquez, 2016).
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Economic Transitions and Risks of Specialization
Changes in both eastern and western Bolivian agriculture have impelled
and been impelled by economic transitions, most notably trade liberalization
and neoliberal policies (Fernández Rodríguez, 2016; Pérez, 2016b; A. Vásquez,
2016). As Bazoberry (2016) explained, Bolivia’s constitution uniquely discusses
economic pluralism and recognizes that some economic forms displace other
economic forms. In this specific case, capitalist forms displace community-based
and campesino forms (Bazoberry Chali, 2016). In the Andean region, this means
that the once-characteristic agricultural production systems (subsistence farming
of integrated and diversified crop and livestock systems) have largely given up
diversified practices such as crop rotation and have given way to specialized
production (even monoculture) that responds to market demand (Ormachea
Saavedra, 2016; Pérez, 2016b; A. Vásquez, 2016). Alternatively, producers have
abandoned cultivation all together (Pérez, 2016b).
With connection to new urban markets, there are accompanying
tradeoffs. In exchange for greater volumes of marketable products and more
competitiveness in the markets, western producers have sacrificed the resilience
afforded by diversified cultivation, diversified diets, and diversified income
(Fernández Rodríguez, 2016; Ormachea Saavedra, 2016; A. Vásquez, 2016).
Many conversations about the loss of intra- and interspecies biodiversity
centered around potatoes, an agricultural product with cultural patrimony in
Andean Bolivia. Interviewees pointed to the advantages of potato diversity for
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well-adapted production throughout the ecological strata, as well as the culinary
and cultural importance of different varieties of Andean tubers (Bazoberry Chali,
2016; Fernández Rodríguez, 2016; Ormachea Saavedra, 2016; A. Vásquez,
2016). Specialization is an ongoing process in western Bolivian agriculture, and,
as Vásquez (2016) emphasized, diversified production and genetic diversity,
once lost, are difficult or impossible to recover.
Another important consequence of specialization is the conversion of
subsistence farmers into consumers in the food market. Although the producers
may claim higher income from their production, household food security is often
reduced, since “monetary income and food [crop] income are not comparable in
terms of food security” (Bazoberry Chali, 2016). As producers enter the market
with their specialized product, they become dependent on the market for what
they used to produce for home consumption (Bazoberry Chali, 2016; Ormachea
Saavedra, 2016). Turning producers into consumers stimulates a dietary
transition away from campesino foods (such as quinoa and native potato and
tuber varieties) and toward “modern” foods (such as manufactured products
high in fat and sugar) (Bazoberry Chali, 2016; Ormachea Saavedra, 2016).
However, some argue that these changes were “inevitable” (Ormachea
Saavedra, 2016).
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Governmental Focus for Agricultural Policy
Today, the systems in eastern and western Bolivia are so distinct with
respect to scale and product portfolio that it would be inappropriate to apply a
single agricultural law in both places. Given the disparity in production systems,
Bazoberry (2016) argues for having different public policies that are appropriate
and adequate for different conditions and systems, also insuring that these
public policies are not contradictory nor detrimental to one another. Creating
such an ensemble of laws and policies presents a challenge, particularly with
strong agroindustrial political and economic influences.
While there is some recognition of the distinction between east and
west, the Bolivian government has not been equitable in developing laws and
policies that support diverse agricultural systems. Recognition of the differences
has come, in part, in that different ministries are responsible for policies and
programs dealing with different types of producers. The primary objective of the
Ministry of Rural Development and Lands (Ministerio de Desarrollo Rural y
Tierras, MDRyT) is to support small producers engaged in primary production,
and the majority of their interventions take place in the western departments
(Carvajal Escalante, 2016). In contrast, the Ministry of Productive Development
and Plural Economy (Ministerio de Desarrollo Productivo y Economía Rural)
focuses on agroindustrial producers in the east (Carvajal Escalante, 2016).
However, in western Bolivia, there is sentiment that the government “continues
to invest in Santa Cruz and forgets the rest of the country” and that it is like
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“going to war with a stick while they [Santa Cruz] go to war with rifles”
(Fernández Rodríguez, 2016). Others describe that family agriculture in western
Bolivia is in a state of crisis as they watch all the investments go to the
development of livestock, industrial crops, soy, sugar, and rice in eastern Bolivia
(A. Vásquez, 2016).

Comparative Advantage in the Department of La Paz
Despite disadvantageous policies and infrastructural barriers to reaching
markets, some agricultural products have comparative advantages in the DLPZ.
The diversity of ecological strata in DLPZ and the potential for diversified
production is an oft-cited advantage of the Department (Fernández Rodríguez,
2016; Ormachea Saavedra, 2016; A. Vásquez, 2016). Proximity to the urban
demand in the La Paz-El Alto metropolitan region is another advantage (Conde,
2016). However, both of these advantages are moderated by the transportation
challenges presented by the Department’s topography and road infrastructure
(Ormachea Saavedra, 2016; Pérez, 2016b).
The specific products that have comparative advantages in DLPZ are
those that have adapted over millennia in the region and/or that benefit directly
from the elevation and climatic conditions. Andean root vegetables such as
potato, oca, chuño, and papaliza topped the list of well-adapted Paceño33
products (Conde, 2016; Fernández Rodríguez, 2016; Ormachea Saavedra, 2016;
Pérez, 2016b; A. Vásquez, 2016). Tuber varieties are adapted to specific zones,
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with higher production especially in lower valleys that provide both water
resources and protection from frost (Pérez, 2016b), as well as in the northern and
central Altiplano (A. Vásquez, 2016).
The traditional production of camelids, including llama and alpaca, is
signature of the Altiplano and the animals are endemic to the ecosystem
(Conde, 2016; Fernández Rodríguez, 2016; Ormachea Saavedra, 2016; A.
Vásquez, 2016). However, there is not much demand for camelid meat, as the
animals have long been considered transport animals and the meat is largely
considered a food of campesinos, indios, or past generations (Conde, 2016).
Moreover, there is a lack of organization in the sector (Conde, 2016) and
production is small in scale (Fernández Rodríguez, 2016). There are a few small
initiatives to develop a line of products (filets, pate, chorizo, and cold meats) but
the price is so high that the product is not accessible for most consumers
(Fernández Rodríguez, 2016). In other livestock production, the dairy industry
has been growing in the central Altiplano near Lake Titicaca and is
advantageously located near the urban market (Ormachea Saavedra, 2016; A.
Vásquez, 2016). However, dairy consumption is low among Bolivians (Bazoberry
Chali, 2016) and increasing dairy consumption is a goal of the national
government (Estado Plurinacional de Bolivia, 2015a).
Quinoa production in the Altiplano has experienced a boom in recent
years as global demand has soared. However, quinoa from DLPZ cannot
compete with quinoa from the Department of Potosí (quinua real) (Ormachea
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Saavedra, 2016; Pérez, 2016b). Cañahua, an Andean crop related to quinoa, is
more resilient to drought and frost than quinoa, and in DLPZ is an example of
successful revalorization of a traditional product through incorporation in the
school nutrition program (Silva Andreu, 2016).
Coffee is one of the cooperative production and export success stories of
DLPZ (along with cacao) (Conde, 2016). Paceño coffee ranks higher in quality
than Cruceño34 coffee because it is grown at the optimal elevation of between
1,200 and 1,800 meters above sea level (Conde, 2016).
Lastly, various tropical and temperate fruit crops, including citrus fruits,
bananas, apples, and peaches, are successfully grown in DLPZ (A. Vásquez,
2016). However, fruit crops are wanting in both policy support and consumer
demand (Fernández Rodríguez, 2016; Ormachea Saavedra, 2016).
The challenge facing municipal governments and the departmental
government in DLPZ is recognizing these comparative advantages as
opportunities for increased regional self-reliance and improved rural livelihoods
while balancing the need for diversity to enhance climate resilience.

Rural-Urban Dynamics
Misunderstanding the Rural Situation
The Institute for Rural Development in South America (Instituto para el
Desarrollo Rural de Sudamérica, IPDRS) hypothesizes that policies regarding
campesinos are misguided because policymakers don’t understand the rural
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situation (Bazoberry Chali, 2016). According to Pérez (2016b), despite the
evidence of major changes in the economic and productive structures in rural
western Bolivia, some agrarian experts hold on to the notion that agriculture is
still a viable and profitable rural livelihood. However, the lived experience
suggests that farming families no longer earn a living from agriculture
(Ormachea Saavedra, 2016; Pérez, 2016b). Rather, members of farming families
– typically the younger and middle generations – migrate to the La Paz-El Alto
metropolitan region seeking work or educational opportunities, while the oldest
and youngest generations remain in the rural areas (Bazoberry Chali, 2016;
Conde, 2016; Fernández Rodríguez, 2016; Ormachea Saavedra, 2016; Pérez,
2016b). Many of these migrants are motived by the “1950’s dream” of
advancement through education (Bazoberry Chali, 2016). However, in La Paz
and El Alto, chronic urban unemployment or employment in the informal labor
market as construction workers, taxi and minibus drivers, and vendors are the
dominant trends for rural migrants (Bazoberry Chali, 2016; Conde, 2016;
Fernández Rodríguez, 2016; Ormachea Saavedra, 2016; Pérez, 2016b).
Additionally, the perception of rural residents and rural migrants
continues to be tainted by prejudice. Campesinos are still considered to be the
lowest social class because they continue to be the poorest class (Bazoberry
Chali, 2016). This socioeconomic status perpetuates the “1950’s image of the
countryside” (Bazoberry Chali, 2016) as having an illiterate, unintelligent, and
poor population (Bazoberry Chali, 2016; Conde, 2016). In the cities, rural
106

migrants experience discrimination as being “backward” or “behind” (Conde,
2016). One thing that has changed is that cultural identity has been separated
from being campesino. Now, there are Aymara and Quechua people of all social
classes, whereas being indigenous used to be synonymous with being
campesino (Bazoberry Chali, 2016). However, this is not to say that there is not
prejudice based on indigeneity.

“Weekend Campesinos”: The Rural-Urban Connection
Although the population is reported as having largely migrated to cities,
the rural-urban dichotomy is a mistaken generalization of Bolivia today. Rural
and urban Bolivia, especially in DLPZ, are inextricably linked through the bidirectional movement of rural migrants throughout the year. Many people who
seek employment in La Paz and El Alto return to their towns at least twice
seasonally to plant and then to harvest their crops (Bazoberry Chali, 2016;
Conde, 2016; Fernández Rodríguez, 2016). This phenomenon is specific to crop
production. In contrast, Altiplano producers with livestock have daily duties that
keep them as permanent rural residents (Bazoberry Chali, 2016). Bazoberry
(2016) described a scene at the beginning of the growing season when
minibuses and taxis full of agricultural families are ubiquitous on the Altiplano
landscape. Everyone piles out to sew the crop and then return to the city. For
migrants from towns in the northern and central Altiplano or the Andean valleys
nearer the metropolitan region, this agricultural pilgrimage may occur as often
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as every weekend (Conde, 2016). Bazoberry (2016) applied the evocative term
“weekend campesino” to describe this phenomenon. Although well-defined
and observed, the phenomenon is not well documented, and there are no
statistics that describe its prevalence (Bazoberry Chali, 2016).

Governmental Focus for Development Policy
Stakeholders with rural leanings and those with urban leanings equally
recognized that the policy focus of the state, departmental, and municipal level
governments is on urban development priorities (Bazoberry Chali, 2016;
Fernández Rodríguez, 2016; Urquizo, 2016). One way to view this inequity is to
look at the geographic weight of urban versus rural areas in relation to the policy
focus. Even municipalities with a large portion of rural land area, such as the city
of La Paz, focus almost exclusively on their urban areas (Urquizo, 2016). Another
way to look at the inequity is to look at budget allocation. First, municipal
governments manage relatively larger budgets than do departmental
governments, with respect to the land area that they govern (Fernández
Rodríguez, 2016). Second, the portion of the budget that municipalities allocate
to productive development is too little to deliver meaningful services to
producers (Fernández Rodríguez, 2016). As Fernández (2016) stated,
“Municipalities have a city vision. We [Bolivians] are thinking of concrete. We are
thinking of streets. And, in the end, rural development is absent.” When pitted
against the allure of the ideal city with modernities such as public transit
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gondolas, investing in rural and productive development is an unattractive
option (Fernández Rodríguez, 2016). Fernández (2016) does not argue with the
appropriateness of budgetary administration by municipalities because he
believes that they know their local context well; however, he recommends
greater oversight from higher levels of government in order to balance
budgetary priorities. Further, Fernández (2016) sees an opportunity for
municipalities with potential for periurban production to invest in agriculture in
the “dead spaces” around the city. There are several initiatives that attempt to
do this in isolation, but no public policies at any level that could aid in correcting
the inefficient and redundant use of funds among such initiatives.

Investing in Agricultural Support
Technical Assistance and Extension
As the ministry that supports production by small producers, the Ministry
of Rural Development and Lands (Ministerio de Desarrollo Rural y Tierras,
MDRyT) has the mandate to offer technical assistance and capacity building
(Carvajal Escalante, 2016). However, the National Institute for Agricultural and
Forestry Innovation (Instituto Nacional de Innovación Agropecuaria y Forestal,
INIAF) is responsible for generating the content material (technology and
knowledge) that MDRyT disseminates through extension services (Carvajal
Escalante, 2016). All interviewees identified technical assistance as a priority area
or weakness, and many expressed criticism of the current system. The basis for
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criticism ranged from lack of coordination on the national and departmental
level (A. Vásquez, 2016), poor execution of the budget (Fernández Rodríguez,
2016), a scarcity of technicians to reach all producers (Conde, 2016), lack of
follow-up on other investments to support farmers (such as seed distribution) (A.
Vásquez, 2016), and a difference in the funding sources for technical assistance
in eastern versus western Bolivia (A. Vásquez, 2016). Vásquez (2016) referred to
insufficient extension services in Bolivia as “one of the main policy weaknesses
at the national level that is reflected at the municipal and departmental level.”
In absolute terms, public investment in the agricultural sector has grown
over the years, but, relative to other sectors, agriculture’s share of public
investment has decreased (Bazoberry Chali, 2016). Despite the increase in
programs and initiatives in western Bolivia, it is still undersupported in
comparison to eastern Bolivia. However, funding for agricultural support in
eastern Bolivia largely originates from private companies (Ormachea Saavedra,
2016; A. Vásquez, 2016). Agricultural input companies provide technicians and
technical assistance, promote improvement programs, and establish research
centers that are linked to the use of their products (Conde, 2016; Ormachea
Saavedra, 2016; A. Vásquez, 2016). Although there is a commercial relationship
involved in this exchange, there are many opportunities to acquire new
knowledge and technology.
The need for technical assistance and the need for agricultural research
and innovation were frequently discussed in tandem. For Conde (2016), lack of
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research is a limiting factor in providing competent technical assistance.
Interviewees also emphasized the need for knowledge sharing and the
accumulation of both traditional and modern knowledge in order to implement
resilient production systems and cope with variability (Fernández Rodríguez,
2016; A. Vásquez, 2016). Moreover, research should not only be limited to crops
and livestock, but should also seek to better understand the realities of the
producers, their needs, and the baseline of current production systems (Silva
Andreu, 2016). The lag in research and innovation in the agricultural sector
reflects a paucity of public investment, which provides only 12% of funding, and
heavy dependence development banks, which provide 64% of funding (Silva
Andreu, 2016; Stads, Pérez, Marza, & Beintema, 2016).

Confronting Climate Change
In 2015, the Ministry of Development Planning (Ministerio de
Planificación de Desarrollo) amended Norm 115 – Basic Regulations for Preinvestment (Reglamento Básico de Preinversión) to stipulate that pre-investment
studies for all projects with public investment must include an analysis of risk of
disasters and adaptation to climate change (Estado Plurinacional de Bolivia,
2015b). Given that this norm is relatively new, it is not clear how this mandate
has translated to the delivery of technical assistance to agricultural producers.
Conde (2016) stated that agronomists are asked to incorporate the topic of
climate change adaptation into workshops with producers; however, the depth
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of the conversation varies. There was some disagreement between interviewees
about understanding of the term “climate change” among producers and
policymakers. As an agronomist that leads workshops with producers, Conde
(2016) noted that most producers have the term in their vocabulary and, with or
without the term, they discuss the changes that they observe in the timing of the
rainy season and sowing dates. This statement contrasts strongly with the
perspective of another interviewee who has conducted extensive field research
in agricultural economics and who believes that there is a misunderstanding of
the term, even among agricultural technicians who ascribe any adverse weather
event to climate change and apply the term too broadly (Pérez, 2016b).
However, Pérez (2016b) acknowledged that the government and ministries are
staring to assimilate the issue of climate change into their work.
One example of this assimilation is the inclusion of climate change in the
discourse of the 2025 Patriotic Agenda (Agenda Patriótica 2025). Within the
agenda’s pillars for a “sovereign and dignified Bolivia” is the pillar for scientific
sovereignty, which contains a goal that reads:
Bolivia constitutes a center for technological innovation in nutritious and
medicinal foods. Bolivia has technological innovation centers and centers
for the development of knowledge and technologies in areas such as the
production of quinoa, potato, maca, amaranth, millmi, cañahua, coca,
maize, camelids, willkaparu, Brazil nuts, nuts, and other unique and
endemic varieties of foods that are highly nutritious and resistant to
extreme climate conditions, altitude, climate change, and drought. 35
(Estado Plurinacional de Bolivia, 2013a, pp. 18–19)
However, some criticize that there aren’t concrete objectives or measures of
what needs to be done to adapt and mitigate in the face of climate change
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impacts (Pérez, 2016b). Yet others – even within the government itself – say that
climate change is a relatively new topic that goes beyond the scope of INIAF
because it includes not only seed varieties but also resilient systems (Carvajal
Escalante, 2016). Both comments point to the need for greater public
commitment to, investment in, and coordination of efforts to achieve the above
goal.

The Legislation and Policy Landscape
Legislation vs. Policies: The Language of Aspiration and the Language of
Targets
Interviewees approached our discussions about legislation with
perspectives that ranged from realism to skepticism. They conceded that
Bolivia’s key legislation contain many worthy principles, but that commitment to
realizing these principles varies. Carvajal (2016) recognized this as fact: “A law is
just a legal framework, it does not guarantee that the law is complied with. Local
authorities have to apply the law.” Vásquez (2016) criticized how laws contain
ambition rather than prescription:
The bad thing about laws is that they are intentions…They can create all
the laws that they want but [laws] are only intentions or a direction that
guides government investment to support those sectors. What is not
clearly in the laws generally is goals. How are we going to achieve these
laws? (A. Vásquez, 2016)
Pérez (2016b) suggested that legislation is political rhetoric and not always
representative of the government’s own principles:
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There are many things that are approved that are a straightjacket for the
government. Things that they don’t believe in. What happens is that,
during the constitution, many actors took advantage of the opportunity
to introduce many things into the discussion, and so there are many
things in the constitution that perhaps the government doesn’t like.
(Pérez, 2016b)
The Constitutional Right to Food is one of the worthy principles for which
there is a debate about its ambition and rhetoric. Once again, the Constitution
states: “All people have the right to water and food. The State has the
obligation of guaranteeing food security, through healthy, adequate, and
sufficient diet for the population” (Estado Plurinacional de Bolivia, 2009).
Bazoberry (2016) believes that the biggest weakness of this ambitious language
is its failure to define an “adequate, healthy, and sovereign diet” – a definition
against which progress towards the fulfillment of the Right to Food can be
measured. Ormachea (2016) argues that the discussion about how to ensure the
Right to Food is too narrowly focused on public policy about food production,
but that income bears equal influence on the fulfillment of this right, and that
impedance by social, economic, and physical barriers must be part of the
conversation. For Pérez (2016b), the response to the rhetorical language of the
Constitutional Right to Food has been only symbolic action, such as the
establishment of programs that comply in name only; however, a notable
exception is Bolivia’s progress in decreasing malnutrition (Pérez, 2016b).
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Successful Policies to Support Small-Scale Farmers?
In a similar vein, I was interested in the sincerity and effectiveness of
policies designed to support small-scale farmers. In Bolivia, there is a set of core
laws that purportedly aim to support small-scale producers, and most
interviewees recited their numbers as a litany:
•! 144: Law of the Productive, Communal, and Agricultural Revolution
•! 300: Framework Legislation on Mother Earth and Comprehensive
Development for Living Well
•! 338: Law of Indigenous and Peasant Economic Organizations and
Communal Economic Organizations for the Integration of Sustainable
Family Agriculture and Food Sovereignty
•! 3525: Regulation of the National Organic Production Control System in
Bolivia
However, when I asked interviewees to give examples of policies or programs
with a successful record of supporting small-scale producers, my question
provoked long pauses and evoked responses such as:
•! “There aren’t any…I don’t see serious policies about which we can really
say that they change the lives of producers.” (Fernández Rodríguez,
2016)
•! “I find it difficult to think of one that is successful because none jump out
visibly.” (Conde, 2016)
•! “That is a very difficult question to answer because we have to
remember when small producers started to become visible as subjects of
government support.” [referring to the Agrarian Reform of 1953] (A.
Vásquez, 2016)
Others tentatively described programs that have had varied success; for
example, government purchase of products from small-scale farmers to supply
food baskets given to pregnant and nursing women:
What it did achieve is generate demand and generate supply from the
rural producers…We wish that it had reached all producers, but the
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producers had problems incorporating themselves into the program.
They have the problem of formality…To sell to the state, there are
criteria…The door is open but the [producers] can’t enter. (Bazoberry
Chali, 2016)
The most concrete answer came from a government employee, who described
the Rural Alliances Program (Programa de Alianzas Rurales, PAR) – a program
that supports groups of family farmers in the process of gaining legal status as
an association (Carvajal Escalante, 2016). PAR guides farmers through
developing a business plan and grants 70% of the cost of their project (Carvajal
Escalante, 2016).
When I asked why intentions to help small-scale rural producers were not
successful, interviewees described how these laws and policies don’t take
producers’ situations into account and sometimes overlook the fundamental
importance of producers in the supply chain. One critique was that programs
required business practices that are unfamiliar to rural producers, such as
providing receipts when the government is a purchaser (Bazoberry Chali, 2016).
Another critique was that policies focused on promoting the consumption of
products from family agriculture but failed to recognize that, in order to have
product to promote, you must guarantee the production of these goods
(Fernández Rodríguez, 2016). Several interviewees circled back to strong
critiques of economic policies:
Many NGOs and many technicians believe that it is about the campesino
having more irrigation, more land, technical assistance, credit. And they
believe that with that, campesino agriculture is going to grow and going
to be how it was before. The biggest dreamers think that it is going to
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diversify again. Those who are not such dreamers say that the campesino
is going to make a living from agriculture…The government has the
same idea, but it’s not that. Well, it is that, but it’s not just that…It is
trade policy. (Pérez, 2016b)
This rebuke of trade liberalization was accompanied by others – that the
neoliberal trade policies of recent governments have prioritized exports over the
internal market, which in turn has allowed imports to outcompete domestic
products (Ormachea Saavedra, 2016; Pérez, 2016b; A. Vásquez, 2016); and that
the government’s monopsony on purchasing domestic product has created
“disloyal,” imperfect competition (Fernández Rodríguez, 2016). In Pérez’s
(2016b) view, the government justifies these policies by viewing exports as an
opportunity for producers, rather than a threat. At the same time, the
government views the primary role of small producers as suppliers of the internal
market. However, if campesino producers are able to increase their production,
then they too can benefit from the “opportunity” to export (Pérez, 2016b). As
Pérez (2016b) says, the government wants to fulfill its promises to indigenous
people and campesinos: “It doesn’t know what to do, but it wants to fulfill. For
that reason, it wants indigenous and campesino agriculture to grow again.”

A Role for Paceño Farmers in Bolivia’s Agricultural Future?
By some circuitous path or another, many of my interview conversations
ended in discussion of whether there is a role for small farmers in DLPZ in food
security and Bolivia’s agricultural future. The answers varied starkly.
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Ormachea (2016), a sociologist, came down most firmly on the side of
small-scale farming having only a role in generating meager income and
producing food for home consumption, but not making an important
contribution to food security for the country. According to Ormachea (2016), the
scale of agricultural systems in DLPZ has an “insurmountable problem that no
government wants to solve, which is the problem of the smallholder farm. The
smallholder farm is an obstacle for agricultural development and is the source of
poverty for many campesinos.” He points to the data that say that “75% of
Bolivia’s agricultural production is produced in Santa Cruz, where production is
massive” and concludes that “there cannot be food security based on smallscale production” (Ormachea Saavedra, 2016).
For Pérez (2016b), who is an agricultural economist and also from a rural
town in the Altiplano, the outlook for many campesinos is dismal, but neither the
government nor the large NGOs want to admit that this is true. He believes that
the government’s and NGOs’ investment cannot guarantee the revitalization of
small-scale production in DLPZ.
What I am going to say is very drastic. As an indigenous person, I would
have to say, “Yes, [the government] has to give a lot of money for
indigenous agriculture.” But if I put myself as a researcher that knows the
situation, that is not certain. That is not evident. There are areas, there
are producers that aren’t going to return to being agricultural producers.
(Pérez, 2016b)
He believes that, after 20 years of neoliberalism, campesinos have learned that
“not everyone can produce in a such a savage world where comparative
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advantages decide if a producer can survive or not…They are not going to
dedicate themselves to something that is not profitable” (Pérez, 2016b). By his
estimation, the way to move forward is to “admit – or recognize – that there is
not a [farming] future for all campesinos in this world we live in” (Pérez, 2016b).
According to Pérez (2016b), the most efficient use of resources and what must
occur is to identify those communities that would truly benefit from investment –
not only those that have some comparative advantage but also the motivation
and commitment to stay in rural areas.
Fernández (2016), who works for CIOEC-Bolivia – a body that represents
campesino economic organizations on a national level, contemplated an
analogous question about efficient use of funds for agricultural insurance for
small-scale farmers: Should the government try to save agricultural production in
all areas, even areas with poor conditions, or should the focus of attention and
resources be on guaranteeing production in the areas that are more highly
productive? However, he was inconclusive about his opinion on the question.
Another suggested filter for selecting a subset of producers to support
was age. Bazoberry (2016) promoted the idea of providing targeted technical
assistance and access to appropriate technology and land to the specific
demographic trying to return to rural areas. He described this group as 35- to
40-year-olds, who are already considered “disposable” in many labor markets.
Conversely, Conde (2016) was a proponent of providing technical assistance and
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access to land for people 35 and younger. Notably, their allegiances were with
the age demographic to which they belong.
Bazoberry (2016) doesn’t believe that the Bolivian government has
reflected on the question as to whether it should be an objective to maintain a
rural population or sustain production in DLPZ. He says that it is taken for
granted that people will leave the countryside, but that no one asks if people
would return to rural areas if conditions were improved (Bazoberry Chali, 2016).
But he and IPDRS have “another perspective to teach – not just to the
governments, but also to the campesinos themselves – that they have a unique
historic opportunity” to be an important sector in “mitigating and adapting [to
climate change] and guaranteeing the food and water resources that cities
need” (Bazoberry Chali, 2016). To take this opportunity requires that both
policymakers and farmers themselves return to thinking of campesinos as food
producers who can be competitive in markets, and it requires that rural areas
have effective delivery of basic services like water, electricity, and internet
(Bazoberry Chali, 2016). Bazoberry (2016) also advocated for a system of income
compensation to agricultural producers for the difficult work of stewarding
natural resources as an alternative to unemployment compensation for rural
migrants living in the city.
Ultimately, these conversations found their core in the discussion of
economic policies. One suggestion for an “ideal policy” struck at the systemic
root of the issue: that prioritization of agroindustrial products destined for
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export has overtaken the political importance of campesino production, and the
government has ratified trade agreements that have sacrificed protection for
campesino production in exchange for entry into agroindustrial markets.
If we want to support a less selective revitalization of campesino
agricultural production, it would be a revision of trade policy…In all the
trade agreements that Bolivia has signed…not this government but the
previous governments…it is as if [the government] has sold campesino
agriculture and prioritized corporate agriculture. They have negotiated
with countries and said, “You can bring in any campesino product, but
allow us to enter your market with our commercial products” – which is
soy…So the ideal policy would be a revision of the trade policy that
offers better protection for campesino production…Here they have lifted
the trade barriers, knowing that the campesino producer – Andean in
particular – is very vulnerable…They opened the borders and everything
collapsed. Perhaps you can’t recover everything…perhaps you have to
select products with the greatest consumption – five or six products –
and protect them. (Pérez, 2016b)
When I undertook this research, it was not with the intent to analyze
economic policy, and this intention has not changed. However, I include this last
policy suggestion as recognition that productive systems are tied to economic
systems as well as social, political, and environmental systems; and that the
challenge for campesino producers in DLPZ is not simply competition with
eastern Bolivian producers but also in competing on a world market. Bolivia has
developed certain laws and policies that are inherently contradictory to the
government’s promises to indigenous and campesino producers. Certainly, this
is too tangled a knot for a foreign master’s student to unravel. However, it is
clear that effective and efficient support for a rural population with viable
agricultural production in DLPZ will require clarity of objectives, specificity of
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targets, and a great deal of political will. In the final chapter, I will reflect on
lessons learned and recommend policy interventions for consideration.

NOTES
“Paceño” or “paceña” is the adjectival form of the toponym La Paz. The word refers to
something or someone from La Paz (the city or the department).
34
“Cruceño” or “Cruceña” is the adjectival form of the toponym Santa Cruz. The word refers to
something or someone from Santa Cruz (the city or the department).
35
“Bolivia se constituye en un centro de innovación tecnológica de alimentos nutritivos y
medicinales. Bolivia cuenta con centros de innovación tecnológica y de fortalecimiento y
desarrollo de conocimientos y tecnologías en áreas como la producción de quinua, papa, maca,
amaranto, millmi, kañawa, coca, maíz, camélidos, willkaparu, almendras, nueces y otras variedades
locales únicas y endémicas de alimentos altamente nutritivos y resistentes a condiciones climáticas
extremas, a la altura, al cambio climático, y a la sequía.” (Estado Plurinacional de Bolivia, 2013, pp.
18-19)
33
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CHAPTER 8: RECOMMENDATIONS AND CONCLUSION

Bolivia’s state government is at a crossroads at which it must decide
whether it is truly committed to small-scale, western farmers being part of the
national goal of food security with food sovereignty and, if yes, must develop
policies accordingly. Bolivian leaders need to pause and reflect – Is there a role
of small-scale, western producers in a resilient, food-secure, and food-sovereign
Bolivia in the era of climate change? Is it important for the government to invest
in the necessary conditions to maintain a rural population and create
opportunities for rural residents? How can the government improve conditions
in rural areas and support rural producers to guarantee sufficient production to
meet urban demand for certain strategic products in the basic food basket?
I posit that there is and will continue to be a meaningful and critical
social, economic, and environmental role for small-scale, western producers in
Bolivia, and the government has both an interest and a need to support
producers and rural populations. Based on my qualitative and quantitative
research, which has combined literature review, food systems modeling, and
stakeholder interviews, I offer four key recommendations: to increase
understanding of the contemporary situation for producers in rural and urban
populations in western Bolivia, to employ new ways of delivering technical
assistance and capacity building, to expand demand and access to markets for
traditional products and smaller volumes of product, and to further develop the
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pilot food systems models as tools for planning and policymaking in the
Department of La Paz.

Recommendations
Increase understanding of the contemporary situation for producers in rural and
urban populations in western Bolivia
As Bazoberry (2016) importantly noted, there is no official measure of the
rural-urban connection – the movement between city and countryside by rural
migrants who primarily reside in urban areas. There is a need to account for this
movement in order to better understand rural-urban dynamics and the
contemporary situation of Paceño producers. The Ministry of Rural Development
and Lands (Ministerio de Desarrollo Rural y Tierras, MDRyT) should add
additional questions to the National Agricultural Census and National
Agricultural Surveys that ask producers about their primary residence and, if
different than the location of the agricultural production unit (APU), ask about
the frequency of movement between the two locations. This data would be
informative in the development of programs and initiatives that seek to best
serve Paceño producers.

Employ new ways of delivering technical assistance and capacity building
The most common critique of extension services and technical assistance
was that there are too few technicians to provide support to all rural production
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areas. I see two opportunities for more efficient delivery of technical assistance
and capacity building that are particular to the contemporary experience of
western Bolivian producers. The first opportunity is to use cellular technology for
knowledge dissemination in rural areas. Bazoberry advocated for the use for
cellular technology to combat rural illiteracy, connect producers to markets, and
remotely provide technical assistance. The second is in the recognition and
maximization of the opportunity to deliver centralized extension services to
“weekend campesinos” that live in higher concentrations in the La Paz-El Alto
metropolitan region. This means of delivering technical assistance and capacity
building could involve a centralized location for consultation with technicians, as
well as urban and/or periurban agricultural demonstration areas.

Expand demand and access to markets for traditional agricultural products and
smaller volumes of product
Connecting agricultural products cultivated and raised in the Department
of La Paz with Paceño consumers requires an approach that guarantees both
availability of and demand for the product. Therefore, the approach must have
bi-directional targets – both producer and consumer. A common suggestion
from interviewees is the broadening of educational campaigns to revalue
traditional agricultural products and teach about their culinary characteristics,
preparation, and nutritional value (Barrero, 2016; Silva Andreu, 2016; A.
Vásquez, 2016). Through school nutrition education and community nutrition
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education programs, consumers in the urban market and younger generations
could be introduced (or reintroduced) to traditional products (A. Vásquez, 2016).
Silva (2016) underscored the critical cultural component of these campaigns,
which will confront the undervaluing of indigeneity and foods that are associated
with indigeneity, along with contemporary aspirations to consume a “modern”
diet.
An approach that bridges consumers and producers is that of comedores
populares, a variety of people’s eatery suggested by Vásquez (2016). Following
the model of the restaurantes populares (popular restaurants) of Belo Horizonte,
Brazil, comedores populares would provide low-cost, healthy meals to people of
all socioeconomic situations (Rocha & Lessa, 2009). A public eatery program
would pair producers who have a diverse offering of products, but perhaps
smaller volumes, with local institutional buyers that can prepare foods in
moderate batch sizes and adapt to seasonal availability. These eateries would
be in urban and rural population centers, and could serve an educational
function for consumers and producers. On-site capacity building for producers
could support them in navigating state requirements for public purchasing
programs, such as initial support in preparing receipts and documentation, and
gradual assumption of full responsibility by producers. Comedores populares
could offer co-benefits of employment as cooks, nutrition educators, and
agricultural entrepreneurship consultants, as well as increased access to
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affordable, healthy, and sovereign food by reducing social, economic, and
physical barriers.
The establishment of food aggregation centers would be a direct
approach to addressing the barriers that Paceño producers face in accessing
markets in the La Paz-El Alto metropolitan region. This approach has been called
the “vanguard of Paceña food security” (W. Vásquez, 2016). As the La Paz
Municipal Committee on Food Security (El Comité Municipal de Seguridad
Alimentaria de La Paz, CMSA-LPZ) and Fundación Alternativas describe in their
recent proposal for a food aggregation center (centro de acopio) in the
metropolitan region, a food aggregation center “is a public-private commercial
space for the sale and redistribution of foods on a large scale” (Comité
Municipal de Seguridad Alimentaria de La Paz & Fundación Alternativas, 2016).
The food aggregation center that CMSA-LPZ and Fundación Alternativas
envisions is one that:
…assures a balance between the interests of participating producers,
intermediaries, and consumers; promotes formal and predictable
conditions for provision of food; articulates between various sectors of
the food system in an efficient manner; and is located in a geographic
location that is strategic for transport and redistribution of products.
(Comité Municipal de Seguridad Alimentaria de La Paz & Fundación
Alternativas, 2016).
The food aggregation center would include spaces for commercialization of
food products; services for value-added foods such as processing and cold chain
facilities; and other services such as business services, educational spaces,
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accommodations, and childcare (Comité Municipal de Seguridad Alimentaria de
La Paz & Fundación Alternativas, 2016).
Since presenting the proposal to the municipal governments of the
metropolitan region in September 2016, CMSA-LPZ and Fundación Alternativas
have continued to work to generate public and private support, and to
encourage public-private partnerships in the funding, planning, and execution of
this ambitious project. The editorial staff of the prominent newspaper La Razón
acclaimed that commercial activity in the proposed food aggregation center will
“foment local agricultural production, increase access to nutritious and diverse
foods, help to preserve the region’s food patrimony, reduce food imports (and
contraband), and permit the sale of food at just prices” (La Razón Editorial,
2016). In the same editorial article, La Razón called on the municipal
government of La Paz to guarantee the resources to execute this project (La
Razón Editorial, 2016). A metropolitan food aggregation center will necessitate
the collaboration of municipal and departmental governments. A longer-term
vision for the department could be the establishment of smaller satellite food
hubs in strategic population centers beyond the metropolitan region that have a
density of producers and diversity of product.
The above recommendations and strategies are complementary and
could have synergistic effects if they were implemented coincidentally. For
example, food aggregation centers and comedores populares can both serve as
hubs for extension services and capacity building, as well as locations for
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nutrition and culinary education, and could be co-located (with a comedor
popular as a component of the food aggregation center).
All three strategies within this recommendation to expand demand and
access to markets for traditional agricultural products and smaller volumes of
agricultural product align with plans and policies either in existence or in
development in La Paz. A metropolitan food aggregation center directly
responds to the La Paz 2040 Plan (Plan La Paz 2040), which states that “it is
necessary to guarantee food provision by strengthening agrofood chains that
supply the municipality and strengthening local food supply chains,” including
neighboring municipalities and other departments (Gobierno Autónomo
Municipal de La Paz, 2016, p. 33)36. Additionally, an educational campaign to
promote and educate about traditional foods responds to the objectives within
La Paz 2040 Plan, specifically that “The alimentary education program seeks to
promote the development of healthy eating habits within the population, in
order to reduce municipal indices of malnutrition and overweight” (Gobierno
Autónomo Municipal de La Paz, 2016, p. 34)37. Additionally, since 2016, the
Viceministry of Rural and Agricultural Development (Viceministerio de Desarrollo
Rural y Agropecuario) has been leading the development of a proposal for
legislation to promote the consumption of foods produced by family agriculture
(Propuesta de la Política de Promoción del Consumo de Alimentos de la
Agricultura Familiar) (Fundación TIERRA, 2016). Two key axes within the
proposal are markets and commercialization, and information and marketing
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strategy (including both publicity and consumer campaigns) (Fundación TIERRA,
2016).

Adapt and further develop the pilot food systems models as tools for planning
and policymaking in the Department of La Paz
The foodprint and foodshed model and climate change vulnerability
model presented in this thesis should be considered pilot models. Both require
further development with the participation of key Bolivian stakeholders, such as
staff from the National Institute for Agricultural and Forestry Innovation (Instituto
Nacional de Innovación Agropecuaria y Forestal, INIAF), agronomists from
extension programs and academic institutions, and producers themselves. It
would be inappropriate and unethical to use a model in isolation as the sole
foundation of policy formation and program implementation. As Brooks et al.
remind, “Ultimately, it is people not countries that are vulnerable” (2005, p.
162). However, with further development and in conjunction with stakeholder
engagement, these models could be tools that aid in progress towards the
national goal of food security with food sovereignty.
In Pillar 6.2 “Productive Sovereignty with Diversification” of the 20162020 Social and Economic Development Plan (Plan de Desarrollo Económico y
Social 2016-2020, PDES), Bolivia has set ambitious national targets for the
production of key agricultural products (see Table 7) (Estado Plurinacional de
Bolivia, 2015a). Vásquez (2016) praised the PDES for setting clear numeric goals
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by which to measure the achievement of the objectives in Law 144 (Law of the
Productive, Communal, and Agricultural Revolution), which provides the legal
framework. As he says, it “gives the law a raison d’ être” (A. Vásquez, 2016).
Pérez (2016b) called the PDES a “more serious” plan for centralized planning. By
law, municipal and departmental governments, ministries, state universities, and
NGOs must support this development plan, which will facilitate the efficient use
of resources (Pérez, 2016b). Pérez (2016b) also pointed out that, of the eight
crops prioritized in the PDES, several are produced almost exclusively by
campesino producers and most are produced in some measure by campesino
producers. Soy is the major exception.

Table 7. Targets for national agricultural production in Pilar 6.2: Productive
sovereignty with diversification
Product
2014
2020
Internal Demand
Production
Production
(metric tons)
(metric tons)
Wheat
217,000
721,000
Increases to 57% of the internal
demand
Soy
3,100,000
4,400,000
Increases to 44% of the internal
demand
Corn
1,000,000
1,400,000
Increases to 8% of the internal
demand
Quinoa
84,000
220,000
Increases to 136% of the
internal demand
Tomato
54,000
148,000
Increases to 63% of the internal
demand
Potato
942,000
1,500,000
Increases to 14% of the internal
demand
Coffee
22,000
54,000
Increases to 44% of the internal
demand
Source: Translated and reproduced from Table 8 of Plan de Desarrollo
Económico y Social, 2016-2020 (Estado Plurinacional de Bolivia, 2015a, p. 131)
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Interviewees recognized the utility of the pilot foodprint and foodshed
model in estimating food demand and land requirements for meeting demand
(Fernández Rodríguez, 2016; Nogales & Thellaeche Ortiz, 2016). Bazoberry
(2016) saw the foodprint model as a way to quantify what he called “demand for
the countryside” (“demanda del campo”), helping governments to identify the
necessary production area in hectares and, by extension, the number of
producers and the size of the rural population needed to support that
production. These estimates could form part of a policy advocacy platform
focused on strengthening support for small-scale producers (Fernández
Rodríguez, 2016) and could help to reframe the discussion around Bolivia’s need
for agricultural producers rather than agricultural producers’ need for support
(Bazoberry Chali, 2016). Pérez (2016b) rightly cautioned that any use of this
model must acknowledge the limitations thereof, including, most importantly,
that the model estimates land requirements with the assumption that all
products in the basic food basket are produced in the Department, which is far
from reality. Therefore, any use of the model should be accompanied by this
caveat. Alternatively, the model could be adapted to reflect land requirements
based on national production or production in DSCZ by using yield and
production data from those areas.

132

Necessary Conditions
Vertical articulation between different levels of government and
horizontal articulation between different ministries and agencies will be critical
to making progress toward Bolivia’s goal of food security with food sovereignty.
This need was recognized by many interviewees (Barrero, 2016; Carvajal
Escalante, 2016; Fernández Rodríguez, 2016; A. Vásquez, 2016). It is also
evident in the “multilevel articulation” axis of the proposal for legislation to
promote the consumption of foods produced by family agriculture. This axis is
“focused on interinstitutional coordination and commitment” and “proposes to
foment the exchange of information in order to fill the void of information with
respect to programs and projects that are underway” (Fundación TIERRA, 2016).
The PDES represents the first steps towards this coordination, as it requires each
sub-national development plan (municipal and departmental) to align with the
national plan and establishes the Comprehensive State Planning System
(Sistema de Planificación Integral del Estado, SPIE) as an instrument for
coordinating goals between different levels of government (Fernández
Rodríguez, 2016; A. Vásquez, 2016). Although more time is needed for
municipalities to adopt and assimilate this system, it promises to be an
improvement on the previous practice of measuring effectiveness by budgetary
execution alone (A. Vásquez, 2016).
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Conclusion
It merits repetition that my research and analysis lead me to believe in
the meaningful and critical social, economic, and environmental role of smallscale, western producers in Bolivia. However, this role is inevitably evolving and
will continue to evolve as social and cultural influences shift, as the impacts of
climate change are more acutely felt, and as political and economic forces
change. Assuring the conditions within which small-scale producers can cope
with climate variability, earn a livelihood, increase regional self-reliance, and
contribute to Bolivia’s vital goal of food security with food sovereignty will
require organized cross-sector coordination, considerable political will, and
integral involvement of producers themselves in mid- and long-term solutions.

NOTES
“Es necesario garantizar la provisión de alimentos a través de fortalecimiento de las cadenas
agroalimentarias que abastecen el municipio, fortaleciendo las cadenas locales propias…”
(Gobierno Autónomo Municipal de La Paz, 2016, pp. 33)
37
“El programa educación alimentaria busca promover el desarrollo de hábitos alimenticios
saludables en la población, para disminuir los índices de desnutrición y sobre peso del municipio.”
(Gobierno Autónomo Municipal de La Paz, 2016, pp. 34)
36

134

APPENDIX A. TECHNICAL METHODS FOR FOODPRINT AND FOODSHED MODEL

Table 8. Basic food basket for La Paz
Food Item

Quantity
(g/person
/d)

Calories
(kcal)

Protein
(g)

Fat
(g)

Raw, processed, animalderived, or composite
food?

HNE1
Annual Quantity
(kg/person/yr)

CEREALS

Bread, white roll
Rice
Wheat, flour
Noodles (for stew)
Beer (wheat beer)

118.69
64.81
14.4
43.16
13.24

350.87
236.07
53.04
151.53
4.04

10.56
4.85
1.71
4.87
0.06

1.05
0.31
0.23
0.54
0

processed
raw
processed
processed
processed

43.32
23.66
5.26
15.75
4.83

119.79
7.33

145.2
23.9

3.13
0.24

0.17
0.02

raw
processed

43.72
2.68

15.83
5.56
4.38
0.49
1.13
0.42

140.45
4.67
4.93
3.09
8.1
5.69

0
0.39
0.54
0.14
0.01
0.08

15.76
0.02
0.02
0.25
0.9
0.28

31.95
25.14
7.33
3.08
27.91
21.69
16.63
5.3
5.71
11.13
49.24
5.55
39

14.53
5.86
3.01
0.55
8.05
11.07
11.7
2.52
3.76
5.12
42.45
9.16
155.64

0.43
0.28
0.09
0.05
0.56
0.37
0.14
0.04
0.02
0.05
0.5
0.07
0

0.08
0.09
0.02
0.01
0.17
0.05
0.05
0.01
0.01
0.01
0.34
0.02
0

ROOTS AND TUBERS

Potato
Chuño (dehydrated potato)
OILSEEDS AND PULSES

Sunflower oil
Peas
Fava beans
Raw peanut
Margarine
Mayonnaise

processed
raw
raw
raw
processed
animal-derived, processed

5.78
2.03
1.60
0.18
0.41
0.15

FRUITS AND VEGETABLES

Carrot
Tomato
Squash
Lettuce
Onion - whole, green or scallion
Onion - cut, head, or head only
Mandarin
Orange
Apple
Papaya
Banana
Plantain
Sugar, granulated
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raw
raw
raw
raw
raw
raw
raw
raw
raw
raw
raw
raw
processed

11.66
9.18
2.68
1.12
10.19
7.92
6.07
1.93
2.08
4.06
17.97
2.03
14.24

Jams/Compotes
Fruit juice
Carbonated beverages
Beverage, non-alcoholic (like mocochinchi or cebada)

0.58
26.76
93.07
19.33

1.71
18.74
40.97
38.85

0.01
0.19
0
0.3

0
0.18
0
0.09

processed
processed
processed
processed

0.21
9.77
33.97
7.06

2.6
0.06
0.46
0.82

1.25
0.11
0.34
5.4

0.02
0
0
0.32

0
0
0
0.2

processed
processed
processed
processed

0.95
0.02
0.17
0.30

Beef with bone
Ground meat (beef)
Chicken, whole
Egg (chicken)
Broth in cubes/Seasonings
FISH (not included in the model)

22.6
27.47
22.29
11.66
0.43

48.93
34.17
34.92
16.62
1.29

6.53
4.81
3.51
1.32
0.12

2.18
0.74
2.14
1.08
0

animal-derived
animal-derived
animal-derived
animal-derived
animal-derived, processed

Argentinean silverside (fish)
Karachi (fish from Lake Titicaca)
Sardine

2.3
2.5
1.09

2.18
3.41
2.55

0.45
0.5
0.29

0.02
0.1
0.16

animal-derived
animal-derived
animal-derived

0.84
0.91
0.40

20.57
1.5
5.03
2.88

11.02
6.7
18.36
4.18

0.64
0.33
1.39
0.16

0.55
0.32
1.28
0.07

animal-derived
animal-derived, processed
animal-derived, processed
processed

7.51
0.55
1.84
1.05

101.47
48.34

164.15
89.93

7.84
4

5.38
3.38

composite
composite

37.04
17.64

15.9
6.93

32.16
55.36

1.06
0.33

1.16
0.08

composite
composite

5.80
2.53

16.03

81.54

2.61

1.87

composite

5.85

7.11

0

0

0

processed

2.60

STIMULANTS

Coffee, roasted and ground
Coffee, instant
Tea (in bags)
Cocoa/powdered cocoa with sugar or other sweetener
MEAT

8.25
10.03
8.14
4.26
0.16

DAIRY PRODUCTS

Milk, pasteurized
Milk, powdered
Cheese, criollo
Icecream
COMPOSITE FOODS

Lunch in a restaurant
Lunch from a market or street vender
Dinner in a restaurant
Dinner from a market or street vendor
Breakfast/tea from market or street vendor
OTHER (not included in model)

Salt

Source: Adapted from Figure 13 in Hernani, W., Jiménez, W., and Mena, G. (2014)
1
Human Nutrition Equivalent (HNE) = [Daily Quantity from BFB (g/day) x 365 days] / [1 kg/1000g]
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Table 9. Data sources and assumptions for the foodprint and foodshed model
Product
Parameter
Class
Step 1: Define model diet

Units

Value

Notes

Source

All food
items

Daily per
capita
consumption

grams/day

Varies by
food item

The daily per capita consumption is
based on the basic food basket for La
Paz described in Figure 13 of the
Fundación ARU report.

Hernani, W., Jiménez, W., and Mena, G. (2014,
January). Drawing the line: Estimating the basic
food basket and poverty lines in Bolivia during
the 1999-2012 period. Fundación ARU. (Working
Paper Series)

Composite
foods

Daily per
capita
consumption

grams/day

Varies by
ingredient
in the
composite
food

For these calculations, I summed the
total mass and then divided the total
mass into common ingredients,
balancing for mass and calorie, fat, and
protein composition. Common lunch and
dinner foods eaten away from home
include salteñas, plato paceño, fricasé,
choripan, chairo, anticucho, hamburger,
french fries, fried chicken, pizza, and sopa
de maní. Common breakfast foods eaten
away from home include bread, cuñape,
and salteñas. Main food ingredients for
these meals include white bread (flour),
potatoes, beef, chicken, tomatoes,
onions, cheese, oil, sugar, and egg.
These ingredients were chosen based on
their prominence across the recipes, as
well as their inclusion in the basic food
basket. I estimated these amount of each
ingredient based on the relative portions
of daily consumption of the component
ingredients when prepared at home.

I consulted recipes for these common composite
foods. My main source was a Bolivian recipe
website (http://www.recetas.com.bo/)
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Step 2: Account for food losses and food waste

All food
categories

Food losses
and food
waste

Percent lost
or wasted

Varies by
food
category

The percentage lost or wasted by food
category for Latin America. The
percentage used is the aggregate of the
percent lost or wasted in postharvest
handling and storage, processing and
packaging, distribution, and consumption
at the household level.

Gustavsson, J., Cederberg, C., Sonesson, U.,
Van Otterdijk, R., & Meybeck, A. (2011). Global
food losses and food waste. Food and
Agriculture Organization of the United Nations,
Rome. [page 26-27]

Step 3: Convert to farm commodities

All food
items, unless
otherwise
noted

Commodity
conversions

kg
commodity/
kg product

Varies by
food item

Unless otherwise noted in this table, all
commodity conversions, including live
weight to carcass weight for livestock,
come from Bolivia section the FAO
report (pp. 283-286)

FAO. (No date). Technical Conversion Factors
for Agricultural Commodities. FAO. Retrieved
from
http://www.fao.org/fileadmin/templates/ess/doc
uments/methodology/tcf.pdf

Additional
commodity
conversions
not included
in the FAO
report
(above)

Commodity
conversions

kg
commodity/
kg product

Varies by
food item

Some conversions were not reported for
Bolivia in the FAO report, so I used the
USDA conversion factors for the
following: the extraction coefficient for
semolina flour, the shelling rate for corn,
the moisture content of potatoes, fat
content for margarine, sugar and fruit
content of jam/preserves, fruit per gallon
of apple and orange juices, sugar content
of carbonated beverages, extraction
coefficient for green coffee beans to
roasted coffee beans, extraction
coefficient for green coffee beans to
instant coffee, extraction coefficient for
fresh tea leaves to dried tea leaves, and
sugar and cocoa content of cocoa mix.

USDA-ERS. (1992). Weights, Measures, and
Conversion Factors for Agricultural Commodities
and Their Products (No. Agricultural Handbook
Number 697). Washington, D.C: United States
Department of Agriculture. Retrieved from
https://www.ers.usda.gov/webdocs/publications
/ah697/33132_ah697_002.pdf?v=42487

Beer

Commodity
conversions

kg
commodity/
kg product

.25kg
wheat/kg
beer

800-1,200 lbs malt/465 gallons of beer;
density of beer is 1.01 kg.L

Chris Lawrence, Brewer at Funkwerks Brewery,
Fort Collins, Colorado, USA
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Mayonnaise

Commodity
conversions

4.41kg
egg/kg
mayo; 2.21
kg
sunflower
seed/kg
mayo
Mocochinci
Commodity
kg
1.08 kg
(as model for conversions
commodity/ peaches/
non-alcoholic
kg product
kg
beverages)
beverage;
2.23 kg
sugar
cane/kg
beverage
Raw milk
Commodity
percent
87.9%
composition
conversions
composition water, 3.4%
fat, 4.7%
lactose,
3.1%
protein,
0.9%
minerals
Step 4: Account for livestock feed requirements

This ratio of eggs to oil in mayonnaise is
taken from a New York Times recipe. The
extraction coefficient of sunflower seed
to sunflower oil is from the FAO report
(above).

Clark, M. (No date). Mayonnaise. The New York
Times. Retrieved from
https://cooking.nytimes.com/recipes/12459mayonnaise

For dried peaches, 1kg dried fruit/3.23.6kg fresh fruit (from USDA source
above), so the extraction rate is 28-31%;
1 kg dried peaches per 3 litres of
beverage; assuming density equal to
apple juice (1.05kg/L)

My source for the mocochinci recipe is
http://www.recetas.com.bo/content/mocochinch
i

Using this raw milk composition and fat,
protein, and solids composition for dairy
products (cheese, powdered milk, etc.)
from the USDA report above, I calculated
which component would be the limiting
component in the dairy product and
derived commodity conversion factors

Mamani Apaza. (2009). Calidad de Leche:
Resultados de Análisis de Muestras de Leche.
Engormix: Lechería.

Feed
requirements
and feed
conversion
ratios for
laying hens,
broiler
chickens, and
dairy cattle

Feed composition, feed requirements,
and feed conversion ratios for laying
hens, broiler chickens, and dairy cattle
used in this analysis are from the Peters
et al. (2014) livestock model.

Peters, C. J., Picardy, J. A., Darrouzet-Nardi, A.,
& Griffin, T. S. (2014). Feed conversions, ration
compositions, and land use efficiencies of major
livestock products in U.S. agricultural systems.
Agricultural Systems, 130, 35–43.
https://doi.org/10.1016/j.agsy.2014.06.005

Livestock
feed
requirements

kg
commodity/
kg product

kg feed
commodity/
kg product

Varies by
animalbased food
product
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Carrying
capacity for
pastureraised beef

Livestock
feed
requirements

hectares/
animal unit/
year

11.9
ha/AU/yr

Based on Table 6 in Vera (2004), carrying
capacity is calculated by simple average
for five pasture types in the Department
of La Paz.

Vera, R. 2004. Perfiles por país del recurso
pastura/forraje: Bolivia. FAO. Retrieved from
http://www.fao.org/ag/agp/agpc/doc/counprof/
PDF%20files/Bolivia-Spanish.pdf

Step 5: Define productivity of land

All crops

Crop yields

kg/hectare

Varies by
crop

The yield for each crop is based on the
average yield for the 12 agricultural
seasons from 2004-2016. These yields
are specific to the Department of La Paz.

Instituto Nacional de Estadística, Ministerio de
Desarrollo Rural y Tierras, Encuesta Nacional
Agropecuaria - Downloaded from Banco de
Datos Agropecuarios, Observatorio
Agroambiental Productivo on March 23, 2017

Grazing land

Productivity
of pasture
and
rangeland

kg dry
matter/
hectate/
year

750 kg dry
matter/ha/y
r

Based on Table 5 in Vera (2004),
productivity is calculated using an area
weighted average for productivity of
grazing land in the Altiplano and the
Andean Valleys.

Vera, R. 2004. Perfiles por país del recurso
pastura/forraje: Bolivia. FAO. Retrieved from
http://www.fao.org/ag/agp/agpc/doc/counprof/
PDF%20files/Bolivia-Spanish.pdf

Compariso
n of
demand for
soy oil vs.
soybean
meal

Based on the higher demand for soybean
meal for livestock consumption in
comparision to the demand for soy oil for
human consumption, the land
requirement is based on soybean meal
rather than soy oil.

N/A

1,695,837
people

The population used in this analysis is the
2016 projected population for the cities
of La Paz and El Alto combined.

Instituto Nacional de Bolivia. (2014). Bolivia:
Proyecciones de población, según
departamento y municipio, 2012-2020.

Varies by
crop

The production for each crop is based on
the average yield for the 12 agricultural
seasons from 2004-2016. These
production volumes are specific to the
Department of La Paz.

Instituto Nacional de Estadística, Ministerio de
Desarrollo Rural y Tierras, Encuesta Nacional
Agropecuaria - Downloaded from Banco de
Datos Agropecuarios, Observatorio
Agroambiental Productivo on March 23, 2017

Step 6: Account for multi-use crops

Soy

Multi-use
crop
adjustment

N/A

Step 7: Estimate land requirements

Population

Land
requirements

Number of
residents

Step 8: Calculate regional self-reliance

Production

Production
volume

metric tons/
year
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Step 9: Compare land requirements with current agricultural land use

Productive
potentials for
agricultural
uses

Land use

Hectares

Varies by
agricultural
land use

Based on the shapefile for "productive
potentials," there are 1,614,628 hectares
with potential for crops or mixed crop
and livestock agriculture, and 2,406,614
hectares with productive potential as
pasture.

GeoBolivia. (2013). Mapa de potenciales
productivos de Bolivia, 2013. Retrieved from
http://geo.gob.bo/geonetwork/srv/eng/catalog.
search#/metadata/c06bc0c5-cca7-4f41-b8ea7a7359d6a24e

Land in
agricultural
production
units

Land use

Hectares

Varies by
agricultural
land use

Based on the 2013 national agricultural
census, there are 292,698.8 hectares in
summer cropland and 987,175.3 hectares
in cultivated and natural grasses for
livestock production in the Department
of La Paz.

Instituto Nacional de Estadística. (2015). Censo
Agropecuario 2013. La Paz, Bolivia: Instituto
Nacional de Estadística. Retrieved from
http://www.ine.gob.bo/pdf/cna_BOLIVIA_final.p
df
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Figure 19. Example calculations for foodprint model
Calculation for a plant-based food item with no processing transformations: Potato
67.25&'(&)*+,+*&-*./0123
1.0&'(&)*+,+*&)7*30-23
1.0&ℎ2-+,72
0.016&ℎ2-+,72/
×
×
=
1.0&62,7
0.70&'(&)*+,+*&-*./0123 6038.33&'(&)*+,+*&)7*30-23
1.0&62,7

Calculation for a plant-based for food item with a processing transformation: Wheat flour
16.21&'(&=ℎ2,+&>?*07&-*./0123
1.0&'(&=ℎ2,+&>?*07&)7*30-23
1.0&'(&=ℎ2,+
1.0&ℎ2-+,72
0.052&ℎ2-+,72/
×
×
×
=
1.0&62,7
0.79&'(&=ℎ2,+&>?*07&-*./0123 0.71&'(&=ℎ2,+&>?*07 553.42&'(&=ℎ2,+
1.0&62,7

Calculation for an animal-based food item with multiple feed crops: Egg
9.31&'(&2((&-*./0123 1.0&'(&2((&+*&1,7'2+
1.0&'(&2((&)7*30-23
2.024&'(&-*7.
1.0&ℎ2-+,72
0.021&ℎ2-+,72/
×
×
×
×
=
1.0&62,7
0.84&'(&2((&-*./0123 0.916&'(&2((&+*&1,7'2+ 1.0&'(&2((&)7*30-23 1190.33&'(&-*7.
1.0&62,7

9.31&'(&2((&-*./0123 1.0&'(&2((&+*&1,7'2+
1&'(&2((&)7*30-23
0.714&'(&/*6B2,.
1.0&ℎ2-+,72
0.019&ℎ2-+,72/
×
×
×
×
=
1.0&62,7
0.84&'(&2((&-*./0123 0.916&'(&2((&+*&1,7'2+ 1.0&'(&2((&)7*30-23 461.50&'(&/*6B2,.
1.0&62,7

Calculation for an animal-based food item: Pasture-raised beef
27.04&'(&B22>&-*./0123
1.0&'(&B22>&)7*30-23
1.0&,.C1,?&/?,0(ℎ+2723
1.0&,.C1,?&0.C+
11.9&ℎ2-+,72/
1.32&ℎ2-+,72/
×
×
×
×
=
1.0&62,7
0.84&'(&B22>&-*./0123 175&'(&B22>&)7*30-23 0.14&,.C1,?&/?,0(ℎ+2723 1.0&,.C1,?&0.C+
1.0&62,7

142

APPENDIX B. TECHNICAL METHODS FOR CLIMATE CHANGE VULNERABILITY MODEL

Table 10. Selected indicators by vulnerability component and relationship to vulnerability
Vulnerability
Component
Exposure

Component
Indicator
Exposure

Sensitivity

Human
sensitivity
Livelihood
sensitivity

Indicator

Description of Indicator

Flood
Drought
Frost
Hailstorm
Rural population density

Threat of floods
Threat of droughts
Threat of frosts
Threat of hailstorms
Rural population per square kilometer

Dependency ratio
Agricultural Population

Ratio of the people who do not work to people who do work
Percentage of population engaged in crop and/or animal
agriculture
Number of agricultural products produced in the municipality

Increasing
Increasing

Euclidean distance to a principal river or perennial lake
Slope in degrees
Proportion of rural population aged 15 years and older who
cannot read and write
Municipalities that have the option of agricultural insurance
Principal component analysis of farm infrastructure and
mechanized equipment
Euclidean distance to primary or secondary road

Increasing
Increasing
Increasing

Crop diversity

Adaptive
Capacity

Socioeconomic
assets

Access to water sources
Slope
Rural illiteracy rate
Agricultural insurance
Farm assets

Infrastructural
assets

Access to roads

Access to population
Time of travel to population centers
centers
Irrigated cropland
Percentage of summer cropland that is irrigated
Table structure adapted from Table 1 in Gizacheq & Shimelis (2014)

Relationship to
Vulnerability
Increasing
Increasing
Increasing
Increasing
Increasing

Decreasing

Decreasing
Decreasing
Increasing
Increasing
Decreasing
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Table 11. Selected vulnerability indicators by data source
Indicator

Dataset and Link to Metadata

Year

Social and Economic Policy Analysis Unit – Unidad de Análisis de Políticas Sociales y Económicas (UDAPE)

Flood
Bolivia Population Vulnerability Maps (Mapas de Vulnerabilidad Poblacional de Bolivia)
Visualizer: http://www.udape.gob.bo/vulnerabilidad/AutoPlay/Docs/Visualizador/IVP/aIVP.html
Drought
Methodology:
Frost
http://www.udape.gob.bo/vulnerabilidad/AutoPlay/Docs/Visualizador/IVP/Metodologia.pdf
Hailstorm
Notes: http://www.udape.gob.bo/vulnerabilidad/AutoPlay/Docs/Visualizador/IVP/notes.htm
Agricultural Population
National Statistics Institute – Instituto Nacional de Estadística (INE)
Rural population density
National Population and Housing Census (Censo Nacional de Población y Vivienda)
http://anda.ine.gob.bo/ANDA4_2/index.php/catalog/184
Dependency ratio
Rural illiteracy rate
Crop diversity
National Agricultural Census (Censo Nacional Agropecuario)
http://anda.ine.gob.bo/ANDA4_2/index.php/catalog/279
Farm assets
Irrigated cropland
GeoBolivia
Access to water sources
Principal rivers of the Plurinational State of Bolivia (Ríos principales del Estado Plurinacional de
Bolivia)
http://geo.gob.bo/geonetwork/srv/eng/catalog.search#/metadata/6f7f9b35-7205-404b-bd1f7e87d7d6f8cc
Lakes of the Plurinational State of Bolivia (Lagos del Estado Plurinacional de Bolivia)
http://geo.gob.bo/geonetwork/srv/eng/catalog.search#/metadata/34befd17-b8fb-460f-88b129310539fcc5
Slope
Global Digital Elevation Model – GDEM (Modelo de Elevación Digital Global de ASTER)
http://geo.gob.bo/?Descargas-Aster-DEM
Agricultural insurance
Municipalities with agricultural insurance coverage in Bolivia, 2012-2014
(Municipios con cobertura de seguro agrícola en Bolivia, 2012-2014)
http://geo.gob.bo/geonetwork/srv/eng/catalog.search#/metadata/7a8e1387-286b-457b-bf43ac6b8b044079
Access to roads
Map of primary and secondary roads in Bolivia (Mapa caminos principales y segundarios de
Bolivia)
http://geo.gob.bo/geonetwork/srv/eng/catalog.search#/metadata/c361cda7-31c3-4272-bf4e191f71ad2b26
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2015

2012

2013

2016

2016

No
date
2013

2001

Access to population centers

Agricultural land uses
(not an indicator but used in
analysis)

Accessibility category of communities to population centers
(Categoría de accesibilidad de comunidades a centros poblados)
http://geo.gob.bo/geonetwork/srv/eng/catalog.search#/metadata/ba74ed29-8015-4b62-bd9c3f6c9dbaab55
Productive potentials map
(Mapa de potenciales productivos de Bolivia, 2013)
http://geo.gob.bo/geonetwork/srv/eng/catalog.search#/metadata/c06bc0c5-cca7-4f41-b8ea7a7359d6a24e
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2013

2013

Table 12. Steps to prepare indicators for vulnerability analysis
Indicator
Flood
Drought
Frost
Hailstorm
Rural
population
density
Dependency
ratio

Agricultural
Population
Crop
diversity

Description of Indicator
Threat of floods
Threat of droughts
Threat of frosts
Threat of hailstorms
Rural population per square
kilometer

Steps
Reclassified categorical variables: “Baja” = 1, “Media” = 2, “Alta” = 3; Converted to raster
Reclassified categorical variables: “Baja” = 1, “Media” = 2, “Alta” = 3; Converted to raster
Reclassified categorical variables: “Media” = 2, “Alta” = 3 (no “Baja”); Converted to raster
Reclassified categorical variables: “Baja” = 1, “Media” = 2, “Alta” = 3; Converted to raster
Joined tabular data with shapefile of municipalities; Converted to raster; Reclassified raster by terciles

Ratio of the people who do
not work to people who do
work
Percentage of population
engaged in crop and/or
animal agriculture
Number of agricultural
products produced in the
municipality

Joined tabular data with shapefile of municipalities; Converted to raster; Reclassified raster by terciles

Access to
water
sources
Slope

Euclidean distance to a
principal river or perennial
lake
Slope in degrees

Rural
illiteracy rate

Proportion of rural population
aged 15 years and older who
cannot read and write
Municipalities that have the
option of agricultural
insurance
Principal component analysis
of farm infrastructure and
mechanized equipment

Agricultural
insurance
Farm assets

Joined tabular data with shapefile of municipalities; Converted to raster; Reclassified raster by terciles

In Stata, summarized number of unique crops grown in each municipality based and exported to
Excel
Stata commands: 1. <scc install unique> 2.<unique product, by (municipio) detail>
Joined tabular data with shapefile of municipalities; Converted to raster; Reclassified raster by terciles
Selected by attribute for perennial lakes; Exported selected data. Merged shapefiles for principal
rivers and perennial lakes; Created a Euclidean distance raster based on merged shapefile; Extracted
by mask using municipal shapefile; Reclassified raster by terciles
Used Mosaic tool merge 24 DEM files into one raster; Projected raster; Ran Slope tool; Extracted by
mask, Reclassified raster by terciles
Joined tabular data with shapefile of municipalities; Converted to raster; Reclassified raster by terciles

Reclassified categorical variables: insurance (“SAMEP” and “NUEVO”) = 3, no insurance = 1;
Reclassified raster by terciles
In Stata, ran principal component analysis for farm asset data for silos, grain dryers, greenhouses,
hoop houses, tractors, and mechanized threshers, harvesters, balers, and rototillers; Exported results
to Excel
Stata commands: 1. <pca “…” “…” “…” “…” “…”>, where “…” represents each variable
2. <predict asset_index> (creates new variable)
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Access to
roads

Euclidean distance to primary
or secondary road

Access to
population
centers
Irrigated
cropland
Agricultural
land uses

Time of travel to population
centers

Joined tabular data with shapefile of municipalities; Converted to raster; Reclassified raster by terciles
Selected by attribute for primary roads (principal o carretero) and secondary roads (secundario o
vecinal); Exported data; Created a Euclidean distance raster based on selected features; Extracted by
mask using municipal shapefile; Reclassified raster by terciles
Reclassified categorical variables: urban = 1, periurban = 1, connected rural = 2, isolated rural = 3;
Converted to raster

Percentage of summer
cropland that is irrigated
(not an indicator but used in
analysis)

Created new variable based on irrigated summer cropland and total summer cropland by
municipality; Converted to raster; Reclassified by terciles
Selected by attribute for Department of La Paz and exported data; Selected by attribute for 11
agricultural land uses and exported data (vector); Added attribute field for selected data and
assigned values for each agricultural use:
1 – agropecuario
2 – agropecuario limitado
3 – cultivos agrícolas
4 – cultivos agrícolas mercado local
5 – cultivos de hortalizas y frutas
6 – cultivos industriales y consumo
7 – ganadería
8 – ganadería bovina
9 – ganadería bovina uso limitado
10 – pastoreo extensivo
11 – pastoreo limitado
Converted to raster; Reclassified into five categories:
0 – non-agricultural
1 – crops and livestock (agropecuario, agropecuario limitado)
2 – crops (cultivos agrícolas, cultivos agrícolas mercado local, cultivos de hortalizas y frutas, cultivos
industriales y consumo)
3 – livestock (ganadería, ganadería bovina, ganadería bovina uso limitado)
4 – pasture (pastoreo extensivo, pastoreo limitado)
Notes: Raster cell size set to 30m x 30m and snapped to the DEM raster
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Figure 20. ArcGIS Model Builder diagram of exposure sub-index index model

Note: The computation for the exposure index was somewhat simpler than the other indices because I prepared the indicators as
part of a single tabular data and added an attribute field in which I calculated the sub-index without converting to raster.
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Figure 21. ArcGIS Model Builder diagram of sensitivity sub-index model

149

Figure 22. ArcGIS Model Builder diagram of the adaptive capacity sub-index model
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Figure 23. ArcGIS Model Builder diagram of the vulnerability index model
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Table 13. Municipalities of the Department of La Paz, Bolivia, by aggregate vulnerability level
Municipality

High Vulnerability
Province

Mid Vulnerability
Province

Municipality

Low Vulnerability
Municipality

Province

Ayo Ayo

Aroma

Collana

Aroma

Ixiamas

Abel Iturralde

Sicasica

Aroma

Colquencha

Aroma

San Buenaventura

Abel Iturralde

Umala

Aroma

Patacamaya

Aroma

Calamarca

Aroma

Curva

Bautista Saavedra

Charazani

Bautista Saavedra

Puerto Mayor de Carabuco

Camacho

Apolo

Franz Tamayo

Escoma

Camacho

Alto Beni

Caranavi

Pelechuco

Franz Tamayo

Humanata

Camacho

Caranavi

Caranavi

Santiago de Machaca

General José Manuel Pando

Mocomoco

Camacho

Cajuata

Inquisivi

Chacarilla

Gualberto Villarroe

Puerto Acosta

Camacho

Inquisivi

Inquisivi

Papel Pampa

Gualberto Villarroe

Catacora

General José Manuel Pando

Mapiri

Larecaja

San Pedro de Curahuara

Gualberto Villarroel

Desaguadero

Ingavi

Teoponte

Larecaja

Jesús de Machaka

Ingavi

Puerto Mayor de Guaqui

Ingavi

Tipuani

Larecaja

La (Marka) San Andrés de Machaca

Ingavi

Viacha

Ingavi

Cairoma

Loayza

Taraco

Ingavi

Colquiri

Inquisivi

Laja

Los Andes

Tiahuanacu

Ingavi

Ichoca

Inquisivi

Tito Yupanqui

Manco Kapac

Villa Libertad Licoma

Inquisivi

Quime

Inquisivi

Achocalla

Murillo

Guanay

Larecaja

Combaya

Larecaja

Mecapaca

Murillo

Luribay

Loayza

Quiabaya

Larecaja

Nuestra Señora de La Paz

Murillo

Puerto Pérez

Los Andes

Sorata

Larecaja

Palca

Murillo

Ayata

Muñecas

Tacacoma

Larecaja

Coripata

Nor Yungas

Chuma

Muñecas

Malla

Loayza

Coroico

Nor Yungas

Achacachi

Omasuyos

Sapahaqui

Loayza

Chua Cocani

Omasuyos

Huarina

Omasuyos

Yaco

Loayza

Huatajata

Omasuyos

Calacoto

Pacajes

Batallas

Los Andes

Waldo Ballivian

Pacajes

Caquiaviri

Pacajes

Pucarani

Los Andes

Chulumani

Sud Yungas

Charaña

Pacajes

Copacabana

Manco Kapac

Irupana

Sud Yungas

Comanche

Pacajes

San Pedro de Tiquina

Manco Kapac

La Asunta

Sud Yungas

Corocoro

Pacajes

Aucapata

Muñecas

Palos Blancos

Sud Yungas

Nazacara de Pacajes

Pacajes

El Alto

Murillo

Yanacachi

Sud Yungas

Santiago de Callapa

Pacajes

Santiago de Huata

Omasuyos

Villa Ancoraimes

Omasuyos
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