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			 Country Diagnostic

Executive Summary
The term “food smart” refers to a food system that is efficient, meets the food needs of a
country, and is environmentally sustainable. Reducing food loss and waste (FLW) is one of
the critical pillars to build a smart food system. This diagnostic focuses on the FLW pillar,
from farm to fork to landfill, with the objective of alerting policymakers to the role that
addressing food loss and waste can play in meeting their various global and national policy
commitments.
Food loss and waste is a global problem—estimates suggest that 25-30% of all food
produced is never eaten, generating around 8-10% of annual global greenhouse gas
emissions.* According to the United Nations, food that is lost closer to the farm, in contrast
to consumer waste, equates to an annual economic loss of USD 400 billion.**

A FOOD SMART GUATEMALA
Guatemala ranks 68 out of 113 countries on the Global Food Security Index (2019), and has
the highest level of child undernourishment in the Western Hemisphere. In its Western
Highlands region, where the majority of indigenous Mayans live, 48% of the population
suffers from chronic malnutrition. Yet Guatemala loses and wastes 38% of its total food
production each year—contributing 9.1% of the country’s greenhouse gas emissions and
constituting lost production of 14.6% of its total land.
Reducing FLW would enable Guatemala to increase output of land currently being farmed.
Farmers would be able to capture more of what they grow without stressing natural
resources or further depleting already marginal land. With these newly increased net
yields, farmers could improve their own family’s food security, and possibly have more
food crops remaining to sell for revenue or store as a buffer against future bad seasons.
Guatemala has made global and national commitments to reduce FLW.
This study uses three crops to estimate the potential impact of reducing FLW on
Guatemala’s policy priorities and to identify where along the food supply chain FLW
reductions would be most beneficial. The three crops are maize, Guatemala’s main staple
*United Nations Intergovernmental Panel on Climate Change (2019). Special Report on Climate Change and Land.
Chapter 5: Food Security. Accessed: October 23, 2019. URL:https://www.ipcc.ch/site/assets/uploads/2019/08/2f.Chapter-5_FINAL.pdf
**Bloomberg (2019). The World Loses $400 Billion of Food Before It Reaches Stores. By Agnieszka de Sousa. Accessed:
October 23, 2019. URL:https://www.bloomberg.com/news/articles/2019-10-14/the-world-loses-400-billion-of-foodbefore-it-reaches-stores
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EXECUTIVE SUMMARY CONTINUED

crop; beans, an important source of protein; and tomatoes, a net export crop. The policy
priorities examined are farmer welfare, food security, imports, natural resource stress,
greenhouse gas emissions, and total food waste.
Using the Global Framework, the study found that within an open market system, reducing
FLW for both maize and beans at any level of the food supply chain would have a positive
impact on virtually all major policy goals, with the greatest impacts achieved at the
farm level. For tomatoes, positive impacts occurred not only at the farm level, but also
downstream, particularly in transportation, handling and storage (THS).
To this end, the study makes several recommendations for reducing FLW, along with
facilitating access to new markets. These recommendations include improving infrastructure
such as storage facilities, cooling, and transportation; improving the business environment
through measures such as strengthening farm cooperatives; and increasing farmers’ access
to credit for risk-reducing technologies and other investments.

Guatemala remains stagnated
in a low-development cycle, with
persistent income inequality and poor
human capital outcomes. The country
identity presents a duality, largely along
a cultural divide, that also leads to
significant differences in poverty levels
and access to basic services, including
electricity, education, and health care.
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The Facts: 							
INDICATORS DRIVING ACTION ON FOOD LOSS 		
AND WASTE IN GUATEMALA1
Guatemala loses and wastes 38% of total production each year,* which uses 14.6% of
total land and contributes 9.1% of the country’s greenhouse gas emissions. These losses
represent 4.2% of Guatemala’s GDP. At the same time, 45.2% of Guatemalans are food
insecure, and the population is estimated to increase by almost 33% in 2050.

Volume

38

%

Guatemala
loses 20
million tons of
food per year

Land Use

15

%

Economic Value

4

%

FLW costs
Guatemala
around 4.2% of
GDP annually

FLW uses
14,653 sq. km
of land

GHG emissions

9

%

Population
Increase

Food Insecurity

45

%

Prevalence of
food insecurity is
45.2%

FLW generates
4 mt CO2 eq

33

%

Increase in
population by
2050

Sources: FAOSTAT 2018, World Bank Open Data, UN population prospects, WRI CAIT Climate Data Explorer, FAO et al
(2020f), Hamel (2017) and WB calculations

GUATEMALA’S CHALLENGE: 					
FEEDING A DIVIDED POPULATION
Despite economic stability in the region and solid growth since 2017, Guatemala remains
stagnated in a low-development cycle, with persistent income inequality and poor human
capital outcomes. The country identity presents a duality, largely along a cultural divide,
that also leads to significant differences in poverty levels and access to basic services,
including electricity, education, and health care. With one of the highest poverty, social and
economic exclusion rates in the region, the majority of Guatemala’s indigenous population is
particularly vulnerable. In the Western Highlands area, where the majority of the population
is indigenous, around 76% live in poverty and 26% in extreme poverty.2 Approximately 70%
of the country’s impoverished population lives in rural areas, where agricultural production
is the main livelihood activity and source of food.3 The non-indigenous population of
Guatemala is more urbanized, formal, and uses out-of-pocket funds to get basic services
either from the State, often of low quality, or the private sector. This dualistic nature is also
reflected in the agriculture sector, which exhibits both large, export-oriented commercial
farms as well as small, low efficiency subsistence producers.
*Average of total net losses of the three commodities analyzed.
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GUATEMALA’S CHALLENGE CONTINUED

Differentiated growth and strong inequality will further stress the domestic food system,
which struggles to adequately and nutritiously feed its population. Ranked 68 out of 113
countries on the Global Food Security Index in 2019, 45% of its population was moderately
or severely food insecure between 2017-2019.4,5 With its population deemed to increase by
33% over the next 30 years, growing from 17.9 million today to 26.9 million in 2050,6 the
stresses on the food system from expanded demand will only worsen. Malnutrition persists
within the country, with the fourth highest rate in the world and the highest in Latin America
and the Caribbean.7 With important implications for human capital development, Guatemala
has the highest level of child undernourishment in the western hemisphere.8 In rural areas
malnutrition can rise to higher than 70%, particularly in regions where the indigenous
population is predominant.9
Guatemala must transform its food system to be more efficient and effective at delivering
food and nutrition security, to cover current gaps and meet future incremental needs.
Top priorities for Guatemala are to increase food security and improve farmers’ welfare.
Agriculture is the main source of income in rural areas and key to lifting families out of
poverty. A more efficient food system will not only alleviate these existing shortfalls, but
it will also reduce dependency on agricultural imports in contrast to a business as usual
scenario. The current food system in Guatemala needs strengthening and modernization in
order to achieve these goals, through increasing productivity, enabling imports and a robust
export market, and expanding market opportunities for isolated regions through better and
more infrastructure and reducing food loss and waste. Addressing food loss and waste can
help to tackle multiple challenges at the same time, noted below, and may provide the most
immediate impact on the food system.

1.

Sustainable intensification of production in rural areas is an urgent priority for the
agriculture sector. One significant area of opportunity for Guatemala to address
food security and farmer income challenges is through sustainable intensification,
or getting more output from the land already under agricultural use. Challenges
persist, however. The agriculture sector’s labor productivity remains low and
stagnant, at about one-third of that in services and industry, especially in rural areas.10
Rural farmers are operating at a significant disadvantage, particularly indigenous
populations in the Western Highlands, where land parcels average between 0.02 to
0.05 hectares.11 These small plot sizes restrict the opportunities for farmers to expand
productive activities. Furthermore, rural households are often farming on marginal
land that is very susceptible to soil and land degradation.12 Fertilizing practices in the
Highlands are poor to non-existent, which combined with delayed improvements
in genetics, and steep production terrain, have attributed to consistently low yields
for critical staples like maize.13 Both small and large farmers alike are also highly
susceptible to climate change impacts, including precipitation variability and
temperature increase, posing further threats to productivity.14 Deploying improved
technologies to overcome these hurdles will require significant investment and time
before farmers see any benefit, but will be critical to feeding the growing population
sustainably.

2. Expanding access to markets and developing new markets, both domestic and
foreign, will make food more abundant and cheaper, improving food security and
farmers’ incomes. Connectivity infrastructure is key to improve access to food and
markets for less accessible regions where most of the poor live. But at less than 1%
of GDP, public infrastructure investment in Guatemala is among the lowest in Latin
6

Guatemala Stats

17.9

MILLION POPULATION

8

47%

MILLION WITH
MODERATE OR SEVERE
FOOD INSECURITY

OF POPULATION LIVING IN
RURAL AREAS

38%

POST HARVEST
LOSSES

36%

TOTAL LAND USED
FOR AGRICULTURE

31%

EMPLOYED IN
AGRICULTURE
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GUATEMALA’S CHALLENGE CONTINUED

America and emerging markets.15 The quality of infrastructure varies greatly across
the country, which exacerbates regional income inequality, particularly between
urban and rural areas. Poor infrastructure has contributed to sustained high food
price inflation over the last few years, especially in rural areas, hindering food
security efforts.16 This lack of infrastructure leads to high food losses and affects food
quality and safety, thereby severely limiting the prospects of rural farmers to tap
into Guatemala’s growing urban domestic and export markets to increase sales and
improve welfare. Additionally, creating more market opportunities downstream in the
food supply chain by facilitating private investment could also generate more income
for producers and cheaper food for consumers.

3. Reducing food loss and waste provides immediate impact for the poorest and most
vulnerable, maximizing output from land and natural resources already under
production. A reduction in losses and waste, which currently stands at around 38%
of all food produced, increases food availability in regions where it is grown and most
needed and can enable the ability to diversify diets to more nutritious ones. This
would enable farmers to capture more of what they are already growing, without
compromising the ecosystem, and potentially have excess crop to sell in domestic
and export markets. This greater output captured from the farm and near-farm will
increase the ability of net consuming farmers to not only alleviate immediate food
security challenges, but also to more successfully store excess crop to use as a
buffer against external risks, such reduced yields from the impacts of climate change
in future growing seasons.
VULNERABILITY TO CLIMATE CHANGE AND EXTREME CLIMATIC EVENTS
Guatemala ranks fourteenth in the world among the countries
most at risk from climate-related events, such as temperature
variation, floods, and droughts, threatening the viability of
critical crops.17 The country is ranked 130 out of 191 countries
in terms of its readiness to adapt to climate change, indicating
the critical focus that adaptation measures need, particularly
for rural producers.18 Climate change will create a productivity
drag on the agriculture sector. Modeling shows that climate
change will adversely affect the yields of key staple crops that
form a large portion of the consumption basket of smallholder
farmers, including maize and beans. Both crops are set to see
a 14% decrease in yields by 2050 due to climate change. In the
longer-term, temperature increase will drive decreases in crop
yield and livestock productivity the most, with very little effect
from changes in precipitation.19 Both sides of the dualistic structure of Guatemala’s agriculture sector will be
impacted by the threat of climate change, with larger producers vulnerable since the country’s key agricultural
exports are climate-sensitive.20 The primarily rainfed nature of smallholder farmer production has already
exposed them to a steady decline or stagnation in productivity due to reduced rainfall and higher temperatures.21
Few farmers have access to irrigation or similar technologies, for which reduced rainfall, increased incidences of
hailstorms, and unpredictability of droughts cause considerable crop losses.22
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GENDER INEQUALITY AND FOOD LOSS & WASTE
Guatemala has the highest Gender Inequality Index and the lowest rate
of female labor force participation in Latin America. Only 4 out of 10
women are in the labor force, less than half the corresponding rate of
men. Social and gender relations influence the different activities in
the food value chain (i.e. who carries them out, how, where, when and
under what conditions) and how resources and benefits are successively
allocated among actors.23 Division of labor in the food system puts
women in control of specific stages of the food system, in particular in
rural areas and among poor households. Women manage the household
food economy, vegetable gardens and small animals, like poultry and
pigs, and are often the sellers in local markets. They are therefore
the decision-makers in situations where food loss and waste could be
reduced, including to improve the household’s food security, but lack the agency and access to resources to do so.
For example, access to improved stoves, refrigeration, or the ability to create biogas from household waste are
initiatives that could enable women to improve their food saving strategies.
In order to be long-lasting and effective, food loss reduction policies and interventions should take into consideration
the underlying socio-cultural, institutional and economic dimensions of food value chains and systematically
integrate gender equality concerns.24 To address these challenges, the Government of Guatemala is currently
working to establish a gender perspective into its national programs to fight malnutrition (ENPDC) and support
family farming (PAFFEC).25 The Ministry of Agriculture, Livestock and Food of Guatemala is also leading a process
to help incorporate the gender perspective into public policy and initiatives related to climate change and explore
mechanisms through which gender gaps in the region can be reduced. Building off these government-led initiatives,
the World Bank “Modern and Resilient Agri-Food Value Chains (P173480)” project further seeks to strengthen gender
inclusion along the food chain through conducting a gender gaps study and corresponding gender strategy with
an action plan. Reducing gender inequalities in the food value chain in Guatemala, especially in rural regions, will
contribute to improving efficiency and to cutting food losses and waste.

MALNUTRITION IN GUATEMALA
Guatemala has the second highest prevalence of stunting in the world and the highest in Latin America.26 Although
these figures have decreased, 47% of all children under 5 years of age in Guatemala are stunted, peaking at 55%
at 18-23 months of age.27 There is a hidden component of disparities regarding indigenous populations, income,
and education: stunting levels increase to 70% in Totonicapán, Quiche, and Huehuetenango, primarily indigenous
areas of Guatemala; to 67% for the children of mothers with no formal education, compared to 27% when mothers
have secondary education; and to 66% in children in the lowest wealth quintile, as opposed to only 17% in the
highest wealth quintile.28 Like many low- and middle-income countries, Guatemala suffers from the triple burden
of malnutrition, or the presence of undernutrition, overweight and obesity, and micronutrient deficiency. Similarly to
stunting, the triple burden of malnutrition is more prevalent in indigenous than nonindigenous populations, both at
the household and individual levels. Addressing losses and waste in rural areas has the potential to address some
facets of malnutrition, particularly nutrient deficiency that could be bolstered by a reduction in losses and waste of
perishables, among other commodities.
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GUATEMALA’S CHALLENGE CONTINUED

Guatemala

REGIONAL HIGHLIGHT: THE WESTERN HIGHLANDS
Guatemala is the only country in Central America where an
indigenous culture constitutes a majority of the population: the
Mayans. 21 different Maya communities comprise around 51%

BELIZE

Flores Peten

of the national population.29 While Maya live across the entire

Northern Lowlands

country, the majority live in the Western Highlands, the nucleus

MEXICO

of the indigenous and rural population. These communities
30

Golf of Honduras

also make up the majority of people suffering from food

Barillas

insecurity, and a recent study found that 52% of farming

Western
Highlands

Cahabon

households in the Western Highlands do not have the means

San Marcos

to attain sufficient energy (as food) from their agricultural

Chichicastenango

Quetzaltenango

activities. On average, farming households produce enough

Lake Atitlan

maize for only 6.9 months of consumption a year and are

Rio Dulce
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Puerto Barrios

Caribbean

Central
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HONDURAS

Eastern
Guatemala
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forced to purchase maize to meet basic consumption needs.31

EL SALVADOR

As a result, 48% of the population in this region suffer from
chronic malnutrition.32 Farming households in this region are

producers and net consumers of food, and their livelihoods rely on agricultural activities. Limitations to improved
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livelihoods include lack of land availability, malnutrition, and reduced access to energy and infrastructure. Despite
agriculture being most important livelihood strategy for most of the population and the backbone of local food
security, 62% of households in the region have less than 0.7 hectares of arable land, and 85% have less than
1.4 hectares.33 A principle staple crop and driver of food security in the region, maize accounts for over 50% of
cultivated land. Another key staple is beans, which accounts for 11% of planting area.

COMMITMENT TO ADDRESSING 				
FOOD LOSS AND WASTE
Guatemala has made commitments to reduce food loss and waste at both the global level
through the Sustainable Development Goals and several national commitments, one still to
be ratified. Specifically, it has committed to:

National
Commitment (2015)

(Draft) National
Commitment (2020)

SDG 12.3

NDC Policy Actions

By 2030, halve per

Food security and

Organic waste

A draft decree to pass

capita global food

agriculture are two main

management addressed

the Food Loss and Waste

waste at the retail and

pillars for Guatemala’s

as part of the National

Prevention Law (record

consumer levels and

adaptation strategy,

Policy for the Integral

5633 of the Legislative

reduce food losses

although reducing food

Management of Residues

Directorate) to achieve
nutrition and food security
goals as well as SDG 12.3—

along production and

loss and waste is not

and Solid Waste

supply chains, including

identified as a specific

Management.

post-harvest losses

strategy.

currently under debate
in Congress and not yet
approved.
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KEY COMMODITIES & LOSS AND WASTE HOTSPOTS
For Guatemala’s diagnostic, a combination of staples and perishables is selected to illustrate
potential policy impacts when reductions of losses and waste are implemented along the
value chain. Maize and beans play crucial roles in food security and generation of income,
as well as the livelihoods in rural areas. Maize is the main staple food and beans are an
important additional source of protein that complements diets.34 Tomatoes are the most
widely consumed horticulture product in the country, offer critical micronutrients, and have
experienced a growing demand and potential to improve nutrition.

KEY STATS35
Table 1. Production, losses, and associated impacts for maize, beans and tomatoes in
Guatemala in 2018

MAIZE
34% Total
Losses
($107.6 Million
Value Lost)

1.922 million tons
Total Volume
Produced

5,899,421
Greenhouse
Gases (GHG)
Generated
(tCO2e)

302,678 ha
Land Lost in Producing
Food Loss and Waste

BEANS
26% Total
Losses
($29.5 Million
Value Lost)

253,000 tons
Total Volume
Produced

44,255
Greenhouse
Gases (GHG)
Generated
(tCO2e)

67,654 ha
Land Lost in Producing
Food Loss and Waste

TOMATO
54% Total
Losses
($31.4 Million
Value Lost)

331,000 tons
Total Volume
Produced

120,356
Greenhouse
Gases (GHG)
Generated
(tCO2e)

4,622 ha
Land Lost in Producing
Food Loss and Waste
Sources: FAOSTAT 2018; INE 2018; WRI FLW Protocol FReSH FLW Value Calculator, Environmental Working Group 2011
and WB calculations

11

KEY COMMODITIES CONTINUED

MAIZE
Maize is one of the most important staple crops in Guatemala for both its cultural
significance and critical contribution to caloric sufficiency in national diets.36 The fourth
largest produced commodity in the country, Guatemala produced over 1.9 million tonnes in
2018.37 Maize occupies around 40% of total agricultural land and is produced by commercial
and non-commercial farmers. Non-commercial maize occupies 58% of total planted area of
maize, produced by subsistence farmers.38 Guatemala is a net maize importer: half of total
maize consumption is produced within the
country and the rest is imported. In 2017, the
country imported 1.05 million tons of maize,
primarily from the United States, Brazil, and
Mexico.39,40 Vulnerable to extreme weather,
maize production has declined steadily due to
constant droughts starting in 2016.

BEANS
Beans are the main source of vegetable
protein for diets in Guatemala, especially in
rural areas, with a strong potential to increase
nutrition and food security.41 Guatemala
produces around 0.25 million tonnes of beans,
focusing production around the Northern
Lowlands of the country.42 In predominantly
rural areas like the Western Highlands,
beans are an important food security crop.
Most production in this region is done by
smallholder farmers for home consumption,
where around 80% of households do not sell grain and only 6% of farmers sell more than
50% of their harvest.43 Overall, Guatemala is a net exporter of beans, exporting around
31,200 tonnes annually, primarily to the United States and United Kingdom.44

TOMATO
In Guatemala, tomato is the most consumed horticulture product.45 Its production is mostly
concentrated in the rural areas of eastern Guatemala,46 producing over 0.33 million tonnes
in 2018.47 It faces challenges similar to those of other nutrition rich foods, such as fruits and
vegetables, which are more prone to deterioration and thus higher food loss and waste,
making them relatively more expensive. Tomato crops have constantly been threatened by
a variety of diseases, causing losses to rural farmers.48 As a net exporter, principally of fresh
tomatoes, Guatemala’s presence in the regional trade market has been consistent over the
past ten years, exporting over 50,000 tonnes of fresh tomato in 2017.49 Guatemala’s largest
export markets for tomatoes by sales are the United States (70%) and El Salvador (27%).50
The country imports mostly canned or prepared tomatoes, about 10,000 tonnes in 2019.51
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FIGURE 1. Food loss and waste hotspots along the value chain in Guatemala
(loss percentages occur at each stage)*

Production

Transport,
Handling, and
Storage

Processing

Wholesale
and Retail

Consumers

MAIZE

34%

20.5%

0.5%

3.5%

4%

10%

19.8%

0.6%

3%

2%

2%

20%

10%

20%

12%

10%

Net Loss
Rate

BEANS

26%

Total Loss
Rate

TOMATOES

54%

Total Loss
Rate
*The total loss rates are calculated by applying the respective loss rates at each stage above to the volume that makes it past the prior stage.

Losses and waste occur at different locations along the value chain between maize, beans and
tomatoes. Tomatoes have the largest total loss rate of 54%, with the greatest losses occurring
during the first and third stages of the value chain, largely due to the lack of cooling along the
entire value chain, as well as poor transport, handling and storage techniques.52 Total maize
losses hover around 34%, with pre-harvest losses occurring due to pests and diseases, climate
unpredictability (too little or excess rain), poor harvest techniques, and lack of or costly labor.
Post-harvest losses in the maize value chain at the THS and processor are caused by poor
handling (laborer damages) and storage techniques as well as pests and rodents.53 Beans have
the lowest net losses at 26%, and similar to maize, losses at production are caused by climate
unpredictability, pests, poor harvest techniques and lack of or costly labor.54

FOOD SAFETY HAZARDS
With a lack of both production and post-harvest technologies, a significant amount of Guatemalan maize production
gets contaminated with both aflatoxins and fumonisins. In fact, toxins are found to be ten times more prevalent
in Guatemalan maize destined for consumption compared to the rest of the world.55 A study conducted in the
Huehuetenango municipality extracted the DNA of maize samples within a ninety-day storage period and found that
a large number of aflatoxins were present, indicating significant health risks in a region where maize represents the
primary component of rural diets.56 Despite this contamination, due to widespread food insecurity, contaminated
maize is still consumed, resulting in chronic and acute health implications.57 Beans have also been reported to be
heavily contaminated by mycotoxins. Importantly, there is growing evidence that the presence of mycotoxins and
chronic exposure to contaminated food (and water) resources leads to a compromised gastrointestinal tract, and
therefore decreased absorption of nutrients from food, highlighting the urgency of response to food safety issues in
Guatemala.58
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GLOBAL FRAMEWORK HIGHLIGHTS IMPACTS OF
FOOD LOSS & WASTE INTERVENTIONS
Policymakers for Guatemala face competing policy goals. For example, the country may be
interested in:
• Reducing food loss and waste;
• Improving farm welfare;
• Increasing food security;
• Reducing reliance on food imports;
THE GLOBAL
FRAMEWORK
is a model that
captures the
interconnected nature
of food waste along
the food supply
chain, including at the

• Reducing stress on natural resources and pollution through less farm production; and
• Decreasing greenhouse gas emissions.
Given Guatemala’s increased poverty in rural areas and significant food insecurity, the
country’s driving policy priorities will likely be increasing food security and improving farmer
incomes. To guide policy development, two types of analyses are necessary. First, what
the potential of reductions in FLW is to contribute to the policy goals, and second, how
alternative interventions compare in terms of their effectiveness and costs and benefits.

stages of the farm

The Global and Conceptual Framework on Food Loss and Waste focuses on the first type

(F); transportation,

of analysis—how a reduction in FLW contributes to policy goals.* The Global Framework is

handling, and storage

not a projection of how the food system will evolve with demographic and income shifts

(T or THS); processor

over time, but rather it provides a comparison between the current state of the food system

(P); retailer (R); and

with and without food loss and waste reduction. A detailed analysis of costs, benefits and

consumer (C). It

effectiveness of alternative interventions would be the next step towards a FLW strategy.

allows for exports

The Global Framework simulates the government’s commitment of reducing food loss

and imports between

and waste by 50% as a signatory to the Sustainable Development Goals. It then looks at

countries and shows

where the reduction should happen to support Guatemala’s key priorities of increasing

the relationship

farmer incomes and food security. The Framework allows for the estimation of how these

between reductions in

reductions of losses at each stage of the food supply chain affect policy goals.**

loss and waste levels
at various stages of
the value chain and
associated impacts
on prices, production,
consumption, and
priority policy
objectives.

The Framework takes initial farm sales and prices observed in the market and uses data
on waste rates to infer the resulting prices and quantities at each subsequent stage of
the supply chain down to the consumer level. The model derives GHG emission estimates
based on emissions generated during production through the value chain as well as from
waste generated at each stage. The different waste reduction scenarios presented in the
information below reflect changes based on Guatemala’s target of a 50% cut in waste rates
at different points of the supply chain, and shows results for a series of policy priorities
of interest, including farmer welfare (as measured by net profitability), food security and
availability (as measured by net consumption prices), trade (exports), natural resource
stress (as measured by farm production***), GHG equivalent emissions, and total food

*Global Conceptual and Economic Framework on Food Loss and Waste, developed by the World Bank and
partners, is forthcoming in 2020. See the Annex for more detail on the Framework model.
**Farmer welfare is defined as farmer net profitability, while food security is defined as household food availability.
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***Farm production is used as a proxy for natural resource stress assuming a business as usual scenario,
without an increase in yields from sustainable intensification, thereby implying increased production through
extension of agricultural land.

waste. By jointly considering all stages of the supply chain and assessing impacts on several
policy priorities at the same time, the model is able to provide insights on the tradeoffs that
result from different food waste reduction strategies.
A key assumption is the degree of openness of the food economy, and this will depend to
some extent on the region and farmers being considered. Looking at the strong prevalent
differences between rural and urban areas, it is clear that for the three commodities
analyzed, Guatemala is transitioning from a closed economy, represented by lagging, remote
rural regions with poor infrastructure and limited access to markets, to an open economy
with access to expanded domestic and international markets, supporting infrastructure, and
a rising middle class in urban and suburban areas. With this ongoing transition a key goal of
the agriculture sector, the modeling analysis below presents results related to an expanded
markets scenario, where farmers have access to broader markets, improved infrastructure,
and new sources of sales and alternative demand for their crops.

REDUCING LOSSES & WASTE IN AN EXPANDED
MARKETS SCENARIO
MAIZE
The results suggest a positive outlook on all policy objectives when reducing losses and
waste at any stage of the maize value chain in an open economy scenario, where imports
and exports play an important role. The biggest gains are seen when maize losses are
cut by 50% at the farm stage, where losses are the highest of any point along the value
chain (Table 2). Production minorly increases by around 2%, yet any resource stress from
this increase in domestic production is found to be partially offset by a large reduction in
imports (-22%) that reduces the rest of world production. Import substitution is also high
when reductions in waste are made at the consumer level, where imports decline by nearly

Table 2. Impact of reducing losses and waste of maize at different points of the value chain
(expanded markets model)

MAIZE–EXPANDED MARKETS MODEL
Farmer
Welfare
50% reduction at
production

Food
Security

15%

Imports

-22%

Natural
Resource
Stress

GHG
Emissions

Total Food
Waste

2%

-7%

-34%

LEGEND
Positive impact < 5%
Positive impact ≥ 5%

50% reduction
at THS

Negative impact < 5%

50% reduction
at processor

2%

-3%

-1%

-5%

50% reduction at
retail

2%

-4%

-2%

-5%

50% reduction at
consumer

5%

-10%

-6%

-13%

Negative impact ≥ 5%
Negligible impact < 1%
Direction of impact
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-10%. With producer sales prices staying nominally the same, yet sales volumes increasing
by around 15% due to access to markets and alternative sources of demand, farmer welfare
increases as well by around 15%. Impacts on food security are more pronounced with
interventions to reduce losses later in the value chain, from the processor to the consumer.
At-home consumption prices are reduced by -2.3% to -5.3% with 50% reductions at the
retail and consumer stages, respectively. For reductions of losses and waste at any stage
of the value chain, greenhouse gas emissions are reduced negligibly (at the THS stage) to
up to -7% with interventions to reduce losses at the farm stage, where losses are highest.
Similarly, total waste is reduced with interventions at any stage, also with the greatest
impact when reductions occur at the production level.

BEANS
Similarly to maize in an open economy scenario, results suggest a largely positive outlook
when reducing losses and waste along the beans value chain (Table 3). Of particular note
is opportunity to increase exports, whereby reductions of losses of 50% at any stage in
the value chain enables a significant increase of exports, most notably when reductions
are achieved at the farm (142% increase in exports) and processor (7% increase in exports)
stages. With the greatest losses of the value chain occurring at the production level, impacts
are most pronounced when a 50% reduction in losses is made at this stage. Additional
beans in the value chain are available for export, meaning the domestic market is not
oversaturated. Farm sales prices increase slightly (0.2%), and farm sales increase by 22%,
increasing farmer welfare by the same, significant amount. At the same time, increased
sales encourage farmers to produce 9% more beans, thereby increasing natural resource
stress. Both greenhouse gas emissions and total waste are reduced by up to -7% and -43%,
respectively, with interventions at the farm stage.

Table 3. Impact of reducing losses and waste of beans at different points of the value chain
(expanded markets model)

BEANS–EXPANDED MARKET MODEL
Farmer
Welfare

LEGEND
Positive impact < 5%
Positive impact ≥ 5%
Negative impact < 5%
Negative impact ≥ 5%
Negligible impact < 1%
Direction of impact

50% reduction at
production

22%

Exports

Natural
Resource
Stress

GHG
Emissions

Total Food
Waste

142%

9%

-7%

-43%

50% reduction
at THS

4%

50% reduction
at processor

7%

50% reduction at
retail

4%

50% reduction at
consumer

16

Food
Security

1%

4%

-1%
-1%

-6%
-3%

-1%

-3%

TOMATOES
As a net exporter of tomatoes, Guatemala has the potential to increase exports with
reductions of losses at any stage of the value chain. This is most prominently seen when
reductions of losses by 50% are made at the production and THS stages, where exports
increase by 81% and 37%, respectively (Table 4). There is a tradeoff at these two stages,
however, as partially supporting this increase in exports, beyond the gains in volume from
reduced losses, is an increase in production of 4% and 2% at the farm and THS stages,
representing a minor increase in natural resource stress. With higher farm sales, farmer
welfare increases quite significantly as well with
50% reductions of losses at these two stages, by
17% at the production stage and 8% at the THS
stage. Food security impacts are greatest when
reduction interventions are made in the latter part
of the value chain, from the processor to retail
to consumer stages, with at-home consumption
prices reduced by -7%, 5%, and -5%, respectively. A
reduction in greenhouse gas emissions is greatest
when a 50% reduction in losses is achieved at the
farm level, reducing emissions by nearly 8%. For all
other stages, emissions are reduced, ranging from
-0.6% at the consumer stage to nearly -4% at the
THS stage. Total food waste is reduced significantly
at each stage, ranging from -4% with intervention
at the consumer stage to -20% with intervention at
the producer stage.

Table 4. Impact of reducing losses and waste of tomatoes at different points of the value
chain (expanded markets model)

TOMATOES–EXPANDED MARKETS MODEL
Farmer
Welfare

Food
Security

Exports

Natural
Resource
Stress

GHG
Emissions

Total Food
Waste

50% reduction at
production

17%

81%

4%

-8%

-20%

50% reduction
at THS

8%

37%

2%

-4%

-10%

LEGEND
Positive impact < 5%
Positive impact ≥ 5%
Negative impact < 5%

50% reduction
at processor

7%

16%

-3%

-14%

50% reduction at
retail

5%

5%

-2%

-6%

50% reduction at
consumer

5%

-4%

Negative impact ≥ 5%
Negligible impact < 1%
Direction of impact
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UNDERSTANDING THE IMPACTS OF FLW REDUCTIONS ON
LIMITED VS. EXPANDED MARKETS
It is important to highlight that the results of these modeling scenarios are assuming that
while food loss and waste is being reduced, additional progress in the broader development
of rural areas is occurring in tandem, enabling those farmers to reach additional markets
and sources of demand. This is because gains for both farmers and consumers cannot be
fully realized (as shown in the above modeling results) with just reductions in losses and
waste, as rural farmers would still lack access to markets, and thus excess supply in the
value chain will lead to lower farmer welfare because of a saturated, limited market with
depressed sales prices. Reaching an expanded markets scenario necessitates progress in
other tangential development areas, such as access to improved infrastructure, business
environment, or financial products. Parallel improvements in these areas will not only allow
farmers to find increased demand and alternative sources of sales, thereby increasing
farmer welfare as seen in all scenarios, but the increased amount of product in markets
will also lower prices for consumers, thereby greatly improving food security—presenting
a win-win outcome for both farmers and consumers where incomes and food security rise
simultaneously.
This contrast between access to limited markets versus access to expanded markets, and
the resulting impacts on farmers and consumers, can be seen in Table 5 below, where
50% reductions in losses and waste at the production and consumer stages of the maize
value chain are examined. In the limited markets scenario, with cuts at either the farm or
consumer level, the significant decrease in farm sales price drives farmer welfare down—
but, in turn, this depressed farm sales price also depresses consumer food prices, increasing
food security for consumers and poor farmer households that are net consumers of food,
that is, produce less than what they consume. A reduction in farm losses would make
more food available for sale by farmers, but since they can only access local markets, sales
prices would fall and net farm income would decline making surplus farmers worse off. A
reduction in consumer waste would decrease both farm sales and sales prices, since more
food would be obtained locally from consumer food savings, leading also to a decline in
farmers’ incomes albeit by a smaller amount.
In the expanded markets scenario, where farmers have more market opportunities,
domestic or international, including from import substitution, prices generally don’t
move much, since the food surplus generated locally would find its way to domestic or
international markets, buffering against price declines from increased supply. With a
50% cut in losses at the farm level, where losses are greatest, farm sales increase by
15%, as does farmer welfare. In essence, the access to expanded markets and alternative
sources of sales buffers farmers against the negative impacts of a limited markets
scenario, demonstrating the importance of continuing to develop rural, smallholder farmer
communities and create and improve access to new markets to generate positive farm
welfare impacts.
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In general these results apply to all three commodities. What would be the impact of
moving from localized small markets to expanded domestic and international markets
while reducing farm losses by 50%? Farm welfare would improve instead of declining. Food
security would still improve but less than in closed markets since the downwards pressure
on food prices would be less. Natural resource stress would increase instead of declining
since farmers would increase production, but GHGEs would decline more substantially than
if markets were left closed. In general a reduction of 50% in consumer waste would have
similar impacts in closed as in expanded markets. The key implication for policy is that any
program to reduce farm losses should be accompanied by initiatives to improve access
of remote and isolated regions to new markets, either through better connectivity or by
creating more market opportunities throughout the food supply chain.

Table 5. Impact of reducing losses and waste of maize at farm and consumer levels
(contrasting access to limited vs. expanded markets)

MAIZE–LIMITED VS. EXPANDED MARKETS MODEL
50% Reduction in Farm Losses

50% Reduction in Consumer Waste

Limited Markets

Limited Markets

Expanded Markets

Farmer Sales
Volume

6%

Farmer Sales
Price

-36%

Farmer
Welfare

-33%

Consumer Food
Price

-21%

-12%

-5%

6%

3%

1%

At-Home
Consumption

15%

Expanded Markets

-2%

LEGEND
Positive impact < 5%
Positive impact ≥ 5%

-12%

Negative impact < 5%
15%

-14%

Negative impact ≥ 5%
Negligible impact < 1%
Direction of impact

LIMITED MARKETS SCENARIO MIMICS COVID-19 EFFECTS
A limited markets scenario in many ways mimics the effects of the COVID-19 pandemic, which has highlighted the
weaknesses in global food supply chains. Food production and trade has been disrupted, emphasizing the need
to strengthen local supply chains to offset deficits in global food availability. In many ways, these disruptions are
increasing losses and waste along supply chains, as food is not efficiently moved from stage to stage, the HRI
industry has severely contracted, and exports and imports sit at ports. It is likely that the effects of COVID-19 are
even more severe than the limited markets scenario shown in Table 5, as food that previously supplemented the
food system through imports is curbed and may cause food prices to increase for consumers, risking broader food
insecurity.
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KEY LOSS DRIVERS FOR BEANS, MAIZE, AND
TOMATOES
The Global Framework suggests significant opportunity to raise farmer incomes and reduce
food insecurity through reductions of losses and waste along the maize, beans, and tomato
value chains where communities have already, or are in the process of, transitioning towards
an economy with expanded markets. Understanding the drivers of losses and waste through
these value chains will help to identify potential solutions and interventions that can lead
to a more efficient food system in Guatemala with better food security and economic
outcomes for smallholder farmers.

LOOKING FORWARD TO SOLUTIONS
The section below identifies some of the drivers of food loss and waste and associated
policy interventions to reduce the inefficiency of Guatemala’s value chain stemming from
losses and waste.

1.

ACCESS TO FINANCIAL PRODUCTS AND CREDIT
Recent research shows that well-designed financial products and services such as
insurance, savings, credit, and mobile money all play a role in increasing smallholder
farmers’ resilience. They help farming families to prepare for risk, respond to
emergencies when they occur, and access funds to invest in risk-reducing technologies.
They can also help households increase their investments in a volatile environment,
in profitable yet risky opportunities that raise incomes over time, which in turn helps
households grow out of poverty that makes them more vulnerable to disasters in the
first place.59 These types of products increase the efficiency of decision-making for
production and have the ability to facilitate a reduction in losses of food and income.
However, challenges related to data availability, design, cost, and distribution persist in
Guatemala. For example, agricultural insurance is available, but at a prohibitive cost for
small maize producers.60 Particularly critical for Guatemala will be financial inclusion
initiatives targeted at women in rural communities, who typically have limited access
to financial products and education.
Beyond challenges related to financial product design and dissemination, there are
poor credit options for agricultural activities in Guatemala. Small farmers lack access
to finance, with a rate of access 13.9% lower than the national average, limiting their
ability to invest in technologies that reduce farm losses, such as improved storage.61
The formal banking system has no reasonable options for agricultural credits, lacking
a model for agricultural investments.62 Banrural, a public-private owned bank, has
an agricultural credit line, but demands collateral that smallholder farmers do not
have. Agricultural trust funds exist, such as GuateInvierte as well as other credit lines
provided by IFAD, but access to those credits are cumbersome and bureaucratic. These
examples demonstrate that access to credit must be fit for purpose and designed for
smallholder farmer conditions in order to reach scale and enable farmers to invest in
their livelihoods, including to reduce losses at the farm level.
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Policy Intervention Strategy

FIGURE 2. Drivers of food loss and waste along the value chain in
Guatemala for rice and catfish

Production

Transport,
Handling, and
Storage

Wholesale
and Retail

Processing

Consumers

Climate and market variability
Poor post-harvest techniques and lack of investment
Lack of adequate infrastructure and abundance of middlemen
Minimal cooling and refrigeration
Inadequate management
of food waste

1. Access to Financial Products
and Credit

3. Increased Investment in
Infrastructure

Agricultural insurance

Improved storage facilities

Savings

Rural roads, infrastructure, and agro-logistics

Mobile money

Increased cooling capacity

Credit

Integrated cold chain from farm to fork

2. Strengthening Smallholder
Organizations

4. Solid Waste Management in
Urban Areas

Early-warning systems

Consumer awareness

Real-time market and price data

Urban waste management strategies

Formation of cooperatives

Composting

Post-harvest handling practices
Links to processing
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2.

STRENGTHENING SMALLHOLDER ORGANIZATIONS
Access to Information
Farmers in Guatemala are constantly facing the impacts of climate and market
variability. Climate change has changed temperature, rain, and drought patterns and
increased vulnerability. Due to fluctuations in yields, mainly stemming from an erratic
climate, there has been a continuous increase in imports that started in the early
1990s.63 With significant long-term impacts on farmer welfare and incomes, weather
extremes not only destroy assets and production (which can lead to coping strategies
such as borrowing at high interest rates), but also the existence of the perception of
risk discourages investments in agriculture, thereby reducing welfare substantially,
even relative to the welfare losses from shocks themselves.64 As most smallholder
farmers have no access to forecasting of erratic weather patterns, including floods
and droughts, which greatly affect both maize and tomato production in Guatemala,
food loss and waste is in part a consequence of the perception of risk across the value
chain. Farmers may overplant as a hedge against risks. If risky events do not occur
they may have difficulties disposing of the excess production, resulting in post-harvest
losses. Early warning systems can provide this climate data that can help farmers
make better planting decisions. In late 2018, the Guatemalan Secretariat for Food and
Nutrition (SESAN) started the implementation of a food security monitoring and early
warning system,* along with a capacity building process for municipal dissemination
of information.65 There are no published results on the effectiveness of this network;
therefore, it is not yet clear if data is quickly disseminated, especially in regions like the
Western Highlands, for use as a real-time technology for climate impacts and market
data.
Farmers may also overplant to hedge against market risks, made higher because of
poor market information. Having access to real-time market prices helps farmers
get a fair price. However, Guatemala lacks a sound agricultural market information
system. The Institute of Statistics (INE) generates agricultural statistics by extrapolating
outdated census and survey data and adjusting based on current conditions. The last
agricultural census was conducted in 2003, and the last comprehensive agricultural
survey was conducted in 2008.66 The Ministry of Agriculture, Livestock and Food
(MAGA) publishes market prices for the main markets in the country, and USDA has
supported MAGA and INE to standardize market information for price monitoring and
publication. Although MAGA publishes weekly prices for agricultural products in the
markets that are monitored, those prices are not readily available to farmers due
to lack of access to the internet, or because the information is not available through
an easy-to-use mobile application or platform. Access to real-time market and price
conditions is critical to reduce losses at and near the farm, and to ensure more fair
prices for smallholder producers.
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*This system was developed by researchers from Biodiversity International, CGIAR Research Program on
Climate Change, Agriculture and Food Security (CCAFS) with specialists from Action Against Hunger (ACH).

Formation of Cooperatives
Evidence from agricultural communities around the world shows that smallholder
cooperatives are effective at reducing losses and waste of members in multiple ways,
including through:
a. maintaining sustained dialogue with buyers to reduce product rejection;
b. coordinating production planning across farms and staggering production and
harvesting schedules according to market needs;
c. enabling access to improved storage and warehouse receipt systems;
d. providing organizational and management innovations, like production planning,
sorting, grading, and logistics;
e. disseminating information and best practices for maintaining minimum food
safety standards and reducing losses; and
f. advocating for public and private investments in local food processing
services, dry and cold transportation, and storage facilities that preserve fresh
produce, meat, and fish.67
By 2013, Guatemala had 900 cooperatives with 1.3 million members, 43% of them
being women.68 Although the most developed cooperative sector is the credit union
one, agricultural cooperatives have a great potential to grow.69 In the last decade,
agricultural cooperatives have been consistently backed by the government due to
their contribution to economic development in rural areas and empowerment of
women into the labor force.70 Farmer cooperatives and agro-processing companies
can also boost economic growth and play an important role in improving farmer
livelihoods by providing inputs and other services, as well as linking farmers to more
reliable and better-paying markets.71 The Ministry of Agriculture publishes weekly
prices for agricultural products. However, farmers’ poor or non-existent internet
connectivity keeps them from accessing this information.72

Women pack green
beans for export in the
facilities of the Mujeres
Cuatro Pinos cooperative in Sacatepéquez,
Guatemala.
©IFAD/Fausto Veliz

Operating since 2006, the Mujeres Cuatro Pinos
cooperative of indigenous women in Sacatepéquez,
Guatemala, helped 70% of its members escape poverty
between 2014-2017. Offering access to credit, technology,
inputs and markets, the cooperative also offers health
services, training, day care for children and an accelerated
elementary school program. With a focus on vegetables,
Cuatro Pinos is the first women’s cooperative in
Guatemala to export products directly to markets in the
United States and Europe, which has spurred a transition
to growing high-demand, high-value crops, such as baby
carrots, sweet peas, Chinese peas and string beans.73
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Links to Processing
Additionally, there is a large potential for farmers to tie into the processing sector,
especially through direct sourcing or through cooperatives. These linkages between
producers and processors not only provide more steady income and supply through
agreed contracts, but they can also reduce losses, as crops that are closer to spoilage
or do not meet aesthetic requirements can be transformed into a processed food
product, such as canned tomatoes. The Guatemalan food processing industry is one
of the fastest growing sectors of the food industry. Approximately 25% of food and
beverage companies are large processors, 50% are medium-sized, and the rest are
small processing companies.74 Adequate infrastructure to enable the transportation
of crops to processing facilities will be critical to enable rural farmer and cooperative
participation.

3.

INCREASED INVESTMENT IN INFRASTRUCTURE
Storage Facilities
Most of the production and post-harvest activities for maize, beans, and tomato are
done via subsistence-oriented agricultural practices in rural areas, resulting in an
increased amount of losses.75 Without access to best practice post-harvest techniques
and the use of adequate storage facilities, these crops are often exposed to climate
effects, insects, disease, and animals. In the case of beans, harvests are sold at once
because farmers lack the necessary storage facilities and there is an urgent need for
immediate income. In the case of maize, poor storage translates into increased losses,
especially when grains are stored for longer periods of time, due to the mishandling of
grain moisture, leading to inset and fungal infestation.76,77 The Red SICTA project—from
the Inter-American Institute for Cooperation on Agriculture—identified commonalities
for post-harvest losses: limited dissemination of information on good practices for
grain storage and lack of storage facilities and insufficient economic resources.78
The Ministry of Agriculture has distributed metal silos in the past years to reduce
the amount of maize losses, providing training on their construction.79 However, only
around 14% of smallholder farmers use this technology, as bags are the preferred
containers.80

Roads and Transportation
Guatemala’s growth potential is constrained by inadequate infrastructure. The
country’s agri-food system faces serious challenges in terms of gaps in agrologistics infrastructure and assets, which is a major impediment to within-country
transportation, regional integration and trade.81 For example, the mountainous
landscape and underdeveloped infrastructure in the Western Highlands mean that
rural communities tend to be isolated from the rest of the country.82 More investment
in infrastructure would not only reduce losses from spoilage and damage that occur
from inadequate roads or needlessly long routes, but it would also have a high return
both in terms of growth and in reducing Guatemala’s poverty and income inequality.
Better networks would increase the availability of goods and lower prices, in addition to
lowering logistics costs and improving competitiveness, disproportionately benefiting
poorer rural subsistence farmers.83
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Cooling Capacity
Climate diversity within and across regions in Guatemala drives the need for cold
chain infrastructure throughout the value chain to prevent food losses. In the hot
lowland areas, as well as in the cool highlands, lack of cooling facilities for storage
and transportation leads to lower product quality and food safety hazards.84 Even
in commercial settings, cooling capacity is limited within the country. As of 2018,
Guatemala had an estimated 125,000 cubic meters of refrigerated warehouse capacity,
compared to 15 million cubic meters of capacity in much larger neighbor Mexico.85
Especially important in rural areas, the enabling environment to support access to
cooling must be in place to reach scale. This includes access to electricity, whether
through connection to the national grid or a renewable source, as well as access
to credit so that farmers can pay for cooling capacity. Without these conditions,
participation of rural, smallholder farmers is limited. Cooperatives can offer one way to
reduce the marginal cost of infrastructure and credit risk through the aggregation of
farmers and production volumes.
Several examples of privately funded cold chain suppliers indicate the success of
cold chains in reducing food loss and waste. A local, small vegetable farmer from the
highlands of Guatemala, using a food-safe certified InspiraFarms cold chain processing
plant, reduced losses by 25%, grew his staff by 60%, and doubled his monthly
production to over 100 tonnes.86 Likewise, a facility run by smallholder farmers, using
InspiraFarms’ cold storage packhouses, grew from being a raw produce supplier to
now offering food-safe aggregation to export markets.87

4.

SOLID WASTE MANAGEMENT IN URBAN AREAS
In Guatemala, 70% of solid waste management practices are open sky landfills with
very limited or non-existent capacity and infrastructure for treatment of waste.88,89
Guatemala City has one of the biggest landfills in Latin America, with an influx of over
3,000 tonnes of trash daily.90 However, this landfill is overflowing and does not have
the capacity to cope with current levels of waste, set to increase due to population
growth, high urbanization rates, and shifts in production and consumption patterns.91
The Ministry of Environment acknowledged through its National Policy for Solid
Waste Management the environmental and human health implications of poor solid
waste management.92 Despite recommendations to close the landfill in Guatemala
City, the lack of alternative options makes this extremely complicated.93 Another
challenge is the lack of an efficient and systematized recollection and classification
of waste. Guatemala City generates over 45% of Guatemala’s waste, of which 63%
is organic waste.94 With this in mind, food waste management is key to reduce the
impact of waste in landfills and change waste generation patterns: practices such as
composting at the retail and household level could be implemented. Currently the
Central de Mayoreo (CENMA) in Guatemala City is piloting a composting initiative, which
could provide valuable lessons learned and be promoted at a private and public level
through regional markets.
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KEY CONCLUSIONS & NEXT STEPS
CONCLUSIONS
• Guatemala’s future food system will need to feed a population growing by 33% by
2050 amidst a distinct cultural and socio-economic duality, exhibiting both a rural,
disconnected, and impoverished (often indigenous) agrarian population as well
as an urban, formal population with the ability to pay for services out-of-pocket.
Approximately 70% of the country’s impoverished population lives in rural areas,
where agricultural production is the main livelihood activity and source of food. In the
Western Highlands area specifically, where the majority of the population is indigenous,
around 76% live in poverty and 26% in extreme poverty. This inequality also comes
to bear in the functionality of the food system, which currently is not adequately
or nutritiously feeding the population. Around 44% of the country’s population was
moderately or severely food insecure between 2016-2018, and malnutrition can rise
to higher than 70% in rural and indigenous populations. Guatemala must transform
its food system to be more efficient and effective at delivering food and nutrition
security, especially as the population continues to grow. A top priority for Guatemala is
likely to increase food security, especially in rural areas of the country, followed by an
improvement in farmer welfare, as agriculture is the main source of income in rural
areas and key to lifting families out of poverty and closing the inequality gap.
• This diagnostic examined the tomato, maize, and bean commodity value chains in
Guatemala, all of which have high net losses and waste. For all three commodities,
significant losses occur at the production or farm level, with tomato losses fairly
high at all stages due to the more perishable nature of the vegetable. The purpose of
this study was to examine the role that reductions in losses and waste in these value
chains could play to achieve various policy objectives, including improving smallholder
farmer incomes and increasing food security. The Global Framework provided a tool to
conduct this analysis, whereby 50% cuts in losses or waste can be simulated at each
stage of the value chain, with results providing insights as to impacts on the policy
objectives.
• The model results suggest that in an expanded markets scenario, farmers’ access to
these additional sources of sales, whether domestic or international, play an important
role in buffering farmers against potentially adverse indirect effects from price
changes in response to food loss and waste reduction policies that would occur in a
limited markets scenario. For all expanded markets scenarios, reductions in losses and
waste will achieve the simultaneous benefits of improving both farmer welfare and
food security. Importantly, with losses the highest at the production level for all three
commodities, impacts on policy objectives are often greatest when reductions in losses
can be achieved at the farm level. However, a minor negative impact or tradeoff occurs
when a reduction is made at the production level, where farmers are incentivized
to increase production because trade or additional domestic demand enables the
prices to stay steady, thereby increasing natural resource use. In these cases, both
farmer welfare and food security typically increase. Overall, the model results
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indicate that reductions in food loss and waste for all commodities at any stage in
expanded markets conditions can help Guatemala achieve its main development goals,
demonstrating the positive spillover impacts for other policy priorities when reducing
FLW in Guatemala.
• Another key outcome of this analysis is the importance of continuing to develop rural,
agrarian communities, which are less connected to markets and cannot yet fully
realize the benefits of an expanded markets scenario. The analysis shows that under
limited market conditions, although food security increases for consumers, farmer
welfare declines quite significantly due to depressed sales prices. Increasing access
to financial products, improved infrastructure, and smallholder farmer cooperatives
will enable more rural farmers to reach additional source of sales, both domestically
and internationally, and therefore improve farmer welfare. Finally, for poor and
disconnected regions, food security is a top priority, and it is clear that reductions in
losses and waste will provide an immediate and significant boost to food availability
and affordability. However, the government will need to explore social safety net
options to ensure that farmers are not adversely impacted by this approach.
• The supply chain is currently not up to the task of delivering adequate caloric and
nutrition sufficiency, and the policy recommendations focus on improving its efficiency.
In expanded markets scenarios, interventions to reduce losses and waste along the
entire supply chain of all three commodities will increase both farmer welfare and
food security. Promising areas of intervention include: (i) access for smallholder
farmers to financial products and credit; (ii) strengthening smallholder organizations
and enabling greater access to information; (iii) increasing investment in infrastructure
along the value chain; and (iv) enhancing solid waste management in urban areas,
while promoting composting initiatives at private and public levels (regional markets).
For isolated rural regions, policymakers should focus on reducing losses closer to the
farm in rural regions where the impacts on food security will be significant. At the
same time, social safety net options should be explored to ensure farmers are not
adversely impacted.

NEXT STEPS
Reducing food loss and waste is a promising strategy that can contribute to key policy goals
of Guatemala, including increasing food security where it is most needed, increasing farmer
welfare, and reducing reliance on food imports or expanding its export market.
These results indicate that reducing food loss and waste bears potential benefits for
Guatemala and identifies the tradeoffs between competing policy goals implied by
reductions in waste at different stages of the supply chain. Going forward, the design
of Guatemala’s food loss and waste strategy should be based on a careful analysis of
alternative interventions, their associated costs, benefits, feasibility of implementation, and
effectiveness in reducing losses and waste, as well as the public and private investments
necessary for its implementation. This could also mean conducting an analysis across a
broader range of commodities as per Guatemala’s interest.
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TECHNICAL ANNEX: GLOBAL FRAMEWORK
This technical annex summarizes the analytical structure of the Global Framework. Detail
is provided on the modeling approach and key assumptions, describe the calibration of
the model to the status quo, outline how the model generates simulation results for the
different policy scenarios, and consider impacts on total resource stress in the case of an
open economy.

MODEL STRUCTURE
The length, structure, and distribution of food loss and waste rates along the food supply
chain of a country have important implications for food loss and waste reduction policies.95
The stylized model under the Global Framework captures six distinct stages in the food
supply chain (see Figure 1). These include post-harvest losses at the farm level, as well as
food loss and waste generated in transportation, handling and storage (THS), processing,
retailing, hotels, restaurants and institutions (HRI), and at-home vs. away-from home
consumption. The model highlights that interventions at one level of the chain (such as
a reduction in waste rates at the retail level through improved food storage systems)
can impact market prices which in turn leads to indirect effects on other stages of the
supply chain. Capturing these indirect effects is critical in providing a holistic and realistic
assessment of food waste reduction policies.
Figure 1: Stages of the Vertical Food Supply Chain
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The model shows that the direction and magnitude of the indirect effects depends on the
interaction of supply and demand elasticities at each level of the chain. The price elasticity
of consumer demand in particular plays a key role in determining the effects of policy
interventions at different stages of the supply chain. Assumptions regarding international
trade are also shown to be critical. The model therefore considers three trade scenarios:
a closed economy, a small open economy (in which the country exerts little influence
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on world prices) and a large open economy. For the latter, the elasticity of export supply
(import demand) facing the country96 versus the elasticity of import demand (export supply)
of the country97 are found to have important implications for the changes in producer
welfare after an exogenous reduction in waste rates at the farm or THS level.

STATUS QUO: CALIBRATION
The model takes as given the initial farm sales

and prices

and commodity context, and uses data on waste rates

for a given country

to infer the resulting prices and

quantities at each subsequent stage of the supply chain down to the consumer level. Figure
2 illustrates the transmission of quantities along the supply chain. For example, the quantity
of food reaching THS is given by

i.e. the quantity of farm sales adjusted for

post-harvest losses. The model also allows for trade of pre-processed

and processed

food and takes into account the retail share which determines the split of food
passing through retail versus HRI.
Figure 2: Transmission of Food Along the Supply Chain

Downstream prices are derived in a similar way, taking waste rates, disposition costs and
intermediary margins into account. To capture the effect of policy interventions on GHG
emissions, the model calculates the amount of total emissions from both total production
and consumption (including the amount wasted), and from the disposition of waste itself.
In order to be able to run policy simulations, the model assumes functional forms for trade,
farm supply and consumer demand. It also assumes that trade curves are linear while farm
supply and consumer demand are of the Constant Elasticity of Substitution (CES) form.
The model then calibrates these functional forms to market data for the given country and
commodity setting.
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TECHNICAL ANNEX CONTINUED

POLICY SCENARIOS: SIMULATION
Margins, food loss and waste rates, disposition costs and taxes are considered exogenous
in this setup and can be shocked to reflect alternative policy interventions. In line with
Guatemala’s commitment to reducing food waste by 50%, the main intervention of interest
are policies which halve the exogenous rate of waste

at different parts of the supply

chain. For each considered scenario, the Global Framework endogenously determines the
resulting farm price and quantity which ensure market clearing at all stages of the supply
chain and balance trade between the considered country and the rest of the world.
The model then calculates impacts on a series of outcome measures of interest including
food security (as measured by effective consumption prices which represent retail prices
the consumer faces adjusted for consumer waste), farmer welfare, total waste, imports and
GHGEs. Crucially, by jointly taking into account all stages of the supply chain and assessing
impacts on several outcome measures at the same time, the model is able to speak to the
tradeoffs that result from different food waste reduction policies.

OPEN ECONOMY SCENARIO, FARMER WELFARE, AND
GLOBAL RESOURCE STRESS
Under the Global Framework, the small open economy case provides a buffer against losses
in producer welfare (which occur in the case of a closed economy) but increases local
resource stress (as measured in the amount of farm production) in response to a reduction
in farm level food loss and waste rates. However, the increase in local resource stress is
partially offset by a reduction in resource stress in the rest of the world.
The effect on producer welfare is driven by the fact that a small country cannot affect
world prices at the stage of the supply chain where trade occurs, which partially insulates
the domestic agents against indirect effects from price changes. To illustrate the effect on
the total world resource stress, consider the case of a small country importer. A reduction
in farmer loss rates in this case leads to an increase in farm production (and hence local
resource stress) but a reduction in imports. Since a decrease in local imports must result in
an equal and offsetting reduction in exports by the rest of the world, production in the rest of
the world must also decrease, which partially offsets the local resource stress. The degree to
which the reduction in imports offsets the effect on total resource stress depends on relative
supply/demand elasticities in the rest of the world, and on relative loss and waste rates
between the local country and the rest of the world at the farm and pre-processed level.
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