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Abstract
Food security is a major challenge in Guatemala, one of the poorest countries in the world. Food insecurity is concentrated in the
Western Highlands of Guatemala (WHG) where indigenous communities have been the main victims of social, political and
economic marginalization. In this study we characterize the diversity of farming households in the WHG, identify the main
sources of food for different types of farm households and assess their food security status through a simple, yet robust, potential
food availability indicator. Based on a large and rich dataset of nearly 5000 farm households, our results show the diversity of
farming systems in the region, dominated by maize and coffee production, as well as the large differences in their potential food
availability. In our model, 52% of farm households in the WHG did not have the means to attain sufficient energy from their
agricultural activities. In general, diversified maize-based, coffee-based and specialized coffee farm households had larger
proportions of potentially food secure households with 60%, 83% and 74% food secure households, respectively. This contrasted
with farm households specialized in maize production and resource-constrained households where there were a greater proportion of households were food insecure. The analytical framework presented here, combining a typology of farm households and
their livelihoods with the analysis of their food security status, provides a useful approach for better targeting development
interventions towards combating hunger, poverty and malnutrition.
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1 Introduction
Uneven progress towards food security remains an intractable
development challenge, and will continue so for decades to
come. Sub-Saharan Africa has received most attention on this
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topic, but achieving food security remains a challenge in other
parts of the world. In Guatemala, rural poverty and food insecurity are endemic. The World Food Program ranks Guatemala
as the country with the highest level of child undernutrition in
the western hemisphere and the fourth highest level in the world
(WFP 2018). The International Fund for Agricultural
Development (IFAD 2011) indicates that approximately 70%
of the impoverished population lives in rural areas, where agricultural production is the main livelihood activity and source of
food. Poverty and malnutrition are especially prevalent amongst
indigenous communities, which comprise 38% of the total population. These communities are mainly concentrated in the
Western Highlands of Guatemala (WHG), and historically have
suffered from discrimination leading to structural exclusion, social inequality and violence (Steinberg and Taylor 2008). In
2010, the United States Agency for International Development
(USAID) launched a strategy to address poverty and chronic
malnutrition in Guatemala. The strategy document specifically
highlighted the concentration of poverty and malnutrition in the
WHG (USAID 2013).
Food security in the WHG is, as in many rural areas of the
world, a complex, multifaceted phenomenon where farm
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households are, at the same time, producers and consumers of
food, and their livelihoods rely on both agricultural and nonagricultural activities. This is especially the case in the WHG
because of high population density and limited land availability:
62% of households in the region have less than 0.7 ha of arable
land and 85% have less than 1.4 ha (MAGA 2011). Faced with
limited land availability, farm households in the WHG have had
to find alternative sources of food and income. These include
daily agricultural labor on nearby farms, handcraft production
(notably weaving), construction work, national and international
migration (either seasonal or permanent) and, for the more fortunate, small businesses and waged jobs. Despite these multiple
sources of income, agriculture is still the most important livelihood strategy for the majority of the population in the WHG and
the backbone of local food security (IFAD 2011).
The study presented here characterized the diversity of farm
households in the WHG, assessed their food security status, and
identified the main agricultural activities that contribute to this
security. We address the following research questions. 1) What
are the key farming activities and farm types in the WHG? 2)
What is the relationship between these different farming types
and their agricultural-determined food security? 3) Are there
systematic patterns in the occurrence of these farm types and
their associated levels of food security that can help agencies to
better target interventions aimed at improving agricultural production and food security in the region? By answering these
questions we also evaluated the analytical framework used to
identify farm types, quantify food security and discuss whether
our approach is good enough to generate useful information for
targeting interventions.

2 Methods
2.1 Study area and data used
We used data from the baseline survey “Encuesta de
Monitoreo y Evaluación del Programa del Altiplano
Occidental (EMEPAO)”, conducted by USAID and
Guatemala’s Ministry of Health and Social Assistance
(MSPAS) between July and November 2013 as part of
USAID’s Feed the Future Program (Angeles et al. 2014).
The survey targeted 6301 households in 55 municipalities that
belong to the departments of Totonicapán, San Marcos,
Quiche, Quetzaltenango and Huehuetenango in the WHG
(Fig. 1). The EMEPAO survey included information on
household characteristics, their assets and living conditions,
their participation in cooperatives or farmers associations, as
well as the technical support received. The survey also included expenditure incurred by the household for all kinds of
goods and services as well as detailed information on cropping
and livestock activities. The sample included participating and
non-participating households in the USAID rural value chains
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program, and was randomly selected within the delimited
national census sectors. See Angeles et al. (2014) for more
details on the sampling process, survey tool and application.
After removing households with no agricultural activity or
with inconsistent data (e.g. maize cultivated on more land than
total land available), data from 4790 households were included in the analysis.

2.2 Typology of farmers based on principal
component analysis-clustering
We based the farmer typology on a statistical multivariate
analysis process (Alvarez et al. 2014; Tittonell et al. 2010).
Typologies are only a snapshot of the current farm diversity situation, and therefore the variables we chose as discriminant variables were structural, or slow moving, variables in the overall dynamical regime (Berre et al. 2016).
We sought to represent, from a systemic perspective, farm
household diversity in terms of the available resources
(land and livestock) as well as the main agricultural activities, including cash crops, food crops, livestock or mixed
crops-livestock (Berre et al. 2016). We selected 25 variables from the survey for the construction of the farming
systems typology; these variables characterize households
in terms of the family household size, land availability,
area allocated to each crop, crop diversity, multi-cropping
practices and livestock rearing (Tables 1 and 2).
When inspecting data, some variables with low variability (e.g. Most households had 5 to 6 household members)
or very infrequent values (e.g. Fewer than 5% had small
ruminants), were left out for the principal component analysis (PCA) or used to calculate other aggregated variables
(e.g. Density – number of household members over arable
land-, or TLU- that aggregates all livestock into a Tropical
Livestock Unit-). A correlation analysis was also performed and only one for the highly correlated variables
(R2 > 0.8) was selected for the PCA so as to avoid giving
too much weight to one dimension of the farming system.
We eventually chose eight variables for the PCA. These
variables describe farm households in terms of available
arable land and density (in relation to household size), crop
diversification as well as land area allocated to key crops,
and livestock production (Table 1). The remaining 17 variables were used, together with the eight core variables, to
describe the different farm household types (Table 2).
Maize is the main staple crop in WHG followed by potato
at higher elevations. Coffee is the main cash crop, but farmers
also grow a diversity of cash crops for local, national and
export markets. The share of the available arable land dedicated to these crop activities (i.e. maize, potato, coffee, and other
crops) was used in the typology construction. For livestock
holdings, animal numbers in the household were converted
into Tropical Livestock Units (TLU) using the conversion
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Fig. 1 Municipalities in the Western Highlands of Guatemala surveyed in the “Encuesta de Monitoreo y Evaluación del Programa del Altiplano
Occidental (EMEPAO)”

factors: cattle = 0.7, pigs = 0.2, sheep/ goats = 0.1 and chicken = 0.01. Data on income sources (i.e. on, off, non-farm income) were not available and therefore were not included in
the characterization of farming systems.
We performed all analyses and computations in R (R
Development Core Team 2018). Correlation analysis was

Table 1 Variables used for the farm households typology construction
in the Western Highlands of Guatemala
Variable

Acronym

Mean

Median

IQR

Density (persons/ha)
Total arable land (ha)
Number of crops grown (#)
Land on maize (%)
Land on coffee (%)
Land on potato (%)
Land on others (%)
Tropical livestock units
IQR: inter quartile range

DENSITY
TAL
CROPSN
LOM
LOCOFF
LOPOT
LOO
TLU

25.2
0.7
2.5
51.9
23.9
1.7
8.9
0.5

11.5
0.5
2
50
0
0
0
0.2

19.1
0.7
2
58.3
44.6
0
5.6
0.7

performed with the cor and corrplot functions and packages, PCA analysis with the prcomp, and k-means clustering with kmeans function (stats package). The relevant
selection criteria for PCs was through the Scree plot test
(Cattell 1966). The PCA coordinates were then used to
construct a k-means clustering, based on the Hartigan and
Wong (1979) algorithm, which partitions points into k
groups in such a way that the ‘Within Group Sum of
Squares’ (WGSS) from points to the assigned cluster centers is minimized. Alternatively, raw values can be used
for creating clusters, but we found that i) a similar number of groups was generated and ii) more significant differences between groups were obtained when using the
PCA coordinates.
The clusters’ centers are defined as the mean of a set of data
points based on their coordinates. The number of clusters, k,
was established combining the elbow method and the interpretation of the resulting clusters in relation to meaningful
farm diversity. The elbow method consists of running the kmeans algorithm on the data set for a range of values of k
(clusters or groups number) and then, for each k, the within
groups sum of squares (WGSS) is calculated and the number
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83.2 82.6 90.9 59.7

0.0
0.0

0.0
0.0

9.4
1.3
0.4
0.2
0.6
0.5

0.0
0.0
100.0 0.0

9.1
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
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0.0
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0.0
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0.0

28.4

22.7
0.0
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0.1

IQR ̅
x

M

IQR ̅
x

M

n = 1368, 28.6%

DM

n = 1523, 31.8%

SM

LOBM

Land on Bean (%)
LOB
Land on Coffee (%) LOCOFF
Land on Faba (%)
LOF
Land on Pea (%)
LOPEA
Land on Potato (%) LOPOT
Land on Green Beans LOGB
(%)
Land on Carrot (%) LOCARR
Land on Other Crops LOO
(%)
Crops and cropping systems diversity
Number of crops
CROPSN
grown (number)
Land polycropp (%) LOPOLYCROP
Land monocrop (%) LOMONOCROP
Livestock
Number of Cows
NCOWS
(cows)
Number of Pigs
NPIGS
(pigs)
NSR
Number of Small
Ruminants

Land on black maize
(%)
Land on yellow
maize (%)
Land on white maize
(%)
Land on Maize (%)

Family and Land sizes
Family size (persons) HHMN
Total arable land (ha) TAL
Land availability per Happ
person(ha/family
size)
Density (persons/ha) DENSITY
Land allocation to crops

Acronym
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0.0

M

n = 119, 2.5%

HF
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92.6
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0.0
2.3

2.3
89.7
0.0
0.0
0.0
0.1
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0.1
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5.7
0.8
0.2

x
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6.1
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0.1

2.4

2.0

0.0
5.6

16.7
44.6
0.0
0.0
0.0
0.0

2.5

0.1
8.9

11.0
23.9
0.8
0.5
1.7
1.1

58.3 51.9

50.0 32.2

27.3 17.3

0.0

19.1 25.2

4.0
0.7
0.1

IQR ̅
x

0.0

0.0

0.0

0.0

1.0

0.0

0.4

0.6

0.2

0.0
60.0 26.1
100.0 60.0 73.9

2.0

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

50.0

25.0

0.0

0.0

11.5

6.0
0.5
0.1

M

n = 4790

Total WHG

Median, Inter-quartile range and median of farm types the Western Highlands of Guatemala and the correspondent resource contributions to Potential Food Availability (PFA)

HH number and % of
sample
Variables

Types

Table 2
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10
0.3
1.6

0.3
1.6

6.3
0.4
0.5

8.0
0.9
1.3

10

9.4
0.7
1.3

IQR

1.1
0.5

1.9
1.1

10.0 14

M

n = 428, 8.9%

DC

1.5
1.1

13.8

x
̅

0.3
0.6

7.5

M

0.8
1.9

9
0.6
2.0

9.1

IQR ̅
x

n = 524,10.9%

DO

0.2
3.7

5.0

M

0.0
0.0
0.0
12.2

0.0
0.0
0.0
0.0

9.1

4.9

3.8

3.9

2.4
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0.0
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2.7
6.3

6.0

54.1 24.3

0.0

78.3 56.8 57.0 57.7
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0.0
4.9
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55.8 82.0

0.0

26.3 44.2
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7.1
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5.3

35.5

3.2

0.0
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0.0

6.8
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15.5 12.7

7.7

35.2 20.9

0.0

50.2 79.6 49.0

37

5.0

0.0
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0.0

4.8

11

6.0
0.1
0.2

0.3
0.5

11

IQR

0.2
0.7

7.9

x
̅

0.2
0.4

6.0

M

0.7
1.4

0.5
1.5

10.0 8.4

IQR ̅
x

n = 4790

Total WHG

53.4

15.5

0.0

0.0

41.9

29.2

14.9

15.7

13.8

26.4

0.0

0.0

97.4

0.0

0.0

74

3.2

0.0

11.8

0.0

1.7

4.5

1.8

89.4

0.2

4.1

0.6

0.0

0.0

0.0

51.6

4.4

8.8

0.0

7.9

5.6

72.9 30.4

0.0

80.1 51.4

48

M median; IQR inter-quartile range; ̅
x mean; SM Small scale Specialized Maize farm households; DM Diversified Maize based farm households; DC Large Diversified Coffee farm households; DO
Households Diversified with Other crops; HF Home-garden Farm households; SC Small scale Specialized Coffee farms

37.7

90.7

21

5.9
0.4
8.3

M

n = 828, 17.3%

SC

1282 1179 5971 12,895 15,735 2435 4176 1322

0.4
11.0

8

IQR ̅
x

n = 119, 2.5%

HF

1326 1659 1968 3000 3832 14,363 6938 11,568 15,138 1820 2651 40,173 459

0.1
0.5

5.0

NPOULTRY

TLU
TLU
Stocking rate
STOCKRATE
(TLU/ha)
PFA and Contribution by source
Total potential food totalPFA
availability
(kcal/capita/day)
Percent of food
FS HH
secure HH (%)
Contribution of food pcropcons
crops consumed
(%)
Contribution of food pcropsold
crops sold (%)
Contibution of cash pcash_crop
crops (%)
Contibution of
plvst_sold
livestock sold (%)
Contibution of
plvst_cons
livestock
consumed (%)

Number of Poultry

IQR ̅
x

IQR ̅
x
M

n = 1368, 28.6%

DM

n = 1523, 31.8%

SM

M

Acronym

HH number and % of
sample
Variables

Types

Table 2 (continued)
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of groups with a low number of k optimized which minimizes
the WGSS (Hartigan 1975; Kassambara 2017).

2.3 Food availability Indicator
Food security is defined as everyone having continued access
to a sufficient quantity and quality of food (FAO 2003). Four
dimensions of food security have been defined: availability,
access, utilization and stability (FAO 1996). Here we focus on
the food availability dimension by applying the model of
Potential Food Availability (PFA) at the household level from
Frelat et al. (2016) (Fig. 2) that quantifies the potential food
availability as an index calculated on the basis of daily kilocalories per individual. Farm products are converted to kilocalories either if households consume these products directly
or sell them. In the case of sold products, we converted the

Livestock Products

Food Crops

Household Size and Composion

Sold

(number and age of males and females)

Cash Crops
Year’s
Net
Income

Household
resources

Food Crops
(kcal/Year)
Livestock
(kcal/Year)

income into potential staple food that farmers can theoretically
buy and, in turn, we converted this into kilocalories. The kilocalories potentially bought and consumed are summed and,
hence, correspond to total potential food availability per year.
The household’s energy requirements per year are calculated
based on the composition of the household’s members (Frelat
et al. 2016) (Fig. 2).
Detailed testing of the food availability indicator (e.g.
Frelat et al. 2016; Hammond et al. 2017) showed that it is well
related to other indicators of food security (e.g. the Household
Food Insecurity Access Scale, number of months with hunger
and the Household level Dietary Diversity Score) when agricultural production and off-farm income are constraining food
security. In more intensive agricultural systems, the correlation is less robust and the indicator does not function well.
Further validation of this simple indicator is presented here

Male Adult Equivalents (MAE)
conversion

Household
energy
requirement
per year
(MAE X 2500 kcal per
year)

per day/per MAE
Potenal Food
Availability

Conversion of
potenal staple
food into Kcals
(Indirect Energy)

Consumed
Direct Energy

Fig. 2 Model representation of household food availability expressed as
kcal. Energy is derived from direct on-farm products that households
consume and the transformation of the products’ sale income into potential staple food purchase and its conversion into calories. The availability
is based on male adult equivalents (MAE).The PFA, expresses that when

(PFA)
Total
Potenal
Food
Available
(kcal/year)

it is ≥2500, the household has enough or more Potential Food Availability
than needed per day per family member and is in consequence food
secure. If the ratio is <2500, the household energy requirements is larger
than potential food availability and thus the household is food insecure.
Based on Frelat et al. (2016)
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by correlating the output of the PFA indicator with binary
variables of the sample related to food, which are described
in detail after the description of the model.
The quantification of the indicator is based on the household members’ potential acquisition of kilocalories on a yearly
basis by direct consumption of on-farm products and indirectly by the conversion of cash from product sales into staple
food. The direct Potential Food Availability (PFAdirect) acquisition (i.e. consumed produce) by households in kilocalories is
determined by crop and livestock derived energy:
PFAdirect ¼ ∑ Y fc  Efc  C fc þ ∑ Y l  E l  C l
fC

l

Where: fc denotes a certain food crop, and l a certain livestock,
Y represent the production or number of animals or quantity
of products (eggs, milk, meat, etc.) for fc or l, E denotes the
energy (kcal kg-1) content of each animal or food crop
product, and C denotes the proportion of Y consumed by
household. Energetic coefficients for crop and livestock
products were determined from USDA (2015) values, while
the production and consumption proportions are based on survey information.
Indirect energy acquisition by households (PFAindirect) is a
function of the potential quantity of staple food that can be
bought by means of income derived from selling farm produce, expressed in calories. The Cash by Income in Quetzales
(CIQ), the national currency, derived from farm produce sales,
was defined as:

CI Q ¼ ∑ Y fc  Pfc  1−C fc þ ∑ Y l  Pl  ð1−C l Þ
fC

l

Where Pfc and Pl denote the median market price per kilogram,
reported by survey respondents, of a certain crop or animal
product respectively, and where the term (1 − C) denotes the
proportion of farm product not consumed directly either from
crops or livestock. Cash crops are defined as those where
farmers sell more than 90% of the total annual production.
With the available cash, farmers buy staple food, which in this
region is maize, at the median value of the market prices reported in the survey (Sprice). Using the metabolic energy content of
one kg of maize (Emaize) PFAindirect is then calculated as:
PFAindirect ¼

CI Q
 E maize
S price

The total amount of food potentially available PFAtotal for
households is then defined as:
PFAtotal ¼ PFAdirect þ PFAindirect
On the energy needs side we used household composition,
gender and age to calculate total household energy requirement
(Ehhr). According to FAO (2001), a male adult has a daily need
of 2500 kcal to sustain a fine nutrition with average daily
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activity. Humans have different energy requirements depending
on age and gender. Hence, we took each household and assigned
each member a male adult equivalent (MAE) according to the
following ranges, new born: 0.29, children 1–3 years: 0.51,
children 4–6 years: 0.71, children 7–10 years: 0.78, males 11–
14 years: 0.98, males 15–18 years: 1.18, males 19–50 years:
1.14, males >51 years: 0.9, females 11–50 years: 0.86, females
>51 years: 0.75. Daily Ehhr is calculated as:
E hhr ¼ 2500 ∑ MAE i
i

Considering the above calculations, we can define the
Potential Food Availability (PFA) as:
PFA ¼

PFAtotal
Ehhr  365days=year

which quantifies how much energy per capita per day is potentially available.
For validation of the results from the PFA indicator, we first
made classes of the farm household in relation to their PFA.
The classes were based on distribution of PFA in quartiles
from the overall sample. Then, we used two questions in the
survey to examine the validation of the PFA model. Question
1 - “In the last month, was there at some point no food because
of lack of resources?” 29.2% of those interviewed responded
‘yes’. The second question was “In the last month, have you
gone to sleep without eating because of lack of food?” to
which 10.5% of the respondents said ‘yes’. A chi-squared test
was performed to see if the distribution of affirmative and
negative responses was correlated with the PFA results.
In addition, crossing PFA classes based on quartiles and
types was performed applying a chi-squared test to see if specific patterns arise among farm types and the PFA indicator in
order to identify the type of farmers who are most food insecure. Thus, through an analysis of their PFA profile, i.e. understanding the contribution of different agricultural activities
for different farm types, specific interventions to enhance their
food security can be defined.

3 Results
3.1 Diversity of farming systems in the Western
Highlands of Guatemala
Farms in the WHG are largely small-scale maize-based farming systems. The median land available per household was
0.5 ha and, with median size of household of six members,
the median density was 11.5 members per ha. Main crops
grown included maize, beans, coffee, potato and a large diversity of other crops for both home consumption and markets. A
median of 50% of the land was devoted to maize, mainly
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differentiating farm-households in the dataset. The density or
land available per capita and the number of crops grown were
also important. Farm size (total arable land (TAL)) was important for identifying resource rich households. On the other
side of the PCA space the number of crops grown (CROPSN)
and, to a certain extent, the land under potato (LOPOT) and
other crops (LOO) allowed us to identify diversified farming
systems that were based on crops other than coffee or maize.
The optimum number of clusters k according to the elbow
method is k = 6 (Fig. 3b). The number of households and their
percentage in the total sample are for cluster one, 119 households forming 2.5% of the total sample; cluster two, 1523
households (31.7%); cluster three, 828 households (17.2%);
cluster four, 428 households (8.9%); cluster five, 524 households (10.9%); and cluster six 1368 households (28.6%).
Based on this PCA-Clustering analysis, we identified six
distinctive types of farm households. Differences between these
types were mainly determined by the amount of land available
and the share of land used for maize or coffee production. The
six types were small scale Specialized Maize farm households
(SM); Diversified Maize based farm households (DM); small
scale Specialized Coffee farmer (SC); large Diversified Coffee

a

b
Total Within Sum of Squares

Percentage of explained variance

produced for home consumption. Potato is both a staple and
cash crop in the higher elevations of the WHG. The most
important cash crops in the region were coffee followed by
green bean, faba bean, and pea. Average number of crops
managed by rural households in the WHG was 2.5 and
polyculture (i.e. maize intercropped with beans, potato, faba
bean, etc.) is a common practice with an average of 26% of the
land managed under this system. In terms of livestock activities, most families had poultry (77.8%) and pigs (36.3%); only
9.2% of farm households reared small ruminants and 9.8%
had cows (Table 2).
Three first PCA axes had eigenvalues above 1 (1.94, 1.67
and 1.25) and the percent variance explained by each of them
was PC1 = 24.3, PC2 = 20.5 and PC3 = 15.7. The cumulative
variance explained by all three was 60.5% (Fig. 3a). We used
the variable scores for each principal component (PC) axis and
the spatial distribution of these scores in the PCA space to
differentiate the households. Figure 3c, d and e show the eight
variables selected for the typology definition, as well as the
individual farm households, projected against the three PCA
axes. The proportion of land under coffee (LOCOFF), as well
as the land under maize (LOM), were important variables,
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farm households (DC); Home-garden farm households (HF)
and households Diversified with Other crops (DO).
Small scale specialized maize farm households (SM) The SM
households type covered 31.8% of the total sample and were
characterized by a median arable land available of 0.2 ha per
farm household mainly devoted to the production of maize
(median of 100% of surface under maize, mainly in monocrop
but sometimes sown together with beans). The livestock holdings in these households, mainly poultry, was the second lowest of the types with a median of 0.1 Tropical Livestock Units
(TLU) (Table 2).
Diversified maize based farm households (DM) The DM type
of households (28.6% of the sample) had larger arable land
available (median of 0.70 ha) compared to SM, with half
of it devoted to maize production (land under maize, median 53.3%), mainly under the traditional intercropping
system called milpa where maize is grown together with
beans, squash and several other crops (mean of 40.3% of
maize or other crops surface grown under intercropping
systems). The remaining 59.7% was devoted to a large
diversity of crops: mainly beans and coffee, but also faba
bean, green pea, other vegetables, and in some cases potato. The median value of number of crops per farm household was three. In terms of animals, this type was very
similar to SM households, with a slightly higher number
of poultry (Table 2).
Small specialized coffee farmer (SC) The SC household type
constituted 17.3% of the farm households. Median land available was 0.6 ha per farm household and they were mainly
specialized in the production of coffee. This was the type with
the lowest diversity of crops grown (median of 1.0) and with
little land devoted to maize (less than 5%). The coffee grown,
as well as the maize, were produced as monocrops (100%).
Livestock holdings in these farms were small, with a median
holding of 0.1 TLU (Table 2).
Households diversified with other crop (DO) The DO group
covered 10.9% of the total sample and had a median arable
land area of 0.6 ha. DO farmers had a high diversity of
crops grown (median of 3.7), and the largest proportion
of land allocated to other crops (mean 45.5%) including
potato, coffee, maize and other crops. DO farmers had
the largest proportion of land allocated to poly-crops (median 35.3%) (Table 2).
Large diversified coffee farm households (DC) The DC farm
households, 8.9% of the total sample, were characterized
by relatively larger land holdings (median of 2.0 ha).
Coffee occupied nearly the same share of land (median of
33.3% of the total land available) as maize (median
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33.3%), followed by 11.6% of land under other crops.
These farms also had the largest diversity of crops (with
a median value of four crops grown per household). This
type of household showed above average livestock holdings with poultry, pigs and large ruminants present (livestock holdings median value of 1.1 TLU per household)
but, with its large landholding showing the lowest stocking
rate (median 0.5 TLU/Ha) (Table 2).
Home-garden farm households (HF) The HF type of household formed 2.5% of the total population. These farmers
had very small land holdings with a median value of
0.04 ha per household. Farmers used available land to
grow specific crops, notably potato, with little diversity
(median of number of crops grown per household was
1.0). These farmers had chickens and small ruminants,
and because of their small land holdings, households of
this group showed the highest stocking rate (median 3.7
TLU/Ha) (Table 2).

3.2 Food security Indicator
The contribution of agriculture to the Potential Food
Availability (PFA) for the farm households in the WHG varied
from almost no contribution to more than ten times the kcal
needs for the family (Fig. 4a). For more than half of the households (52%), agricultural production did not meet the kcal
needs of the family and therefore farmers need other sources
of food/income (e.g. off-farm income, remittances from family members working in the United States of America). The
contribution of energy by consumption of farm-produced food
crops was relatively low, but is of significant importance in
households with low PFA. The absolute contribution from
consumption of farm-produced food crops increased as PFA
increases, but only up to a certain point and for households
with higher levels of PFA, it decreased again (Fig. 4a).
Full food self-sufficiency was never reached from own
produced crops, with market orientation taking off when farm
households were able to produce between 50 and 70% of their
food needs. This section of maximum PFA was characterized
by households in which sales of cash crops contributed most
to PFA, while also sales of food crops in general increased
with increasing PFA. Livestock did contribute to PFA of
households with low PFA scores, although the contribution
was not major, and thereby play a complementary role in the
consumption of food crops. As the PFA value of households
becomes larger, energy coming from livestock consumption
or livestock sales becomes larger as well. However, for households with the higher PFA values, cash crops were more important and the role of livestock became small (Fig. 4a, b).
We defined four food security classes by partitioning the
4790 households into quartiles: i) the NEFA (Not Enough
Food Available) class encompasses those households with
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Fig. 4 a Potential food availability (PFA) among 4790 households from
the EMEPAO-WHIP survey in the Western Highlands of Guatemala.
Farm households are ordered from low to high PFA values. The red
dashed line indicates the 2500 kcal/capita/day (PFA = 1). Legend colors

indicate potential sources of energy for households. A moving average
was applied with a window length of five households for ease of interpretation. b Contribution of different sources of energy for the different
quartiles of the PFA indicator

PFA below 1090 kcal/capita/day; ii) the REFA class (Roughly
Enough Food Available) with those where the PFA value falls
between 1090 and 2390 kcal/capita/day; iii) the SFA class
(Sufficient Food Available) with between 2390 and
5240 kcal/capita/day and finally iv) the MEFA class (More
than Enough Food Available) >5240 kcal/capita/day. For both
the NEFA and REFA classes, the average PFA scores do not
meet the daily kcal requirements of the household with agricultural activities. For the first three quartiles, the most important contributor to the PFA indicator was the consumed own-

grown crops, with increasing importance of cash crop and
decreasing importance of livestock when moving up the quartiles (Fig. 4b).
To test the PFA indicator, we compared the PFA with the
results obtained from two binary questions asked in the survey
related to lack of food available. The chi-square test showed a
significant positive correlation between the questions related
to food limitations with the lowest quartile class of the PFA
indicator, as well as negative correlation with the highest quartile (Fig. 5).
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Maize is the most important food crop in the WHG. Farm
households in the first two PFA classes, given their large food
deficiency, will certainly need to use other livelihood activities
and income sources that were not captured in the survey, to
buy maize. For these two classes, the average annual household deficit to reach the 2500 kcal/day/MAE threshold is
898 kg maize per year (which is equivalent to 355 USD/year)
for the NEFA class, 367 kg maize per year (equivalent to 145
USD/year) for the REFA class (1 Quetzal = 0.13 USD)(See
supplemental material 1).

3.3 Food security and farm types in the WHG
When inspecting the proportion of households within each
farm type that is food secure or insecure, we found that, in
general, the diversified maize and diversified coffee types
(DM and DC) and the specialized coffee type (SC), had a
larger proportion of potential food secure households with
60%, 83% and 74% food secure households respectively.
They were followed by the Diversified with Other crops
(DO) type with 37% being food secure, the Specialized
Maize (SM) farm households with only 21% and the Homegarden Farm type (HF) with only 11%. Supplemental material
2 shows the same representation of Fig. 4a for each farm type.
Analysis of the Pearson’s residuals of a chi-square test
showed that DO, SM and NC farm households had significantly higher frequencies in the lowest and second lowest
quartile classes of the PFA indicator, while SC, DC and DM
had significantly higher probabilities of being in the upper two
quartile classes (Fig. 6). This was closely related to the available arable land for the SC, DC and CM farm types that have
above average land size and below average number of people
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Fig. 6 Pearson’s residuals after a
chi-square test between Farm
types and Potential food availability (PFA) quartiles. SM: Small
scale Specialized Maize farm
households, DM: Diversified
Maize based farm households,
DC: Large Diversified Coffee
farm households, DO:
Households Diversified with
Other crops, HF: Home-garden
Farm households, SC: Small scale
Specialized Coffee farms. Blue
rectangles show positive significant associations, and red rectangles show negative significant associations, gray rectangles show
non-significant associations

to feed with the land available, as opposed to HF, SM, and DO
that have below average land available per member of the
household (see Table 2).
Each farm type has significantly different sources of potential
energy (Fig. 7, Table 2 and supplemental material 2). Homegarden farm households (HF), with nearly no land available,
must rely on other sources of food beyond agriculture. In relation to agriculture, they depended mainly on consuming livestock products (29% of their PFA) and/or selling those (15%).
The importance of livestock to PFA was greater for this type
than for the other farm household types. This type of farm
household also relied more on selling food crops (14%).
Farm households diversified with other crops (DO) showed
a higher contribution of their own food crops to the PFA than
the Home-garden Farm households (HF). This dependency
was greater than for both coffee-based farm households (SC
and DC), with a value of 49%. The rest of the energy is obtained equally from different sources, with a contribution between 10% and 21%. The Specialized Maize farm household
(SM) type was the one that obtains the highest proportion of
energy by consuming own food crops (78%). In the diversified maize-based farming systems (DM) this value was 58%
while they obtain 30% of PFA from crop sales, mainly cash
crops (24%) (Fig. 7 and Table 2).
Farm households specialized in coffee (SC), not surprisingly, rely heavily on coffee cash crops (89%) with minimum
contribution from other sources, while the diversified coffeebased farm households (DC) obtained 52% of energy from
selling their crops (47% from cash crops and 5% from sales
of food crops). In contrast with the specialized coffee farmers
(SC), DC farmers obtain 35% of their energy from own food
crops. Small specialized coffee farmers (SC) got only 6% of
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their PFA from livestock while DC households obtain a bigger
share of PFA from livestock consumed (7.1% DC vs 1.8%
SC) and almost the same from livestock sold (around 4.5%)
(Fig. 7 and Table 2).
In the case of maize, the major staple food crop of the
region, the direct average contribution to daily PFA was as
follows: specialized coffee farmers (SC) had the lowest value
of energy derived from maize (3.4%). Not surprisingly, maize
farmers have a larger contribution from maize to PFA,
Specialized Maize (SM) reached 75.7% of their potential energy from maize, and the Diversified Maize (DM) had 53.6%.
The Diversified farmers on other crops (DO) still get a substantial amount of energy from maize, 44.4%. The diversified
coffee farmers (DC), although they rely on cash crops for the
generation of 52.8% of their PFA, still obtained 32.9% from
the maize they grow. Finally, the HF type may get only 10.1%
of their energy from maize, but that reached 26.4% of energy
available when potato is included in the share of grown and
consumed food crops.

4 Discussion
Combining farm household typologies with a simple, yet robust, food security indicator, enables a better understanding of
the diversity of farming systems and the potential contribution
of agriculture to food security. This is an important step in
improving the targeting of agricultural initiatives designed to
enhance food security.

4.1 Targeting alternatives for improved food security
Our results show the large diversity of farming systems in the
WHG region dominated by maize and coffee production, as
well as the large differences in terms of their potential food
availability (PFA), the indicator we used to approximate food
security. In our PFA calculation, 52% of farm households in
the WHG do not have the means to attain sufficient energy
from their agricultural activities.
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Farmers with few resources (particularly arable land) and
that are either specialized in maize (SM), diversified with other
crops (DO) or home-garden farm households (HF), suffer the
highest rates of food insecurity. In these cases, 60% of farm
households are unable to match their energy needs from agricultural activities. Only 37% of the Diversified with Other crops
(DO), 21% of the specialized maize (SM) and only 11% and the
Home-garden Farm households (HF) can be considered food
secure from their agricultural activities (Table 2 and
Supplemental material 2). In general the diversified types
DM, DC and the SC, have a larger proportion of potential food
secure households with 60%, 83% and 74% food secure households, respectively. It is important to underline that these farm
types have more than average arable land available, while they
also have an important focus on cash crops (notably coffee) for
their potential food availability. It is also worth noting that coffee production is not an option open to all farmers for a plethora
of agro-ecological and socio-economic reasons.
Overall, our results are consistent with other studies on the
severity of food insecurity and malnutrition in the WHG. For
example, USAID (2018) has estimated that approximately
50% of Guatemalan children under five years of age are
stunted due to chronic food insecurity and, within indigenous
areas such as the WHG, nearly 70% of the population is
chronically malnourished. To target those farm households
with more acute food insecurity, development interventions
need to prioritize farm types of the SM, DO and HF. These
farm types are mainly concentrated in the Departments of
Quetzaltenango and Totonicapán as well as the Southern
Quiche, South and Central Huehuetenango and Northern
San Marcos (see Supplemental Material 3).
Understanding better the spatial distribution of different farm
households as well as PFA levels would be an important step
further in better targeting specific interventions. Adding a spatial
layer to the analysis presented here, taking into account socioeconomic aspects such as distance to roads and markets, prices of
products and price variability; as well as biophysical ones such as
soil types, slope, rainfall levels and primary production potential,
would provide support to direct specific development investments to fight food insecurity. For example, comparing two
neighboring municipalities in the Huehuetenango department,
Chiantla and Aguacatán, shows important differences that supplement the farm typology analyses we performed. Although
Chiantla has a large proportion of resource poor farmers (DO
and HF) in comparison to Aguacatán, it has a lower proportion
of farm households in the most food insecure classes (see
Supplemental material 3). This might be due to Chaintla’s proximity to Huehuetenango city therefore allowing farmers to have
diversified cash crop production and greater off-farm income
generating activities. These differences suggest that interventions
related to the intensification of the maize production systems
would be a better fit in Aguacatán for the improvement of local
food security, while improved value chains for vegetables and
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livestock products might have a better chance of success in
Chiantla. In addition to the spatial distribution of farm household
types and PFA levels, understanding the spatial and temporal
variability of key determinants of food security (e.g. spatiotemporal variation of prices and labor availability and agricultural
production potential), might provide better elements for targeting
specific interventions.
The consumption of food crops (notably maize) plays a
key role in food security of a large part of the farm households in the WHG (Figs. 4 and 7 and Table 2). However, as
illustrated by Fig. 4a, the contribution of grown and consumed crops has a bell shape in relation to PFA in which,
for very low and very high PFA values, the contribution of
consumed food crops is relatively low compared to the
middle section of the PFA value range. Similar results have
been documented in other studies (Frelat et al. 2016;
Ritzema et al. 2017; Lopez-Ridaura et al. 2018) showing
a) a common pattern among small scale farming systems in
completely different regions of the world; and b) that our
approach and analysis is capturing the large diversity of
farming systems and livelihoods.
Maize is critical for food security in the WHG and it represents a high percentage of the PFA for most farm households of
almost all types. Maize grain yields in the region range from 1
to 2 t per ha (Hellin et al. 2017) and increasing the yield and
yield stability of this crop is critical. This would improve food
security of farm households in the WHG substantially, especially for those with little arable land available and for which maize
is important in their PFA score, for example the SM type of
farm households. Participatory breeding and seed exchanges to
improve adapted maize landraces for specific agro-ecologies
(e.g. van Etten and de Bruin 2007; Smith et al. 2001), improved
soil health through soil and water conservation technologies
(e.g. Hellin and López-Ridaura 2016) as well as improved use
of external and locally available inputs, might represent alternatives to improve the food security of these farm types.
For farmers with relatively more land available, such as the
Diversified Maize (DM) and Diversified Coffee (DC) types,
for which maize is also key in the food security profile, alternatives to harness the efficiency of diversified systems can be
considered. Intercropping and rotations with beans, fruit trees
and several other crops relevant for the diet of local people or
for the markets (e.g. Turrent-Fernández et al. 2017; RuizMendoza et al. 2012) can represent options to improve the
food security of these types of farm households.
Cash crops, especially coffee and vegetables, are important
contributions to the food security of farm households in the
WHG, notably for the specialized coffee farmers (SC) but also
for the diversified coffee, maize and other crop farm households (i.e. DC, DM, DO). Strengthening value chains for these
products and improving their resilience to market changes,
climatic changes and biological changes (e.g. disease emergence in coffee) is important for improving the food security
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status and reducing poverty of those farm types. Coffee
farmers in the region had already experienced prices crashes
in the early 2000s and, as Bathfield et al. (2013, 2016) pointed
out, different strategies were implemented by coffee farmers
in the region to cope with the crisis, such as farm and market
diversification (e.g. the Cooperativa Guaya’b gathering and
commercializing coffee and honey), accessing niche markets
such as organic production or, when possible, extending the
area under coffee. Additionally, more specific studies on the
effect of cash crops and nutrition of rural households in the
WHG, have shown that diets and nutrition do not necessarily
improve with increased income coming from growing and
selling non-traditional export crops (e.g. Méthot and Bennett
2018). Together with strengthening the value chains of these
cash crops, education on nutrition and health has to take place.
Livestock is not a major source of energy for rural households
in the WHG but, for some farm types such as the HF and DO,
two of the types with the highest probability of being food insecure, livestock products either consumed or sold represent more
than 20% of their PFA indicator. For these land constrained farm
households, improving disease control and health of livestock,
notably poultry, would be a step forward to contribute to their
food security (e.g. Wong et al. 2017; de Bruyn et al. 2015).
Capturing the diversity of farming systems through a typology allowed us to identify the main livelihood strategies that
farm households in the WHG follow to attain food security and
can provide important information for developing and/or
adapting technological or policy interventions to help attain
zero hunger. Development efforts in the WHG can be mapped
to broader typologies that, beyond the static farming characteristics we took into account, also consider, for example, the
trajectories of farming systems and the level of aspiration such
as suggested by Dorward et al. (2009) and Tittonell (2014) or
social identities considering ethnic group, household composition and empowerment of decision making (Camacho-Villa
et al. 2018). In our analysis, small scale Specialized Maize farm
households and Diversified Maize households (SM and DM)
have a significant correlation with indigenous selfdenomination of the respondent (see supplemental material 4).

4.2 Food security and rural livelihoods
Food insecurity is a multifaceted and complex phenomenon.
In places like the WHG, with a mainly rural population, agriculture contributes importantly to the food security of that
region and its farm households. However, with the current
high pressure on land availability, other livelihood strategies
have been deployed by rural families. Taking into account the
importance of migration as well as the urbanization of the
WHG, we recognize a weakness in our study, namely that it
does not factor in the contribution of off/non-farm income to
farm household food security. Remittances and off-farm incomes have been recognized as important sources of food for
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the small-scale farmers in the WHG (Taylor et al. 2006).
Unfortunately, in our data set, off-farm income and remittances were not included so we had to limit our study to the
contribution of agriculture to food security and how this contribution varies across farm types. While most of the population in the WHG is rural and agriculture is the backbone of
food security in the region, the lack of information on off-farm
income and remittances is a major limitation to a full grasp of
the food security status in the region.
Moreover, food security is not the only objective of farmers
in the WHG as with other small scale farming systems in the
world. Income generation, labor productivity, reduction of external input use and monetary costs of production, the preservation of cultural values and other aspects related to the stability, resilience and adaptability of natural resource management systems are, among others, also important features for
the assessment of the sustainability of small scale farming
systems (Astier et al. 2011). The analysis presented here could
serve as the basis but needs to be complemented by an integrated assessment. A broad variety of tools and approaches
can be used for this, ranging from participatory assessment to
modeling techniques at the farm household level (LopezRidaura et al. 2014; Groot et al. 2012).
The resilience of farmers in the WHG, like their counterparts throughout Latin-America, is underpinned by their participation in multiple forms of economic provisioning that, in
turn, enables them to maintain culturally-important practices
such as continuing to grow local maize varieties (Barkin
2002). Classical economic theory would suggest that cultivation of low value maize varieties is irrational; however, the
maintenance of local maize varieties is a key component of
farmers’ heritage (Keleman et al. 2013). The reality is that
while wage labor and/or export crop production may provide
the bulk of their monetary incomes, farmers in the
Guatemalan highlands do not necessarily prioritize wage employment over agriculture. As other researchers have observed, the income that rural families earn in the labor market
is rarely viewed as a substitute for the agricultural output that
is produced with household resources; it is more adequately
described as an additional resource (Isakson 2009). This is
clearly shown in Fig. 4a, where cash orientation in farming
only takes place when the farmers are able to produce enough
food for levels of 50–70% food self-sufficiency.
Other studies of smallholder farming households in economic anthropology similarly underscore that choices, which
appear rational from a farmer’s perspective may differ from
“economically rational” behavior, modeled purely in market
terms. Mayer (2002) suggests that peasants in the Peruvian
Andes tend to calculate agricultural profits and losses in terms
of monetary balances (e.g. flows of cash) as opposed to formally accounting for the value of non-marketed inputs, such
as household labor. Farmers may perceive subsistence and
commercial activities as separate spheres of the household
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economy. Monetary flows from commercial undertakings
may sometimes subsidize subsistence production, and conversely, subsistence activities may enable market participation
(de Janvry et al. 1989; Blaikie 1989).
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In this study, we used a large and unique dataset of nearly 5000
farm households to capture and formalize the diversity of livelihood strategies. We established a farm household typology
based on systems approaches and assessed the potential food
security situation of each typology by means of a simple indicator of Potential Food Availability (PFA). Our results show the
large diversity of farming systems in the region dominated by
maize and coffee production as well as large differences in
terms of their PFA. In our model, 52% of farm households in
the WHG do not have the means to attain sufficient energy (as
food) from their agricultural activities. This suggests the importance of off/non-farm sources of income/food.
Our typology of farm households, the PFA analysis and the
understanding of the contribution of different agricultural activities to their livelihoods and food security is a useful framework for better targeting development interventions towards
combating hunger, poverty and malnutrition. Further work
could be directed towards better understanding the spatial distribution of farm types and food insecurity, as well as the role
of off-farm income. This would allow for effective targeting of
interventions as well as the use of these analyses for scenario
assessment on either the plausible effects changes in factors
such as climate change and migration, or on the potential
impact of alternative technologies such as maize intensification or poultry promotion (Lopez-Ridaura et al. 2018).
Policy makers, researchers and development practitioners
might employ the analytical framework presented here in this
region, or other regions where household data exists, in order
to target interventions. Specifically, in the context of activities
from USAID in the WHG, a panel survey is currently being
performed and similar analysis with such panel data would
allow assessment of progress towards fighting hunger and
malnutrition in the WHG. Under common agreement in the
WHG that agricultural and human nutrition interventions need
to be conducted together, analyses such as the one presented in
this paper can provide the analytical framework to design and
implement such activities towards the Sustainable
Development Goal of ending hunger, achieving food security,
improving nutrition and promoting sustainable agriculture.
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