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Abstract

The ecological and risk -management rationales for livestock mobility are well established. Yet, few studies evaluate
the economic benefits and costs of maintaining or resuming mobile, extensive livestock production compared to
sedentary or semi-extensive production. Here, we empirically evaluate pastoralists’ claims that transhumance, a
specific type of long-distance herd mobility, is a more profitable system compared to semi-extensive production in
the Central Spanish Pyrenees. Specifically, we use enterprise budget data from transhumant and semi-extensive
operations to develop a baseline typical sheep operation budget. We then use partial budget analysis coupled with
economic simulations to determine the conditions under which transhumance by truck or on foot becomes
profitable relative to semi-extensive production. We find that transhumance by foot is more profitable than
transhumance by truck and that relative profitability compared to semi-extensive production depends on
operational scale, feed prices, and the lambing rates (productivity) of each system. Over all simulated scenarios,
transhumance is more profitable 64–78% of the time. This analysis thus provides initial evidence of the economic
rationality of transhumance under contemporary environmental and economic conditions, filling a notable gap in
research on the economics of transhumance. Future research could expand the analysis to cattle operations and to
other regions of Spain, assess the full social and environmental benefits and costs of transhumance, and evaluate
the effects of exogenous factors like drought on production costs and profitability to determine if transhumance is
an adaptive strategy under a changing climate. The analysis we present could be used as a basis to develop and
pilot test interactive budgeting tools that support herder decision-making and planning under economic and
environmental uncertainty.

Keywords: Extensive livestock production, Semi-extensive production, Pastoral mobility, Partial budget analysis,
Technical efficiency, Benefit-cost analysis, Aragón, Spain

Introduction
The decline of mobile pastoralism, especially nomadic
pastoralism, is often reported (Fratkin and Abella Roth
2005; Humphrey and Sneath 1999), despite evidence of
more dynamic ebbs and flows in mobile pastoralism his-
torically (Honeychurch 2010; Fernandez-Gimenez and
LeFebre 2006). The ecological and risk management ra-
tionales for livestock mobility are well established (Nia-
mir-Fuller 1999; Scoones 1994). Yet, few studies evaluate
the economic benefits and costs of maintaining or

resuming mobile, extensive livestock production com-
pared to sedentary or semi-extensive production. Here,
we empirically evaluate pastoralists’ claims that transhu-
mance, a specific type of long-distance herd mobility, is
a more profitable system compared to semi-extensive
production in the Central Spanish Pyrenees. Specifically,
we use enterprise budget data from transhumant and
semi-extensive operations to develop a baseline typical
sheep operation budget. We then use partial budget ana-
lysis coupled with economic simulations to determine
the conditions under which transhumance by truck or
on foot becomes profitable relative to semi-extensive
production. We find that across a range of parameter es-
timates for feed and pasture costs and lambing rates,
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both types of transhumance outperform semi-extensive
systems under most scenarios. Transhumance on foot is
the most profitable management system when costs for
all systems are high or typical and lambing rates are low
or typical. The economic advantage of transhumance in-
creases with herd size, with little or no advantage over
semi-extensive production at small herd sizes (500
ewes). The difference in profitability among systems is
driven by lambing rates for all management systems and
feed costs for semi-extensive systems.
Transhumance is a form of mobile livestock husbandry

in which herders move domestic livestock flocks regu-
larly and repeatedly between defined seasonal pasture
areas. In Spain, transhumance has a long history (Rodri-
guez Pascual 2001; Ruiz and Ruiz 1986; Starrs 2018;
Manzano Baena and Casas 2010), dating back as far as
the Neolithic (Geddes 1983). The ecological and produc-
tion rationales for Spanish transhumance are well-
documented (Manzano Baena and Casas 2010; Ruiz and
Ruiz 1986; Starrs 2018; Perez and Saez 1990; Puigdefab-
regas and Fillat 1986), and recent works have revealed
multiple ecosystem services associated with twenty-first
century transhumance (Hevia et al. 2013; Hevia et al.
2016; Manzano and Malo 2006; Oteros-Rozas et al.
2012; Oteros-Rozas et al. 2014). However, Spain has also
experienced an overall reduction in extensive livestock
production in the second half of the twentieth century,
including a decline in transhumance (O’Flanagan et al.
2011; Ruiz and Ruiz 1986; Chocarro et al. 1990; Man-
zano Baena and Casas 2010), as agricultural production
restructured towards a more intensive industrial agricul-
ture model. The principal drivers of this transition in-
cluded rural outmigration to urban areas, resulting in
agricultural labour deficits, and a parallel increase in the
mechanization of agriculture (Chocarro et al. 1990; Es-
trada et al. 2010; Manzano Baena and Casas 2010). As
agricultural communities in more remote and mountain-
ous areas lost both human and livestock populations, the
number of family-run farms declined, and intensive live-
stock production (feed-lot and stall-fed) increased with a
concurrent increase in corporate farm ownership (Man-
zano Baena and Casas 2010) in order to meet demands
of the growing urban market. These transitions were fur-
ther reinforced with the introduction of the European
Common Market in the late 1970s, which also contrib-
uted to price declines for pastoral products (Lefebvre
et al. 2012; Estrada et al. 2010). In the twentieth century,
transhumants also switched from walking with their
herds to transporting them on trains, which was inex-
pensive. Over time, as road networks improved, more
herders began to use trucks, train car conditions deterio-
rated, and train costs increased (Oteros-Rozas, personal
communication). Eventually, the state-run train service
eliminated livestock cars altogether in the 1990s,

transhumant producers resorted to trucking or walking,
and the cost and/or time needed for transhumance in-
creased substantially (Bacaicoa Salaverri et al. 1993 cited
in Oteros-Rozas et al. 2013). Thus, although conserva-
tion organizations increasingly highlight the value of
transhumance for creating and maintaining valued habi-
tat and cultural landscapes (Martin Casas 2003; Garzón-
Heydt 2004), and herders recognize a variety of benefits
to transhumance (Oteros-Rozas et al. 2012; Oteros-
Rozas et al. 2014), the prevailing public narrative sug-
gests that transhumance is a fading practice in rural
Spain.
In contrast to the dominant discourse, we observed a

revitalization of transhumance in one area of the Central
Spanish Pyrenees, the Valles Occidentales (Western Val-
leys) of the Aragonese Pyrenees in the Province of
Huesca. In this region, transhumance on foot and by
truck never completely disappeared, but its prevalence
diminished significantly in the 1980s and 1990s, due to
the factors discussed above, as well as increasing compe-
tition for winter grazing in the lowlands, harsh living
conditions for transhumants, and shepherds’ preference
to live at home with their families year-round (Fernán-
dez-Giménez 2019). Some claim that a general shift in
the public perception of pastoralism, from an
honourable profession to an occupation connoting pov-
erty and backwardness, also likely contributed to the
overall decline in extensive pastoralism, including trans-
humance (Pallaruelo 1993). In the central Pyrenees,
transportation by train was never as popular as in some
other regions of Spain (Pallaruelo 1993). During this
period, most enterprises converted to a semi-extensive
management model, where sheep and cattle graze com-
munal high mountain pastures in the summer and spend
the winter enclosed in barns and stall-fed on hay and
grain. By 2010, only one operation continued to trans-
hume on foot in one of the study villages. In 2018, how-
ever, several multi-generational herding families had
resumed transhumance. Several new incorporations of
young herders opted to use transhumance from their in-
ception (Fernández-Giménez 2019). A variety of factors
contributed to this resurgence (see Fernández-Giménez
2019 for a full discussion), including increased availabil-
ity of low-cost winter pastures and technological ad-
vances that decrease labour requirements and improve
quality of life for transhumant herders (e.g. electric
fences, mobile phones). Herders reported in interviews
that the primary reason for maintaining or taking up
transhumance is its relative profitability compared to
semi-extensive livestock husbandry, where animals are
stall-fed in barns during the winter (Fernández-Giménez
2019). Herders who sought to expand their herd sizes
were also more likely to take up transhumance. Herders’
explanations align with literature on adoption of
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innovations that posits that relative advantage in terms
of profitability is a key attribute of practices/innovations
that influence adoptions (Rogers 1995).
Economic studies of extensive livestock production

generally, and specifically mobile systems such as trans-
humance, are relatively scarce. Several papers have
assessed the total economic value of extensive or mobile
pastoralism in the context of national (Nyariki and
Amwata 2019; Casas Nogales and Manzano Baena
2007), regional, and global (Davies and Hatfield 2007)
economies, focusing on both market and non-market
values. Research at the regional or sub-national level has
used discrete choice experiments to assess the values at-
tributed by respondents (pastoralists, local stakeholders)
to different land uses (Mazzocchi and Sali 2019) or graz-
ing management practices (Lutta et al. 2019). Other re-
search has used data from producer surveys to compare
economic performance of different extensive and inten-
sive production systems using a variety of methods and
metrics, such as technical efficiency (Galanopoulos et al.
2011; Gaspar et al. 2009; Perez et al. 2007; Shomo et al.
2010), benefit-cost ratios (Hamadeh et al. 2001; Qtaishat
et al. 2012), and relative profitability based on partial
budget analyses (Legesse et al. 2005). Findings from
these studies offer mixed evidence on the economic ben-
efits of extensive mobile production systems. Work from
Jordan (Qtaishat et al. 2012) and Lebanon (Hamadeh
et al. 2001) showed that benefit-cost ratios were highest
in mobile extensive systems, even when profitability was
lower. Two different studies in Spain found technical ef-
ficiency was generally high in extensive systems, even
when productivity per ewe was low, due to low costs
and management systems highly adapted to exploit
available resources (Gaspar et al. 2009; Perez et al.
2007). Other studies found technical efficiency in trans-
humant systems was low (Galanopoulos et al. 2011), or
lower than that in more intensive production systems
(Shomo et al. 2010). A partial budget analysis of feeding
trial results in Ethiopia for two goat species found that
for one breed, semi-extensive was most profitable,
followed by extensive, while intensive was least profit-
able. For the other breed, no system was profitable, but
losses were minimized in the extensive system (Legesse
et al. 2005). In summary, evidence exists for the total
economic value (Davies and Hatfield 2007; Nyariki and
Amwata 2019) and perceived social value (Lutta et al.
2019; Mazzocchi and Sali 2019) of extensive, mobile live-
stock production. However, determining the relative
profitability of transhumance compared to more settled
production systems at the firm level is critical to under-
standing producers’ decisions to take up or maintain this
practice.
In order to empirically evaluate Pyrenean herders’

widespread perception of the profitability of

transhumance, we collected primary data on the costs
and revenues associated with three types of operations,
used these to parameterize a typical “model operation”,
and compared the three operation types using a Monte
Carlo simulation. This approach is based on a simple
partial budget analysis approach (Alimi and Manyong
2000) that has been applied to ranch decision-making in
the western USA. The partial budget analysis together
with a sensitivity analysis is used to compare the relative
cost and revenue from different management choices,
such as the alternative choice to sell cattle or buy hay in
a drought (Feuz and Ritten 2014), under a range of cost
and revenue scenarios. In this analysis, we compared
three alternative management choices: stable-feed ewes
during the winter, transhumance on foot to winter pas-
tures, and transhumance by truck to winter pastures
under multiple cost and revenue scenarios.

Study area
This study takes place in the westernmost valleys of the
Aragonese Pyrenees, in the Province of Huesca, an area
known as the Valles Occidentales or Western Valleys
(Fig. 1). Most of the herders interviewed reside in the
villages of Ansó or Hecho, although one is from the
hamlet of Novés, at the easternmost edge of the study
region. The territories used by transhumants range from
the summer pastures in the high Pyrenees (maximum
2700 m) to the winter pastures in the Ebro River Valley
(~ 500m) with corresponding variability in mean annual
precipitation from > 1800mm in the high mountains to
< 400 mm in the valley (Cuadrat et al. 2007). The sea-
sonality of precipitation also varies, with the majority of
precipitation falling in the form of snow from November
to February in the mountains while peak precipitation in
the valley occurs as rainfall from April through June
(Cuadrat et al. 2007). Similarly, mean annual tempera-
tures range from 4–6 °C in the high mountains to 14 °C
in the Ebro Valley. The mean minimum temperature in
the mountains is < 0 °C and the mean minimum in the
valley is > 9 °C, with corresponding mean highs of 6–
8 °C in the mountains and 20–22 °C in the valley (Cua-
drat et al. 2007). The variability of precipitation and
temperature over space and seasons is an important fac-
tor driving the availability and quality of forage over the
year, and a principal driver for the development of trans-
humance as a management strategy (Puigdefabregas and
Fillat 1986).
Ansó and Hecho are considered among the most con-

servative communities in this region of the Pyrenees
with respect to maintaining traditional pastoral culture,
which has made them the focus of previous studies on
pastoralists’ traditional ecological knowledge (Fernan-
dez-Gimenez and Estaque 2012; Fernandez-Gimenez
and Fillat Estaque 2012). Both villages maintain their
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distinct local dialects of Aragonese, residents of Ansó
speaking Ansotano and those of Hecho, speaking Cheso.
In 2018, Ansó’s human population numbered 411 and
Hecho’s 568 (the valley of Hecho had 852), and the ham-
let of Novés had 32 inhabitants (Foro-Ciudad.com
2019). Ansó reported 20 livestock operations with a total
of 5829 sheep, 145 goats, 924 cattle, and 19 horses.
Hecho reported 43 operations with 6380 sheep, 472
goats, 2010 cattle, and 15 horses (Instituto Aragonés de
Estadística 2018a; b).
Most of the transhumant operators we interviewed for

this study identify Ansó or Hecho as their home town
(pueblo), rather than the town where they spend the
winter months. One identifies equally with both summer
and winter villages, or with neither, stating, “I am from
the mountains; from where my sheep are.” Both Ansó
and Hecho are typical villages of the central Aragonese
Pyrenees, with a dense cluster of tall stone buildings,
cobblestone streets, and a cathedral seemingly out of
proportion to the size of the village in population and
area. Privately owned hayfields and meadows surround
Hecho on the valley bottom, while the steep slopes
around Ansó prevent cultivation, and most of the
formerly open hillside pastures have been lost to
encroaching shrubs. The area of the Valles Occidentales
became a regionally-administered natural park in 2007
and beckons tourists with its natural beauty and cultural
heritage. Picturesque Ansó was recently designated one
of the “prettiest pueblos of Spain”.
The abundant and high-quality summer pastures in

the high Pyrenees are the communal property of each
village (Fig. 1). Ansó’s community grazing rights date to

the reign of King Jaime I in 1272. Any individual who is
officially resident in the village for more than 2 years has
the right to graze summer pastures for a minimal fee of
2 euros per sheep for the entire summer. Specific sum-
mer grazing areas known as puertos are allocated to
stockgrowers by each village’s livestock association. If
the amount of forage available exceeds the demand by
village stockgrowers, the excess is sold to herders from
other villages or regions at a higher price. The availabil-
ity and affordability of these rich natural pastures histor-
ically drove the region’s mountain livestock industry and
remain a major driver today. The two valleys’ differing
terrain influences their use of land and favoured species
of livestock. The steepness of Ansó valley makes cultiva-
tion of hay and crops impossible. Thus, Ansó historically
favoured sheep production and was renowned for its
fine-wool local sheep breed, the Ansotana. The broader
Hecho valley allows for hayfields, making it more
favourable for cattle, although both villages raise both
types of livestock, as well as smaller numbers of goats
and horses. Here, we focus on sheep transhumance, be-
cause today, only sheep operators practise long-distance
(> 100 km) transhumance on foot.
Figure 2 illustrates the two most common transhu-

mant routes used by the interviewed herders. Residents
of Ansó and Hecho practise “descending” transhumance,
as their home villages are located in the Pyrenees and
they descend to the Ebro River valley in the winter. The
western route descends from the valley of Ansó and
crosses the pre-Pyrenees mountains to an agricultural
area known as Cinco Villas. The eastern route follows
the Río Aragón Subordán down the valley of Hecho,

Fig. 1 Sheep grazing in summer pastures in the high Pyrenees
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passes the impressive rock formations of the Mayos de
Riglos, and concludes in the region of Monegros (Fig. 3).
The shepherds mostly follow established drove roads
(cañadas and veredas), which sometimes overlap with
paved roads and sometimes are little more than rough
trails through the mountains (Fig. 4). Although the gov-
ernment is legally obliged to maintain these stock drove

roads (vías pecuarias), transhumants frequently com-
plain about the poor conditions of the drove roads. Each
transhumance by foot operation takes a slightly different
approach. The largest operator relies on the unpaid as-
sistance of friends and relatives, in addition to a hired
herder. The shepherd and helpers spend the night camp-
ing alongside the flock, which they enclose within a

Fig. 2 Map of the study areas showing the two most common transhumant routes
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portable electric fence each evening. Other transhu-
mants by foot leave their penned flocks under the watch
of guard dogs overnight and return to their villages to
sleep. All of the transhumants by foot have one person
who drives a truck and trailer behind the herd, to carry
food and camping equipment and to pick up weak or
lame animals along the way. Three of the five transhu-
mants interviewed spend the winter in a different village,
near their winter grazing areas in Cinco Villas or Mone-
gros, living in a rented apartment or a family-owned
house. One had an arrangement where their rented win-
ter grazing included a shepherd and one commuted daily
from Hecho to their winter grazing place.

Methods
In order to evaluate empirically herders’ widespread per-
ception of the relative profitability of transhumance, we
collected primary data on the costs and revenue associ-
ated with three types of operations, used these to
parameterize a typical “model operation”, and compared
the operation types under several different scenarios.
This approach is based on a simple partial budget ana-
lysis (Alimi and Manyong 2000; Kay et al. 2016), an ap-
proach that has been applied to ranch decision-making
in the western USA (Feuz and Ritten 2014), alternative
weaning and feeding strategies in the USA (Eisele et al.
2012), and small-holder agricultural decision-making

Fig. 3 Sheep grazing in winter pastures in Monegros

Fig. 4 Transhumant herd descending from the Pyrenees to winter grazing in Cinco Villas
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worldwide (Alimi and Manyong 2000; Bamire and Man-
yong 2003; Lutta et al. 2019; Feuz and Ritten 2014). The
partial budget analysis together with a sensitivity analysis
is used to compare the relative cost and revenue from
different management choices, such as alternative wean-
ing and feeding strategies. Partial budgeting does not de-
termine absolute profitability but is “a formal and
consistent method for calculating the expected change
in profit from a proposed change in the farm business”
(Kay et al. 2016, page 216). As partial budgeting is a tool
to determine if a proposed alternative is more or less
profitable than an existing alternative, only information
about differences in costs and revenues is required. Par-
tial budgets rely on four categories: (1) additional costs
of the change, (2) reduced revenue associated with the
change, (3) additional revenue associated with the
change, and (4) reduced costs associated with the
change. Comparing the total of the additional revenue
and reduced costs with the additional cost and reduced
revenues will show if one alternative is more or less
profitable than another alternative. In this analysis, we
compare three alternative management choices: stable-
feed ewes during the winter, transhumance on foot to
winter pastures, and transhumance by truck to winter
pastures over a suite of production and price variables.

Data collection
We used a worksheet to collect detailed information on
costs and revenues for six sheep operations in the Valles
Occidentales that practise three different management
systems: transhumance on foot (n = 3), transhumance by
truck (n = 2), and semi-extensive production (n = 2)
where sheep graze on communal summer pastures and
are stable-fed during winter. One operation was in the
process of converting to transhumance by truck, and
data from this operation were used to parameterize both
the semi-extensive and transhumance by truck systems.
The transhumant operations interviewed for this article
included three based in Ansó, accounting for ~ 60% of
all the sheep in the census; three based in Hecho, ac-
counting for 30% of Hecho’s sheep census; and one in
Novés. Operations ranged in size from 500 ewes to 2700
ewes, with four operations of roughly 1000–2000 ewes.
Three of the producers specialized in a local sheep
breed, the Ansotana, while the others had raised more
widespread commercial types, such as the Aragonesa
and Navarra breeds. Two of the larger operations (one
semi-extensive and one transhumant) paid hired shep-
herds while the others relied entirely on family labour
and informal unpaid assistance most of the year.
Because each operation differs in multiple ways, and

we obtained data from only two or three operations of
each type, we did not attempt a direct statistical com-
parison. Rather, we used the data from the six different

operations to create a believable “typical” sheep oper-
ation for the region as a baseline. We constructed an ini-
tial budget and conducted a preliminary analysis based
on five interviews. All costs and revenues are reported in
2018 values. We showed these results to three additional
producers who highlighted missing costs and flawed as-
sumptions and provided three additional detailed bud-
gets. To determine a typical level of subsidy for an
operation, we consulted the publicly available informa-
tion on European Union Common Agricultural Policy
(EU CAP) payments for each of the study communities
to determine exactly how much each operation received
in 2018. The values for the interviewed operations varied
greatly, from 10,000 to 90,000 euros, but for all the oper-
ations that receive subsidies in each village, 30,000 euros
is a typical amount for a mid-sized (1000 ewes) oper-
ation. All of the operations included in our analysis re-
ceived similar categories of EU CAP payments, including
a basic payment, payments for environmentally benefi-
cial practices, agro-environmental and climate payments,
and payments for use of less favourable (i.e. mountain)
areas. To avoid perverse incentives for overproduction,
EU CAP makes payments based on the number of hect-
ares grazed rather than the number of animals produced.
Data from all seven budgets were used to develop the
final base models of each operation type. These data,
and additional research on typical production costs for
semi-extensive and extensive sheep production (e.g. Feuz
et al. 2013), were used to provide productivity and price
parameter estimates used in the simulation.

Baseline models and assumptions
The basic assumptions in the baseline budget for each
operation type are depicted in Tables 1 and 2, and the
assumptions on production characteristics (lambing per-
centages, replacement rate, etc.) in Table 3. Assumptions
on unit prices were developed by combining data from
the seven actual operation budgets to determine a cost
that would be most representative of herders residing in
Ansó or Hecho with derechos de vecinos (residents’
rights) to communal summer, spring, and fall pastures
associated with these villages. These combinations were
not necessarily averages, because one of the actual oper-
ations was not located in Ansó or Hecho and thus had
substantially higher summer pasture rental costs than
are typical for the westernmost valleys.

Scenario comparison and sensitivity analysis
First, we conducted baseline analyses for each operation
type using the assumptions in Tables 1, 2 and 3, varying
only the number of ewes (500, 1000, 2000). Based on
our interviews, for operations of 2000 sheep or more, we
assumed two workers for social security and 12months
of a hired herder’s salary (Table 2). Next, following the
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partial budget analysis methodology, we conducted a
simple sensitivity analysis comparing the relative profit-
ability of the semi-extensive operation to transhumance
by foot and transhumance by trucks under different rev-
enue and cost scenarios. This analysis shows relative
profits or losses comparing semi-extensive production to
each type of transhumance. For this analysis, the lamb-
ing rates of the transhumance operations were 100%
(worst case), 120% (likely case) and 150% (best case),
while those of the semi-extensive operation varied from
130% (worst case), to 150% (likely case), and 170% (best
case). Feed costs had the greatest uncertainty and vari-
ability among surveyed operations. These costs included
per ewe stable-feeding costs (for semi-extensive), per
ewe pasture lease costs (for transhumants), and per lamb
feed costs (all operation types). For the sensitivity ana-
lysis, we used a range of these prices in a Monte Carlo
simulation using Crystal Ball (Gentry et al. 2008). Given

the lack of empirical data, we used triangular distribu-
tions for all variables, with minimum, most likely, and
maximum values reported in Table 4. The values used in
the static analysis are the most likely estimates. Further,
given the lack of empirical data, we did not assume any
correlation between or among any variables. For all sce-
narios, it is assumed that enough lambs are kept back to
replace 20% of the mature ewes; however, only 15% of
ewes need to be replaced each year. It is assumed one
third of the ewes that need to be replaced each year are
sold due to lack of productivity, and the remaining two
thirds are replaced due to death. The additional lambs
held back as possible replacements that are not needed
are sold the following year as culls. As all lambs not held
back as replacements are sold, operations with higher
lambing percentages will be able to sell more lambs each
year.

Results
Table 5 shows the results of the partial budget analysis
for the “Most likely” column in Table 4, for the oper-
ation in total, as well as on a per-ewe basis. The results
show that transhumant operations by foot tend to be
more profitable than those that use trucks, and larger
operations tend to benefit more from transhumant man-
agement than smaller operations. When comparing the
relative profitability of transhumant operations to semi-
extensive operations across the range of parameter
values, transhumant operations tend to be more profit-
able than their semi-extensive counterparts. Table 6
shows the results of the partial budget analysis across
the distributions assumed in Table 4. Similar trends
hold, in that larger operations tend to benefit more from
transhumant management as compared to smaller oper-
ations, and transhumance on foot tends to be more prof-
itable than trucks. On average, across the parameter
estimates, semi-extensive operations tend to be less prof-
itable than transhumant operations. Table 7 shows the
likelihood of transhumant operations being more profit-
able than their semi-extensive counterparts based on the
simulation. Most (64–78%) of the time, transhumant

Table 1 Costs that vary between semi-extensive and transhumant operations. At the time of data collection in fall 2018, 1 euro =
1.14 US dollars

Costs (euros)

Units Semi-extensive Transhumant

Winter pasture—daily cost per ewe* ewe days* 0 0.06

Grain, hay, and straw for sheep—daily cost per ewe* ewe days* 0.26 0.01

Vehicle km per day 30 75

Annual vehicle maintenance and repair cost per year 3000 5000

Housing—annual rent (€250/month for 6 months) cost per year 0 1500

*ewe days = number of ewes × number of days. Calculations assume each ewe spends 155 days on winter pasture (transhumant) or winter stall
feeding (semi-extensive)

Table 2 Costs and revenues that are the same for semi-
extensive and transhumant operations. At the time of data
collection in fall 2018, 1 euro = 1.14 US dollars

Costs (euros) Units Cost

Spring, summer, and fall pasture—annual ewe 2

Grain for lambs—annual lamb 10

Medicines and parasite treatment—annual ewe 2.25

Veterinarian fees—annual ewe 1.5

Vehicle fuel km 0.15

Trucking—per 500 ewe truckload 400

Shearing ewe 1.3

Insurance ewe 0.3

Hired herder compensation month 1500

Social security Annual/worker 3500

Revenues (euros) Units Revenue

Sale of lambs lamb 67

Sale of wool ewe 0.68

Sale of cull ewes ewe 10

CAP subsidies operator 30,000
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operations are more profitable relative to semi-extensive
operations. Again, larger transhumant operations, and
those that rely on foot travel, are more likely to be more
profitable than semi-extensive operations of the same
size. Table 8 shows the impacts that all of the random
variables have on the variance of relative profitability.
The most important factors contributing to whether
transhumance is profitable as compared to semi-
extensive operations are the relative costs of feeding
ewes between the two systems and the productivity of
the systems, as measured by lambing rate.

Discussion
We used a simple analysis of a model of typical sheep
operation under three different production systems:
semi-extensive where ewes are stable-fed all winter,
transhumance by truck, and transhumance by foot, to
assess herders’ reported observations of the greater prof-
itability of transhumance production systems in the re-
gion of the Valles Occidentales of the Aragonese
Pyrenees. To our knowledge, this is the first published
analysis of the relative profitability of these three pro-
duction systems in this region or elsewhere in Spain.
The analysis demonstrates that for this model typical op-
eration, transhumance on foot is the most profitable
production system when costs for all systems are high or
typical, lambing rates are low or typical, and herd sizes

are large. At small herd sizes (500 ewes) and likely costs,
transhumance by foot is only slightly more profitable
and transhumance by truck is less profitable than semi-
extensive management at expected costs and productiv-
ity. However, over a range of parameter estimates, both
transhumance systems outperform semi-extensive sys-
tems under most scenarios. At moderate (1000 ewes) or
larger (2000 ewes or more) herd sizes, the relative profit-
ability of transhumance is greater, especially at the large
herd sizes. Transhumance by trucks is always relatively
less profitable than transhumance on foot, but the pat-
terns are similar relative to semi-extensive production.
Semi-extensive per ewe feed costs and lambing rates for
all management systems account for most of the differ-
ence in profitability among systems.
This analysis thus provides initial evidence of the eco-

nomic rationality of transhumance under contemporary
environmental and economic conditions. It aligns with
Perez et al. (2007), who found that some extensive oper-
ations in Aragón had a very high technical efficiency
even with low lambing rates, due to their efficient and
effective use of available resources. Similarly, Ripoll-
Bosch et al. (2014) found that higher productivity in in-
tensive sheep operations did not translate into greater
profitability. Instead, extensive operations that were least
reliant on external (purchased) feed sources were most
profitable. Our findings also echo those of O’Flanagan

Table 3 Reproduction characteristics of the different operation types

Reproduction characteristics Semi-extensive Transhumant trucks Transhumant foot

Lambing percentage (live lambs at weaning) 1.5% 1.2% 1.2%

Lambs retained for replacement 20% of ewes 20% of ewes 20% of ewes

Average times a ewe lambs each year (2.5–3 times every 2
years)

1.3 1.3 1.3

Average ewe deaths per year 10% of herd 10% of herd 10% of herd

Cull ewes sold per year 5% of herd 5% of herd 5% of herd

Ram purchases None, rams from own
herd

None, rams from own
herd

None, rams from own
herd

Table 4 Parameter estimates used in the Monte Carlo simulation

Minimum Most likely Maximum

Semi-extensive lambing rate (live lambs at weaning) 1.3 1.5 1.7

Transhumant lambing rate (live lambs at weaning) 1 1.2 1.5

Winter pasture costs (transhumant) 0.04 0.06 0.13

Feed costs per ewe per day (transhumant) 0 0.01 0.02

Feed costs per ewe per day (semi-extensive) 0.13 0.26 0.4

Lamb costs per head 6 10 16

Vehicle costs (per year) (transhumant) 3000 5000 5000

Vehicle costs (per year) (semi-extensive) 3000 3000 5000

Fuel costs (km per day) (transhumant) 30 75 100

Fuel costs (km per day) (semi-extensive) 30 30 100
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et al. (2011), who document the revitalization of trans-
humance throughout the Ebro River Valley, due to its
relative profitability. O’Flanagan et al. (2011) also
highlight the role of the European Union Central
Agricultural Policy (CAP) subsidies in supporting the
economic viability of extensive management. Our
analysis also helps explain why operations that aim to
expand herd sizes are more likely to switch to
transhumance.
There are several limitations to this analysis, which

is the first to use this approach to assess the relative
profitability of contemporary transhumance. A pri-
mary limitation of the current analysis is uncertainty
about a number of the assumptions. First, the analysis
omitted some types of costs, such as capital invest-
ments, interest, and depreciation. Second, there was
tremendous variation in feed costs among interviewed
operations, including both per ewe stable feeding
costs and per ewe pasture lease costs. The sensitivity
analysis with Monte Carlo simulations addresses this,
but research on a larger sample and over multiple
years would provide more robust estimates of average
production costs for different operation types. Third,
this analysis assumed that all operations spend a simi-
lar amount of time on the communal spring, summer,
and fall pastures, and all must pay winter feed costs
(either grain and hay or leased pasture) for the same
amount of time. Fourth, the analysis did not account
for potential differences in weight gain and lamb
prices but assumed that all operations sell lambs at

the same size for the same price. Fifth, the analysis
also may have oversimplified transportation costs for
the two types of transhumants by assuming that
transhumants on foot have no trucking costs, when
some operations truck a portion of their herd.
A second limitation is that the analysis does not ac-

count for a number of economic and other factors that
influence the broader social and economic costs and
benefits of transhumance. Broader social costs include
family separation or logistical complications of moving
children between school systems (Fernández-Giménez
2019). Economic costs that are not accounted for in-
clude the labour requirements and costs of long-distance
transhumance, and the potential added time and labour
costs associated with semi-extensive production such as
the time required daily to clean barns and feed confined
animals (Fernández-Giménez 2019). We assumed that
both types of operations need at least one hired herder
when they reach 2000 ewes. In addition, the analysis
does not account for potential increased veterinary and
animal health costs of semi-extensive operations due to
a greater likelihood of disease transmission, animal
stress, and less healthy air quality in barns. It also does
not factor in opportunity costs, such as additional rev-
enue streams that might be possible under semi-
extensive management but not transhumance. Lastly,
the analysis does not include the transaction costs asso-
ciated with switching from one operation type to an-
other; it only compares the relative profitability of
existing operations of each type.

Table 5 Comparison of relative profitability of transhumant compared to semi-extensive operations based on “Most likely”
parameter estimates

500 ewes by foot 500 ewes by truck 1000 ewes by foot 1000 ewes by truck 2000 ewes by foot 2000 ewes by truck

Total €591.25 − €208.75 €7146.25 €5546.25 €20,256.25 €17,056.25

Per ewe €1.18 − €0.42 €7.15 €5.55 €10.13 €8.53

Table 6 Comparison of relative profitability of transhumant compared to semi-extensive operations based on triangular distributions
with parameter estimates in Table 4

500 ewes by foot 500 ewes by truck 1000 ewes by foot 1000 ewes by truck 2000 ewes by foot 2000 ewes by truck

Total

Average €3516.08 €2833.12 €10,251.90 €8651.90 €23,489.46 €20,289.46

Standard deviation 7422.17 7395.97 14,600.22 14,600.22 29,104.38 29,104.38

Minimum − €22,435.15 − €22,989.45 − €40,615.81 − €42,215.81 − €80,683.96 − €83,883.96

Maximum €32,237.56 €31,625.30 €65,433.17 €63,833.17 €132,472.19 €129,272.19

Per ewe

Average €7.03 €5.67 €10.25 €8.65 €11.74 €10.14

Standard deviation 14.84 14.79 14.6 14.6 14.55 14.55

Minimum − €44.87 − €45.98 − €40.62 − €42.22 − €40.34 − €41.94

Maximum €64.48 €63.25 €65.43 €63.83 €66.24 €64.64
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Finally, each operation is unique and transhumant
herders often have very individualized approaches to se-
curing pastures, labour for moves, or refining their pro-
duction system through specialized feeding or other
management actions. Individual producers may therefore
have particular strategies and circumstances that reduce
costs or increase productivity, as other studies have
shown (Perez et al. 2007). Thus, it is important that this
analysis not be taken to represent the details of any spe-
cific operation, but rather to be representative of charac-
teristics that are typical of operations in the region.
Despite these limitations, this study addresses a not-

able gap in research on the economics of transhumance.
Given the growing interest in supporting transhumance
in Spain and in the EU more broadly (Bunce et al. 2004;
Yilmaz et al. 2019), this study offers initial empirical evi-
dence for the economic rationality of this practice. Previ-
ous work has demonstrated the ecological benefits of
transhumance (Azcarate et al. 2013; Hevia et al. 2013;
Hevia et al. 2016; Manzano and Malo 2006). Further,
when the overall sustainability of production is
accounted for, extensive systems can be more sustain-
able, even when less efficient, than more intensive sys-
tems (Rodríguez-Ortega et al. 2017). Similarly, when
multi-functionality is included in a life cycle analysis,
pasture-raised sheep may have a lower total greenhouse
gas footprint than intensively raised sheep (Ripoll-Bosch
et al. 2013). The promise of combined ecological, eco-
nomic, and overall sustainability benefits of

transhumance suggests that this practice deserves fur-
ther investigation and potential policy support. Research
has established its ecological benefits, herders report
economic benefits, and scholars highlight the cultural
importance of transhumance (Oteros-Rozas et al. 2012;
Oteros-Rozas et al. 2014). Yet, these broader values are
not yet reflected in the market prices for meat produced
via transhumant management systems and are only par-
tially reflected in EU CAP supports for farming in re-
mote or high nature value regions. In addition,
transhumant herders face many challenges to continuing
transhumance on foot, including poor condition of the
drove roads they rely on, conflicts with other land users,
and difficulty in reconciling family life, especially chil-
dren’s schooling, with the transhumant lifestyle (Fernán-
dez-Giménez 2019).

Conclusions and implications
This preliminary analysis illustrates the gains in the prof-
itability of transhumance on foot over semi-extensive
livestock production for sheep producers in the Valles
Occidentales, especially for larger operations (1000 ewes
or more). These results align with interview data from
both sheep and cattle producers from the area and pro-
vide quantitative evidence to demonstrate the economic
rationality for the resurgence in transhumance in this re-
gion in recent years. However, this work is based on a
limited number of interviews, leaving room for a broader
survey of costs and revenues over multiple years

Table 7 Probability of transhumant being more profitable than semi-extensive

500 ewes by foot (%) 500 ewes by truck (%) 1000 ewes by foot (%) 1000 ewes by truck (%) 2000 ewes by foot (%) 2000 ewes by truck (%)

67.54 64.30 75.23 71.61 78.43 75.07

Table 8 Parameter value contributions to variance in relative profitability

500 ewes by
foot (%)

500 ewes by
truck (%)

1000 ewes by
foot (%)

1000 ewes by
truck (%)

2000 ewes by
foot (%)

2000 ewes by
truck (%)

Feed costs per ewe per day
(semi-extensive)

48.87 49.23 50.51 50.51 50.84 50.84

Transhumant lambing rate 25.80 25.37 25.99 25.99 26.15 26.15

Semi-extensive lambing rate 16.70 16.44 16.81 16.81 16.90 16.90

Winter pasture costs 5.20 5.25 5.40 5.40 5.44 5.44

Fuel costs (km per day)
(transhumant)

1.42 1.43 0.37 0.37 0.10 0.10

Fuel costs (km per day) (semi-
extensive)

1.04 1.05 0.26 0.26 0.06 0.06

Vehicle costs (per year)
(transhumant)

0.40 0.40 0.11 0.11 0.03 0.03

Vehicle costs (per year) (semi-
extensive)

0.38 0.38 0.10 0.10 0.03 0.03

Feed costs per ewe per day
(transhumant)

0.19 0.19 0.20 0.20 0.19 0.19

Lamb costs per head 0.00 0.26 0.27 0.27 0.27 0.27
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(including droughts). Additional work could also identify
and parameterize other costs and assumptions not in-
cluded in the current model and test additional scenar-
ios, such as the impact of direct marketing on
profitability, for example. Future research could develop
a similar model operation and comparison for cattle op-
erations in the area, which have also resumed transhu-
mance albeit over shorter distances. A complete cost-
benefit analysis would include non-monetary costs and
benefits as well, including social costs of transhumance
and potentially animal welfare and environmental bene-
fits. Evaluating the effects of exogenous factors such as
drought on feed, pasture, and animal prices, and the im-
pacts on relative profitability could help determine
whether transhumance is an adaptive strategy under a
changing climate. Given the multiple potential benefits
of transhumance, additional studies might investigate
the level of increased profitability that would incentivize
herders to take up transhumance. Finally, our works
suggest that a useful tool for producers could be an
interactive budgeting tool (such are common in the
USA; e.g. Feuz and Ritten 2014) that would allow
herders to assess the impacts of various production deci-
sions and marketing strategies on costs, revenue, and
profitability. Such a tool could support producer
decision-making and planning, especially as environmen-
tal and economic conditions shift.
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