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ABSTRACT

Water grabbing is a global issue, and the unequal appropriation of water is
an emerging topic in Uruguay. This paper analyzes the pathways of water
appropriation in rural territories of Uruguay and discusses the existence of
water grabbing processes by examining agrarian intensification, land grab-
bing, and the construction of reservoirs for irrigation. A review of backgrou-
nd studies and the processing of official data was conducted to characterize
agrarian transformations. In addition, remote sensing techniques were used
to georeference reservoirs, and geographic information systems were em-
ployed to analyze spatial relationships with agrarian variables. The results
show an increase in the appropriation of green and blue water, along with an
increase in gray water and international flows of virtual water. These incre-
ments, together with recent modifications in irrigation regulations, constitute
the prelude to water grabbing in Uruguay.
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INTRODUCTION

Agrarian intensification relies on the intensification of production factors:
capital, labor, and natural resources. Over the past decades, water use has
markedly increased, as has competition over water between agricultural, in-
dustrial, energy, and residential sectors. Various socio-environmental con-
flicts have arisen due to the high water consumption of certain sectors of the
economy, imbalances between supply and demand, pollution and the socia-
lization of externalities, unequal access to resources by different actors and
sectors, and the privatization of water. The control of water and its underlying
power relations have become critically important, leading to the emergence
of the concept of water grabbing, which Kay and Franco (2014) define as:

situations where powerful actors are able to take control of or reallocate to their
own benefit water resources at the expense of previous (un)registered local users or
the ecosystems on which those users' livelihoods are based. It involves the capturing
of the decision-making power around water, including the power to decide how
and for what purposes water resources are used now and in the future. Thinking
of water grabbing as a form of control grabbing means going beyond the narrow,
proceduralist definition of ‘grabbing’ as ‘illegal appropriation’ since the means by
which new powerful actors gain and maintain access to and benefit from water
resources often involve legal but illegitimate dynamics (KAY; FRANCO, 2014).

This problem—Ilinked to the control and unequal appropriation of resour-
ces—has historically been present in regions facing structural challenges of
water access, but it is progressively gaining importance in humid and tempe-
rate regions. Since the late twentieth century, the temperate region of Sou-
th America has undergone major transformations in its agrarian productive
matrix, particularly the replacement of natural environments (grasslands,
forests, and wetlands) with agroecosystems (PENGUE, 2015). These transfor-
mations have been driven by national investments but also by the arrival of
significant regional and international capital. Agriculture and farmland have
become a clear target for international capital adjustment strategies, a trend
that gained even more importance with the influx of financial capital after
2007 (FAIRBAIRN, 2014). The main modality of capital entering agrarian terri-
tories has been agribusiness. This refers both to the agents themselves and
to an accumulation logic characterized by the predominance of transnatio-
nal capital, the promotion and consolidation of capital concentration, and
reliance on intensive application of technology and innovation (GRAS; SOSA,
2013). The actions of agribusiness rest on (and reinforce) agrarian intensifica-
tion processes operating horizontally—through territorial expansion (territo-

Vitaria,v. 0,i. 4 = e-47640 = January-June, 2025 = https://doi.org/10.47456/ geo.vaidl 47640


https://doi.org/10.47456/geo.v5i41.47640

GEOGRAFAN '\ Agrihydrobusiness in Uruguay: land grabhing, agrarian

intensification, and water appropriation 3

rialization)—and vertically, through the increase of capital and labor applied
to previously territorialized productive areas (new territoriality). The close
connection between agribusiness territorialization and the control of land
and water resources led Mendonc¢a and Mesquita (2007) to coin the concept
of agrihydrobusiness, which has since been adopted in numerous studies
(THOMAZ JUNIOR, 2008, 2010, 2014; NEVES; MENDONCA, 2020).

Evidence of water grabbing processes has been documented in several
regions worldwide (RULLI; D’'ODORICO, 2013; RULLI; SAVIORI; D'ODORICO,
2013; CHIARELLI et al., 2022; RAIMONDI; SCOPPOLA, 2022; D'ODORICO; DE-
LL/ANGELO; CRISTINA RULLI, 2024). Building on Hoekstra and Mekonnen'’s
work (HOEKSTRA; MEKONNEN, 2012) on water footprint assessment, Rulli
et al. (2013) proposed that water grabbing can materialize not only through
control of surface and subsurface water used for irrigation (blue water), but
also through increased consumption of rainwater (green water). Moreover,
water grabbing is often linked to agrarian intensification processes that lead
to higher pollutant inputs into aquatic systems, thus requiring greater water
volumes to assimilate pollutant loads (grey water).

The recent study by D'Odorico et al. (2024) on the pathways of water
appropriation is highly useful for identifying and understanding appropria-
tion and water grabbing processes in areas where control of water resources
is concentrated in the hands of powerful territorial actors, but also in regions
where such processes are less evident and/or still in early stages. This may
well be the case of Uruguay, where recent territorial transformations (GAZ-
ZANO; ACHKAR; DIAZ, 2019; OYHANTCABAL; NARBONDO, 2019; DIAZ, 2023),
along with changes in water policies, could signal the onset of water grabbing
processes (SANTOS; GONZALEZ MARQUEZ, 2021).

Uruguay is an agro-based country with a humid/temperate climate, cha-
racterized by the predominance of large-scale operations oriented toward
extensive cattle ranching (ACHKAR et al., 2016). The dominant livestock ma-
trix has been joined by rice production since the mid-twentieth century, by
forestry agribusiness in the 1990s, and by agricultural agribusiness in the ear-
ly twenty-first century, which together currently occupy more than 2.6 million
hectares (ha) (DIAZ, 2023; DIEA, 2024). These land use changes have been
linked to land concentration and grabbing (PINEIRO, 2012; OYHANTCABAL;
NARBONDO, 2019; DIAZ; SUM; ACHKAR, 2023; DIAZ; SUM, 2024), to growing
water consumption, and to the socialization of negative externalities. Irriga-
tion has historically been marginal in terms of area, yet crucial for sectors
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such as rice, sugarcane, and horticulture. Santos and Gonzalez Marquez
(2021) identify three fields within Uruguay's irrigation frontier, which can be
delineated chronologically, by production type, and by social and technologi-
cal relations: horticultural irrigation, integral irrigation in rice and sugarcane,
and irrigation in agriculture, pastures, and forage. The most significant cases
are rice and industrial agriculture, pastures, and forage, where large-scale
infrastructure projects linked to major producers predominate.

The Uruguayan state has undertaken various initiatives to foster irrigation
infrastructure. These include the development of irrigation for the rice sec-
tor, the Natural Resource Management and Irrigation Development Program
(PRENADER), and, in recent years, the modification of legislation to promo-
te irrigated agriculture based on World Bank recommendations (KENNEDY;
KRAY; TRIER, 2015). This latter impulse, which could provide the ideological
foundation for enabling water grabbing processes, has faced strong criticism
from civil society and academia on constitutional, strategic, and environmen-
tal grounds (SANTOS; GONZALEZ MARQUEZ, 2021).

In Uruguay, studies on the relationship between agribusiness expansion
and rising water consumption, as well as on the magnitude of water-use con-
centration for agricultural purposes and its potential impacts, remain inci-
pient. This paper seeks to contribute to the debate by analyzing the most
significant land use changes and one of the main strategies for water access
and subsequent use: reservoirs'. The primary objective of this paper is to
analyze the main pathways of water appropriation in Uruguay’s rural terri-
tories between 1996 and 2024, and to provide insights into the existence of
water grabbing processes. Meeting this objective involves analyzing the ma-
jor land use transformations, characterizing the spatio-temporal evolution
of water reservoirs, and examining their relationship with the distribution of
agricultural land, livestock density, and agrarian structures in Uruguay.

METHODOLOGY
The research strategy was based on analyzing the pathways of water
appropriation in the Uruguayan case. In their global study, D'Odorico et al.

1 Reservoirs are defined as “natural or artificial sites used for the storage, regulation, and/or control of
water resources.” Surface storage works that are filled through runoff interception in watercourses may
be classified as either “dams” or “ponds”. According to Decree No. 123 /999, dams are distinguished by
greater height and /or larger catchment areas. Reservoirs are basic technologies for livestock development
(watering trough) as well as for the irrigation of crops, forage, and pastures.
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(2024) proposed nine pathways through which water grabbing consolidates:
i) appropriation through land acquisition, ii) appropriation via the construc-
tion or acquisition of infrastructure, iii) appropriation through pollution, iv)
appropriation via the expansion of crops with higher water demand, v) appro-
priation through the expansion of forestry plantations, vi) appropriation by
introducing more efficient irrigation systems, vii) appropriation of virtual wa-
ter through trade, viii) land-atmosphere interactions, and ix) appropriation
via control and provision of energy. To these nine pathways identified by
D’Odorico et al. (2024), this study adds appropriation of green water, given
that unequal appropriation of green water limits the availability of blue wa-
ter. Beyond redefining them, the nine pathways were regrouped into four ca-
tegories: a) appropriation of green water through land use intensification, b)
appropriation of green water through land grabbing, ¢) appropriation of blue
water through irrigation reservoirs, and d) other forms of appropriation. This
paper focuses on groups “a,” “b”, and “c”. Nonetheless, given the numerous
interrelations among the nine pathways—since they occur simultaneously,
are both cause and consequence, and are often promoted by the same terri-
torial actors—this paper also provides preliminary discussion elements con-
cerning other forms of appropriation.

Appropiation of green water

This group includes modalities of appropriating rainwater: appropriation
through land grabbing, appropriation through the intensification of agri-
culture, livestock, and forestry. To characterize land grabbing processes in
Uruguay, national background studies and official data sources, including
agricultural censuses and statistical yearbooks, were used. Land use change
analyses drew on official statistical information available from the Agricultu-
ral Statistics Office (DIEA, 2024) and the National Environmental Observatory
(OAN)?%. To analyze livestock intensification, livestock stocking rate data from
the Ministry of Livestock, Agriculture, and Fisheries (MGAP, 2024) were em-
ployed. Additional information was obtained from statistical yearbooks pro-
duced by DIEA. This data was complemented with georeferenced land use
and land cover information published in Diaz (2023), Bianco et al. (2021), and

2 The Environmental Information Platform (OAN), managed by DINACEA—Ministry of Environment, provides
open-access data. From this platform, land-use classifications for the entire country were obtained for the
years 2000, 2008, 2011, 2015, and 2022, generated using the LUC-FAQO classification system.

Vitoria. v. 0,i. 41 = e-47640 = July-December, 2020 = https://doi.org/10.47456/ geo.vai4l 47640


https://doi.org/10.47456/geo.v5i41.47640

N
[}Eﬂ[}ﬂﬂfﬂﬂ‘& |smael Diaz Isasa and Eduardo Schiavone Cardoso B

Achkar et al. (2016). Finally, various national studies were consulted to docu-
ment the main transformations of the agrarian productive matrix. To assess
the implications of land use changes on water use, secondary international
and national sources were used to carry out an ordinal analysis of the impact
of each crop on evapotranspiration and water runoff (ALLEN et al., 1998; SIL-
VEIRA; ALONSO, 2009; SAWCHIK, 2012).

Appropriation of blue water

Harvesting rainwater through reservoirs (ponds and dams) is often a neces-
sary productive strategy for the development of different agricultural activities
across a wide range of geographic and productive conditions. This technology
helps buffer the impacts of climate variability, enabling crop development and
yield increases (ROCKSTROM; FALKENMARK, 2015; NIBORSKI et al., 2022).

To understand the evolution of water reservoirs and their relationship with
agrarian variables, a spatio-temporal and quantitative approach was imple-
mented. The analysis covered the period 1996-2024, divided into five sub-pe-
riods based on the main transformations and shifts in Uruguayan agrarian
dynamics (ACHKAR et al., 2011; FIGUEREDO; GUIBERT; ARBELETCHE, 2019;
ARBELETCHE, 2020; BIANCO et al., 2021; DIAZ; SUM; ACHKAR, 2023): Period |
(1996-2001): stagnation of the agricultural sector and forestry expansion. Pe-
riod Il (2002-2008): expansion of summer agriculture (mainly soybean) and
recovery of livestock after the socio-economic and productive crisis. Period
[l (2009-2014): consolidation and peak growth of summer agriculture with
expansion into traditionally non-agricultural areas. Period IV (2015-2019):
contraction of agricultural area. Period V (2020-2024): rebound of summer
agriculture. Forestry expanded consistently across all periods.

Reservoir identification and georeferencing were conducted using remo-
te sensing techniques. Satellite imagery came from LANDSAT-5TM, LAND-
SAT-7TM, and LANDSAT-80LI collections available through the Google Earth
Engine platform (GORELICK et al., 2017) for the entire national territory and
for each year between 1996 and 2024. The NDWI spectral index was applied
(MCFEETERS, 1996; XU, 2006). To minimize classification errors caused by
rainfall variability and soil moisture, four classifications per year were per-
formed (one per season), and reservoir boundaries for each year were de-
termined using the mean value of the areas identified as reservoirs that
year. The adopted spatio-temporal resolution allowed the identification of
reservoirs equal to or larger than 0.4 ha.
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To evaluate the spatial distribution of reservoirs across the territory, their
relationship with agrarian activities and soil properties was analyzed. The
study began with a descriptive analysis of reservoir location and its link with
agrarian structures (FERNANDEZ-NION, 2021)® defined at the census-area
scale. Subsequently, also at the census-area scale, Spearman’s rank correla-
tion (rS) was used to examine: (i) the relationship between reservoir area and
agricultural land (OAN)’ and livestock density (MGAP, 2024), and (ii) the spa-
tio-temporal evolution of reservoir surface area. Finally, with higher spatial
resolution, the analysis examined the evolution of the CONEAT productivity
index® (IC; MGAP, 1994), the net potentially available soil water (APDN) index
(MOLFINO, 2009), and suitability for rainfed agriculture (MGAP, 2014) at the
specific location of reservoirs. Spatial data processing was conducted within
a Geographic Information System (GIS) environment

RESULTS AND DISCUSSION

From agribusiness to agrihydrobusiness

Since the late twentieth century, rural territories in Uruguay have un-
dergone transformations that are visibly expressed in land use changes
but also in shifts in agrarian structures—particularly in land tenure, farm
size, and modes of environmental resource use and management (PINEI-
RO, 2014; FERNANDEZ-NION; SUM; DIAZ, 2022; DiAZ, 2023). Among the
main changes, the expansion and consolidation of non-traditional sectors
(forestry and soybean) stand out, along with the intensification of histori-
cal sectors (such as livestock ranching) and long-established ones (such as
dairy and rice) (ACHKAR et al., 2016). Additionally, recent years have seen a

3 Agrarian structure is defined as the set of relatively stable characteristics that condition production forms,
reproduction strategies, and value-generation objectives. The study by Ferndndez Nion (41), based on
census data from 2000 and 2011 (the most recent agricultural census in Uruguay), included: land tenure
and ownership regimes, main productive activities, production forms (techniques, technologies, infrastructure,
etc.), and rural population and workforce.

4 Uruguay is divided into 637 census units, each averaging 27,000 hectares in size.

5 Land-use classifications for the years 2000, 2008, 2011, 2015, and 2022 were produced following
the LUC—FAQO system.

6 The IC was developed by the Ministry of Livestock, Agriculture, and Fisheries in the 1960s and later refined.
The IC provides a relative measure of average productive capacity for beef and wool production. A
typical soil in the country is assigned IC=100. A soil with IC=200 has double the productive capacity of
an average soil, while a soil with IC=50 has only half the productive capacity of the national average.
The IC is available nationwide at a 1:20,000 scale.
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significant increase in maize cultivation, surpassing 210,000 hectares in the
2023/24 harvest (DIEA, 2024).

Figure 1 - Evolution of the main agricultural land uses in Uruguay, 1995-2023
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Exotic forestry has grown steadily from less than 0.1 million hectares in
1985 to more than 1.3 million hectares by 2024 (Figure 1A). This growth
was largely driven by a powerful policy framework promoting the sector,
most notably the Forestry Law No. 15.939 of 1987 and the 1994 regulatory
decree, which granted major economic and fiscal benefits to investors. Fo-
restry in Uruguay has consolidated in four main regions, primarily occup-
ying soils classified as forestry priority under Decree No. 452/988 of 1988
and its subsequent modifications. Agricultural expansion has been mainly
explained by summer cropping, particularly soybean cultivation. With ex-
plosive growth from the early 2000s, summer agriculture expanded from
0.14 million hectares in 2002 to 1.4 million hectares in 2014, followed by
contraction and later renewed growth, reaching 1.3 million hectares in 2024
(Figure 1B). Summer agriculture is closely associated with the distribution of
the country’s main agricultural soils, concentrated in the western and sou-
thwestern littoral regions. The growth of these non-traditional sectors has
been accompanied by a reduction in land devoted to livestock and produc-
tion (DIAZ, 2023). Despite this reduction in surface area, livestock stocking
rates remained relatively stable during the twenty-first century, and com-
mercial milk production showed continuous growth (Figures 1C and 1D).
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Rice cultivation—the country’s main irrigated crop—grew strongly in the
twentieth century, but has remained relatively stable in surface area and
location in the twenty-first century. In summary, the evolution of Uruguay’s
main agricultural sectors reveals clear processes of agrarian intensification
(GAZZANO; ACHKAR; DIAZ, 2019; DIAZ, 2023; DIEA, 2024).

Based on international studies and national assessments, a clear trend
emerges toward greater consumption of green water (and potentially blue
water) and reduced runoff in Uruguay. These changes are largely explained
by the replacement of natural grasslands with forestry, industrial agricultu-
re (often double-cropping)’, and artificial pastures. This growing green wa-
ter consumption affects watershed hydrological performance, altering sur-
face and subsurface drainage, reducing potential surface water availability
for producers, limiting water storage capacity through reservoirs, restric-
ting aquifer recharge, and constraining the use of groundwater. Moreover,
considering the heavy reliance on agrochemicals in Uruguay’s agricultural
production (FERNANDEZ NION; DIAZ, 2024), an increase in grey water is
also expected. This trend—well documented in regional studies linking pro-
ductive land uses and water quality (ALONSO et al., 2019; DIAZ et al., 2021;
GOYENOLA et al., 2021; MAZZEO et al., 2024)—has yet to be quantified spe-
cifically for Uruguay.

Parallel to these land use changes, there has been a notable increase
in the presence of agribusiness in Uruguay (ACHKAR; DOMINGUEZ; PESCE,
2008; ARBELETCHE, 2020; DIAZ; SUM: ACHKAR, 2023). As both a logic and an
agent, agribusiness has played a key role in reshaping Uruguay's agrarian
landscape while creating efficient territories for its territorialization and
for generating territorialities that ensure permanence (FERNANDEZ-NION;
SUM; DIAZ, 2022; DIAZ; SUM, 2024). This logic is closely tied to large-scale
land acquisitions, concentration of land and wealth, and land foreignization
(PINEIRO, 2014; OYHANTCABAL; NARBONDO, 2019). Furthermore, the arri-
val of regional and transnational corporations—mostly as joint-stock com-
panies—has been significant, with a strong presence of investment funds
and even indirect state investment (DIAZ; ACHKAR; SUM, 2023; DIAZ; SUM,
2024). The main features of transformations driven and/or deepened by
agribusiness can be summarized as follows:

7 Crop rotations that include a winter crop (mainly wheat or rapeseed) and a summer crop (primarily
soybean or maize).
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Intensified concentration and foreignization of land, along with landowner
and investor anonymity. Land acquisitions directly imply the appropriation
of green water (RULLI; D'ODORICO, 2013), while also enabling control over
rivers, lakes, and groundwater resources, thereby affecting other agricultural
uses, productive activities, and human consumption (D'ODORICO; DELL'AN-
GELO; CRISTINA RULLI, 2024). Land concentration has been a historic process
in Uruguay, but with new characteristics since the late twentieth century. Be-
tween 2000 and 2011, 21.6% of productive units disappeared—49% of them
under 10 ha and 91% under 100 ha. Since the late twentieth century, dozens
of corporations, mostly foreign, entered Uruguay, with a strong presence of
investment funds and indirect state-backed capital (DIAZ; SUM, 2024).

Agrarian intensification. Intensification is a central pillar of agribusiness,
first expanding the agricultural and forestry frontier and then deepening
productive intensification. This has multiple consequences: shifts in water
use, soil degradation, and changes in runoff/infiltration dynamics that sha-
pe water availability. Agribusiness, through crops with high water demand,
increases blue water scarcity (CHIARELLI et al., 2022) and exerts pressure on
ecosystems, undermining their sustainability. In Uruguay, agribusiness is pri-
marily oriented toward forestry (>1.3 M ha) and industrial agriculture (>1.2 M
ha), in addition to water-intensive rice production (~150,000 ha) (DIEA, 2024).
Moreover, industrial agriculture and exotic forestry have indirectly driven in-
tensification in livestock and dairy.

Environmental degradation. The expansion of monoculture forestry and in-
dustrial agriculture is among the main drivers of ecosystem loss and degra-
dation (PENGUE, 2015). In Uruguay, this has led to drastic replacement and
alteration of natural ecosystems, especially grasslands (GAZZANO; ACHKAR;
DIAZ, 2019; DiAZ, 2023). These processes disrupt the hydrological cycle by
modifying runoff and percolation patterns. Furthermore, forestry and agri-
cultural intensification have significantly impacted water quality (AUBRIOT et
al., 2017; ALONSO et al., 2019; DIAZ et al., 2021). The main outcome is redu-
ced blue water availability and increased grey water.

Commodity production for export markets. The water footprint of agricul-
tural commodities includes both the water embedded in the product and
that used in production, transport, and commercialization. Water not phy-
sically present in the product is referred to as “virtual water” (ALLAN, 1998).
Pengue (PENGUE, 2006) argues that global agricultural trade can be seen as a
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massive transfer of water toward regions where water is scarce, costly, and/
or competing with higher-priority uses. Considering that a significant sha-
re of Uruguay’'s commodities are destined for international markets (90% of
rice, 92% of soybean, and over 70% of livestock and forestry products), inter-
national markets effectively appropriate large volumes of Uruguay’s water.

Regulatory adjustments to facilitate agribusiness entry and expansion.
Since the late twentieth century, Uruguay has promoted sweeping institu-
tional reforms based on neoliberal policies aimed at attracting foreign direct
investment in agriculture (FIGUEREDO; GUIBERT; ARBELETCHE, 2019). The-
se policies underpinned the expansion of forestry and industrial agriculture,
consolidation of agrarian intensification, and land grabbing. With regard to
water governance, privatization initiatives have generally been dismantled
due to unconstitutionality (Article 47 of the Constitution). Nevertheless, since
2017 Uruguay has witnessed new privatization initiatives in agriculture throu-
gh the approval of the Irrigation Law, which allows private agents and finan-
cial capital to operate and commercialize water for irrigation. In this way, the
state continues to promote regulatory changes that strengthen agribusiness’
negotiating power and its ability to pressure the government for further le-
gal adjustments that consolidate its territorialization and territorialities (e.g.,
exceptions allowing joint-stock companies to own/manage land, expanded
authorization for pesticide use, reclassification of forestry-priority soils, flexi-
ble environmental assessments for forestry projects, and tax exemptions).

In short, Uruguay has undergone a significant shift in its agrarian matrix
toward land uses that demand more water, alongside increased consump-
tion from existing uses and higher input use leading to greater contaminant
export from agricultural lands. Concurrently, there is a trend of land con-
centration and land grabbing. These processes—new in the twenty-first cen-
tury and building on those consolidated in the twentieth—are closely tied to
agribusiness operations and are driving greater water appropriation. When
considering the territorial actors behind agribusiness, and the orientation of
production toward export markets, it becomes evident that Uruguay is also
experiencing a marked rise in international flows of virtual water.

Evolution and spatial distribution of water reservoirs

Despite irrigation growth over the past five decades, irrigated area in Uru-
guay remains marginal, reaching only about 2% of the country’s total agricul-
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tural surface (CERES, 2023). Between 1970 and 2000, irrigation expansion was
primarily explained by the rice sector, which accounted for 80% of the irrigated
area and 90% of the total irrigated water (FAILDE et al., 2013). After 2000, irriga-
tion dynamics became increasingly associated with the expansion of extensive
grain agriculture (mainly soybean and maize), forage, and pastures (FAILDE
et al., 2013). Current irrigated area continues to be explained mainly by rice
(147,000 ha - 100% of the sector), sugarcane (7,100 ha - 100% of the sector),
horticultural and fruit crops (13,500 ha - 30% of the sector), while irrigation re-
mains marginal for other cereals and oilseeds (39,000 ha - 3.4% of the sector)
(CERES, 2023). According to Failde et al. (2013), in many Uruguayan watersheds
by 2010 the maximum allowable water withdrawals for direct surface intake
had already been reached, leading to the conclusion that further irrigation
growth would need to be based on reservoir construction.

Between 1996 and 2024, there has been a sharp increase in both the num-
ber of reservoirs (Figure 2A) and the total area under reservoirs in Uruguay
(Figure 2B). Over this period, the total number of reservoirs rose by 500%,
while reservoir surface area increased by 80%. Temporally, the largest increa-
se in number occurred between 2009 and 2014, coinciding with high commo-
dity prices and the expansion of agriculture into traditionally non-agricultu-
ral regions. In terms of surface area, the greatest increase occurred before
2000, followed by the 2009-2014 period. Although there was a small increase
in average reservoir size during peak commodity prices, the overall trend
points clearly toward the construction of smaller reservoirs.

Figure 2 - Evolution of the number of reservoirs (A) and reservoir surface
area (B) by period
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Source: LANDSAT-5TM, LANDSAT-7TM, and LANDSAT-80LI satellite images. Prepared by the authors.

Spatially, the greatest growth in both number and area of reservoirs oc-
curred in the northern region of the country, reinforcing a pre-existing pat-
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tern of concentration in that area (Figure 3). However, relative to 1996, the
largest increases took place in the southern and littoral regions, highlighting
two distinct patterns: the continued predominance of reservoirs in the north,
and more intense water-use intensification processes in the south and litto-
ral compared to the north.

Figure 3 - Spatial distribution of reservoirs built by period
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Source: LANDSAT-5TM, LANDSAT-7TM, and LANDSAT-80LI satellite images. Prepared by the authors.
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Fernandez Nion (2021) classifies Uruguay into four major agrarian structu-
re groups: Group 1: small- and medium-sized production units, with medium
to high intensity; Group 2: medium-to-large production units, with high inten-
sity; Group 3: large-scale units with low intensity; Group 4: large-scale units
with high to very high intensity. The regions with large landholding, extensi-
ve agrarian structures, dominated by large cattle-ranching establishments
(Group 3), recorded between 1996 and 2024 the greatest increase in both
number of reservoirs (A=5,270) and surface area (A=24,652 ha). These were
followed by areas of large estates oriented toward livestock and industrial
agriculture, characterized by high agrarian intensity and predominance of
capitalist enterprises (Group 4; A=2,607, A=13,628 ha, respectively). On the
other hand, reservoir density—measured as number of reservoirs per km?
(Figure 4)—increased most in large, intensive estates (Group 4; A=6.9/km?),
followed by medium-sized, high-intensity farms (Group 2; A=5.5/km?), and
finally by extensive low-intensity estates (Group 3) and small-scale farms
(Group 1). These results indicate the consolidation of the pattern of greater
reservoir surface in extensive cattle-ranching areas, while also revealing a
trend of increasing reservoir construction in intensive agricultural zones.

Figure 4 - Evolution of reservoir density (A) and reservoir surface area (B) by
agrarian structure group
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Source: LANDSAT-5TM, LANDSAT-7TM, LANDSAT-80LI satellite images, and Fernandez Nion (2021). Prepared by the authors.

The spatio-temporal evolution of reservoirs shows a clear pattern of new
construction in areas with higher agricultural and livestock productivity po-
tential. In 1996, reservoirs were mainly located on soils with medium pro-
ductivity (IC=84). In subsequent periods, new reservoirs were built on soils
with average productivity levels ranging from 1C=95 to IC=105 (a 13-25%
increase). No major differences were recorded in the levels of net APDN
in areas where new reservoirs were built across periods; mean APDN was
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112 mm, and the difference between 1996 and 2024 was under 5%. Finally,
there is a trend toward greater construction of reservoirs on land with hi-
gher suitability for summer agriculture: in 1996, 24% of reservoir area was
located in zones classified as highly or very highly suitable, whereas by 2024
this figure had risen to 28%.

At the census-area scale, a positive association (p<0.001), measured using
Spearman’s rank correlation coefficient (rS), was found between reservoir
surface area (SE) and areas with higher livestock stocking rates (CG) (Table 1).
A similar, though weaker, association was found with agricultural land area
(SA). In both cases, the positive association strengthened over time, being
stronger with livestock stocking rates but growing faster with agriculture.

Table 1 - Statistical relationships between reservoir area and agricultural
area (RA-AA), and between reservoir area and livestock stocking rate (RA-
LS), by period

1996-2001 2002-2008 2009-2014 2015-2020 2021-2024
RA - AA NS 0.26* 0.38* 0.43* 0.48*
RA - LS 0.51* 0.56* 0.62* 0.63* 0.66*

Source: MGAP (2024) and OAN. Prepared by the authors. *Significant at 0.001. NS = not significant.

Reservoir construction partially maintained its spatial pattern over time, sin-
ce correlations between the number of new reservoirs at census-area scale
between one period and the previous one were always positive and significant.
In the first two periods (1996-2000 and 2001-2008), reservoirs were built more
often in zones with fewer pre-existing reservoirs (r5=0.12) than in later periods.
Between 2008 and 2014, during strong agricultural expansion, reservoir cons-
truction increased mainly in zones with high reservoir presence (rS=0.72). In
periods of agricultural contraction (2015-2019) and the subsequent rebound
(2020-2024), this tendency decreased slightly (rS=0.66 and r5=0.54, respecti-
vely). Thus, a clear trend emerges: reservoir construction has generally expan-
ded in traditionally livestock-dominated regions, but during agricultural down-
turns, construction in agricultural areas has gained importance.

The findings of this study align with Chiarelli et al. (15), who argue that
investors target land with privileged access to surface and groundwater
resources. Such appropriation of land and water for agricultural and fo-
restry expansion represents the strengthening of the economic and poli-
tical power of capitalist actors, particularly agribusiness (BUENO; CALACA,
2024). The results show that agribusiness expands in Uruguay by targeting
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the best-quality land (DIAZ; SUM, 2024), while at the same time increasing
control over water resources, territorial control, economic power, and, con-
sequently, political power.

At the same time, water appropriation pathways are mutually reinforcing.
Agribusiness has been an active territorial agent in land grabbing, while also
promoting—and being fueled by—agrarian intensification. Industrial agricul-
ture now relies on irrigation as the main mechanism to increase productivity
and reduce risks, which in turn requires expanding water reservoirs. Irriga-
tion expansion also enables agricultural land expansion, likely driven by agri-
business, thereby generating new processes of land concentration and land
grabbing. These dynamics lead to higher levels of water appropriation, com-
pounded by growing virtual water exports due to the focus of agribusiness
on commodity production for international markets, and by increased grey
water from pollution linked to high agrochemical use on agricultural lands.

The trend of water appropriation by agribusiness—further supported by
irrigation legislation in Uruguay—creates a scenario that calls for critical re-
flection on water grabbing processes. As Moore (2019) argues, these proces-
ses constitute a form of accumulation by dispossession, where water ceases
to be a public good and becomes a commodity, with benefits concentrated
in the private sector while transferring the risks of private investment to the
public. Finally, considering the arguments put forward by Franco et al. (2013):

Drawing insight from the discussion on land grabbing, we understand water grabbing
as the capturing of control not just of the water itself, but also of the power to decide
how this will be used—by whom, when, for how long and for what purposes—in
order to control the ben- efits of use (FRANCO; MEHTA; VELDWISCH, 2013).

It becomes clear that Uruguay is entering a new stage, marked by the
growing role of capital—particularly financial capital—in water resource ma-
nagement and, consequently, in water grabbing.

FINAL REMARKS

This study contributes to the ongoing debate on the pathways through which
agribusiness appropriates water in Uruguay. The main pathways identified in-
clude land grabbing, agricultural and forestry expansion and intensification, and
the construction of reservoirs to sustain agrarian intensification processes. Ad-
ditional pathways involve grey water appropriation and international flows of
virtual water—both closely tied to agribusiness operations in the Global South.

The feedback loops among these different pathways of water appropria-
tion mean that the current pattern of unequal resource use and growing wa-
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ter demand is likely to deepen. These dynamics can be seen as the early
signs—or the onset—of water grabbing processes, which will become fully
consolidated if privatization projects under the current irrigation law ad-
vance. In this scenario, the territorial control and the economic and political
power already concentrated in the hands of agribusiness would be further
reinforced through control of water resources and their commercialization.

The results of this study support the hypothesis that, in the Uruguayan
case, agribusiness is evolving into agrihydrobusiness. Furthermore, they
show that water grabbing processes by agrihydrobusiness are becoming evi-
dent not only through familiar patterns but also through new mechanisms
that add complexity to existing power relations.

In light of the imminent expansion of irrigation to support agrarian inten-
sification in Uruguay, it is crucial to generate alternatives that prevent the
consolidation of water grabbing processes. ®
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