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Foreward
In San Luis, there have been great changes since In
San Luis, there have been major changes since 1983
thanks to advancements and constant interventions,
and particularly from the State-owned company responsible for managing and distributing raw water. Such
administration resulted in a series of changes, from the
policy of charging, care and distribution of the resource,
to the the technological tools and constant training for
water professionals.
In the last thirty years, San Luis has built dykes in strategic areas, which today form a provincial water heritage
of great value. In the rest of the world, the current trend
involves equating consciousness both in rational water
use, how to use all the technology available to enhance
this resource, as does San Luis, a semi-desert province
marking the course and future of the national water
policy.
Argentina is in the seventeenth position as to availability of renewable hydric resources in the world. In the
province, as in the rest of South America, there is more
abundance of the resource than in any of the most
advanced nations. Thus, it is absolutely necessary to be
aware of the far-sightedness and responsibility we bear
because many counties with limitations and scarcity of
water must import the resource from major producing
countries as ours and of Latin America.
Bearing in mind that San Luis bet to concentrate the
majority of food production in its territory, it is necessary
to bet on policies not only to forecast, but conducive
to point to each of the areas involved in the matter of
development and water efficiency. Thus, it is that San
Luis Agua has built-in tools to manage vital concepts
such as measuring our own water footprint for production, visiting dozens of schools to train and educate
about 3000 children and adolescents in the care of
the resource, measuring levels of productive potential
in different areas of the territory through the telemetry
stations, promoting numerous campaigns of support
and dissemination of the care of the resource in the
media and educational establishments, tasks that were
and continue to be reinforced academically through the
traditional International Water Congress.
According to the political will made manifest in the Water Master Plan 2012-2025, the construction of infra-

structure works that have to do with water will continue
its pace because we want to be a suitable province
where tourism and production go hand in hand and
become first priority, creating employment sources and
enlarging the areas where food and produce have a
high added value.
To achieve this objective we carried out the study of the
provincial water footprint during one year, being the first
to be made in Latin America. This reckoning is based
on the analysis made by state organizations, educational institutions and renowned research groups, to be
able to come up with reliable information regarding the
main activities that require the use of water in San Luis.
This study took mainly into account the farming and
cattle sectors of production in the province, seeing thus
of utmost importance the optimum managing of water
as a strategic policy for development.
The indicator of the water footprint of a country, sector,
home and even of an individual, allows to gather data,
such as the amount of water used to obtain a certain
product, or water used by people, either directly or
indirectly. This study is made to improve the administration of the resource with the participation of all the
sectors that have to do with water. This reckoning job is
aimed at bettering the thorough management of water.
It is impossible to turn ones back on the proper use and
administration of water because it is crucial in terms of
the viability of the activities developed by the agricultural
and livestock sectors, which have to deal with the challenge of identifying and evaluating the probable risks
and impacts associated with the water footprint in their
production.
The recently finished study of the hydric footprint of the
province brought about the creation and diffusion of
new knowledge for the province, the country and the
world. In this way San Luis has the opportunity to become a pioneer territory in the application and development of a tool that communicates and educates about
the reality and the future scenarios of water in a simple
way, to leaders and citizens.
This reckoning becomes the first national study of the
water footprint of an Argentine province and in all the
South American Continent. This calculation becomes
the first national study of water footprint of a province
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in Argentina and across the South American Continent,
orienting guidelines of management policies that will
increasingly consolidate San Luis as a highly productive
province and in constant growth.
Claudio J. Poggi
Governor of the Province of San Luis
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Introduction
Argentina and the hydric resources
Argentina ranks seventeenth in availability of renewable hydric resources in the world (chart A), being in a
strategic position facing up to one of the principal challenges the world confronts, sustainability, with a view
to the visualization of the Earth as a planet capable of
harboring life and providing the resources necessary to
maintain a growing population that develops under an
economic model that currently calls into question our
own future.

the challenge that Argentina faces because 70% of its
territory has arid characteristics, such being the case
of the Province of San Luis. Focusing the attention in
water as a priority natural resource for life the Integral Management for the Hydric Resources (GIRH) is
presented as a model for water management that is
sustainable and inclusive that promotes dialogue and
agreements between those interested in the water
issue in their natural geographical unity, the hydrologic
bowl.

The efficient management of the hydric resource is
Chart A. Availability of hydric resources worldwide (Km3/year).

Source: Author´s calculations based on data of Aquastat, Food Agricultural Organization (FAO).

The province of San Luis
Located in the center west of the country, extends in an
average length of 460 km in the direction north-south
and 200 km in the direction east-west between the
parallels 31 °, 50’ and 36° south latitude and meridians
64 °, 15’ west longitude
It is situated in the Región de Cuyo, having the Province
of La Rioja to the North, Córdoba to the East, La Pampa to the South, Mendoza to the West and San Juan to
the North-West (figure B).
The province is divided into nine departments (figure C).
The 65 municipalities include only the urban common
land of each populated center because there are territories out of the municipal jurisdiction (adjacent common
land system).
Regarding its geography there are two very different
landscapes: to the north predominate the sierras in accordance with the Sierras Pampeanas and to the south

the prairie.
The climate in general is dry continental with an average annual temperature of 17° C, having in winter 8°
C and in summer 24° C. Rain diminishes from East
to West and falls mainly in summer between October
and March. Winter counts with scarce rain and with an
eventual snow, falling as from 1,000 m. above sea level.
Related to the hydric resources San Luis is divided in
seven bowls (Figure D). As seen in the map, the hydrography is distributed heterogeneously in the territory of
San Luis. In the area of the sierras there is a considerable amount of endorheic streams that filter through
the ground as they flow across the sedimentary plain.
Of these, only a few feed the Conlara and Río Quinto rivers. Río Quinto River flows into Río Salado River
in the swelling seasons. Several of these rivers and
streams are used with reservoirs to produce hydroelec-
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Figure B. Province of San Luis

Figure C. Departaments of the province of San Luis
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tric energy, regulate its volumes and direct the water for
irrigation, livestock and for the people.
The economic perspective of the Province of San Luis
changed from the moment the industrial promotion
policies were applied since the end of 1982. Till then
the principal sector, agriculture and livestock, was the
productive foundation.
The different industrial companies that settled in the
province after that year, were mainly located in two
urban centers namely the city of San Luis and the city
of Villa Mercedes. In spite of that, the expansion of the
agricultural boundaries has been as in the rest of the
country: one of the most used resources to face the
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challenges in the growth of the socio-economic sector. In our province this expansion has meant to use
vast areas of natural pastureland and woodland, under
conditions of increasing ecological instability. Agriculture is broadly extended and in a continuous process of
intensification. The National Agrarian Poll made by the
Provincial Directorate of Statistic and Census of San
Luis reflects an important growing tendency regarding
not only the planted areas and the crops, but also the
amount of livestock.

Figure D. Surface Bowls of the Province of San Luis
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1 - Background and Opportunities
The indicator of the water footprint was developed in
2003 by two investigators: A. Hoekstra and A. Chapagain, and is based in a broader development of the
concept of virtual water proposed by J. A. Allan in
1993. These dates give an idea of the few years preceding this type of study, since there are only 10 years
of research and development, which have increased its
volume of production and standardization from 2009,
with the publication of the standard methodology of the
calculation in terms of application examples (Hoekstra
et al., 2009) and in 2011 with the publication of the evaluation Handbook of Water Footprint (Hoekstra 2011).
The only published history of calculation of the water
footprint in South America is the one made for the
agricultural and livestock sectors in Colombia (2012)
and Chile (2013).Therefore, the calculation of the water
footprint of the province of San Luis is the first nationwide, which is the first significant step made on this issue
in Argentina.
The study based its results on the analysis of the official
information supplied by government agencies, educational institutions and important research groups, that
allow to know the reliable data at national, regional and
local level of the main activities of water consumption in
San Luis, focusing on two key sectors: agricultural and
livestock.
Seeing the concept of the water footprint as a tool for
decision-making for the productive sector, we know
that an optimal water management is a strategic part in
sectors, agriculture and livestock, that are intensive in
its use. Water is essential for agricultural production and
livestock; for this reason, the correct management of
water has become a critical element in terms of the viability of the activities carried out in these sectors, which
are challenged to identify, recognize and assess their
likely risks and impacts associated with the footprint of
its value chain. These are some of the risks involved in
a poor appreciation of the importance of the value of
the water resource: economic losses due to dramatic
climate changes, reduction in productivity and lack of

trust for investors, among others.
The characteristics attributed to the water footprint indicator allow to obtain information that can be oriented to
define strategies that go from the study about the use
and availability of water for crops and the amount used
for each product, to the setting of strategies oriented to
involve other interested parties with whom is shared a
geographic space, resources, impacts and risks, so as
to set forth a joint management. Thus the main objective of this task is to focus in bettering the management
of the water resource as a whole, which means to use
this multi-sectorial indicator, to identify, evaluate and involve the main actors in the province, so that there can
be established links focused in the efficient administration of water, oriented to an integrated management of
the hydric resources.
Through the geographic application of the water
footprint indicator we can pinpoint the environmental
impacts generated on the resource in the productive
economy sectors where more water is used and for
which there is more development. The application of
this indicator turns thus into a tool to make decisions,
and enables to develop new guidelines regarding public
policies.
In particular, this study is highly important for the Province of San Luis because the provincial hydric resources
are scarce compared to those of some Argentine provinces. In the province, rain varies from 600-700 annual
mm in the East, to 200-300 mm in the West, with main
rainfall in summer and with dry weather in winter which
yields scarce permanent ground water and long swelling periods.
That of all the reservoirs in the province, except for a
few that are used for recreation and human use, most of
which are used for agriculture and livestock, implies that
these sectors are major claimants of water, a resource
that is not available and that has to be stored and regulated. This means that San Luis must manage the hydric
resource, having to deal with competition and scarcity.

1 - Virtual water trade between nations: A global mechanism affecting regional water systems. IGBP Global Change News Letter, No. 54, pp. 2-4.
2- Fortunately there are substitutes for water otherwise our hydro-political futures would be impossible. Priorities for water resources allocation and management,
ODA, London.
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Then, the data of the province indicates that much of its
surface is committed to agricultural activities, evidently
a province with highly agricultural vocation that, on the
other hand, as mentioned before, does not count with
sufficient water and therefore needs an efficient administration.

it is aimed at achieving a political, operative and specific
application.

This involves evaluating the productive land, aimed to
answer questions such as: Is it exploited in the right
place? Is this exploitation sustainable? What are the
consequences of the current exploitation? How does it
compete with other applications?
Thus it was proposed to focus the study contemplating
three sequential, independent and complementary lines
of action. The first focuses on the calculation and analysis of the water footprint of the agricultural and livestock
sectors; the second seeks to establish the way to use
the results of the first stage to formulate a strategy
oriented towards a sustainable management model
and the third, transversal to the entire project, aimed
at the socialization, dissemination and training of the
community in general and of technicians and officials in
particular.
Therefore this is a first class work, generating new
areas of knowledge at regional, national and international levels. It is an opportunity to make of San Luis a
pioneer province in the application and development
of a tool that raises awareness and communicates in a
simple way the reality and future scenarios of water, to
the citizens and rulers. This becomes the first study of
water footprint of its kind carried out in Argentina, one
of the first in Latin America and one of the few made at
a provincial level that exist in the world.
It is important to note that, even if this study is based
on the application of the standard methodology and in
the evaluation phases described in the Water Footprint
Network, it contributes with relevant information presented in this book. This knowledge contributes to the
betterment of this project and, not placing too much
emphasis on the academic and standardized aspects,
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2 - Objectives
Overall objective
Carry out the evaluation of the water footprint of the
agricultural and livestock sectors of the province of San
Luis, and assess its implications against the sustainability of the water resource.

Specific objectives
a) Apply the methodology for the calculation of the water footprint in the provincial area.
b) Analyze the various components of the water footprint of the agricultural and livestock sectors in San Luis.
c) Validate the methodology for estimating the water
footprint of a province.
d) Understand the current reality and the management
scenarios and uses of water on the basis of the calculation of the water footprint.
e) Generate citizen knowledge and institutional capacities to determine the water footprint.
f) Direct the formulation of policy guidelines for the
integrated management of water resources based on
the water footprint, to incorporate the main groups of
participants.
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3 - Methodology for the assessment of the
water footprint in the Province of San Luis
The water footprint concept allows us to consider the
use of (hidden) water along the chain of production
of goods or consumer services, giving information on
water impacts in relation to lifestyle habits of individuals
and in towns, and production in different areas and
companies. This multidimensional indicator shows the
consumption of water according to its origin and the
volumes of water required for the assimilation of the
generated pollution. The water footprint components
are geographically and temporarily explicit. The water
footprint has various applications; these include production and consumption for a person or a group of
people, for a producer or a group of producers, for a
product or a group of products, and for specific geographic areas. This report describes the study of the
water footprint applied to a specific geographic area

(province), analyzing the production of two key sectors:
agriculture and livestock, with the purpose of identifying
the effects on said geographic area (Chart 3.1).
In this way the water footprint of the province is calculated by applying the following formula:

Chart 3.1. Conceptual diagram of the applications of the water footprint

Source: A. Hoekstra et al., 2011.
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For each of the processes, depending on their nature,
are calculated the three components of the water footprint in the two areas of study:
• the green water footprint refers to the consumption
of water stored in the soil from precipitation, which does
not become runoff. It satisfies a demand without requiring human intervention.
• the blue water footprint refers to the consumption
of water, associated with a surface source or underground extraction to meet the demand originated in a
process. It requires human intervention.
• the grey water footprint is defined as the volume of
freshwater required to assimilate the pollutants through
a recipient body, taking as a reference the standards of
environmental quality, associating the established limits
to a good quality for the environment and for people..
According to the standard methodology, and based
on said concept, are included in the calculation of the
water footprint the direct and indirect uses of the identified processes. However, it should be noted that only
the direct consumptions in the provincial territory are
considered (Chart 3.2).

Phases of evaluation of the water
footprint in the province of San Luis
The methodology followed in this work includes the four
phases described in the book: “The Water Footprint
Assessment Manual” (Hoekstra, 2011).
I. Setting objectives and scope of the study.
II. Quantification of the water footprint per unit of study.
III. Evaluation of the sustainability of the water footprint.
IV. Formulation of response strategies based on the
results of the water footprint.
This work gives an account of all phases that were
approved, and where it was possible, it was made
specific, complemented and revalidated, to allow their
implementation in the local context and for the sectors
and level of detail included in this study. Thus, first, it
was considered a clear definition of sought objectives,
scope of application (geographic location, stages and
processes, types of products, included and excluded
supply chains for the application of the required water
footprint) and the definition of the limits of the study. The
latter made way to continue with Phase II, i.e. to quantify in a clear and concise manner the different components of the indicator for the sectors and the processes
involved in the study.

Chart 3.2. Diagram of components included in the calculation of the water footprint

Source: Own making based on Hoekstra A. Y. et al., 2009.
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Then, Phase III refers to the analysis of the sustainability of the water footprint in each of its components,
under a specific environmental context, associated with
geographical and temporal province characteristics and
the results of the quantification of the water footprint.
Finally, Phase IV is aimed at making response strategies
that, in the case of the province of San Luis, are oriented to water public policy proposals, hoping they may
become, together with others, in a management and
decision making tool regarding environmental policy.

Development of the project: Activities
In chapters five and six of the present report are described the activities developed in the project to comply
with the first two Phases, while chapters seven and
eight are related to Phases III and IV.

Chart 3.3. Phases of water footprint assessment

Source: Arévalo Uribe D., 2013.
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4. Phase I. Definition of the General
Evaluation Scope
The following are the activities developed in the process
of defining the scope of the project, which marked the
guidelines in terms of the methodology applied and the
results expected and obtained.

Scope of basic information
The following sectors were included in the study:
• Agricultural (extensive and intensive)
• Livestock (cattle extensive and feed lot, goats, sheep,
pigs and horses).
• The data base of information used for the study was
available information generated by San Luis Agua and
the Ministry of the field, as well as other public bodies,
universities or renowned research centers.
• Secondary information was subjected to a process of
prioritization and validation to be partially supplemented
with compiled primary information.
• The compiled information did not make reference to
the hydrological units of work. Most of the rendered,
systematized and published information is related to
geopolitical units, so it took the necessary assumptions,
duly documented, discussed and justified, to make the
transfer of information to the hydrological units defined
for this study.
• The quantification of the water footprint of the different
production systems of the Province of San Luis require
an estimate of the amount of water that evaporates,
with crops in scarce or low irrigation conditions. The
CropWat model, developed by FAO, is a tool that is
used to perform this estimate in water footprint studies.
To know it, there were needed basic rain data, other climatic data for the calculation of the evapotranspiration
(radiation, maximum and minimum temperature, relative
humidity and wind) hydric parameters of the soils and
several parameters of the crops.
• A map was developed as primary information of the
provincial vegetation from supervised classification methods, with training areas, to determine thick types and
consecutive interactions of non- supervised classifications, to determine the different types of crops according to the phenology, using the NDVI index.
• For livestock analysis, were considered neither the

tabulated indexes of conversion, nor the feeding models
of global literature, but instead were developed local
inputs to understand livestock farming such as the Net
Primary Productivity (NPP), the nutritional requirements,
and the volume and composition of food, among other
variables.
• At the time of the preparation of this report were two
workshops (3), one during the first month of implementation of the project (February 2013) to discuss, explain
and socialize the same steps and another in July where
they shared the results of progress between the technical teams of San Luis Agua and the Ministry of the field.
• During the development of the whole process of the
project remained a bonding and fluid dialogue with
agents.

Geographic scope
• The geographic scope of the study is in the province
of San Luis.
• In relation to the definition of units of work in the interior of the province, which bring higher level of detail to
the results, it was defined as follows:
• 9 geographic administrative units (departments) (Map C)
• 7 watersheds (Map D)
• 63 series of soil (Map 5.1.a. 3 and 5.1.a.4)
• 219 environmental units arising from the overlap between the environmental variables: evapotranspiration,
precipitation, soil types (Map 5.1.a.5)
• To the units of work described, was added the territorial information related to intensive and extensive livestock and agricultural sectors, to establish where these
activities are taking place.
• Therefore, the quantification of the water footprint was
done in disaggregated way (219 units), obtaining values
of water footprint per product (m3/ton) and geographical
(m3/time - annual and monthly)-. Then for the analysis of
water footprint was added the agricultural data in watersheds and Department units.

Temporary
• Field crops: the temporary base of information collected was from 2006 to 2012.

3- On December 18, 2013, was held the third workshop for the final presentation of the project.
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• Intensive crops: depending on the area different dates
of analysis were considered.
• Livestock: the stocks of each category were calculated as the average of the last four years (between 2008
and 2012).
For cases where the information was not available or
found relevant to modify the base study period, we
gathered information from different years.

Methodological

Department, annual (m3/year) and monthly (m3/month).
• With respect to Phase III a thorough analysis of the
productive sustainability was set forth on the basis of
the water resource. Then, an analysis of Total Water
Stress by hydrologic unit was carried out, which correlated the Total Water Availability (DHT) (surface and underground) and the Total Blue Water Footprint (HHAT).
The water sustainability of the territory is also analized
on the basis of monthly HHAT and the DHT.
• In Phase IV is set a series of recommendations and
proposals, in order to guide a strategy towards a model
of sustainable water management in the province.

• Included in this report are the four phases cited by the
Water Footprint Assessment Manual (Water Footprint
Network WFN-, 2011), for the two sectors included in
the study.

Products
• Quantification and evaluation of the annual and
monthly green and blue water footprint and annual
grey water footprint, per basin and Department, of the
following agricultural sectors in the province:
-Extensive (16 crops)
-Intensive (16 crops)
• Quantification and evaluation of the annual green,
blue and grey water footprint per watershed and Department, for the livestock sector of the province of San
Luis, which includes the analysis of: extensive cattle and
feed lot, goats, sheep, pigs and horses.
• Following the methodology proposed by the WFN,
in phase II were calculated two types of blue water
footprint. One is the ‘theoretical’ i.e., all the areas of the
province that are irrigated before the crop reaches the
water stress; this situation allows one to establish a homogeneous basis for all the province on a scenario that
consolidates and sets a model based on those findings,
to define a second scenario; this second scenario
differentiates the areas under scarce rainfall and irrigated areas, according to the different stages of the crop,
thus, optimizing irrigation and reducing water consumption (blue water footprint), without reducing the yield.
• Results are presented per unit of product (m3/ton)
and water footprint per unit of time, both for the disaggregated unit and for geographical areas of bowl and
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5. Phase II: Quantification of the
water footprint in the province of
San Luis

5.1 Analyzed sectors
5.1.a Agricultural sector
Blue and green water footprint of a crop
The water footprint of a crop (m3/ton) is calculated as
the use of water (Crop Water Use-CWU-) for field crop
(m3/ha), divided by the crop yield (ton/ha); CWU (m3/ha)/
Crop Yield (ton/ha).

Water requirement for the crop:
The water requirement for the crop is estimated based
on weather data (temperature, speed of the wind, etc.)
and the characteristics of the crops. The FAO CropWat
model was used to estimate the water needs of crops
(see point ‘Calibration of the CropWat model’).
As a first step it is estimated evapotranspiration of reference crop (ET0) in mm/day by the Penman-Monteith
method; then it is calculated the evapotranspiration
of the crop in mm/day (ETc), where Etc = ET0 x Kc and
where Kc = crop coefficient; Finally all of this serves
to calculate the water requirement of the crop (m3/
ha), where CWR = ∑ Etc [accumulated in the period of
growth].

Irrigation requirement:
Requirement of irrigation= water
requirement of the crop – effective rain.

The use of water for the crop depends on the need of
water and on the actual amount of available water in the
surface.

When rain is not enough with the need of water for the
crops, the difference is provided by irrigation water.
When the needed irrigation water is supplied, growing
conditions are optimal (assuming other factors such
as the availability of nutrients are also optimized). If
the irrigation requirement is not fulfilled or is only partly
fulfilled, it is likely that the yield is less than optimal. The
reduction of the production depends on volumes and
deadlines of the scarcity of water.

Use of water from the crop

Grey water footprint of a crop

The use of green water refers to the volume of rain
water that evaporates from a field of crops during the
growing period, and the use of blue water, refers to the
volume of irrigation water (removed from the surface of
the water or soil), which evaporates from a field of crops
during the growing period.

Green water evapotranspiration = min
(water requirement of the crop, effective
precipitation)
Blue water evapotranspiration = min (irrigation requirement, effective irrigation)
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Grey water is defined as the amount of water required
to assimilate into the body of water the treated pollutant. It is calculated as the divide between mass load
and the difference between the permissible maximum
limit and the natural concentration of this compound
in the body of water. To ease of calculation, mass load
equals the product between the rate of application of
compound treated (AR), which for the agricultural sector
is a fertilizer and a dimensionless factor alpha ά, that for
the case of the nitrogen it adopts a value of 10 %.

In particular, for the province of San Luis, the chemical
compound investigated was nitrogen, and assumed
that:
-A value of 10% as indicated by the WFN.
-The fertilizer application rate was determined by crop,
using data from the FAO, National Technological Agricultural Institute (INTA) and local research work.
-The maximum concentration limit was 45 mg/l which is
the concentration of nitrates defined in the Argentinean
alimentary code.
-The natural concentration of the body of water was the
value of 0.4 mg/l of nitrates, which comes from average concentrations in surface water at the national level
(Secretary of Water Resources).
- It was adopted the value of Alpha 10% for nitrogen
to be consistent with the level of TIER1 indicated in the
manual.
-It was assumed, although it is not explicit in the methodology, that the application rate is expressed in kg
equivalent nitrogen.
-The product of ά by application rate, is called by the
literature as loss of nitrogen or nitrogen export. Revised
values are significantly smaller than those that result
from this product. The response of the WFN to this
observation was that if it requires more accurate results,
more sophisticated models of loss/export of nitrogen
should be taken. Following that guideline it was identified a model called Nitrate Leaching and Economic
Analysis Package (NLEAP) of the United States Department of Agriculture (USDA) which was used for the
calculation of nitrogen losses in Argentina. If considering
its development, more accurate data on the application
of the compound should be used, due to the requirements of the input data.
-Even though a typical transport of nitrates mechanism
is destined for the groundwater, TIER1-level methodology does not set difference between surface water and
groundwater bodies.
-The review of the literature indicated that as a com-

pound, the nitrogen dominates the amount of water
needed to assimilate it; this happens for other parameters related to fertilizers such as phosphorus and potassium, and for pesticides and agrochemicals. Taking into
account that the methodology does not consider the
addition, to consider only the nitrogen is relevant.

Calibration of the CROPWAT model
As it is discussed above, quantification of the water footprint of the various systems of production in
the province of San Luis, requires an estimate of the
amount of water that evaporates from the crops under
scarce irrigation and low irrigation conditions.
The CropWat model developed by FAO, is one of the
tools used to perform this estimate for water footprint
studies.
Estimating evapotranspiration in CropWat production
systems, the following basic data was needed:
• Decadal rainfall: accumulated rains for 10-day periods
(see below ‘Files.crc’).
-Monthly climate for the calculation of the ETP: radiation, maximum and minimum temperature, relative
humidity and wind (4), (see below ‘Files.pem’).
• Soil water parameters: retention, ease of infiltration,
deepening restrictions (see below ‘Files.soi’).
• Crops parameters (5): duration of stages, coefficients
of cultivation (Kc), rooting depth, thresholds of stress
(see below ‘Files.cro’).
The characterization of the aforementioned variables
was determined on the basis of the following information:
-Information provided by the technical teams of the Ministry of the Field and San Luis Agua, dependent on the
Government of the Province of San Luis.
-Reports: Australian Bureau of Rural Sciences (ABRS)
and Argentine Geological Mining Service (SEGEMAR),
1999.
-Database climatological global grid, in particular CRU
(Tyndall Centre for Climate Change Research).
-Specific bases of FAO (ClimWat and LocClim).
-Daily climate data from Va. Reynolds, San Luis and V.
Dolores (National Weather Forecast Service).
-Series of specific daily historical rainfall in Tilisarao, La

(4) The weather data, for rain and for ETP, are averages that represent the existing conditions between 1960 and 2000 approximately.
(5) According to bulletin 56 of FAO.
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Cumbre and Batavia.
-Surfaces of crops of the Ministry of Agriculture, Livestock and Fishing (MAGyP) for the years 2006 to 2012.
-Letters of soil of the province of San Luis (INTA, 1:100
000): Villa Mercedes, San Luis, Arizona, Concarán,
General Roca, Buena Esperanza, Martín de Loyola and
Varela.
-Previous simulations of the phenology of extensive
crops with models Ceres Wheat, Ceres Corn, Cropgro
Soybean, and Sunflower Oilcrop, in different places of
the province.
-Expert knowledge of the technical working team.
The following describes the procedure of the development of each of the variables.

Rain (files.CRC)
It was used the basis of the distribution of the rains
by ABRS and SEGEMAR (1999). The rainfall annual
average varying from less than 300 mm in the NorthEast provincial, more than 700 mm in the middle of it,
associated to the terrain.
Since this information is an annual scale, to carry the
scale to decadal it was used a daily series of historical rainfall information. Taking into account that within
each range of annual isohyet there may be variations
in distribution of rainfall (more monsoon northward and
North-West), and to contemplate then differences in
ETP, it was decided to take advantage of the divisions
that generate hydrologic bowls, which also will be used
for water footprint data aggregation and in the following
stages that correspond to the analysis of sustainability
(Chart 5.1.a.1). In the basins of the Conlara and Quinto
River, there were also separated fractions East–West
and North-South (in Conlara) taking advantage of physical separation and to consider some topographical
differences that these watersheds have (Map 5.1.a.2).
Thus the decadal rain files that CropWat needs were
generated (Files crc.).
In the forthcoming chart (Chart 5.1.a.2) there is an example of the different rainfall periods in four areas where
it rains 550 mm a year, on the basis of the above chart.
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Chart 5.1.a.1 Rain files

Map 5.1.a.1 Rains in the Province of San Luis
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Figure 5.1.a.2 Climatic units
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Chart 5.1.a.2 Decadal rains by (1st, 2nd and 3rd) for each month of the year in four areas with 550 mm per year

Potential evapo-transpiration (files.PEM)
The CropWat model calculates the PET according to
the method presented by the Bulletin No. 56 of FAO.
The different areas of the province differ enough in
terms of temperature, humidity, speed of the wind and
radiation. Using global and regional databases, these historical average differences were
estimated.
In the files of atmospheric demand for the
CropWat (Files PEM) originated in this project,
the maximum and minimum temperature, the
eliophany, the wind speed and relative humidity are month-by-month. To show regional differences, values are presented in temperature
monthly average for the quarter of the spring
and summer, which have early and late strong
growth crops respectively (Chart 5.1.a.3). It
also presents the humidity out of the winter
(SON) that varies greatly between towns and
summer (DJF), much less variable. Finally,
the average speed of the wind in those same
periods, also show strong differences out of
winter.

Chart 5.1.a.3. Average temperature, relative humidity and wind speed. Average historical values for
different areas of the province of San Luis

Note OND= October, November, December. JFM= January, February, March.
SON= winter. DJF= summer
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CropWat uses the data for radiation, based on
eliophany, day of the year and latitude, and then calculates potential evapotranspiration with all the data.
Differences in radiation are due in part to the latitude,
but mainly to the degree of cloudiness and so there is
less radiation in areas with more rain. Throughout the
year the length of day and the distance to the sun, is
the main determinant of seasonal differences (Chart
5.1.a.4).
The differences in all of the previous climatic variables
give rise to changes in the demand for water for the
crops, which are synthesized in the Potential Evapotranspiration of the reference crop (PET).
The different contents of moisture in the air and wind
speed, typical of the province, need a variation in water
demand at the beginning of spring, becoming in turn
towards the Northwest of the province, in increased
costs of water to accumulate biomass for crops that
have much coverage in those moments. The PET units
that coincide with rainfall are seen in Chart 5.1.a.2. ,
establishing a total of 29.(6)

Soils (files.SOI)
Based on letters of soil of the province of San Luis
(INTA, scale 1:100 000), was made a list of all the series
of soil that are dominant in some Cartographic Unit.
Discarding only a few areas to be very salty and to be
mountains, are defined 65 series of soil (Figure 5.1.a. 3).
From this differentiation were defined the soils on the
basis of variables requiring the CROPWAT; so, considering the first meter of the soil texture, were established various kinds of moisture retention, which were
combined with some situations of absolute restriction
to the deepening (cemented gravel and stone). Also on
the basis of surface characteristics (slope and surface
texture), were established facilities for infiltration. They
were thus defined 13 types of soil (some representing
only a series of soils and other various) throughout the
province (table 5.1.a.5.and figure 5.1.a.4).
In those series denominated as ‘not series’ by INTA, but
that do have agricultural use as evidenced by satellite
imagery, was defined the type of soil according to the
spatial pattern, assigning the parameters according to
the series that best correspond.

Chart 5.1. a. 4. Incident radiation and potential evapoperspiration of the crop of reference for different
areas of the province of San Luis.

Note: DJF: December, January, February. MA: March, April. SON:
September, October, November (winter). DJF: December, January,
February (summer)

6- SLBeb350, SLBeb450, SLBeb550, SLBeb650, SLBeb725, SLBCon550n, SLBCon550s, SLBCon650e, SLBCon550w, SLQto450, SLQto550e, SLQto550w, SLQto650e, SLQto650w, SLQto725, SLSld275, SLSld350, SLSld450, SLVil275, SLVil350, SLVil450, SLVil550, SLVil650, SLYNt275, SLYNt350, SLYNt450, SLYNt550,
SLYNt650, SLYSu350, SLYNt450, SLYNt550.
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Table 5.1. 5 Types of soil used to simulate crops in CROPWAT

a rain of up to 60 mm in a day and others only 20 mm,
which are also part of traditional irrigated valleys.
The possibility of scarce rain-fed crops depends
strongly on the characteristics of moisture retention. In
semiarid areas, agriculture relies on moving water of
certain times of the year to others where a crop uses
them. The soil, through its ability to store, is the vehicle
for that transport. This ability also allows better manage
irrigation, avoiding losses by deep drainage and allowing water at times more efficient for storage of water.
However, for both systems, but with much impact when
it is irrigated with central pivots, the infiltration capacity is critical. The province has the advantage of having
groundwater availability in soils that allow a large sheet
of irrigation, in contrast to above valleys and in general
more silty soils, infiltration can cause problems.

Crops (files.CRO)
The fourth component of the data base to use CROPWAT, is the crop and its management. In addition to the
species, there are differences by the time in which they
are produced and viability or not of some issues regarding scarce irrigation.
Chart 5.1.a.5 shows for the province of San Luis, a
range of soils with very different textures, especially by
its content of sand; from soils with less than 35% of
sand to others with more than 90%, widespread in the
hilly plain of the southern provincial center.
These differences translate into changes in the moisture
retention, ranging from 60 mm per meter in the sandier,
150 mm/m in the muddier, the latter are only represented in some of the traditional valleys irrigated land of the
province. The estimate of retention was made based
on a methodology developed by Joe Ritchie et al. in
1990, which is based in turn on measurements of water
limits (field capacity and permanent wilting point), with
field crops on a very broad basis of soil textures posted
by Ractliff (1983).
To the contrasts in texture is added that some classes
were simulated with severe restrictions of depth with
cemented gravel or stone. This limitation can appear at
50 cm (the soils of high mountain steep, not included,
tend to be shallower), but can also be the 150 cm and
be, however, a restriction for some crops and production strategies. Finally, are also added some differences
of infiltration, since there are soils capable of infiltrating

Within the province there are areas with a limited growing season: near Villa Mercedes, in the high places of
the basins of the Río Quinto and Conlara, at the eastern
end of the Cuenca del Bebedero and in the South of the
province. Others, however, have a wide station allowing
early or late crops, and even double crops, especially in
the Northern Plains under irrigation.
Taking into account these combinations and possible
crop sequences, different management cultures were
assembled, many of which are viable and in some
cases very seldom used, both under irrigation and with
scarce irrigation. Some are only viable under irrigation,
while others are used under scarce irrigation.
Below it is stated the types of crop and more frequent
management (date of beginning and end of the simulation of the water requirement, the coefficient (Kc) maximum of crop and depth which can reach the roots).

ENVIRONMENTAL UNITS
The territorialized crossing variables: rainfall, ETP and
soils, resulted in 219 units that total the area of the
province of San Luis (75,000 km2 approximately) (Map
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5.1.a.5).This breakdown into smaller units allow a quantification that reflects a good approximation of the reality
of water consumption in the analyzed territory.

VEGETATION AND CROPS IN THE
PROVINCE OF SAN LUIS
The way in which the territory is used is determinative of
the productive results and their impact on the environment. In the province of San Luis rainfall ranges from
250 to 800 annual mm and has soils that cover textures
from clayey in some river valleys, up to sandy in a large
sand dune area in the South of the province. In many
environments are still more or less large areas of natural
vegetation.
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Field Crops
To estimate the provincial agricultural production there
have been used different sources of data; the registry
provided by the sub-program of agriculture production
of the Ministry of the Field of the Government of the
province of San Luis was used as the main source. This
data is consistent with that provided by the Integrated
System of Agricultural Information of the Ministry of
agriculture, livestock and fisheries of the nation, and
account for harvested surfaces, total production, acreage, and average yields for the referenced field crops in
detail at a departmental level. Thus, available statistical
information at provincial level only allows to estimate the
distribution of crops by Department.
The methodology used in the present study requires a
greater level of detail of distribution of crops; the supply
of water and soil types vary within the same, so it is
necessary a more detailed knowledge that will enable to
move information from each department, to each of the
sub units to run the CropWat model, these being determined by the overlap of climate, soil and rainfall information. For this it was necessary to obtain an estimate
with greater geo-referencing detail.
The availability of satellite images of high temporal resolution (at least two images per month with full coverage
of the region), with a spatial resolution of approximately
6 ha, from the project MODIS, allows you to estimate
the dynamics of vegetation in the time. On the basis of
the expert knowledge of production systems and the
seasonality of the vegetation, was drawn up a map with
the types of crops as support for the estimation of the
distribution of crops.

Methodology
The type of plant coverage determines the seasonality
of the productivity of vegetation. This seasonality can be
estimated using remote sensing through assessing the
dynamics of the Standard Green Index (NDVI), a ratio
of distinct bands of radiation that accurately estimate
plant activity in the territory. However, although the type
of vegetation conditions the seasonality, the same can
be affected by many environmental factors, being the
availability of water one of the most important. To generate the layers of provincial vegetation , it was created a
chronologically ordered set of 25 images (one every 16
days, avoiding cloudy days), since the winter of 2008
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to the winter of 2009, with a degree of spatial resolution
of 250 x 250 m., available from the network within the
project of the NASA MODIS (Chart 5.1.a.6). This picture
is relevant to understand the “Characteristics of the phenological behavior of the vegetation,” that is presented
in Annex I. The campaign was chosen because it would
be relatively recent, having been a campaign with good
rainfall distribution, thereby reducing the influence of
water deficit on the annual dynamics and thus making
more discernible different managements, mainly times
of planting crops, intensity, perennial herbaceous or tree
crops. Such a description is extremely useful to limit the
type of existing crops; that is why the job is cut to a year,
since the map lets you know where annual crops are and
if the same tend to be early or late or if you have a perennial crop or two crops.
The maps were based on methods of supervised classification, with training areas to determine the thick classes
and with successive
interactions of nonsupervised classifications
to discriminate between
types of crops by the
phenology. The classification was revised and
corrected by a mosaic
of Landsat images (30 x
30 m. resolution) corresponding to the region
for the summer months
of the same year, availability of handling lots in
some fields (courtesy of
Ser Beef Company S.
A., and other estimates
in travels by routes) and
using the spatial pattern that can be seen
with Google Earth (for
example to corroborate
agricultural lots or with
forest).
Chart 5.1.a.6.
Dates of the MODIS images
used and their position in
the data set generated for
each date

Characterization of the phenological behavior of the types of vegetation
The supervised classification allowed to differentiate five
vegetation types in the province of San Luis:
- Crops (very productive annual crops and pastures)
- Grasslands and Pastures (does not include very productive alfalfa fields)
- Calden Forests
- Arid Chaco Forest
- Ecotone Arid Chaco- Forest.
Within the crops, on the basis of the phenology of the
Normalized Difference Vegetation Index (NDVI), are differentiated:
- Early summer crop plantings in October (approximately)
- Late summer crops (crops in mid- November-December)
- Little productive summer crops (do not reach a clear
defined peak NDVI, possibly by stress or problems of
implementation or management, it is also possible that
a part of this area is in reality old pastures or some specific situations of pasture lots)
-Double crops (two crops of grain in the same year); for
example it can be the sequence of wheat, with soy or
corn.
-Grasses of winter, crops of summer: in this category
the first crop can be for coverage or for grazing, although it is also possible that some are only very weedy
lots. The second crop can be grain, typically soybean in
the region or also a crop for grazing (e.g. sorghum)
-Highly productive pastures (mix with alfalfa in the wet
portion, or close by layer in the South of the province or
under irrigation).

rated:
- Summer forages: natural grasslands or pastures of
Llorón or Digitaria that seem under grazing and –
- Deferred forages: this category can obey a specific
management in the year in those lots that had delayed
the growth of summer, to autumn- winter where grazing
begins (perhaps mainly some kind of summer fodder,
Digitaria, but it is not possible to assure it).
The following chart presents the percentage of area occupied by each of the above vegetation.

Chart 5.1.a.6.b Area used for Diverse Vegetation. Province of
San Luis

The classification of crops due to the dynamics of its
coverage allows you to make inferences of the cultivation of it. Thus for example the sunflower and maize are
crops that are sown early; instead, in the late sowing,
sunflower is scarce; then, sorghum and mainly corn and
soy are the crops for this period. Based on that kind
of logical sequences, it was generated a distribution of
the areas of cultivation estimated by Department (taking
into account the areas since the campaign 2006/7 to
2011/12).
Finally, within ‘Grasslands and pastures’ were sepa-
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Map 5.1.a.7 Map of
Provincial Vegetation
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As mentioned above, on the basis of the classifications
carried out is described in Annex I the average seasonality of each type of vegetation; it is also presented the
values of green index of the average, (plus-minus) the
standard deviation of each date for all units of the class
and in the same way are the minimum and maximum
values.

Map of Provincial vegetation
From the described methodology the map of vegetation
in the province of San Luis was created (Map 5.1.a.7)
Subsequently, there was an interchange between the
data supplied at departmental level and the specialization obtained from the map of crops.
Pedernera Department map is presented by way of
example. (Map 5.1.a.8.)
Taking as a valid source the data supplied from the
sowed surface and from the production of each crop
by Department there were associated from each of
the seven categories determined by the map of crops,

those that could match with said characteristics. In this
way it was possible to establish a relative distribution of
each crop within each Department and thus to estimate
surface and production for each crop in each subunit
(Map 5.1.a.9).
Then, we proceeded to estimate the distribution of
crops at the level of river basins, obtaining the following
information (Map 5.1.a.10).
Finally, it should be clarified that we calculated a sown
acreage destined for forage not harvested as grain,
from the difference between the implanted surface and
the harvested surface that appears in the records. This
difference was obviously considerable for crops destined to greenage such as oats, rye, barley forage, or in
silos of corn or sorghum. To calculate the performance
of these forages in terms of dry matter per hectare, we
proceeded to apply the inverse of the harvest index on
the performance recorded for the harvest of grains.

Map 5.1.a.9 Field crops Map of the Province of San Luis by
Departments

Map 5.1.a.8 Distribution of crops. Department of Pedernera.
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Provincia de San Luis

Intensive Crops
In the case of fruit trees, its production is at a time of
significant growth in different areas of the province.
Indeed, there is a new Fruit Law that promotes this kind
of production having as a source the Fruit, Vegetable
and Forestry Agro-Industry Program of the Field Ministry
and six major irrigation consortia of the province that
correspond to the axis Quines-Candelaria, Villa Mercedes and San Felipe system.

Map 5.1.a.11 Intensive Crops for the Province of San Luis by
Department

The cultivation of potato represented a case apart in
the survey.The last campaign registered by the Farming System of Integrated Information of the Ministry
of Agriculture, lLvestock and Fisheries of the Nation to
the province of San Luis was in 1993/94. According
to Zavalia (1999) potato production continued to grow
after this campaign. The current data supplied by the
irrigation Consortium logically resulted from a smaller
surface because it is not taken into account the one
made by drilling irrigation, which approximately doubles
in surface to those of the consortia. To spacialize this
estimate we resorted to the same method that generated the distribution of field crops.
For the rest of the crops from which there is no information about yields, were considered data from FAO for
Argentina, regional data from INTA and neighboring provinces data reports. Thus, from the information collected and consulted, we proceeded to generate a map of
location of intensive farming by Department (Map 5.1a.
11.) and by watershed (Map 5.1.a.12)
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Map 5.1.a.12 Intensive Crops for the Province of San Luis by Watershed
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5.1.b Livestock Sector
The calculation of the water footprint of livestock
production in the province of San Luis was taken from
the provincial cattle stock registered annually by Servicio Nacional de Sanidad y Calidad Agroalimentaria
(SENASA). It is supplied by Department and divided
in the corresponding categories of five major livestock
production: cattle, goats, sheep, pigs and horses. The
average of four years (between 2008-2012) was used
to establish the stock in each category. This information
was supplemented with the one provided by the analysis of the livestock-cattle activity by different producers and composition of the stock, held jointly between
INTA, SENASA, the Network of National Agricultural
Information (RIAN) and the Strategic Observatory, where
you found information on the stocks of dairy cattle and
cattle for fattening in farmyard or feed lot. It was added
to dairy herd information the registry of a fairly recent
important milking yard in the Department of Ayacucho
with 1,750 cows.
They were not considered buffaloes, deer or camels,
of very minor importance in livestock production in the
province. Also, poultry production was not counted
because since there is some information about the location of the settlements, we could not count with data on
the production indexes of the same.

Methodology
Following the definitions and the aforementioned methodology previously based on Hoekstra et to (2009) the
water footprint in animal production can be considered
as the sum of different components:
-The indirect water footprint for food.
-The direct water footprint linked to the water consumed as a beverage by livestock, and service waters
used in the production cycle (Chapagain and Hoekstra
2003-2004).
The water footprint of an animal can, therefore, be expressed by the equation proposed by Mekkonnen and
Hoekstra (2010a) as follows:

WF[a,c, s] = WFalim [a,c, s] + WFdrank [a,c, s] +
WFserv[a,c, s]
Where WFnou [n, d, s], WFdrank [n, d, s] and WFserv
[n, d, s] represent the water footprint of with regards to
diet, water for drinking and consumed service water7.

The water footprint of the animal, in its three components, can be expressed in terms of m3/year/head or
m3/year/ton. At the same time, rather than a calculation for the year, it can be the calculation at the end of
the life cycle of the animal. Calculations can even be
considered for animal product, as for example m3/kg of
meat, m3/per litre of milk or m3/egg. Being that in this
case there is better available information on the number
of heads than on the production rates, calculations will
be carried out according to the expression used in the
first place.

Number of heads
As a first step, the number of heads was determined.
So we started from the provincial livestock stock annually registered by SENASA. The weigh-ins in each
category were also taken in reference to official parameters, adjusting them to the mode values in the province
(Chart 5.1.b.1).

Volume and Composition of Feeding
The second step was the estimated calculation of the
feeding, volume and composition. The report by Hoekstra and Mekkonnen (2010a, 2010b), shows results of
livestock water footprint for various countries, which are
based on the approach used by Hendy (1995); in this,
total food for animal consumption is calculated on the
basis of the annual production of each animal and the
conversion efficiency for different foods, understanding
the efficiency of conversion as the amount of food consumed by amount of generated animal product.Then
from those quantities of food data (concentrates, pastures or different types of forages), footprint of each of
these values are obtained and incorporated into the first
term of the equation. Given that such work has a global
reach and its objective is to compare the results of water footprint for different countries, would be far from the
local problems to work with general conversion rates
and models of feeding that do not correspond with the
reality of the province of San Luis. This is why that, understanding that the results obtained in this study reflect
more faithfully the livestock situation with regard to water consumption, than to use data from other areas, we
took advantage to maximize the possibilities of obtaining sources of information at provincial or departmental

7- Service water refers to the water used for the cleaning of the establishment, of animals and other services necessary to maintain the required conditions of production system.
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Chart 5.1. b. 1 Cattle Stock in Cattle Heads and Live Weight by Category and Department
for each Type of Production. Province of San Luis San Luis.8

8 Own making based on relevant official information.
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level. Because of this it is that the results are difficult to
compare with the global data presented by the work of
Mekkonnen and Hoekstra (2010a, 2010b).
To establish the amount of food consumed, a scheme
of feeding livestock for each type of production was
developed in each Department. Thus, the studies of
Frasinelli (2003) and Veneciano (1998) were used as
guidelines, which establish four livestock regions with
possible fodder models used in each.
Region I, comprised of the departments of Chacabuco,
Pringles and Pedernera, is of highest productivity and
greater proportion of the provincial area. There, predominate the systems of breeding and wintering on the
basis of natural or improved grassland, weeping grass
pastures and winter grasses.
Region II, comprising Governor Dupuy and The Capital,
with less dedication to wintering than Region I, but still
with good indexes of productivity, the natural grassland
systems and those of natural grasslands with implanted
pastures of weeping grass and winter
grasses predominate.
Region III, comprised by Ayacucho,
Belgrano and Junín, and Region IV,
corresponding to the Department San
Martín, are those of lower productivity
and even if their systems are predominantly natural grasslands, there
is some implanted pasture as well as
winter grasses.
This zoning was useful to match the
vegetation map (Map 5.1.a.7), in such
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a way that it was possible to establish a proportion in
terms of surface area of each of the pastoral resources
(Caldenal, Monte, Monte Chaco or Pasture) within each
Department.
Chart 5.1.b.2 displays the proportion of surface of each
pastoral resource allocated to each Department. As it
can be seen, the correspondence of the proportion of
resources with the proposed regionalization is clear.
This proportion was applied to a livestock surface obtained from the National Agricultural Census of 2002.
The national system of diagnosis, planning, followup and prospecting forage in livestock systems by
AACREA (Argentine Association of Regional Consortiums for Agricultural Experimentation), the Faculty of
Agronomy of the UBA, INTA and the Ministry of Agriculture, Livestock and Fisheries of the Nation recently
made on behalf of the Institute of Promotion of Argentine Meat (IPCVA) were used to establish these forage
resources productivity figures. Of the different types of
Chart 5.1.b.2 Surface by Pasture Resource

estimates made by this work, the net primary productivity (NPP) was taken in Kg / has calculated on the basis
of 18 cuts of natural vegetation and 13 of implanted
pastures extrapolated to the corresponding units of
vegetation.
Having the data of forage supply for each type of
resource and in each Department, it is important to
clarify that in the calculation of the water footprint shall
not be considered the total footprint which drags the
natural grasslands or pastures, but only the corresponding to the proportion that is harvested by the
animal. Being the natural grasslands relatively altered
ecosystems it should be accounted only of the pressure that is exerted on the resource. To consider the
total evapotranspiration of grassland, on the other
hand, would reveal a green footprint of an ecosystem
Chart 5.1.b.3 Net Primary Productivity (NPP)

not only the amount of food consumed by the animals,
but the ratio consumed of the overall production.
In the case of the extensive cattle beef type, it was considered - besides the aforementioned distribution of the
pasture forage resources - the addition of the grazed
areas calculated in the section of intensive crops, such
as winter grasses, silage and alfalfa (being the latter very
significant in the blue footprint of irrigation consortia).
In the case of dairy cattle it was taken into account a
25% of the diet supplemented with grain of maize, with
the exception of the dairy farm in the Ayacucho Department, in which it was considered a diet with 85%
of corn. The rest was divided between pastures and
grasslands according to category.
For the feed lot cattle it was considered a general diet
(without distinction by category) of 50% of corn, 30% of
sorghum, 10% of sunflower and 10% of hay. For sheep
and goats, it was considered the distribution of the pasture resource offer already mentioned, while for equines,
its forage base was 100% of implanted pasture.
In all cases, it was considered that animals of each
Department feed on the forage resources of the department, without regard to interdepartmental inputs or outputs. At the same time, the estimate takes for granted
that the availability of the pasture resource presented
above is homogeneous in the Department. Although
different rates of productivity within each Department
could be considered, such a level of complexity in the
calculation would not be taken full advantage, since
there is not data on the distribution of livestock within
the Department. On the contrary, statistics provide the
number of heads in each Department, without further
breakdown.

that is partially modified. Therefore, what should be
considered in the calculation is the proportion consumed by the animal (ratio production of biomass/
grass consumed by the animal).
For the calculation of the proportion consumed by the
animal the nutritional requirements for each of the categories were established - always for the span of one
year - on the basis of the
tables published by the Committee on Animal Nutrition of the National Research Council (NRC). For some
cases it was taken into account changes and regional
adjustments made on the basis of the same tables and
on the productive realities of each Department of the
province of San Luis. Thus it was possible to estimate

After having obtained the volume and composition of
food for each livestock category, we proceeded, as for
the crops, to calculate the footprint of each of them. In
the case of grains, grasses, sorghum and maize silos,
and alfalfa, it was considered the calculation done in
the first stage (scenario 1). In the case of the pasture
forage resource from grasslands in the mentioned vegetation types (Calden forest, Forest, Chaqueño forest,
grassland) and pastures or improved grassland, it generated new files that were run in CropWat, as explained
in the previous section.
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5.2 Results of Phase II:
Quantification of the Provincial water footprint of the Agricultural Sector
For each of the sectors (agricultural extensive and intensive, and livestock), we calculated the Green, Blue and
Grey water footprints, following the standard methodology proposed by the WFN, made and specified for
each sector and agricultural processes referred to in the
province, as commented in the previous sections.
Basic results of two types were generated: water footprint per unit of product and total water footprint per
unit of time and region (Department and watershed).
The analysis of the results emerge from maps and
graphics of annual and monthly water footprint by
basin, by Department and by product, associated with
extensive and intensive crops, as well as the corresponding to the annual footprint of the livestock by type
of animal and per head of livestock. Also it is presented
the analysis of total water footprint, considering all sectors and the contribution of each.

on this scenario that it was consolidated and set the
model, based on those results, to define the second
scenario.
This second scenario differs from the previous one
because it distinguishes areas which are under low
irrigation. Also as far as irrigation concerns, it is programmed according to the different stages of the crop,
thus optimizing irrigation by reducing the consumption
of water (blue water footprint), without compromising its
performance.
Thus it is that comparing results, the total blue water
footprint for the extensive crops under the conditions
established in scenario 1 yielded a value of 1,187.62
million m3 and with scenario 2 it yielded 799.32 million
m3.

Scenario 1 vs. Scenario 2
As commented above, following the methodology
proposed by the WFN, in scenario 1 we calculated the
blue water footprint, called ‘theoretical’, which is related
to the province that is irrigated until the crop reaches
the water stress. This situation permitted to establish
a homogeneous basis for the whole province, and it is
Chart 5.2.1 Characterization of Results of the Quantification of Water Footprint
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5.2.a Field Crops
Total Provincial Water Footprint - Field Crops s
The total water footprint of the crops to the province of San Luis is:
- 1.493,96 million m3/year for the green WF
- 729,33 million m3/year for the blue WF
- 111,16 million m3/year for the grey WF
Below are plotted the values obtained from the annual
footprint - green, blue and grey for each extensive farming in the province. The bar chart 5.2.a.1 allows you to
see an orderly, major- minor, the water consumption of
each of the crops throughout the provincial territory. As
it can be seen, soybean, corn, sunflower and sorghum,
are the crops of higher consumption.
The incidence of each can be seen in the circular figures
(Chart 5.2.a.2), indicating what proportion represents
each crop in the total of each water footprint. It is
important to clarify that the fact that these are crops
with greater incidence in the provincial footprint, it is not
that they are less efficient in the use of water, but they
are the crops that occupy greater extension. To put into
consideration this last factor, Chart 5.2.a.3 presents the
values of water footprint per unit of product, i.e., the
values of water footprint for each crop in relation to the
performance of each one. If you observe the four crops
mentioned above as of the largest water consumption, you can see that sunflower and soybean have
water consumption per ton produced, much larger than
those of sorghum and corn. This is in accordance with
physiological properties that have these crops by their
condition of being C4 plants, more efficient in the use of
water than C3 plants.
Chart 5.2.a.3 also shows that in the province there is
planting of other crops, that although in smaller proportions than those listed above, are inefficient in relation
to water consumption/productivity. Such is the case
of the peanut, canola and some cereals of winter such
as rye, barley and wheat. While this may mark a path
when it comes to planning, orienting production towards more efficient crops from the point of view of the
use of water, this does not imply that it should be the
only criterion. This data should furthermore not be strict
when it comes to compare crops, since the indicator is
determined by the productivity of the crop and its water
consumption. In that sense, winter crops, for example,
will always have lower productivity than summer crops
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and in the months that occupies the crop it could not
be replaced by any other.
It should not be avoided to mention that in Chart 5.2.a.3
it is added another data related to the variability and distribution of crop performance. The standard deviation
for each crop can be seen on the bars. Just as in the
previous paragraph this variability is not given only by
the difference in water consumption but also in different
yields that has each crop in each area of the province.
A standard deviation that is as high as that shown in
the peanut is due more to differences in yields than to
differences in their behavior with respect to the blue and
green water footprints. Crops such as sunflower, on the
other hand, show a more uniform performance, so the
variability is determined by the differences in the footprints of each area.
It must be taken into account that part of the crops that
are listed here (specifically the winter grasses such as
oats, barley forage and rye, the sorghum and corn silos
and some grains used specially in fattening in corral,
dairy farm or in pig production), are also considered in
the section of the livestock activity, since in them it is
part of the water footprint of food consumed by livestock activity. That is why at the time of joining both
values they should be excluded in order to make a more
accurate calculation.

Chart 5.2.a.1 Territorial Field Crops
Territorial annual water footprint by
crop (million m3)
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Chart 5.2.a.2 Distribution by Field Crops
Distribution by crop- Green WF

Distribution by crop- Blue WF
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Chart 5.2.a.3 Field Crops yield
Water footprint by crop related to the yield (m3/ton)
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Water Footprint by Watersheds - Field Crops
The annual and monthly water footprints
of field crops by watershed are analyzed
as follows.
The analysis of water footprint by basin is substantial
to carry out an analysis of the sustainability of water
resources.
Below is the Chart 5.2.a.4 with the green, blue and
gray footprints per year for each basin, and three corresponding maps (Maps 5.2.a.5). You can see that Río
Quinto basin presents a major difference with respect to
the others, given that it is the one with biggest blue and

green water footprint. On the other hand, the basins
of the Salado and Vilance, hardly offer values because
they are not areas intended for agricultural production.
It can also be seen from the graph that the Bebedero
and the Río Conlara basins maintain their agricultural
production with the blue water footprint to a greater
extent than with the green one. In the case of Llanura
Sur, on the other hand, it only uses green water for lack
of irrigation areas.

Chart 5.2.a.4 Annual Water Footprint-Green, Blue and Grey- by watersheds (million m3)
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Map 5.2. a.5 Annual Water Footprints by Watershed - Field Crops
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Below are the graphs (Chart 5.2.a.6) which analysed
the monthly green and blue water footprints for each
of the seven basins and other two graphics presenting
the combination of all the results. The general trends

observed throughout the year for each watershed, are
the ones expected according to the water demand of
crops, with highest in the summer months and lowest in
the winter months.

Figura 5.2.a.6
Monthly Territorial Water Footprint
Bebedero Watershed
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Monthly Territorial Water Footprint
Vilance Watershed
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Monthly Territorial Water Footprint
Llanura Sur Watershed
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Monthly Blue WF by Watershed
(Million m3)
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Water footprint by Departments - Field Crops
In this section are analyzed the annual
and monthly Water Footprints of field
crops at the level of departments.
To consider the departmental water footprint is important since even if you don’t have a hydrologic criteria,
such as considering it by basin, it allows to interpret
the data to the administrative offices of the province,

which facilitates the implementation of other management tools. Below is the Chart 5.2.a.7 representing the
differentiated annual footprint by departments and 3
corresponding maps. (Map 5.2.a.8.)

Chart 5.2.a.7
Annual Green, Blue and Grey Water Footprints by Departments
(Million m3)

Green WF
Blue WF
Grey WF
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Map 5.2.a.8 Annual Water Footprint by Departments- Field Crops
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5.2.b Intensive Crops
The total water footprint of field crops for
the Province of San Luis is:
- 40,57 million m3 / year for the green WF
- 45,21 million m3 / year for the blue WF
- 0,84 million m3 / year for the gray WF
In Chart 5.2.b.1 are presented the values obtained
from annual - green, blue and gray - water footprint for
each intensive crop. There is evidence that alfalfa and
potatoes represent a footprint considerably greater than
the rest by the extension they occupy, that is why that in
Chart 5.2.b.2 (in proportions) it was decided to add one
with the rest of the crops to give visibility to the remaining set of crops.
It is evident that the proportion of water footprint representing the intensive cultivation is minimal with respect
to the total obtained for the field crops.. Anyway, it is
important to pay attention to the hydric behavior of
each of the crops represented in Chart 5.2.b.3 per unit

of performance. While the surface they occupy is minimal in the province, it should be taken into account that
it may be a growing sector.
Crops such as Olive trees or Blueberry which have been
increasing in recent years have water consumption per
unit of performance considerably higher than some
vegetables or other fruit trees. In the case of vegetables
their important levels of fertilization translate into a grey
footprint per unit of performance considerably higher
than the rest. As explained in the section on field crops
standard deviations are also presented to give a notion
of the variability of each crop.

Chart 5.2.b.1
Annual Territorial Water Footprint by crop
(million m3)
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Chart 5.2.b.2
Intensive Crops Distribution
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Intensive Crops Distribution
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Chart 5.2.b.3
Water Footprint by crop regarding performance (m3/ton)
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Map 5.2.b.4 Annual Water Footprint by Watershed-Intensive Crops
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Map 5.2.b.5 Annual Water Footprints by Departments- Intensive Crops
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5.2.c Livestock Sector
Provincial Total Water Footprint - Livestock Sector
Total Water Footprint of the livestock sector for the Province of San Luis is:
- 5.143,79 million m3/year for the green WF
- 303,42 million m3/year for the blue WF
Below are presented charts showing the green and blue
water footprint for the following groups: extensive beef
cattle, dairy cattle, feed lot cattle, pigs, goats, sheep
and horses.

Chart 5.2.c.1
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Below are some illustrative graphics throughout the
province by type of livestock production (Chart 5.2.c.1)

Chart 5.2.c.1
Annual Livestock Water Footprint (million m3/year)
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Four total annual livestock maps are presented below
(Map 5.2.c.2); Two by watersheds (Map 5.2.c.2) and
two by Departments (Map 5.2.c.3), corresponding to
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Map 5.2.c.3 Annual Water Footprint by Departments- Livestock Sector
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5.2.d Total water footprint by sectors
The water footprint for the three sectors of the calculated values, are presented in a consolidated way. As
it is said above, when it comes to add the footprints of
field and intensive crops, and of livestock, it should be
discounted the fraction corresponding to the livestock
feed that was already considered in the calculation of
agriculture. Of the corresponding amount of the three
sectors the following values are obtained:

Total provincial water footprint Agriculture and livestock sectors
The total water footprint for the province
of San Luis is:
- 6,097.27 million m3/year for the green
- 786.47 million m3/year for the blue
- 118.09 million m3/year for the grey
In Chart 5.2.d.1 is presented what proportion of blue
and green footprint corresponds to each sector.

Chart 5.2.d.1

Total Blue WF
Proportion by sectors

Livestock 38 %
Extensive 61 %

Intensive 1 %

Total Green WF
Proportion by sectors
Extensive 16 %
Livestock 84 %
Intensive 0 %
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Again, it must be taken into account that the livestock
sector is including part of the agricultural sector, because the water footprint of the fodder with which livestock
is fed is imputed in this sector. As noted, livestock
consumes more green water than agriculture, but less
blue water. This is logical, since livestock areas tend to
be the most marginalized by agriculture, because the
only water use can be made by the natural grasslands
or any improved pasture.
Below (Chart 5.2.d.2) are presented the annual green
and blue footprint for each watershed:

Chart 5.2.d.2
Annual green, blue and grey water footprint-San Luisby watershed (Million m3)

TOTAL GREEN FOOTPRINT
TOTAL BLUE FOOTPRINT
TOTAL GREY FOOTPRINT

Monthly green WF by watershed and type of activity
(Million m3)

INTENSIVE
EXTENSIVE
LIVESTOCK
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Monthly blue WF by watershed and type of activity
(Million m3)

INTENSIVE
EXTENSIVE
LIVESTOCK

Total Provincial Water Footprint
Above were the values of green, blue and grey water
footprint for the whole of the sectors analyzed in the
province of San Luis.
The blue water footprint that is reference above, refers
to the cropland irrigation water only. This analysis does
not include the evaporation of water from the dams and
artificial surface water reservoirs built to store water for
irrigation.
Water storage is a process that precedes the crop in
the field and they have their own water footprint. The
losses by evaporation at this stage of the process may
be important and therefore should be included when
you are interested in defining the territorial water footprint, as it is the case of the present study.
We proceed to analyze the evaporation of the water
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mirrors of dykes and reservoirs by basin, according to
Hardy and Garrido (2010) (Chart 5.2.d.1)
In the same chart is identified which basin corresponds
to each dam, to add these values to the blue water
footprint, getting for the province of San Luis a blue
water footprint of 817.29 million m3.

Chart 5.2. d. 1. Annual evaporation of water in dikes according
to Surface Water Mirror

Source: Own drawing up, based on Hardy and Garrido (2010)
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6. Phase III: Evaluation of the
Sustainability of the Water Footprint
On the basis of the results obtained in phase II (quantification), this section presents the study of water sustainability
at the level of hydrographic watersheds.
The analysis includes two aspects:
1. The calculation of the water stress obtained by comparing water availability by basin with the total blue water
footprint (water that is used for productive activities). The
following results are obtained: Total and by source of water
- surface and groundwater.
2. The calculation of the monthly sustainability of the basin
is recorded by analyzing the monthly variation of the monthly blue water footprint depending on availability, to identify
what are the most critical periods/months.

6.1 Water Availability
To obtain this index by basins, we proceed to assess the
availability of water by supply source.

6.1.a Groundwater
Generalities of groundwater
Groundwater is found in various reservoirs in much of
the territory of the province of San Luis. They are extremely variable in quantity and quality and are of great
importance due to the shortage of and seasonality of
surface water resources.
The recharge of the aquifers is produced by precipitation or by infiltration of both ephemeral and permanent
surface water courses.
Chart 6.1.a.1 Synthesis of Darcy Flow
and Storage Calculations for Each
Groundwater Basin - Province of San
Luis

Watershed

Map 6.1.a.1 shows the ground watersheds of the province of San Luis.

Availability of groundwater
To account for the availability of groundwater is considered both Darcy flow and storage.
Zavalía and Zavalia (2000) estimated for the province
of San Luis, the flow of Darcy9 and storage for each
groundwater basin. Darcy flow represents the renewable component of the groundwater flow that is retrieved
through the hydrological cycle under natural conditions.
If the volumes of extraction of groundwater exceed the
flow by Darcy calculated by year, groundwater storage
volumes begin to run out, giving start to the depletion of
the resource. On the other hand, the storage is the volume theoretically accessible through pores of the aquifer, the geometric area of the basin and the thickness of
the saturated sediments average. This is an additional
resource that could be used (in addition to the Darcy
flow) for a short time, during periods of drought that
correspond to critical periods.
Chart 6.1.a.1 shows values of the flow of Darcy and
storage by basin, corresponding to groundwater of
good quality (<3000 mg/l Total Dissolved Solids).

Darcy Flow (hm3/year)
(for water <3000mg/l)

Storage flow (hm3)
(for water <3000mg/l)

Source: Zavalía y Zavalía, 2000.

Total in the province
9- The Darcy flow is the flow of underground water that perpendicularly covers the subsurface section until it reaches the underground currents.
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Comparing both columns, it is concluded that the
volume of groundwater of good quality is 100 to 1,000
times greater than Darcy flow, which would be tempting
to exploit this resource. However, this groundwater use
is not sustainable in the long term (Zavalia and Zavalía,
2000).
Therefore, to assess the maximum availability of
groundwater in the province under sustainable conditions, the Darcy flow for each basin is considered in this
study.

Río Quinto basin
Bordered to the North with the basin of Valle del Conlara, to the Northwest with the Northern Plains, to the
West by the line of the high peaks of the Sierra de San
Luis, and to the South it intertwines with Llanura del Sur
*. Like most of the aquifers in the province, the recharge
of this basin is indirectly from certain sections of the
rivers that run through it (mainly Río Quinto River), from
underground flow of neighboring basins, from return
of water from areas under irrigation and from losses of
irrigation canals. The availability of groundwater is equivalent to 126 hm3/year according to estimates made by
Zuvilia and Zuvilia.
The discharge is produced by underground flow out of
the province by the Southeast end and through the Río
Quinto River discharge.
Note that in Río Quinto River drainage area, this acts as
effluent by evapotranspiration due to the fact that water
is shallow and artificially extracted by drilling.
While there isn’t accurate volumetric data, the use of
groundwater is multiple since they provide from it for
supply of drinking water and industrial, agricultural and
livestock use. In terms of quality, total solids values increase in direction of the flow from areas of recharge to
discharge zones, with the exception of an area located
to the South of the sierra de San Luis.
For livestock use, water is generally excellent, deteriorating to the South of the Sierras de San Luis and to the
North and East of Villa Mercedes.
The lower salinity areas are located to the South of the
Sierra of el Morro, to the West of the Sierra de Yulto and
South of Juan Llerena extending southwest close by the
river, and in a large part to the southwest of the basin.
(Zavalia and Zavalía, 2000).
* Source: www.mineria.gov.ar
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Conlara Valley basin
The Conlara basin covers a surface of 8,800 km2, in
Puntano territory it occupies only 5,800 Km², 66% of
the total area.
It is limited to the East by the Sierra de Los Comechingones, to the South by the Sierra of El Morro, to the
West by the Sierra de San Luis and to the North by the
Sierra de Pocho. (Bucich, et.to, 1981).
The recharge is conducted in an indirect way through
the beds of rivers, streams and flooded morphological
shallows. Direct recharge occurs to a lesser extent, only
on the occasion of the sporadic heavy rain on the area,
especially in the middle of the basin sector. In addition
to the left of the Conlara River occurs underground
contribution from the Sierra de San Luis through the
sub-riverbed of the River Las Cañas.
In this basin, the groundwater is exploited by means
of boreholes for irrigation, livestock and human supply.
The depth of the water level in the vicinity of streams
and lows is lower than in adjacent mountains and
streams. Later, the sierras Tilisarao and La Estanzuela
barriers is less than 5 m.*
Studies published in 1981 by researchers of the University of Buenos Aires reveal that in the Valle de Conlara, in the area identified as Santa Rosa - Concarán,
groundwater is found at low depth. Taking into account
that the flow should be kept based on River Concarán,
emphasis is placed on the consideration that the maximum flow rate of extraction must not exceed the 5.9
hm3 per year to a strip that extends up to 20 km from
the banks of the river mentioned. Furthermore Zavalia
and Zavalia, they point out that the available volume of
groundwater corresponding to this area is 328.50hm3/
year.
In terms of the quality of groundwater in the basin of the
Conlara, the same report indicates that the area adjacent to the Sierra de Comechingones is the one which
presents the best quality of irrigation water, worsening
to the West and Southwest, in the direction of the flow
of underground water. This is also the area with the
best quality water for human consumption, with few
exceptions, with some high concentrations of fluoride.
In terms of quality for livestock, the water varies, in general, from good to excellent.

Llanura Norte basin
Bounded by outcrops of rocks that make up the Sierra
de San Luis to the southern sector and the East, to the
West with the Basin of Pampa de Las Salinas and to
the North with the plains of southern La Rioja and West
of Córdoba, it presents groundwater flow from South to
North, with lateral inflow from West to East, found at a
depth ranging from 20m to the East center and 80m to
the West; estimated usable flow of 137.31 hm3/year.
Like the Conlara, Bebedero Este and Río Quinto basins,
Llanura Norter has large volumes of flow of groundwater as well as also considerable amounts of water from
recharge of the sierras.
In this basin, recharge of water is produced from the
infiltration of the runways of Talita, Quines, Luján and
San Francisco rivers, which are those that come from
the northern end of the Sierra de San Luis, from part of
the last overflow of the Conlara River and from the rain
that falls on the territory. Another important contribution
is given by direct underground dump from the Conlara
basin, while the discharge is made in groundwater
saline. Since there is a link with the Conlara River, overpumping can result in decrease of the flow of the same
as well as also affect the province of Cordoba.

Vilance Basin
With an approximate area of 8,197 km2 it can be subdivided in terms of groundwater, referencing the basement, depth, and the dividers of groundwater, in West
Vilance and East Vilance. A dense network of ephemeral channels emerges from the mountains, coming together in the Cañada de Vilance behaving as influential.
The underground flow is towards the South-North to
the Pampa de Las Salinas. Regarding high groundwater
availability we resort to the Basin of Vilance, having East
Vilance 109 hm3/year and West Vilance 14 hm3/year.

to the western slope of the Sierra de San Luis (recharge
area), and in the central part of the basin, from Villa
General Roca northward. To the Northeast, North and
West of this area, the quality for irrigation worsens.
Regarding the livestock use, in general the quality is
satisfactory.

Bebedero Basin
It presents curves which determine concentric flows
toward the bottom and the Salina del Bebedero. Higher
gradients are located in the outcrops to the Northwest
and East, North and West over the foothills of the Sierra
de San Luis, the threshold that defines the water division with Villance watershed.
To the center of the basin with North- South direction are seen soft gradients with flow to the Salina del
Bebedero.
On the slopes of the sierras the water supply has built
extensive alluvial deposits that cover the rocky outcrops
and those with decreasing particles. To the latter are
joined bodies of isolated dunes and fine terrain that cover the lowest part of the depression, which come from
the material in suspension in temporary ponds.
The basin is discharged naturally in the Salina beach
where there are so-called ‘volcanoes’ that are caused
by the pressure of upwelling of groundwater to the
surface.
The basin of the Bebedero has an underground water
availability of 171hm3/year, and its use is intended for
different uses.
In the basin, the area with the best quality water for irrigation and suitable for human consumption is located
to the northeast of the Salinas del Bebedero, stretching
in Southeast direction to the limit with the Llanura Sur
basin.There are also two small sectors, one North and
one to the Center-West of the basin, where the total
salinity is less than 2,000 mg/l. For livestock consumption, water is generally good with excellent fitness areas,
except in the sector located west of the Salinas del
Bebedero.

If these values are contrasted with the utilization of underground resources and the enormous investment in
works of water towards this sector of the province, it is
evident that there are other factors such as the depth of
the exploitation, or the quality of the soil that does not
allow that today these resources are exploited.

Desaguadero-Salado Basin

In the basin of Vilance, good aptitude for irrigation and
drinking water are located southeast of the basin, next

It is located in the extreme west of the province and
presents poor flow and poor quality of its waters, so
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studies that explore those aquifer layers have not been
deepened.
The accumulation of water in the basement is subject to
infiltration from the water in the Northern foothills area
and the Southern sand-hills; this comes from the summer rains and also of water input from the Desaguadero-Salado River. The natural discharge of the groundwater basin occurs in the lower part of the main runway.
Analyzing the availability of groundwater it is observed
that northward (Desaguadero Basin) there is not available water according to the Darcy flow and to the South
(Río Salado basin), the available water is 0.89 hm3 per
year.
In terms of the quality of the water in the sector corresponding to Desaguadero they are bad quality waters.
On the other hand, the water that is south of Collonia
Calzada corresponding to the Salado area are good,
and are associated to the presence of important sand
dunes that receive direct recharge from rain water.
Boron is usually found in high concentrations, and
together with salinity these parameters limit the use of
these waters for agricultural purposes. For livestock
consumption, with the exception of the northern part of
the basin where the water is unsuitable for this purpose,
it is of good aptitude, while the possibilities of use for
human consumption are scarce. (Zavalia and Zavalía,
2000)

Llanura Sur Basin
It is a wide strip of land where the river runoff is minimal;
small closed basins located on the side of the sand
dunes and main lacustrines are present.
The sedimentary filling, related to the quaternary, is
made up in the surface of mantles of alluvial land in
the foothill strip of the Northwest and Southeast, and
by extensive beds of sand and wind loess; the latter
cover materials of alluvial plains and ancient distal fans.
The picture is completed with fine grounds located in
the low inter-sand dunes. The thickness of the padding, defined by geo-electric made records and existing drillings, varies between 5 m and 250 m (Zavalia
and Zavalía, 2000). This facilitates the accumulation of
water from ephemeral water courses, and in particular
the direct infiltration through rain on sand dune bodies.
Regarding the levels in general, they ascend from West
to East; the highest are located to the Northwest with
values ranging from 70 m to the South and 140 m to
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the North.
In the Llanura Sur basin, vast areas are with groundwater of good quality where rain seeps quickly through the
dune sands and where the use of the land for pasture
and crops has increased the recharge from rain water
to the system of groundwater through the clearing of
native vegetation. The available groundwater in the
basin is scarce and is estimated at 6.9hm3/year. In
regards to the quality of groundwater in the central part
of the basin, salinity is low due to an important contribution of rain water which allows to keep the total salinity
below the 1,000 mg/l. Towards the East and primarily
to the South of this area (depending on the direction
of the groundwater flow) is detected a very marked
heterogeneity in the salinity of the water, highlighting a
small area (to the South of the basin) with water salinity
less than 1000 mg/l and associated with the presence
of significant sand dunes that receive a direct refill from
rain water.
To the West of the low salinity zone, and at the height of
the Sierra de Varela, a sector of high salinity of the water
is observed. The sectors where water can be exploited
for agricultural use are scarce. For livestock consumption in general water is excellent in most of this basin,
with the exception of Southeast and Northwest sectors. It is important to point out that although water is of
good quality for livestock consumption, levels of some
toxic substances (mainly fluoride, arsenic and boron)
reach values that may be harmful to livestock.

6.1.b Surface Water
Generalities of Surface Water 10
The characterization was carried out on the basis of the
report in the framework of the project of Argentine-Australian technical cooperation in the year 2000. Moreover,
the data analyzed in relation to the dykes, was contributed by San Luis Agua. Overall it is concluded that the
natural availability (by quantity) of surface water for the
province is extremely scarce, mostly ephemeral rivers
infiltrating/evaporating along the way. Below is an overview of each of the superficial basins.

Río Quinto Basin
It is located in the Middle - East of the province, to the
South-East of the Sierras de San Luis. Named after its
main course - Río Quinto- whose source is the confluence of the Río Grande (coming from the North) and
RíoTrapiche (from the West), which join shortly before
reaching La Florida, continues its course North-Southeast draining in the border region of Cordoba and La
Pampa. Among its main tributaries are the rivers Rosario and the Cañada Honda. The Río Quinto is one of the
main water courses existing in the province. The quality
of the water of this basin, according to the Ministry of
Mining of the Nation, has values below the Level Guides
of the Complementary Regulations for Human Drinking
and Irrigation. It is used for different applications (human
consumption, irrigation, industrial and livestock), generating that its water surplus is increasingly less; however,
in times of exceptional rainfall, it generates major flooding downstream. The water coming from the drainage
system is stored in dams and reservoirs. Below are the
most relevant:
La Florida Dam: It has a reservoir capacity of 105 hm3
and receives water from the Río Grande and Trapiche
rivers regulating their flows. It supplies, with a flow rate
of 0.8m³/sec., the city of San Luis through La Florida
- Cruz de Piedra aqueduct which carries the waters of
Río Quinto to the Cruz de Piedra reservoir. Another use
of surface water resources related to this reservoir is
the generating of electricity for the city of San Luis and
surrounding areas through a line of 40 km. with 33 Kw
voltage.
Saladillo Dyke: It is located south of La Florida dam,
on the banks of Río Quinto. Its waters are used for irrigation and human consumption of the homonymous

town, being stored and driven through channels and
pipes providing 100 l/s for drinking and irrigation. Recently opened, its reservoir capacity is 40.6 hm3.
Paso de Las Carretas Dam: Situated South of the
dike Saladillo dike; from this the Río Quinto enters a
plain. With a capacity of 75 hm3 reservoir dam Paso de
Las Carretas provides water to the basins of Bebedero,
Desaguadero, Salado, Río Quinto and Llanura Sur,
through the Acueducto del Oeste.
Esteban Agüero Dam: It holds a capacity of 18 hm3
that suplies the North-West region of the basin to which
it belongs and is currently intended for human, irrigation
and livestock use.
Azud Nivelador Trapiche: It is located on the homonymous river, tributary river of Río Quinto; this work
was carried out to provide irrigation and drinking water
to the population of the village with a capacity of 300 l/s
deviation.
In the basin, besides the dykes, are minor diversion
surface courses works as is the case of the Arroyo Las
Águilas or La Toma on the Rosario River. The work of
deviation of A° Las Aguilas is located over the course of
the Trapiche River. Its object was to increase contributions to Reservoir Potrero de Los Funes, which provides
the city of San Luis, together with the Cruz de Piedra.
With regard to La Toma, that uses the waters of the
Rosario River, ensuring water supply for drinking and
irrigation to the homonymous town. It has a capacity of
3,000 l/sec. Channels in the province are an important
resource in developing agriculture, as well as the Villa
Mercedes channels representing a transport capacity of
10,000 l/sec.

Conlara Basin
It is defined by the Sierras de Comechingones to the
East and the Sierras de San Luis to the West.
The basin receives the name of their main course, 84
river - Water Footprint - Study in San Luis Conlara, born
from the confluence of the rivers Luluara and Chutansa
and fed by rivers coming from the mountains of San
Luis, as well as also by underground waters coming
from the East side of the Valley of the Conlara.
From the town of Paso Grande, the river forms an arc

10- Compilation on the basis of Zavalia, Zavalia, 2000. Bucich, 1981.
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bordering the Sierras del Rosario, then crossing the Sierrita of San Felipe, where it twists its course northward.
From there it enters the plain passing through the towns
of Renca, Tilisarao, San Pablo, Concarán, Ojo del Rio,
Santa Rosa, Tilquicho and Las Lomitas, where it twists
its way West to infiltrate in the wetlands of Las Cañadas, South of Los Cajones, recharging the groundwater
system.
In this basin stands Dyke San Felipe, with a capacity of
81 million hm3, which allows regulation of spills in the
upper basin and favors the irrigation downstream. In
addition to the mentioned dyke, in the basin are seen
other minor dykes and drifters that facilitate the distribution of water in the basin; among them are the dykes
associated with the consortia Renca-Santa Rosa of the
canal system.
Dique Derivador de Renca: It is the origin of the
network of canals, which distributes the waters stored
in San Felipe, with capacity to flow towards the districts
between Tilisarao and Santa Rosa.
Santa Rosa Dam: It is used for irrigation with a capacity to divert up to 4,000 l/sec; this dam diverts waters
mainly coming from Arroyo Claro and other springs
below Concarán.
In this basin, as explained in articles published by the
Secretary of Mining of the Nation are fifteen free outlets
distributed throughout the river that individually have
little relevance, but altogether amounting to 215 l/s allowing watering an important area, almost exclusively
fed with underground water.
Balcarce Aqueduct: It represents an important source
in the agricultural activity in the basin. This work captures the water of the San Miguel River, approximately
23 l/s flow. Similarly the river Papagallos supplies to the
homonymous aqueduct which provides to the region an
approximate flow rate of 10 l/s

Llanura Norte Basin
It is located to the North of the Sierras de San Luis
and extends within the province of La Rioja (basins
map). Although this basin lacks a main surface course,
it presents three separate currents that flow from the
mountains of San Luis. Each of these currents - River
Quines, River San Francisco and River Luján - flow to
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the North over the plains and dissipate in the Quaternary sediments.
The Luján River is formed by the union of the San
Lorenzo and Las Palmitas rivers. It runs from South to
North and after passing to the rising population of Luján
fades into the Bañados de Quines.
During the summer, the river presents important flows
that are lost through infiltration and causes eveIn order
to optimize the utilization of the water of these rivers,
reservoirs Luján and La Huertita store water and provide
surface water for irrigation.
In order to optimize the utilization of the water of these
rivers, reservoirs Luján and La Huertita store water and
provide surface water for irrigation.
In this basin both types of water, ground and surface,
are used for irrigation in the corridor Quines - Candelaria.
La Huertita dam, which is located more than 15 km.
away from the productive area of Quines - Candelaria,
works as a reserve of water for the area. Its waters are
mainly for livestock and irrigation, with a surface irrigation that reaches 4,500 ha. At the same time it promotes tourism and recreation and has optimal conditions for fishing and water sports. On the Luján River
is Luján dike which, with a capacity of 4.92 million hm3,
provides water to Llanura Norte Basin and the basin of
the Vilance through the Luján aqueduct. While this dam
was built to provide water for the population at present,
it is also used for livestock and irrigation.
Besides the existing system of channels in the corridor
Quines - Candelaria, are others as Luján near the homonymous dam. The system of Alem- Las Talitas channels with a capacity of 500 l/sec. and San Francisco,
provide Las Palmeras Dyke, currently in filling process.

Vilance Basin
It is an internal drainage basin located in the Northwest
of the province, east of the Sierras de las Quijadas
and Guayaguas. It is limited to the East by the Sierras
de San Luis and the basin Llanura Norte; a network
of ephemeral currents flow northward towards the
Pampas de las Salinas, which is an area of groundwater discharge. Water courses include the Amieva and
Socoscora rivers.
The Amieva River starts its course west of Cerro La
Carolina, then, it turns northwest and continues East of
Villa General Roca.
The Socoscora River starts its course north of the

Pampa de Braine and after a flow from South to North it
turns westward to disappear near the village of Socoscora.
Villa General Roca reservoir is located on the Bajo
Retamo River, Southeast of the basin, and provides
water to it.
This basin has inlets from the Amieva and Socoscora
rivers; however it imports water from neighbouring dikes
such as Luján (Llanura Norte Basin) and Nogolí (Bebedero basin).

Desaguadero and Salado on the edge of Mendoza and
San Luis and Chadileuvu which ends on the left bank of
the Colorado River).
Irrigation in this area is extremely limited by the high salinity of groundwater and surface water. That is why that
fresh water, fit for agricultural production, is given by the
Nogolí aqueducts, toward the north, whose source of
supply belongs to the Bebedero and Del Oeste basins
toward the south, whose source of supply belongs to
the basin of Río Quinto.

Bebedero Basin

Llanura Sur Basin

It is Located in the Center - West of the province to the
southwest of the Sierras de San Luis; it has endorheic
characteristics, (Figure D), and it is the unloading area of
underground waters of the area of Salinas del Bebedero. A series of ephemeral streams, most notably the
Nogolí River, and the San Geronimo River, flow south to
Salinas del Bebedero. The dams Potrero de Los Funes
and Cruz de Piedra, located in the tributaries of the river
Chorrillo, are important sources of water for the city of
San Luis.
Nogolí Dyke is a deposit of springs on the river of the
same name. With a capacity of 21.97 million m3, the
dammed waters are conducted through the homonymous aqueduct towards the basin of origin and neighbouring Vilance and Desaguadero-Salado basin.
Potrero de los Funes dyke is located on the bed of the
river Las Chacras has a storage capacity of 6.8 million
m3 providing only the basin where it is located. Its purpose is the provision of irrigation, power generation and
provision of water for human use.
Cruz de Piedra reservoir has a capacity of 12.5 million
m3. It gathers the waters of the rivers Volcan and Los
Puquios, and El Gato stream, which converge in the
reservoir. It is also powered by the transferred contributions of the Quinto River through the aqueduct of La
Florida - Cruz de Piedra.

Located SE of the province, its drainage is mostly
absent, due to the low relief and highly permeable sediments of Quaternary. The key characteristics of surface
water in this basin are the lagoons, which are dispersed
to the NE of the basin. From both surface water and
groundwater, irrigation is limited. In this basin, water
is provided through the Aqueduct of the West in the
sector NE, importing water from the basin of the Río
Quinto.

Desaguadero - Salado Basin
Located all along the western border of the province,
is the only basin which forms part of a system whose
drainage is dumped into the sea. Its flow is fed by the
water spill from the Cordillera de Los Andes and foothills. The main collector has (along its path) denominations (Vinchina River in La Rioja; Bermejo in San Juan;
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Availability of Surface Water
Before beginning with the analysis of this section it is
important to clarify that unlike what happens with the
groundwater, as far as surface water is concerned,
when we speak of “availability”, it is considered only in
relation to the amount, not the quality.
In the province of San Luis, both scarcity and vulnerability of water resources are particularly remarkable. The
natural availability of water in the province is entirely dependent on rainfall. The isohyets map allows you to see
at the same time that the increased rainfall is located
in the Central sierras of San Luis and of the Comechingones. Rains in summer are torrential, which gives
no time at which aquifers recharge occurs affecting the
continuity and amount of the flows, which makes very
difficult the taking of water and its utilization in general.
Added to this, summer floods reach the foot of the
sierra where they originate and infiltrate, and in other
cases travel long distances to finally leave the province.
With all these features, the province is supplied exclusively with rain water, i.e., that the availability of water
regarding quantity is limited by rainfall.
As it arises in the Water Master Plan 2010-202511,
prepared by the same province, the challenge lies in
that the availability of water exceed, as far as possible,
the initial boundaries of the endowment. The answer
to this challenge is that the scarcity and vulnerability
of the vital resource can be transformed into a more
stable, safer, more predictable and more widespread
availability. This work must be done on the basis of the
existing resource, which is the rainfall that, as commented on, occurs during the summer in the form of
surplus through floodwaters. The availability of water
and therefore the potential for the development of the
province of San Luis can increase through uptake and
storage of that surplus and its subsequent distribution
and efficient use.

out the year. Therefore, given that water is stored, the
reservoirs are always full, i.e. they are considered as
constant supply sources, without contemplating the
natural variation of precipitation.
On the other hand, it should be noted that the ecologic
flow is not considered (80/20: 80 intended for maintenance of ecosystems and 20 available for all other
applications: irrigation, human and industrial production), proposed by the WFN because that relationship
is intended for non-regulated rivers, and if water is not
stored in San Luis, it would evaporate or appear without
recharging aquifers.
Having made the necessary clarifications, we discuss
the procedures that were performed to estimate the
amount of water available by watershed.
Available water by Aqueduct: To know the availability of surface water by basin was taken as a basis
the amount of water in each aqueduct. To do this were
conducted the following sequential steps:
1. Identification of the source of uptake (dam, reservoir
or river)
2. Estimate of the total surface area assigned to each
aqueduct12
3. Discrimination of the calculated surface in the basin
according to point 2 (when there is transfer of basins)
4. Calculation of the proportion of the surface by basin
(calculated in point 3), in relation to the total surface
area (obtained in point 2)
5. By establishing a coefficient which we call “coefficient
of decantation”
6. Application of the “coefficient of transfer” to the maximum flow rate of capacity of the aqueduct
7. Obtaining the amount of water in millions of m3 by
aqueduct (and per basin where appropriate -transfer-)
8. Getting water available by aqueduct (and per basin
where appropriate -transfer-) millions of m3, or hm3.

That is why San Luis has designed an infrastructure of
dams, reservoirs, aqueducts and canals that store and
transport water, producing in most cases, diversions of
basins that turns them into receivers or givers of water.
To assess water availability by watersheds in the province of San Luis, is taken as a premise that reservoirs
respond to a single possible regulation. This situation
makes possible that water supply is constant through11- Water Master Plan 2012 – 2025, San Luis Agua, Government of the Province of San Luis. Payne Editorial, San Luis, Argentina, October 2012.
12- For the estimate is considered those plots intercepted by the aqueducts, adding also a buffer zone of 100 m.
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Map 6.1.b.1 presents estimates of the plots with supply
of surface water by aqueducts. It is from this informa-

tion that is applicable to the estimation of the surface
supplied by aqueduct and basin (points 2 and 3).

Map 6.1.b.1. Estimate of plots supplied by aqueducts. Province of San Luis
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Available water per canals and aqueducts
To know the availability of surface water by basin and
channel flow, the same latter analysis is performed.
Chart 6.1.b.1 presents a summary by basin of the

values mentioned above up to point 4, including the
“coefficient of transfer” for each aqueduct/ channel.

Chart 6.1.b.1

Fuente: elaboración propia sobre la base de información disponible aportada por San Luis Agua
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6.2 Water Stress
On the basis of the results obtained in the previous
points are calculated as total water stress:
Total Water Stress (hm3/year) =TAWS/TWA
TBWF: total blue water footprint (hm3/year)
TWA: total water availability (hm3/year)
The TWA is the result of the sum of the availability of
surface water and groundwater. Similarly, the surface
and groundwater stress is estimated as follows:
Surface Water Stress (hm3/year) TAWS/ASW
Groundwater Stress (hm3/year) TAWS/AGW
ASW: Availability of surface water (hm3/year)
AGW: availability of groundwater (hm3/year)
In particular for the province of San Luis were obtained
the results shown in table 6.1.b.2.
Generally the analysis of total water stress in the basins
distinguishes three situations:
I.Llanura Sur and Desaguadero-Salado are the only
ones that surpass their water supply.
II. Río Quinto presents a high rate (74.82%), without
exceeding the 100%;
III. Bebedero, Llanura Norte, Conlara and Vilance, do
not exceed the water supply, showing an index of less
than 60%.
Next the analysis is deepened differentiating for every
basin the type of water used (ground or surface), in
order to evaluate the used supply source.

Chart 6. 2. 1 Total Water Stress by Basin- Province of San Luis
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Situation I
Cuenca Llanura Sur. Presenta un valor de stress hídrico que supera ampliamente el 100% tanto en su totalidad (327,1%) como por tipo de fuente. Se evidencia de
este modo que la demanda es mayor que la oferta y el
alto nivel de stress hídrico, viene dado principalmente
por la escasez de cursos superficiales y vinculado con
el agua subterránea, podría deberse a la alta tasa de
evaporación existente en esta cuenca.
Cuenca Desaguadero - Salado. La escasez de los
recursos hídricos subterráneos, en particular la correspondiente al sector norte, impacta directamente sobre
la demanda hídrica en esta región. La Figura 6.2.2 relaciona la huella hídrica azul mensual (obtenida en la Fase

Chart 6.2.2 Water stress. Desaguadero – Salado Basin
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II) con la disponibilidad hídrica de la cuenca. Se observa
que el agua proveniente de fuentes superficiales (externas principalmente), se ven superadas durante los meses de diciembre y enero, mientras que la disponibilidad
de agua total (7,75 hm3/año) (representada con la línea
color rojo), es superior a la huella hídrica azul a lo largo
de todos los meses del año debido a la disponibilidad
de agua subterránea. En este punto cabe aclarar que
si bien la cuenca Llanura Sur cuenta con alta cantidad
de agua subterránea, existen limitantes que no hacen
viable la producción agrícola en la zona.

Situation II
As we already discussed, the Río Quinto basin presents
a high index of hydric stress (74.82%), which, while not
exceeding the 100%, it evidences that it is at the limit of
the productive capacity; it is therefore not recommended the continuous extraction of water, under its current
conditions.
During the months of December to March it is evidenced a strong demand for the water resource, surpassing in that period of 4 months the average of total
annual available water. In turn, to separate the availability depending on the source, surface or groundwater, it
is evident that the amount of groundwater is less than
the surface water.

Chart 6.2.3 Water stress. Río Quinto Basin
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Situation III
In this group are included those basins with lower rate
of water stress. Conlara presents an index of 24.48%,
which suggests the possibility of an expansion of production, in terms of availability of water. While both, the
surface source as well as the the groundwater source,
offer this possibility, the latter reflects a better relative
contribution.
Similarly, the Llanura Norte basin shows an index of low
water stress, 27.1%, distributed evenly between surface
and groundwater sources, suggesting that both could
be used for the expansion of production of the basin.
The basin of Vilance boasts the lowest rate of hydric
stress, 7.9%, which suggests the best potential for
increased production. However, the index depends
heavily on the availability of groundwater.
The Bebedero basin has a value of total water stress
of less than 100%, which, though it well suggests
that there is still water for various activities, the availChart 6.2.4 Water stress. Bebedero Basin
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ability depends on the groundwater, given that if one
takes into account only the surface sources, the rate
is seven times above the sustainable (Chart 6.2.4 ).
In chart 6.2.4 it is noted that the blue water footprint
corresponding to the months of December, January
and February greatly exceeds the total water supply, a
situation that would imply that they are compromising
water reserves.
While analyzing separately the sources of surface and
groundwater provision, the corresponding to the latter
presents greater water stress during a large part of the
year, becoming essential the use of the groundwater in
those sectors of the basin where quality permits, i.e., to
the north-east of the Salinas del Bebedero towards the
south-east, up to the limit with the Llanura Sur basin, as
indicated by Zavalía and Zavalía, 2000.

From the analysis of the above situations it is concluded
that in the basin of Río Quinto, under the present conditions, it is not recommended any productive growth
while the Llanura Sur and Desaguadero-Salado basins
are exceeded in their production capacity. For both
situations, in the event of increased consumptive activities, they would be highly unsustainable. That is why it
is recommended to continue with the deepening of the
study of the impacts and the monitoring of its evolution.
In particular, it is proposed to take short-term actions
oriented especially to the areas identified as critical in
the province.
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7. Phase IV: Formulation of response

On the basis of the results of the project Calculation and
Evaluation of the Water Footprint in the province of San
Luis and the exchange with the participating entities,
the following recommendations are made to achieve
the sustainability of the water resource in the province.
However, the comprehensive proposals emerged from
the workshop’s final presentation of results.
• Improving the collection and homogeneous systematization and maintained throughout time, the data of
irrigation, canals and dikes.
• Gauging rivers, particularly those that feed the dams/
reservoirs.
• Systematize and streamline data associated with productive water consumption, which will allow the reduction the blue water footprint.
• Continue availability studies by quantity and quality of
groundwater to corroborate the results obtained in previous reports. It appears from these studies that certain
watersheds possess a significant amount of water that
could be used in case of not finding other constraints,
for productive activities.
• Integrate data arising from the network of monitoring
of telemetric stations through any computer system that
integrates an algorithm for integrated and sustainable
water management by watershed. In that sense you
could use optimization or simulation models: Optimization models serve to calculate the delivery of water
from the reservoirs and their level of water to meet the
demands. If simulation models are implemented, its
use would provide the levels desired in water reserves
and at the same time satisfy demands.
• Assess the possibility of moving towards a planning in
agricultural production oriented not only by the criteria
of monetary return, but of ‘water profitability’ criteria as
well, promoting better water performance crops, and at
the same time economical.
• Consider the results obtained as an actual scenario
within a tendency of medium and long term in which the
agricultural sector is growing.
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• Analyze and quantify the water footprint from other
sectors of the province (industrial, domestic, energy), to
have a comprehensive knowledge of the availability and
water demand as well.

8. Total Provincial Water Footprint Results

• Total Provincial Water Footprint - Field crops
-1,493.96 million m3/year for the green
- 729.33 million m3/year for the blue
- 111.16 million m3/year for the grey
• Total Provincial Water Footprint - Intensive Crops
- 40.57 million m3/year for the green
- 45.21 million m3/year for the blue
- 0.84 million m3/year for the grey
• Total Provincial Water Footprint – Livestock Sector
- 5,143.79 million m3/year for the green
- 303.42 million m3/year for the blue
• Total Provincial Water Footprint - Agriculture and Livestock Sectors
- 6,097.27 million m3/year for the green
- 786.47 million m3/year for the blue
- 118.09 million m3/year for the grey
• Total Blue Water Footprint of 817.29 million m3 (including the footprint of the dykes).

• Hydric Stress
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By way of conclusions we wonder what amount
and source of water is being used in the agricultural
activity in San Luis. In this sense, figure 8.1 reflects the
distribution of water use in our province.
In addition, the diagram shows that an 87.2% of
the resource is used for agricultural and livestock
production, supplied by 46% of surface water and 54%
of groundwater. With regard to human use we know
that of all the available water in San Luis, 12.8% is
intended for such purpose, supplied by 78% of surface
water and 22% of groundwater.
The agricultural sector in the province of San Luis needs
62% of the total available water (TAW), while livestock
needs 38% (Figure 8.2). The study of the assessment
and analysis of the water footprint has also provided
insights, as expressed in the figure, such as where
these percentages come from, in each case, of surface
or groundwater.
As regards the availability of the resource in the
province, the investigation and analysis of data has
made it possible to specify figures relating to the water
reserves. Specifically with regard to groundwater, we
have to use in the irrigation 0.15% of its total, which
means 894 hm3 annually, equivalent to nine La Florida
dams.

Figure 8.1 Use of water in the Province of San Luis

The use and availability of both, surface and
groundwater, result in the following figures: San Luis
uses 47.5% of the total water, keeping in storage
52.5% of the rest (Figure 8.3).
Essentially, this research has made possible to
differentiate the availability of groundwater by basins,
present in the provincial territory (Figure 8.5), yielding
a data of great value to the provincial water planning,
because we can access to information with respect to
the current registered levels, to be able to consider in
each case, the amount of inflow and outflow from each
of them.
Thus, Vilance, is the basin which presents the greatest
level of availability, more than 91%, followed by the
basin of Conlara with 60%, Llanura Norte with 45% and
the basin of Bebedero with 34%. These data are clearly
a true contribution to the strategy and water policy
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Figure 8.2 Use of water in the agricultural-livestock sectors

of San Luis, thus, knowing in each case the available
expediencies, to be able to set in motion all the actions
necessary to make an intelligent, rational and monitored
use of the resource, to secure the sustainability of water,
food and progress for all the inhabitants of San Luis.

Figure 8.3 Use and availability of surface water and groundwater

Figure 8.4 Availability of groundwater according to basin
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9 . Final Considerations about the Procedure and Methodology

One of the main achievements of the provincial water
footprint assessment was made by the interdisciplinary and inter-institutional process, with the participation
of technicians and officials of the province, who joined
their efforts and worked in the making and collective
development of this project to obtain a common result,
which allows you to have a multi-sectorial perspective
of the use of water (alteration of availability in terms of
quantity) in the province.
The project is presented as a tool to inform on the
process of decision-making for the integrated management of water, representing a breakthrough in terms of
the state of the art of the water footprint, both in the
operational development and the design and formulation of the water footprint reduction strategies.
Although there are several studies at the international
level on water footprint assessment, this study differs
from them because of the provincial territorial trimming,
which analysis is presented not only at the departmental
level but at the level of watersheds. The participation
of the sector of public management different from the
academic management sector is an essential part of
integrated water resources management and increases
chances of mobilization to a tangible change in the medium term in the province. The results and conclusions
of the study are aimed at becoming a tool that supports
other studies driven from managers of water resources
in the province.
The central question for the development of the project
and discussion sessions was to keep the focus on the
watershed as the basic unit of analysis of the water
footprint.
Methodological contributions on the application of the
water footprint, generated as a result of the project, are
as follows:

• Studied sectors
- Agricultural (16 extensive and 16 intensive farming)
- Livestock (cattle extensive and feed lot, goats, sheep,
swine and horses).
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• The base of information used - in addition to the surveys of San Luis Agua and the Ministry of the Field - has
also been the one published by government agencies,
universities and renowned research centers.
• Secondary information was subjected to a process of
prioritization and validation to be partially supplemented
by primary information collected.
• In all cases this information is presented in a compiled
manner, consolidating in an organized way different
records and data from different sources.
• The information collected did not refer to hydrological work units (most of the relieved, systematized and
published information referenced geopolitical units), so
it took the necessary assumptions, duly documented,
discussed and justified, to make the transfer of information to the hydrological units defined for this study, thus
achieving a specialization of information at the level of
watersheds. This step was extremely relevant for the
application of the methodology.
• Quantification of the footprint of the various systems
of production in the province requires an estimate of
the amount of water that crops evapotranspire under
scarce irrigation and low irrigation conditions. The
CropWat model is a tool that is used to perform this
estimate for water footprint studies. For it to work, basic
data of rainfall, other weather data for the calculation
of evapotranrspiration such as radiation, maximum and
minimum temperature, relative humidity and wind, and
hydric parameters of soils were needed, as well as various parameters of crops.
• Detailed local deepening of the methodological application of the indicator for the agricultural and livestock sectors. Files of evapotranspiration, precipitation,
extensive and intensive crops in accordance with local
realities, were developed without the use of the standardized by FAO.
• The information obtained from the CropWat model
and analysis of distribution of crops, not only serve to
assess the water footprint, but also for other projects

which the province undertakes.
• A map of provincial vegetation was generated as primary information, from supervised classification methods with areas of training, to determine thick classes
and subsequent interactions of non- supervised classifications, to discriminate between types of crop according to their phenology using the Normalized Green
Index (NDVI).
• Computerized data that is generated in the project
will also assess over time, management policies on the
basis of the results obtained.
• For the livestock analysis, there were not considered
the tabulated conversion rates, nor the feeding models
of global literature, but instead were developed local inputs to understand the farming activity, such as the Net
Primary Productivity (NPP), nutritional requirements, volume and composition of food, among other variables.
• The level of detail applied in phases ensures to cover
the agricultural and livestock activities in the province.
• At the time of the preparation of this report, two
workshops were conducted to discuss, explain and
socialize advances of the study in order to agree to
obtain real information about the use of the water, contemplating sources of surface water and groundwater,
as well as transfers between watersheds and irrigation
systems.

effective and innovative benefits that generate a positive change from the application of the methodology of
evaluation of water footprint at the level of river basins in
a province.
• The sophistication of models for the estimation of the
green and blue water footprints, the deepening in the
sectorial applicability and the estimation and analysis
of results of grey water footprint, are the basis for the
evaluation of territorial sustainability, issues that are
raised to continue the deepening of the study.
• The application of the water footprint methodological contributions, generated as a result of this study, is
expected to serve as addressing similar studies in other
Argentine provinces and in other countries, where the
purpose is to assess, in a particular locality, the water
footprint of a specific watershed.

Important remark: This work has five supplementary
annexes which provide valuable information on the following topics. Annex I: ‘Characterization of the Phenological
Behavior of the Kinds of Surfaces’; Annex II: ‘Extensive
Crops’; Annex III: ‘Intensive Crops’; Annex IV: ‘Livestock’,
and Annex V: ‘Provincial Water Footprint, Agricultural Sector’.

• During the development of the entire process, there
was a bonding atmosphere and fluent dialogue between all actors.
•The results of the study open a wide spectrum of
deepening, researching and disseminating, fortified with
a strong connection to international knowledge networks. One of the purposes of the associated research
refers to the implementation of specific actions based
on the analysis and interpretation of the study results,
generating a complementary analysis that includes
existing and planned initiatives. The ultimate purpose
of the advancement in research is to identify concrete,
13- Bajo un modelo de participación abierto entre los equipos técnicos profesionales del gobierno provincial.
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Glossary
AACREA: Asociación Argentina de Consorcios Regionales de Experimentación Agrícola
ABRS: Australian Bureau of Rural Sciences
FAO: Food Agricultural Organization
FuNaFu: Fundación Naturaleza para el Futuro
GIRH: Gestión Integral de los Recursos Hídricos
INTA: Instituto Nacional Tecnológico Agropecuario
IPCVA: Instituto de Promoción de la Carne Vacuna Argentina
MAGyP: Ministerio de Agricultura, Ganadería y Pesca
NDVI: Índice Verde Normalizado
NLEAP: Nitrate Leaching and Economic Analysis Package
NRC: National Research Council
RIAN: Red de Información Agropecuaria Nacional
SEGEMAR: Servicio Geológico Minero Argentino
SENASA: Servicio Nacional de Sanidad y Calidad Agroalimentaria
UBA: Universidad de Buenos Aires
USDA: United States Department of Agriculture
WFN: Water Footprint Network
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