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Abstract: The continuous increase in freshwater consumption threatens water availability worldwide,
especially in dry and arid regions. In this paper, we evaluate the sustainability of water use in Spain,
a Mediterranean country that suffers from a permanent imbalance between water availability and
water use. Our method, based on the input—output (IO) model, calculates the total water require-
ments of the Spanish production system. According to input—output assumptions, however, factors
(i.e., labor and capital) and resources (such as natural goods or human capital) are not fully employed
(not completely used), and therefore any expansion in demand is thought to always be automatically
covered by production activities. This assumption seems unrealistic in water-scarce regions since
it implies the following: (i) water resources are not quantitatively limited, and (ii) demand inflows
can be fully produced and completely covered by the corresponding water requirements (i.e., the IO
model assumes that water is always underused). To address this weakness in input—output water
applications, we present a method that combines input-output analysis and sustainability criteria by
incorporating physical environmental measurements that take into account thresholds in water usage.
In particular, the Water Exploitation Index (WEI) evaluates whether water availability is sufficient to
satisfy changes in demand in a sustainable or unsustainable way. Application of this index to Spanish
water usage shows that services and manufacturing are linked to an unsustainable use of water.

Keywords: environmental input—output analysis; water exploitation index; sustainable water use

1. Introduction

The importance of water for human consumption and economic activity is unques-
tionable [1]. A crucial tool for managing water resources and maintaining an adequate
level of water for society, especially in dry and arid countries and regions, is hydrographic
planning. In the last three or four decades, water has been treated as an essential resource
for guaranteeing economic development and maintaining living standards.

Water stress makes it necessary to consider water to be a scarce resource and to focus
more strongly on managing demand. Water resources management provides a broad
framework for governments to align water use patterns to the needs and demands of
its various users, including the environment. Indeed, permanent water shortages give
rise to water scarcity, which is driven primarily by the following two factors: (i) water
demand, which is largely affected by population trends and socioeconomic developments,
and (ii) climate conditions, which govern the availability of renewable freshwater resources
and the seasonality of water supply.

Water management has long been a contentious issue in Spain, because some regions
suffer severe droughts and because the Mediterranean climate renders water availability
strongly seasonal. This traditional debate has led to ongoing discussions regarding the
need for an inter-basin transfer policy between Spanish territories (see, for instance, [2] for
an overview of water problems in Spain). For one regional water analysis in Spain, [3] used
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a constrained maximization model to address water scarcity, whereas [4] assessed the
technical performance of water utilities from the perspective of sustainability. For the
Spanish region of Catalonia, [5] constructed a computable general equilibrium model and
analyzed the environmental and economic impact of alternative water-management policy
instruments from both the supply and demand perspectives. [6] analyzed the impact on
water availability in the Catalan economy of two of the main challenges faced by agriculture
in Europe, i.e., technological changes and the application of the cost-recovery principle to
water services. Their study, which was based on a computable general equilibrium model,
took into account the economic, social, and ecological consequences of water measures.
The results of the study suggested that greater economic efficiency was not necessarily
optimal if social or environmental criteria were considered. More recently, [7] proposed
a new method for decomposing temporal changes in water use intensity into various
explanatory factors and showed an empirical application of this method to water usage
in Catalonia.

Water resources in Spain have also been analyzed using input-output (I0) methods.
The input-output model is an analytical framework that was first proposed by Leontief [8].
Through a system of linear equations, it defines the sectoral relations of an economy by
capturing interdependence within the production system. Specifically, the application
of this model requires the use of an input-output table, a database for a geographic
region or country that reflects the activity of all industries. In this table, there is detailed
information of the consumption of goods made by all sectors from other sectors (inputs)
and the production of goods used by other sectors (outputs) or by final demand, i.e., private
consumption, public consumption, investment, and exports. For example, [9] used an input-
output model based on the hypothetical extraction method and analyzed the behavior of
Spanish productive sectors as direct and indirect water consumers. [10] presented an input-
output model of sectoral water consumption using the concept of water embodiment. [11]
constructed an input-output price model and showed that a tax on the water used by
sectors considerably reduced intermediate water consumption and increased production
and consumption prices. [12] disaggregated the agricultural sectors into irrigated and
unirrigated farming, which enabled them to take into account improvements in irrigation
efficiency and the various payment scenarios that affected direct users, exporters and
end-users. For the Catalan economy, [13] used the IO model and analyzed how the region’s
water distribution was affected by changes in both final demand and the technological
requirements of water by sectors of production. [14] used the input—output model and
quantified the contribution of final consumption in 1O structural path analysis and provided
an application to water usage in Catalonia.

Internationally, [15] dissected Australia’s annual water use by employing input-output
techniques and incorporating the embodied water concept and concluded that the urban
population was mainly responsible for the environmental damage caused by inappropriate
water use. [16] discussed the advantages of combining process-based water footprints
with information from input-output techniques and presented a comprehensive and
systematic outline of potential policy applications of environmental multi-region input—
output analysis. [17] investigated water relationships in Macedonia using input-output
linkage analysis (backward and forward linkages) and concluded that agriculture was
the major water-consuming sector. [18] evaluated the patterns of water consumption
in European Union countries using an accounting indicator of water intensity and an
application of a subsystem input-output model. More recently, [19] proposed a multi-
regional input-output model using the world input-output database (WIOD). The main
results were that most increases in water usage between 1995 and 2008 mainly affected the
water resources of developing countries but that an increasing share of the water used in
water-rich countries such as China, Brazil, Canada, India, and Indonesia was devoted to
sustaining consumption in developed countries. Moreover, increasing water consumption
rates seemed to be completely unsustainable in the medium-to-long term.
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According to the input-output theory, multipliers rely on unemployed resources that
enable output to always expand when exogenous demand also expands. However, this may
be an unrealistic assumption in the case of water analyses, especially when it comes to
water-scarce economies, since it implies an infinite amount of water is available to cover
the increases in production. For these situations, it appears necessary to relax the excess ca-
pacity inherent to the input-output model so that reasonable and realistic water constraints
can be considered. To the best of our knowledge, however, all IO water applications have
(inherently) assumed that water resources were not completely employed and that all
demand inflows could be automatically covered by using a larger amount of water. In this
article, we address this issue and aim to improve the assumption of water availability by
considering thresholds to water use that meet sustainability criteria (i.e., the thresholds
are defined to achieve sustainability). In particular, our method explores whether existing
natural stocks of water provide a flow that satisfies changes in demand in a sustainable
or unsustainable manner. To do so, we calculate the Water Exploitation Index (WEI),
which measures the country’s annual freshwater use as a percentage of its long-term an-
nual renewable freshwater resources. Applying the model to Spanish water uses, reveals its
usefulness for addressing sustainability issues and highlights the extent to which services
endanger water sustainability.

The rest of this paper is organized as follows: In the next section, we present the
methodological framework used in the analysis of water sustainability; in Section 3, we de-
scribe the databases used and the study area; in Section 4, we present the empirical results
on Spanish water uses’ and in the final section, we discuss the findings and draws sev-
eral conclusions.

2. Method
2.1. Input—Output Model of Water Usages

The use of renewable resources follows sustainability criteria if those resources are
used in a way that satisfies the requirements for withdrawals. This occurs when extractions
are less than or equal to natural replacement. Sustainable water use, therefore, does not
reduce the ability of the ecosystem to continue providing the processes, services, and goods
used by society [20].

Let r4; define the annual amount of renewable resource k used by industry or house-
hold 7 in a country or region. The units associated with ry; are in physical terms (in this case,
cubic hectometers of water per year). Column vector r; accounts for the annual renewable
resource used by each sector or agent i in biophysical terms:

ned = (11, k2, - o Thn), (1)

wherei=1,2,...,n;nis the number of users; and superscript ”T” is the transposition of
the original (column) vector, which is transformed into a row vector. The total amount of
resource k used annually, Ry, is the sum of the annual uses by industries and households,
that is:

Ry =%, 1y; Vk. (2)

According to the input-output theory, output multipliers rely on the existence of unem-
ployed resources that enable output expansions when demand changes. Therefore, if there is
an exogenous change in final demand, the model assumes that the resources required to
satisfy the increased final demand are always available.

When applied to environmental issues, the (inherent) input-output assumption of
full capacity implies there is a perfectly adaptable quantity of natural resources. In other
words, the IO framework assumes there is no restriction or limitation in the quantity of
environmental goods to be used and, accordingly, this model does not take into account
sustainability issues. To address this question, and considering the ecological preservation
of natural goods, the sustainable use rate can be derived from analytical biophysical
measurements of the renewable resources over time. If the use rate is less than (greater than)
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growth, the inventory will increase (decrease) and the renewable resource will be used
sustainably (unsustainably). Thus, at any given stock, a sustainable use rate is equal
to or lower than the growth rate. Resource scarcity can be defined with respect to the
requirement to maintain or increase the (given) level or stock of natural capital. A decrease
in this stock (i.e., the use rate is greater than the growth rate) violates sustainability and
implies that the renewable resource is becoming scarce in biophysical terms.

In what follows, the technical coefficients of resource extraction (cy;) define a rela-
tionship between the annual use in physical terms (ry;) of natural resource k and the ith
industry’s total output in monetary terms (x;):

Cki = 1ki/ xi; V k. @)
Using this definition, we can rewrite Equation (1) as:

T
7 = (Ck1X1, Ck2X2, « -+ - ChknXn), 4)

and Equation (2) as:
R = Zjckixi; V k. @)

The input-output model defines sectoral production by assuming a linear (and con-
stant) structure of intermediate transactions plus an exogenous sectoral final demand
(private and public consumption and exports). By assuming that the users of water corre-
spond to sectors of production, the gross output in sector n (X;;) can be written as:

Xp1+Xpo + oo + Xy + Y = X3, (6)

where x,,; are sector j's intermediate consumption of products from sector n, and Yy, is the
amount of final demand for n’s production (including private consumption, public con-
sumption, investment, and exports). By defining the input-output technical coefficients
(a;j) as the (constant) relationship between the (monetary) intermediate consumption (x;;)
and the total sectoral output (x;) (4;; = x;;/x;), Equation (6) transforms to:

Ap1X1 + Ao Xp + oo + Ay X + Yy = X5, (7)

Using matrix notation and discrete time differences, increases in sectoral production
can be obtained as [21]:
Ax=(—A)1Ay, 8)

where Ay is a column vector of dimension n x 1 (where n is now the number of productive
sectors) that contains the increases in final demand; Ax is a column vector of dimension
n x 1 made up of the increases in sectoral output; and (I — A)~! is the Leontief inverse
matrix, or the matrix of multipliers, in which each element /;; shows the change in the
output of sector i if sector j receives an additional and unitary demand inflow. In addition,
in Equation (8), A is the matrix of input-output technical coefficients (a;),
By inserting Equation (8) into Equation (5) and defining discrete time variations,
it follows that:
AR =X e Axj =] Ax=¢ T (I — A)~! Ay, ©9)

where ¢, = (ck1, k2, - -+ Chn)- Equation (9) defines the total change in the use of resource k
for any given exogenous change in final demand. Notice that the product ¢;” (I — A)~!
defines a row vector of the resource k extraction multipliers which, being measured in
physical terms, implies that the interpretation should be in physical terms rather than the
(usual) monetary terms.

2.2. Water Exploitation Index

The European Environmental Agency [22] used the Water Exploitation Index (WEI) as
an indicator to assess the degree of stress suffered in a river basin. This index is obtained
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as the average freshwater annual demand with respect to the long-term mean annual
freshwater resources.

The WEI illustrates the pressure on renewable freshwater resources in a region
(e.g., a country or a river basin) in a certain time period (e.g., a season or a year) due
to human water use. It provides a measure of total water usage as a percentage of the
renewable freshwater resources for a given territory and time scale. It quantifies how much
water is abstracted monthly, annually, or seasonally and how much water is returned to the
environment via basins. The difference between water abstraction and water return is re-
garded as water use. Units of measurement of WEI are given as percentages (i.e., water use
as a percentage of total renewable water resources). Specifically, the Water Exploitation
Index can be calculated from the Equation (10) [23]:

AB — RT
WEI = ~RFR (10)
where AB are water abstractions, i.e., the volume of water intake for a particular use
(i.e., agrarian, urban, or industrial), RT are the water returns (i.e., the volume of water that
returns to the environment after use), and RFR is the total renewable freshwater resource.
The novelty of this paper is to link the WEI index with the input-output methodology.
Thus, an alternative definition for Equation (10) can be given by:

AB—RT [ (I-A)7'y Yl cux an
RFR _ RFR _ RFR '

WEI =

In Equation (11), the difference between total abstractions (AB) and total returns
(RT) is equal to total water usage in a given time period (Ry = ol (I—A)1! Y =X Cyi Xi)-
Equation (11), therefore, integrates the IO model into a sustainability index that enables us
to calculate the amount of (physical) natural resources used in relation to total renewable
freshwater resource (RFR). Total water resources are determined by an economy’s hydro-
graphic characteristics. These resources positively depend on precipitation and external
water inflows and negatively depend on outflow to water downstream, flows to the sea,
and evapotranspiration. Finally, changes in storage (lakes and reservoirs) also (positively
or negatively) contribute to total freshwater resources.

Taking as a reference the actual values for the WEI index provided by [23], the input-
output model allows us to obtain new (simulated) values for that index that may come
from changing some of the model’s variables in Equation (11), such as a new final demand
(WETI*). The difference between both values for the Water Exploitation Index (i.e., WEI —
WEI*) provides a quantification of the different pressures on water resources from different
sectors of production and the different consequences on water sustainability.

To assess pressure on water resources, the international consensus is to use the Water
Exploitation Index to identify areas that have high abstraction levels on a seasonal scale in
relation to available resources, and therefore are prone to water stress and water scarcity.
Moreover, changes in WEI illustrate how changes in water usage affect the sustainability
of freshwater resources (i.e., by putting water under pressure or making water use more
sustainable).

As well as percentage changes in the WEI, several (absolute) limits for this indicator
can be defined to detect borderline situations and discriminate between sustainable and un-
sustainable water usage. [24] suggested that a WEI value of over 20% should indicate water
scarcity, while a value of over 40% should indicate severe water scarcity. These thresholds
are commonly used in scientific studies (see, for instance, [25]) and have been adopted by
the European Environment Agency [26]. The empirical application in this paper uses a
WEI threshold of 20% to distinguish between stressed and unstressed areas.

3. Study Area and Data Sources

Our empirical application evaluates the sustainability of water uses in Spain (see Fig-
ure 1). This country has a typical Mediterranean climate characterized by water deficit
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during the hottest times of the year. In Spain, rain is seasonally distributed and precip-
itations in summer are few. In fact, in recent decades, water unavailability has led to
emergencies in some Spanish regions, especially in the coastal areas where tourist activity
is significant mainly during the driest months of the year. This problem of water scarcity is
also acute in certain large cities and metropolitan areas with large populations and impor-
tant economic activity during the annual periods of drought (e.g., Madrid and Barcelona).
Table 1 shows some data for Spain in the three years analyzed.

Figure 1. Map of Spain. (Available at: http:/ /cmap.unavarra.es/rid=1QTS39HDW-1DQWXSC-ING/
Espa~na%?20en%20Europa.gif).

Table 1. Data for Spain.

2005 2010 2015
Population (inhabitants) 43,296,335 46,486,621 46,449,565
Area (Km?) 505,990 505,990 505,990
GDP: total (million euros) 927,357 1,072,709 1,077,590
GDP: per capita (euros/inhabitant) 21,418.8 23,075.6 23,199.1

Source: Spanish Statistics Office (INE).

Our empirical analysis uses an input-output table for the Spanish economy that
covers a full decade (2005-2015) as well as three individual years (2005, 2010, and 2015).
This database, which is available from the Spanish National Statistics Office [27] originally
contains the symmetric input-output tables for the Spanish economy valuated at basic
prices. The empirical application also uses physical water usage by sector of production
(r;), which is obtained from Eurostat [28] and contains water use by production sector in
million cubic meters. Since water statistics are limited to showing six sectors of production,
the IO tables are aggregated to match this sectoral detail.

Figure 2 illustrates the flowchart of the method used. The Spanish input-output
table and sectoral water statistics are the basis of the input-output model for water issues.
After applying an increase (10%) in water demand by all sectors of production, the model
provides new values for water usages and, additionally, the Water Exploitation Index
is calculated.
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INCREASE FINAL DEMAND
(10%)

INPUT-OUTPUT
TABLE __ ] TOTAL WATER USES

INPUT-OUTPUT
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WATER
WATER STATISTICS EXPLOITATION

INDEX (WEI)

Figure 2. Flowchart of the method used.

According to the European definitions, the water database shows public water supply
corresponding to the “water supplied by economic units engaged in collection, purification
and distribution of water (including desalination of sea water to produce water as the
principal product of interest and excluding treatment of wastewater solely in order to
prevent pollution)” [29]. Total water used comes from water abstracted directly from the
environment for own use (self-supply) and water received by distributors (e.g., public water
supply and irrigation systems) through systems of pipes (water mains), but other means of
transportation are also possible (such as artificial open canals and trucks). Wastewater for
further use received from another economic units also are included.

Eurostat water use statistics only include “public water supply” and “self and other
water supply”, but do not include “other supply, i.e., all system operation for agricultural
irrigation which are not individual irrigation systems”. Although the unavailability of
this data is a limitation of the model, (according to the Spanish statistics office (INE),
irrigated agriculture in Spain consumed 14,944.7 hm? of water in 2015 (https:/ /www.ine.
es/prodyser/espa_cifras/2019/8/). Despite being the most important water destination,
the present study does not consider this item to match the European database. The results
must therefore be interpreted taking into account the absence of agricultural irrigation
water in the analysis.) the analysis of water used by the rest of the economic sectors allows
us to detect some sectoral outcomes, such as the importance of services and manufacturing.
Despite these limitations, the value of the present model is the combination of input-output
analysis and sustainability criteria, by incorporating physical environmental measurements
(the Water Exploitation Index) that take into account thresholds in water usage.

4. Results
4.1. Sectoral Water Use in the Spanish Production System

Table 2 shows the (physical) water coefficients (c;) for the three years and six sectors of
production analyzed. Notice that since output is expressed in monetary units (millions €)
and water uses are expressed in physical uses (cubic hectometers), the resulting water
coefficients are cubic hectometers per million €. The total values show that services and
manufacturing are the highest water consumers in physical terms, while the technical
coefficients show that agriculture and electricity have the highest values. Annual compar-
isons show that agriculture, mining, manufacturing, and electricity clearly reduced their
water uses in relation to total output between 2005 and 2015. This could indicate greater
efficiency in water usage and water management in those sectors and a reduction in water
requirements in relation to sectoral production. Construction and services show a mixed
trend as their water usage coefficient was lower in 2010 than in 2005 but increased again
in 2015.
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The water coefficients measure sectoral water intensity, which can be viewed an
indicator of resource usage efficiency. Note that for sectors of production, the water
coefficients comprise not only economic behaviors related to services provided by water
(e.g., cleaning and sanitizing), but also technical issues related to production requirements
(e.g., water requirements as inputs or raw materials to be transformed) and ecological
behaviors (e.g., desalination processes or strategies for recycling grey waters).

Table 2. Technical coefficients of water usage. Spain (2005, 2010 and 2015).

2005 2010 2015

Water Use ~ Output Coeff. Wateruse Output Coeff. Water Use Output Coeff.

(r;) (0.:€)) (c;) (ry) (0.4 (i) (ry) (0:6)) (c;)
Agriculture 49.40 48,799 0.00101 54.10 51,688 0.00105 23.08 60,563 0.00038
Mining 15.80 72,193 0.00022 4.30 85,707  0.00005 2.70 77,606 0.00003
Manufacturing 485.40 634,164  0.00077 360.10 618,895  0.00058 360.89 692,173 0.00052
Construction 48.30 273,682  0.00018 8.50 216,290  0.00004 14.02 145,857 0.00010
Electricity 57.18 39,936 0.00143 28.50 79,913 0.00036 28.70 80,776 0.00036
Services 641.80 974,667  0.00066 555.60 1,267,198  0.00044 792.52 1,284,391 0.00062

Total Output in millions €. Water use in hm3.

4.2. Water Use Sustainability

The water coefficients illustrate a wide range of economic, technological, and eco-
logical phenomena at the sectoral level. However, water resource analysis should define
threshold levels for distinguishing between situations that are sustainable or unsustainable
in relation to water usage. The Water Exploitation Index indicates the degree of sustain-
ability with regard to water use, since it shows the pressure exerted by water withdrawal
on water resources. This index is in fact a relative measure of water usage, since it relates
water consumption by agents and individuals to total water availability. This information
is useful for management issues as well as for efficiency policies aimed at preserving
hydrological resources.

Tables 3-5 show the water used by the Spanish production system when sectoral
final demand increases. Specifically, the input-output model quantifies by how much
the amount of water used increases when the final demand in each sector is iteratively
increased by 10%. In practical terms, individual (sector by sector) simulations are applied
to the IO model to obtain the new amount of water required.

Table 3. Water usage (hm®) after a 10% increase in sectoral final demand (2005).

10% Increase in Final Demand

Water N
Use Agricult Mining Mar}ufact CoPstruct Electricity Services
ure urlng ion
Agjfe‘ﬂt 49.40 51.36 49.40 51.31 49.73 49.40 50.13
Mining 15.80 15.82 16.33 16.14 15.93 15.88 16.28
Manufact 00 4 485.85 485.47 519.31 491.08 485.48 493.75
uring
Cori‘s;md 48.30 4831 48.30 48.39 52.47 48.30 48.86
Electricity ~ 57.18 57.24 57.22 58.65 57.59 58.64 59.48

Services 641.80 642.02 641.92 647.33 644.69 641.95 697.06
TOTAL 1297.88 1300.60 1298.65 1341.14 1311.49 1299.66 1365.56
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Table 4. Water usage (hm?) after a 10% increase in sectoral final demand (2010).

10% Increase in Final Demand

Water N
Use Agricult Mining Man.ufact COI}Stht Electricity Services
ure urlng ion
Aglficeult 54.10 56.38 54.11 56.24 54.31 54.11 54.86
Mining 4.30 4.30 4.49 4.39 433 433 4.39
Manufact 5, 1) 360.50 360.20 386.86 362.52 360.24 366.29
uring
Construct
o 8.50 8.50 8.50 8.52 9.24 8.50 8.59
Electricity 2850 28.52 28.52 29.18 28.74 29.38 29.50

Services 555.60 555.80 555.72 559.81 558.14 555.83 603.86
TOTAL 1011.10 1014.01 1011.54 1045.00 1017.28 1012.39 1067.49

Table 5. Water usage (hm3) after a 10% increase in sectoral final demand (2015).

10% Increase in Final Demand

Water

Use Agricult Mining MaI}ufact Copstruct Electricity Services
ure urlng ion
Aglﬁ‘;‘ﬂt 23.09 24.16 23.09 24.02 23.16 23.09 23.32
Mining 2.70 2.70 2.84 2.75 271 2.72 2.75
Manufact 5, o9 361.28 360.96 389.03 362.83 361.02 366.31
uring
Cori‘;md 14.02 14.02 14.02 14.06 15.21 14.02 14.18
Electricity ~ 28.70 28.73 28.73 29.43 28.91 29.69 29.60

Services 792.52 792.95 792.73 799.32 795.20 792.92 861.25
TOTAL 1221.92 1223.83 1222.37 1258.61 1228.02 1223.47 1297.40

The left-hand columns in Tables 3-5 show the total water usage (i.e., real data) for the
Spanish production system. The relative importance of water use shows that services and
manufacturing had the strongest influence, jointly representing 87% (2005), 90% (2010),
and 94% (2015) of total water consumption. The other columns in Tables 3-5 show the
results of applying individual simulations (one-by-one) of increases in sectoral demand.
For example, the first value in the agriculture column in Table 3 shows that a 10% increase
in final demand by agriculture would imply a consumption of 51.36 cubic hectometers of
water by that activity, while the same increase in final demand by mining would imply a
consumption of 15.82 cubic hectometers. The remaining values would be interpreted in the
same way.

In the three years analysed, the most influential sectors (i.e., those that cause the
greatest increase in total water consumption) after receiving demand inflows were services,
manufacturing, and construction (in that order). Interestingly, however, in those three
years, the simulated values for total water usage were similar, which suggested parallel
impacts on total water pressure after the increase in demand in all sectors of production.

For further insight into the underlying mechanisms governing water consumption
in Spain, Table 6 shows the Water Exploitation Index corresponding to increased sectoral
demand. The amount of renewable freshwater resources (RFR) required to calculate the
WEI was obtained from [29]. The information provided by the Water Exploitation Index
illustrates how water sustainability is affected by the demand inflows received by sectors.
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Since WEI is calculated for a country’s total water consumption, it considers water usage
by the production system as well as by households.

Table 6. Total water usage (hm?3) and the Water Exploitation Index (WEI).

10% Increase in Final Demand

2005 Agriculture Mining Manufacturing Construction Electricity Services
All activities 1300.60 1298.65 1341.14 1311.49 1299.66  1365.56
Households 2673 2673 2673 2673 2673 2673
WEI 34.20% 34.20% 34.20% 34.20% 3420%  34.20%
New WEI (WEI*) 34.22% 34.21% 34.57% 34.32% 34.22%  34.78%
WEI — WET* 0.02% 0.01% 0.37% 0.12% 0.02% 0.58%
2010 Agriculture Mining Manufacturing Construction Electricity Services
All activities 1014.01 1011.54 1045 1017.28 1012.39  1067.49
Households 2740 2740 2740 2740 2740 2740
WEI 31.80% 31.80% 31.80% 31.80% 31.80%  31.80%
New WEI (WEI*) 31.82% 31.80% 32.09% 31.85% 31.81%  32.28%
WEI-WEI* 0.02% 0.00% 0.29% 0.05% 0.01% 0.48%
2015 Agriculture Mining Manufacturing Construction Electricity Services
All activities 1223.83 1222.37 1258.61 1228.02 1223.47 1297.4
Households 2454.31 2454.31 2454.31 2454.31 245431  2454.31
WEI 28.40% 28.40% 28.40% 28.40% 28.40%  28.40%
New WEI (WEI*) 28.41% 28.40% 28.68% 28.45% 2841%  28.98%
WEI — WET* 0.01% 0.00% 0.28% 0.05% 0.01% 0.58%

Table 6 shows that the water consumption of final users is more than double that of
the production system and that this result is reproduced in every year analyzed. Since we
are focusing on the production system, the simulation analysis in Table 6 assumes that
the contribution to WEI made by household water usage is fixed, and therefore the total
changes are assumed to be exclusively caused by sectoral demand inflows.

The first interesting value in Table 6 is total WEI, which was 34.20% in 2005, 31.80%
in 2010, and 28.40% in 2015. These values are clearly above 20%, which is the threshold
chosen to define sustainability in water use, and therefore demonstrate that Spanish water
consumption is (unquestionably) in a pressure situation. The decreasing values in these
years may indicate an improvement in water sustainability over the period analyzed.
However, despite this positive trend, we cannot say that the pattern of Spanish water usage
is sustainable. It is, therefore, crucial to develop a new water policy aimed at preserving
water for firms and individuals.

Table 6 also shows that a 10% increase in final demand for services would lead to
increases in WEI of 0.58%, 0.48%, and 0.58% in 2005, 2010, and 2015, respectively, while a
10% increase in final demand for manufacturing would lead to increases of 0.37%, 0.29%,
and 0.28%, respectively. However, an increase in final demand for the other sectors would
not significantly affect the Water Sustainability Index.

These results suggest, on the one hand, that the economic sectors with the greatest
possibilities for generating unsustainable water consumption in Spain are services and man-
ufacturing. On the other hand, water consumption by agriculture, mining, construction,
and electricity would lead to fewer increases in the sustainability indicator. If we compare
Tables 2 and 6, we can see how important it is to move forward the input-output relations
and take into account the preservation of natural resources. In the Spanish production
system, the most important consumers of water in relation to its output (i.e., the sectors
with the highest water coefficients) do not coincide with those activities that have the
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greatest effect on water sustainability. More specifically, although agriculture and electric-
ity showed the greatest water intensity, the main pressure on hydrological resources was
produced by services, which is the sector that most endangers water sustainability.

The similarity between the results in 2005, 2010, and 2015 reinforces the reliability
of the outcomes, since it suggests that the WEI analysis is robust for the temporal period
considered. Additionally, the sectoral asymmetric impacts on the Water Exploitation Index
indicate that industrial and sectoral planning in Spain cannot be separated from water
management issues. As the various sectors exert different levels of pressure on water
resources and have different consequences for water sustainability, the production system
and the sectoral specialization cannot be disregarded by the Spanish water policy.

5. Discussion

This paper uses the input—-output (physical) model of water usage to analyze sectoral
water usage in the Spanish production system. As is well known, the IO model assumes
full capacity, which when applied to water issues, means that water is elastically supplied.
To address this drawback and promote realism in relation to water constraints, we inte-
grate 10 outcomes with measures showing the degree of sustainability in water usage or,
more precisely, the level from which water is unsustainably consumed. This method deter-
mines whether the current level of extraction is sustainable. By assuming that resource us-
age is proportional to production, our analysis completes the input-output environmental
framework with ecological issues focused on sustainability criteria. Specifically, we show
that an economy can be studied in terms of how far final demand can increase without
threatening the level of natural resources.

The application to Spanish water usage shows that inflows to industries, modeled via
a 10% increase in final demand for each sector, can lead to unsustainable water usage. An in-
teresting outcome, in this paper, is the significant role of services and its potential to worsen
both water availability and water preservation. Apart from the (well-known) significance of
agriculture and electricity in water usage, our findings should be further investigated by tak-
ing into account the relative increase in the importance of services in developed economies
and how this trend could threaten water sustainability. Additionally, the results reported
in this paper could facilitate the accurate allocation of environmental responsibilities in
relation to water resources, since the sectoral water pressure is individually identified.

Future research beyond the scope of this paper should extend this model to include
how water supply would certainly be affected by climate change. In a Mediterranean
country such as Spain, any potential changes in demand would also need to be considered
together with potential changes in water supply and efficiency mechanisms of consumption,
especially to ensure that enough water is available for society. All these aspects of water
issues will also warrant new research in the foreseeable future. Finally, new, detailed,
and updated databases are indispensable for conducting water analyses from which to
obtain accurate data on water sustainability.
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