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and management of basin surface resources. The tariff is charged to irrigators, municipal-
ities, industries and energy users in the basin.

» Utilities become responsible once the water enters municipal networks. They recover the
cost of treatment and, distribution (ISIC 36) or collection and sewerage (ISIC 37) through
the ‘urban water charge’.

*  WUAs can manage water supplied by the RBA (regulated surface water) or they may
abstract and distribute groundwater, in both cases, they should fully recover the internal
cost of distribution. WUAs are self-financed by irrigators in a cooperative way and
consequently cannot generate deficits in the service of distribution. The instrument to
recover the cost of this service is called ‘derrama’.

* Additionally, the cost of self-provision by either farmers or industries is recovered in full.

Regarding water sanitation, besides certain large industries that ‘self-provide’ sanitation,
most frequently, these services are provided by ISIC 37 industries and government, which use
the following instruments for cost recovery:

* Regional Government’s ‘water infrastructure levy’, in use since 2011, is an environmental
tax designed to protect water resources, with the objective to guarantee supply and quality.
The charge is calculated as a function of the water used by domestic and industrial users
and is designed as an increasing block tariff. The income from the tax mainly finances
sewerage and sanitation plants.

* Industry ISIC 37 (Water sanitation) companies use the ‘waste water levy’ to cover
operation and maintenance costs of waste water treatment plants and — in full or in part
— the depreciation of infrastructure as we will see in the Results Section. Private agents and
industries are charged according quantity and quality of discharges.

* Internalised in the waste water levy is the ‘waste water control levy’, which the RBA uses
to cover the costs made for pollution monitoring in water bodies.

6 Method of Cost Recovery Estimation

Based on the standard SEEA-Water tables, cost recovery ratios are computed by dividing the
income generated from water services (as taxes, prices or any other financial instruments) by
the cost of their provision. Figure 2 tries to illustrate the method where each critical value is
obtained directly from the different SEEA Tables. Our objective is the reliability, repeatability
and reproducibility of cost recovery estimations and we believe that this has been achieved,
this section describe the process.

The cost of water service provision is defined as the Annual Equivalent Cost (AEC),
consisting of two elements: a) the annual operation and maintenance expenses and b) the
annual depreciation and interest related to the infrastructure capital stocks. The definition of
AEC can be found in (Berbel et al. 2011a); we use a 4 % interest rate to discount capital stocks.

For the public sector the accumulated water service capital infrastructure is equal to the sum
of annual (public) investment. We have defined a time frame of 50 years for civil works (dams
and auxiliary infrastructure) and 25 years for waste water treatment facilities.

We have adapted the results of the SEEA cost recovery estimation to the new standard EU
reporting procedures mentioned in Section 2. This procedure includes a standard table, which
we completed for the Guadalquivir Basin (Table 3). All Member States are obliged to use this
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Fig. 2 Methodology for estimation of Cost Recovery Index. Source: Own elaboration

it

table to report cost recovery results. It requires a detailed estimate of the costs and income for
all agents that play a role in water supply and treatment, whether they are public, collective or
private. As can be seen, cost recovery estimation is divided between ‘Abstraction, storage, and
distribution of water’ and ‘Collection and treatment of used water’, and each of these is further
subdivided into the sectors Urban, Agriculture/livestock and Industry/energy. We define
‘upper’ as the services given by the RBA and ‘lower’ the services given by rest of agents.

Table 3 includes an estimate of the total water volume provided and consumed, (SEEA-
Table Al.1) that is consistent with standard WFD reporting. However, unlike other cost
recovery estimation applications,' we do not use these volumes for the estimation of costs
or income.

Income generated by the water services is collected in the column ‘Tariffs, prices and self
supply costs’, which we completed using information from ‘Table A1.8 Financing account
tables’ in the SEEA-Water framework.

7 Results: Cost Recovery Ratios in the Guadalquivir River Basin

The ratios from Table 3 have been brought together in Table 4, to which we added combined
ratios for the different sectors and services and a ratio for overall water services. It can be seen
that some services reach full (100 %) financial cost recovery: urban groundwater abstraction;
self-supply by agriculture and industry; reuse of treated waste water in agriculture/livestock;
and the self-managed waste water treatment by industries not connected to public networks.
The remaining services or sectors do not reach full cost recovery, which we explain below.

*  Opverall, upper level surface water services have a cost recovery of around 66 % (2012
data), that implies an implicit subsidy from the RBA for the abstraction, regulation and
distribution. This subsidy exists because not all capital (infrastructure) costs are recovered
in the water tariff that all RBA, including Guadalquivir apply as only 56 % of the AEC
(annual depreciation and financing of the infrastructure) is recovered (Ministry of
Environment 2000). Although draft legislation has been drawn up to change this regula-
tion, which dates back 60 years, it has proved difficult to reach political consensus.

! Most of the estimation of cost recovery the receipts are computed based on unit prices (EUR/m®) multiplied by
total volumes.
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Table 4 Cost recovery ratios for the Guadalquivir River Basin. 2012

Financial cost recovery index

Service Urban Agriculture Industry Total®
Water supply: abstraction. storage and Upper level surface water 74 % 64%" 76 % 66 %
distribution. surface and groundwater services
Upper level groundwater 100 % 100 %
abstraction
Irrigation water 73 %° 73 %
distribution
Urban cycle (distribution 97 % 97 % 97 %
of drinking water)
Self supply (surface & 100 % 100 % 100 %
groundwater)
Reuse 100 % 100 %
Desalination - - - n/a
Collection and treatment of sewage water ~ Non connected collection — - 100 % 100 %
Public network collection 93 % 93 % 93 %
87 % T15% 91%  78%

Source: Own elaboration from SEEA tables
Overall ratio based on the total economic income
#Non agricultural sectors receive a premium service of having a higher provision guarantee during droughts

®Non recovered costs for water irrigation distribution are justified by the reduction in farmers’ water rights (25 %
on average)

* The RBA provides a multipurpose service in regulating the water supply, and the cost of
this service (with the implicit subsidy explained above) is distributed between the three
economic sectors: urban users, agriculture and industry. Agriculture has the lowest recov-
ery ratio, and apparently pays less for this service. However, the SEEA Water tables does
not reflect the quality of the service when we consider the guarantee and of the water
supply. Water rights entitlement that user are acknowledged are probabilistic, the RBA
does not guarantee an assured provision of water and gives a probability of failure (0.2 %
for non agricultural users and 20 % for agricultural users). Because drought conditions are
quite common in the basin, this is a real premium. The premium results in an apparently
higher water recovery ratio for non-agricultural users. To correct for this, the value of the
guarantee would have to be estimated, but this is beyond the scope of this paper (see Mesa-
Jurado et al. 2012) for an analysis of the economic value of water supply guarantees for
irrigation under scarcity conditions).

*  Cost recovery ratio of 73 % for the distribution of irrigation water is due to subsidies for
‘modernization of water networks’ (water saving investments). Farmers receive subsidy of
50 % of the total investment (see Berbel et al. 2015) although they pay totally the operation
and maintenance costs. In return, the RBA retains 25 % of the water rights held prior to the
modernization for ‘environmental goals’. In practice this means that farmers renounce to a
quarter of their previous water rights, and the subsidies can be interpreted as ‘water rights
buyouts’. Because the mechanism to retain the water rights is complex, it is not captured
by our estimation of the cost recovery ratio, which therefore appears lower than it in fact is.
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*  Cost recovery rates for urban water distribution (97 %) and waste water collection and
treatment (93 %) show that the subsidies to infrastructure are not transmitted to final users.
We assume that operation and maintenance cost are fully recovered and the deficit appears
because part of the investment is subsidized to the utility manager.

8 Discussion and Concluding Comments

Previously published cost recovery rates for water services in Spain show a heterogeneous
picture:

* The Ministry of Environment (2007, page 201 and page 189) provides estimates of
99.83 % for the urban sector and 97.70 % for irrigation services.

* The Guadalquivir Hydrological Plan (CHG 2013) reports a global ratio of 86 % for the
basin.

e Kirinner (2014) finds an overall rate for Spain of 72 %.

* The European Environment Agency (2013) reports a misleading figure for the
Guadalquivir Basin of 49.78 %, but the RBA has never published this figure and it is
not clear where the EEA obtained it.

Values for other Mediterranean countries in the mentioned EEA report vary from a low of
20 % in southern Italy to 80 % in northern Italy, with an average of 50 %. The wide range of
the estimations is caused in part by the differences in the applied methodologies. For example
water self-supply and agricultural drainage services are not included in the different country
estimations, and asset life and the interest rate are treated differently in different countries, as
well. Our proposal to use the SEEA-Water tables to standardize the estimation is a step towards
obtaining comparable figures and would be an improvement on the present disordered
situation.

Our methodology does not resolve all existing issues, such as the treatment of
government expenses for public collective services (e.g., the protection of the envi-
ronment, goods and human lives). Another example is how to include environmental
and resource costs. Diffuse pollution coming from agricultural or other industries is
not addressed by the existing cost recovery instruments and is out of the scope of our
analysis. These issues cannot be included in the SEEA-Water tables in their present
form. Also, a general consensus on how to measure environmental and resource costs
does not yet exist, but would be necessary for them to be included in a uniform way.
Some methods to include environmental and resources cost of water in order to
achieve the full cost recovery have been developed for the case study area. Berbel
et al. (2011b) estimate the value of irrigation water while Martin-Ortega et al. (2011)
use the choice experiment method to determine environmental and resource cost of
water. Others methods have been used to calculate total cost as in Martinez et al.
(2011) or Sechi et al. (2013) among others.

To conclude, we believe that our proposal to use SEEA-Water as the basis for cost recovery
estimates should be explored by policy makers within and outside the EU. The advantages of
the methodology are that: a) it is based on an international standard methodology, b) it uses
definitions that have been agreed by consensus, ¢) it uses official information that is public and
updated periodically, d) it is transparent, and e) cost-efficient. Finally, we believe that our
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proposal allows territorial comparisons and temporal series analysis with the properties of
reliability, repeatability and reproducibility.
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Abstract: This paper analyzes the impact of droughts on agricultural water productivity in the period
2004-2012 in the Guadalquivir River Basin using the System of Environmental-Economic Accounting
for Water (SEEA-Water). Relevant events in this period include two meteorological droughts (2005
and 2012), the implementation of the Drought Management Plan by the basin's water authority
(2006, 2007 and 2008), and the effects of irrigated area modernization (water-saving investment).
Results show that SEEA-Water can be used to study the productivity of water and the economic
impact of the different droughts. Furthermore, the results reflect the fact that irrigated agriculture
(which makes up 65% of the gross value added, or GVA, of the total primary sector) has considerably
higher water productivity than rain-fed agriculture. Additionally, this paper separately examines
blue water productivity and total water productivity within irrigated agriculture, finding an average
productivity of 1.33 EUR/m? and 0.48 EUR/m?3, respectively.

Keywords: drought; system of environmental-economic accounting for water; water productivity;
agricultural sector

1. Introduction

Water scarcity is a structural condition in arid regions of the world, which can be further
exacerbated by drought events. Droughts create periods of water shortage, affecting all economic uses
and environmental services of water resources. The efforts of hydrologists have helped to characterize
and forecast droughts, with several standard indicators available in the literature.

According to Wilhite and Glantz [1], there is no single definition of a drought, with different
definitions relating to the different aspects or effects that droughts have. Meteorological droughts
usually relate to the degree of dryness (in comparison to some average quantity) and the duration of the
dry period. Hydrological droughts relate to water flows through the hydrological system and usually
lag the occurrence of meteorological and agricultural droughts. They can be defined as “periods
during which streamflow is inadequate to supply established uses under a given water management
system” [2]. The concept of agricultural drought links various characteristics of meteorological
(or hydrological) drought to agricultural impacts. With agricultural droughts, the focus lies on
precipitation shortages, differences between actual and potential evapotranspiration, soil water deficits,
and so forth. Finally, socioeconomic drought is associated with the supply and demand of certain
economic goods, and includes elements of meteorological, hydrological, and agricultural droughts.
There are indices for all types of drought, but there is no one-size-fits-all drought index or indicator.

In a recent review on the costs of natural hazards, Meyer, et al. [3] report a lack of studies
that document drought-related economic losses. The studies that do exist differ in their scope and
methodology; a review of methods and a complete assessment of drought-related costs can be found
in Martin-Ortega and Markandya [4].
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Droughts have a large impact on biomass production and usually affect biodiversity and the
environmental health of ecosystems in a negative way. They also have a significant economic impact,
which is the topic of the current study. Specifically, we use the System of Environmental-Economic
Accounting for Water (SEEA-Water) [5] to assess the impact of drought on agricultural water
productivity and, if possible, its indirect impact on the economy as a whole. SEEA-Water provides
a conceptual framework for organizing hydrological and economic information in a coherent and
consistent manner.

The European Commission recently published a guidance document to standardize economic
information about water use in Europe [6], proposing a wider use of the SEEA, but to date there have
been few practical applications in European basins and regions. Some applications that use SEEA-W
can be found in the literature: a valuation of water resources in the Netherlands using the System
of National Accounts and SEEA-Water [7]; an application to the Vélez River Basin in Southeastern
Spain [8]; the evaluation of measures for better water management in arid areas in China [9]; and
lastly, a methodological proposal for estimating cost recovery ratios based on SEEA-Water accounts as
applied to the Guadalquivir River Basin (Southern Spain) [10].

SEEA-Water provides the basis for the analysis of the water productivity and the drought impact in
Guadalquivir between 2004 and 2012. Lange et al. [11] use the SEEA framework for water accounting
applied to the Orange River Basin, which is shared by four nations, and calculate water use and
productivity by industry and country.

The agricultural productivity literature focuses on Total Factor Productivity (TFP) indices and
DEA models, while in irrigation water economics literature, single-factor productivity has been widely
used. Agricultural economists have estimated water productivity by means of crop yield measurements
and water use at experimental stations and farmer fields, as either a ratio of kilograms of yield relative
to evapotranspiration or kilograms to applied irrigation water. When the analysis is conducted at
a regional or basin level, Molden et al. [12] propose using the ratio of a dollar value relative to the
consumed for the whole basin.

The objective of this study is to investigate whether the SEEA-Water tables can be used to estimate
the economic impact of drought on agricultural water productivity. We apply the methodology
to a Euro-Mediterranean river basin (Guadalquivir). By covering periods when meteorological,
hydrological and agricultural droughts occur and when Drought Management Plans (DMPs) were
implemented, we can track and characterize the economic impact of drought events. DMPs are
regulatory instruments that establish priorities among the different water uses during droughts; in
recent years, they have been widely adopted across southern EU basins. Estrela and Vargas [13] present
a general overview of drought governance and DMPs in the EU, reviewing scientific and technical
advances, as well as the implementation of policy tools.

Section 2 shows general information about the case study and the data sources. Section 3 focuses
on the results of meteorological and hydrological data in the period under study and presents the
economic analysis. Discussions are developed in Section 4 and some concluding remarks can be found
in Section 5.

2. Materials and Methods

2.1. Case Study: Guadalquivir River Basin 20042012

The Guadalquivir River is the longest river in southern Spain with a length of around 650 km.
Its basin covers an area of 57,527 km? and has a population of 4,107,598 inhabitants (see Figure 1
for a map of the basin). The basin has a Mediterranean climate with a heterogeneous precipitation
distribution. For the period 1940-2012, the annual average temperature was 16.8 °C, and the annual
precipitation averaged 573 mm (similar to the average precipitation between 1987-2013 shown in
Figure 2), with a range between 260 mm and 1033 mm (standard deviation of 161 mm). The average
renewable resources in the basin amount to 7043 (arithmetic mean) and 5078 hm?/year (median),
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ranging from a minimum of 372 hm?/year to a maximum of 15,180 hm?/year [14]. In a normal year, a
potential volume of around 8500 hm? can be stored through a complex and interconnected system of
65 dams. The main land uses in the basin are forestry (49.1%), agriculture (47.2%), urban areas (1.9%)
and wetlands (1.8%).
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Figure 1. Guadalquivir River Basin map. (Source: Adapted from the Guadalquivir River Basin
Authority, www.chguadalquivir.es).
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Figure 2. Precipitation in the Guadalquivir River Basin (1987/1988-2012/2013). Red bars show years
with maximum and minimum precipitation. (Source: Guadalquivir River Basin Authority).

An analysis of the Guadalquivir Hydrological Basin Plan can be found in Berbel ef al. [15].
Agriculture is the main water user in the basin and has made large investments in water-saving
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measures, referred to as “modernization” [16]. Berbel et al. [17] analyze the impact of modernization
on water use and cost for a sample of irrigation water user associations during the period 2004-2012.

The Guadalquivir River Basin Authority [18] approved a DMP that was first implemented in the
most recent period of drought in 2005-2008. The resulting effects of the reduction in irrigation quotas
will be shown later as part of the discussion on SEEA accounts. The full period of analysis (2004-2012)
starts before the implementation of water-saving measures, includes the last drought (2012), and is
long enough to study the implementation of water-saving measures and their impact.

2.2. Data Sources

Implementation of the SEEA-Water tables requires good quality hydrological and economic
data. Several sources have been consulted to estimate the hydrological variables required. As can
be seen in Table 1, the data are based on the official Ministry for Environment framework, SIMPA
(Integrated System Modeling Process Precipitation Contribution), which gives rain precipitation and
evapotranspiration for the basin in 1 km? cells, along with further estimates based on the Guadalquivir
River Basin Authority (RBA) surveys for irrigated areas and measurements of water served to large
irrigation schemes and municipal users. The RBA publishes accurate measures of water consumption
and river flow in strategic locations that provide a good estimate of annual water resources use and
that have been integrated in the analysis of water volumes in the SEEA Tables.

Table 1. Data source for hydrological variables.

Variable Data Source Producer Comment
Agricultural production MAGRAMA MAGRAMA B
by branch
Evaporation rate MAGRAMA /CEDEX MAGRAMA / CEDEX Evaporation stations .avallabl.e in
from reservoirs the Guadalquivir River Basin
Agrlcultura.l RBA RBA _
surface evolution
Volume in reservoirs RBA RBA -
Rainfall SIMPA RBA -
Rainfall REDIAM AEMET Principal network of
meteorological stations
Infiltration SIMPA RBA -
Potential evaporation ETP SIMPA RBA -
ETR SIMPA RBA -
Groundwater runoff SIMPA RBA -
Irrigation efficiency by units RBA RBA Efficiencies by irrigation unit
Irrigation use (water doses) RBA RBA -
Surface runoff SIMPA RBA -
Temperature SIMPA RBA -
Gauging stations S.AH-.I/Gauge RBA/CEDEX -
monitoring network
Groundwater resources, Management plan for
aquifer characterization RBA /IGME RBA/IGME sustainability of GW resources
Volun}e of dam'/ RBA RBA Annual report
regulation capacity
Water demand RBA RBA Own elaboration based on RBA
reports, INE
River flow SATH RBA Water levels.for river
volume estimation
Returns RBA RBA -
Piezometric Reference for the assessment of
Aquifer level (piezometric) MAGRAMA /IGME flows between groundwater and

monitoring network

superficial resources

MAGRAMA: Ministry of Agriculture, Food and Environment; CEDEX: Centre for Hydrographic Studies; RBA:
Guadalquivir River Basin Authority; SIMPA: Integrated System Modeling Process Precipitation Contribution;
REDIAM: Environmental Information Network of Andalusia; AEMET: Spanish Meteorological Agency; SAIH:
Automatic Hydrological Information System; INE: National Statistics Institute.



