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Abstract: This paper analyses the effects of environmental flows on water quality within a highly
regulated basin, focusing on the Turia River basin in the eastern Iberian Peninsula. Through water
management and water quality models, a series of simulations were conducted, introducing varia-
tions in the outflows of the Loriguilla reservoir to evaluate the effects of different environmental
flow scenarios on water quality, particularly at the location of the intake for the water supply to
Valencia. Three environmental flow scenarios were analyzed, alongside an alternative manage-
ment scenario, considering their implications on water quality and reliability of water demand.
The findings of this paper, particularly the nitrate (NO3

−) concentration evolution, highlight the
influence of minimum e-flow and e-flow regimes on water quality within the basin. These results
suggest that while modifying the current flow regime can lead to some improvements in nitrate
concentrations at the Valencia supply intake point, the primary cause of high nitrate concentrations
is attributed to irrigation return flow and the pre-existing contamination of the aquifer. This analysis
offers valuable insights into the complexities of water quality management in regulated basins,
emphasizing the need for a multi-faceted approach to address the diverse factors influencing water
quality and demand supply reliability.

Keywords: environmental flows; water management model; water quality model; nitrate concentrations;
urban supply

1. Introduction

Water is one of the most essential resources, playing a pivotal role in supporting life
on our planet and facilitating a range of human activities [1,2]. The effective management
of water resources is crucial in securing a sustainable supply of clean water for present and
future generations [3,4]. This involves maintaining a delicate equilibrium amid competing
demands and addressing multifaceted challenges, including water scarcity, contamination,
and the repercussions of climate change [5,6].

The quality of surface water represents one of the most vulnerable variables influ-
enced by the dynamics of population growth and socioeconomic development [7]. As
communities expand and industrialize, it becomes increasingly imperative to delve into
the potential impacts of pollution on rivers and aquatic ecosystems. The assessment of
the water resources quality is a major concern in the realm of environmental protection
policy. The significance of this endeavor cannot be overstated, as it has a direct impact not
only on the health and well-being of human populations but also on the overall ecological
balance [8,9].

Water quality monitoring entails a comprehensive assessment of various parameters
such as chemical composition, physical characteristics, and biological indicators of water
bodies, including rivers, lakes, oceans, and groundwater sources [10,11]. To assess the
overall impact of these measures on a global scale, it is essential to employ a comprehensive
visualization of the entire river basin [12]. This visualization should consider how actions
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within the basin are interconnected and influence each other [13]. By closely examining
these parameters, policymakers and environmental scientists can gain crucial insights into
the state of aquatic ecosystems, identifying potential contaminants, pollutants, and threats
to biodiversity.

Environmental flows (e-flows) represent the water quantity and hydrological regime
required to maintain the health and integrity of aquatic ecosystems [14,15]. They serve
multiple vital functions, primarily preserving the habitat of diverse aquatic organisms,
including fish and other wildlife [16]. This preservation is fundamental for their continued
existence, making a substantial contribution to biodiversity conservation [17,18]. Secondly,
they fulfil a pivotal function in maintaining water quality by effectively diluting pollutants
and preventing the accumulation of contaminants within aquatic ecosystems [19]. Addi-
tionally, e-flows safeguard the ecological equilibrium in rivers, guaranteeing their enduring
sustainability [20,21].

Several authors have highlighted the necessity of considering the impact of environ-
mental river flow when evaluating water quality in rivers [22–24]. Testing various e-flow
scenarios becomes essential to understanding how alterations in flow regimes can impact
water quality parameters such as nitrate concentrations. Different e-flow scenarios can sig-
nificantly influence the levels of nitrates and conductivity in rivers, impacting water quality
and ecosystem health. Therefore, it is imperative to assess and model these scenarios to
comprehend the potential ecological consequences [17,25].

Nitrates present a complex challenge when establishing a threshold concentration due
to their numerous natural and human-induced sources, as well as their reactivity [26,27].
Nitrate contamination is predominantly a concern in agricultural regions, with urban areas
also affected to some extent [28,29]. The nitrate thresholds in rivers can vary depending on
regional regulations, environmental conditions, and intended uses of water. However, as a
general guideline, nitrate concentrations in rivers are often monitored to ensure they remain
below certain levels to protect aquatic ecosystems and human health. The World Health
Organization (WHO) recommends a maximum nitrate-nitrogen concentration of 10 mg/L in
drinking water to safeguard human health. In the European Union (EU) Water Framework
Directive, the threshold for nitrate concentration in rivers is 50 mg/L as a maximum allowable
concentration to prevent eutrophication and protect aquatic ecosystems.

Decision Support Systems (DSS), computer-based tools that help users make informed
decisions by providing data analysis, modeling and visualization, play an important role in
assessing the effects of e-flows on water quality in rivers. They integrate data, employ mod-
eling and simulations to predict how water quantity and/or quality respond to changes
in flow patterns, analyze various flow scenarios, assess risks, and ensure compliance
with standards. DSS also facilitate real-time monitoring, public engagement, and adap-
tive management, empowering informed decision-making in sustainable water resources
management [30–36]. These systems enhance communication and visualization to con-
vey complex information to stakeholders and support long-term planning by considering
cumulative effects.

The main objective of this work is to analyze the implications of minimum e-flows
and e-flow regimes on nitrate concentrations and reliability of water demands in a highly
regulated river basin. This methodology is illustrated through the case study of the Turia
River Basin, where one of the biggest problems faced is the nitrate concentrations produced
by irrigation returns in the middle part of the basin. By delving into the intricacies of nitrate
dynamics across scenarios and time periods, the aim is to provide valuable insights for
decision-makers and water resource managers.

2. Study Area

The Turia River basin is located in the eastern part of the Iberian Peninsula, in Spain.
Administratively, it falls under the jurisdiction of the Júcar River Basin Agency. The basin
covers a total area of 6394 km2 and is drained by the Turia River, which ultimately flows
into the Mediterranean Sea (Figure 1). The region experiences a Mediterranean semi-arid
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climate characterized by irregular rainfall and seasonal summer scarcity, particularly during
peak irrigation demands. On average, the annual precipitation is 450 mm/year [37]. The
focus of this study is the lower-middle basin of the river, which is situated between the
Loriguilla reservoir and the water supply intake for Valencia, referred to as “La Presa”.
This area is heavily impacted by human activities and holds the highest quantitative and
qualitative significance due to the concentration of environmental uses and pressures
within it. The nitrate concentrations in the Loriguilla reservoir inflows remain consistently
low, and within the reservoir itself, there is no perceptible impact on nitrate levels, either
reduction or increase.
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3. Methodology

The methodology unfolds in a structured sequence of steps, as illustrated in Figure 2.
It begins with an initial phase comprising data collection, data analysis, and an in-depth
exploration of the challenges encountered within the basin. Then, a two-step modeling
approach is used. First, a basin management model is developed to suit the basin’s specific
features (SIMGES model). Next, a water quality model is created (GESCAL model) which
is linked to SIMGES within the AQUATOOL DSS [38]. These models draw upon input data
primarily encompassing physical characteristics and operational rules. They are primed
to simulate minimum flow scenarios, generating water quality indicators that enable
comparative assessments of different scenarios. Simultaneously, water demand reliability
computations are conducted, a pivotal criterion in the context of e-flow considerations.
The final phase of the study entails the presentation of a proposed management scenario
for water quality improvement, offering a comprehensive strategy for addressing water
quality issues within the basin.
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Figure 2. Flow chart of the proposed methodology.

3.1. Data Collection and Analysis

The data for the water management model were obtained from the hydrological plan
of the study basin, which includes data related to storage and operating rules of reservoirs,
flows in channels and river stretches, water demand in the basin (urban and agricultural),
e-flow regimes, aquifers, etc. In the case study analyzed in this work, this information
was available in the Hydrological Plan of the Júcar River Basin [37]. This dataset was
instrumental for understanding the structure and dynamics of the study area and shaping
the water management model.

For the water quality model, nitrate concentrations were sourced from a previous
study [39]. This dataset, covering a 27-year period from 1993 to 2020 and collected from
four sampling points within the Turia River basin, contributed the foundational data for
the subsequent development of a robust water quality model.

Temporal series of nitrate concentrations and natural inflows in the basin were ana-
lyzed to identify anomalous data and potential gaps and to fill in any missing information.
It included implementing statistical techniques such as regression analysis and correlation
analysis to examine the presence of any patterns, trends, and relationships in the dataset.

3.2. Water Management Model

The current water management of the basin was simulated using the SIMGES module
of the AQUATOOL DSS. It is a mathematical model designed for simulating operational
management of water resource systems, allowing for the analysis of complex water resource
systems. The DSS control unit converts the developed scheme into a numerical format
suitable for the model while also providing the necessary data from databases needed to
run the model. Water resource management is executed through priorities and operational
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rules designed to maintain consistent reservoir storage levels based on predefined reservoir
zoning curves. These operating rules are provided by the user and can include specifications
for e-flow and various water use priorities.

In this paper, the SIMGES model was applied to the Turia water resources system,
incorporating 60 river stretches, 3 reservoirs, 11 runoff elements, 1 hydropower station,
7 agricultural demands, 6 urban demands, 6 aquifers, and 49 nodes (Figure 3). Prior to this
study, the model was calibrated during the elaboration of the Hydrological Plan for the
Júcar River basin [37]. The model calibration involved comparing actual volumes measured
at the main gauging stations with the volumes simulated by the model for the period from
October 1993 to December 2020.
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3.3. Water Quality Model

The water quality model for the basin was simulated using the GESCAL water quality
simulation model, which is also integrated into the AQUATOOL DSS for water resource
planning and management. GESCAL facilitates the analysis of water quality dynamics
in rivers, reservoirs, and entire water resource systems, considering runoff quality and
demand discharges. To use GESCAL, it is necessary to first develop a flow simulation model
with the SIMGES module of AQUATOOL. This joint approach allows for the modeling of
both water management and quality within a single tool.

This module does not attempt to represent the evolution of water quality in the face
of specific events but rather to reflect the spatial-temporal evolution of water quality in
the modeled systems. It is capable of modeling various water constituents, including
temperature, biochemical oxygen demand (BOD), dissolved oxygen, organic nitrogen,
ammonium, nitrates, organic phosphorous, phosphates, Chlorophyll-a, toxins, and other
specific constituents. In this work, the GESCAL model was coupled to the SIMGES model
incorporating data related to nitrate concentrations. The calibration of the Gescal model
focused on adjusting the parameters governing physical, chemical, and biological processes.
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3.4. Environmental Flow Scenarios

The water management and water quality models were simulated under three distinct
e-flow scenarios to assess the effects of minimum e-flows and e-flow regimes on water
quality, particularly regarding nitrates: (1) Scenario 1 represents the historical e-flow;
(2) Scenario 2 is based on the current environmental e-flow, with a minimum e-flow greater
than that in Scenario 1; (3) Scenario 3 is a proposed scenario in which the minimum e-flow
of Scenario 2 is maintained while modifying its regime.

3.4.1. Scenario 1: Historical Scenario

In this scenario, modifications were introduced to the e-flow within a specific river
stretch, a choice made based on its representative character regarding the average natural
flow contribution. The selection criteria for this adjustment focused on identifying river
sections with the most substantial contribution to the natural flow relative to other sections
in the basin. Consequently, the e-flow applied to this chosen river section mirrors the
minimum historical e-flow that had previously been established in the basin. The primary
objective of this scenario is to review the effects of reverting to the minimum historical
flow on the quality of the main water demand intake in the basin. This is instrumental in
comprehending the repercussions when e-flow provisions are minimal and the maintenance
of only the minimum historical flow is sustained.

3.4.2. Scenario 2: Current Basin Plan Scenario

This scenario is based on the current e-flows specified in the Hydrological Basin Plan
for 2022–2027 [37]. It is designed to achieve two primary objectives; first, to assess the
existing water quality conditions at the main water demand intake location under the
current e-flow regulations as proposed in the hydrological plan; second, to analyze the
effects of variations in minimum e-flow on nitrate concentration.

3.4.3. Scenario 3: Proposed Scenario for Analyzing the Role of E-Flow Regimes

Scenario 3 focuses on maintaining the minimum e-flow while modifying its regime
to reduce the maximum nitrate concentration values. The proposal for the new e-flow
regime was developed while retaining the total annual volume. It is formulated based
on an analysis of water quality data in the studied sections of the basin, particularly
during the months when there is the highest concentration of contaminants, with a specific
focus on nitrate concentration. In response, an increase in flow during these months was
recommended as part of this new regime to address and improve water quality conditions.

3.5. Additional Management Flow Scenario

A fourth scenario was introduced, involving a strategic adjustment in the location of
the main water demand intake, with a focus on nitrate concentration while retaining the
current e-flow (Scenario 2). This adjustment is expected to have a significant impact on
reducing the pollutant concentrations. The scenario aims to illustrate that water quality
in rivers can be influenced by various factors within the basin not limited only to e-flows.
It also assists in identifying potential sources of contaminants, offering valuable insights
for decision-makers to consider when addressing water quality concerns and making
informed choices regarding relevant elements within the basin. This scenario underscores
the multifaceted nature of factors that influence water quality in river systems.

3.6. Water Supply Reliability Comparison

Across all scenarios, a comprehensive assessment of the annual, biannual, and decadal
reliabilities for both agricultural and urban water demands was conducted. This assessment
was carried out in accordance with the criteria delineated in the Spanish water planning
regulations, as specified by MARM [40]. The aim was to ensure that the various water
demand components met the prescribed standards and criteria, thereby upholding the
integrity of water supply and allocation within the study area.
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4. Results and Discussion
4.1. Nitrate Concentration Analysis for the E-Flow Scenarios

The analysis focused on nitrate concentrations at the Valencia water demand intake
point, specifically to evaluate the effects of e-flows immediately downstream of the Lorigu-
illa reservoir on the quality of the water supplied to Valencia.

Figure 4 illustrates an overview of the annual maximum nitrate concentrations ob-
tained for the three simulated scenarios. Each scenario exhibits varying peaks in nitrate
concentration levels, with some instances reaching as high as 60 mg/L. Notably, these
values exceed the regulatory threshold set by the EU directive 2020/2184 of the European
Parliament and the Council on 16 December 2020, which specifies water quality standards
for human consumption [41]. The nitrate concentration levels in the scenarios range be-
tween 20 mg/L and 60 mg/L, highlighting a consistent concern regarding elevated nitrate
levels at the intake point for the water supply to Valencia.
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To study the effects of e-flows, specifically regarding minimum e-flows and e-flow
regimes, on nitrate concentrations, the analysis concentrated on a critical period encom-
passing two consecutive years of severe drought, the hydrological years 2005/2006 and
2006/2007. The objective was to assess the effects of e-flow scenarios under critical con-
ditions that warrant special attention in terms of nitrate concentration. The choice of
this specific timeframe was predicated on its association with the highest annual nitrate
concentrations among the scenarios. This observed seasonal pattern holds considerable
significance for the management of water quality and the overall health of the ecosys-
tem [33,42].

4.2. Effects of Minimum E-Flows on Water Quality

In this section, the impact of minimum e-flows on water quality is analyzed, specifically
focusing on the e-flow downstream of the Loriguilla dam. Scenario 1, which represents the
historical conditions, is compared to Scenario 2, which represents the current minimum
e-flow scenario. Figure 5 illustrates the nitrate concentration levels for these two scenarios.
The nitrate concentrations in both scenarios are notably elevated, reaching levels of up to
60 mg/L in Scenario 1 and exceeding 50 mg/L in Scenario 2 during specific years. This
comparative analysis highlights that the historical e-flow scenario consistently displays
higher maximum nitrate concentrations when compared to the current scenario (scenario
2). The main factor contributing to this difference is the higher values of the minimum
e-flow in Scenario 2.
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During the drought period from 2005 to 2007, where the maximum nitrate concentra-
tions were registered, a distinctive pattern emerges in the analysis of nitrate concentrations,
with higher levels predominantly occurring during the months from October to February in
both scenarios (Figure 6). In January 2006, Scenario 1 registered the highest nitrate concen-
tration at 60 mg/L, while Scenario 2 exhibited a maximum nitrate concentration of 43 mg/L.
This observation highlights a 28% reduction in the maximum nitrate concentrations in
Scenario 2 compared to Scenario 1, where the historical minimum flow was maintained.
The same trend is observed in November 2006, with Scenario 1 registering 50 mg/L while
Scenario 2 recorded 33 mg/L. This underscores the significant impact of modifying the
minimum e-flow downstream of Loriguilla in mitigating nitrate concentrations, particularly
during periods characterized by elevated nitrate concentration values [39].
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4.3. Effects of the E-Flow Regimes on Water Quality

This section focuses on examining the impact of e-flow regimes on water quality,
specifically comparing Scenario 3 with Scenario 2. Scenario 3 represents the proposed
e-flow regime based on the minimum e-flow considered in Scenario 2, maintaining the
same water volume in both scenarios. Figure 7 provides a clear visualization of the nitrate
concentration levels for these two scenarios, highlighting distinct differences, particularly
during peak nitrate concentration periods. Scenario 3 consistently exhibits lower values
of nitrate concentrations, especially when nitrate concentrations are at their highest, com-
pared to Scenario 2. This decrease in nitrate concentration values is primarily observed
during periods characterized by elevated nitrate levels. It is worth mentioning, however,
that implementing this proposed e-flow regime for a single river stretch (downstream
of Loriguilla) represents a step towards improving nitrate levels in the intake for water
supply to Valencia. However, this reduction in nitrate concentrations must be assessed in
conjunction with water demand reliability for various water demand units within the study
area. The effectiveness of the e-flow regime should consider the overall water management
and reliability of water demands, as is analyzed in Section 4.5.
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During the same drought period of 2005–2007, characterized by higher nitrate con-
centrations in both scenarios, a difference is observed between Scenario 3 and Scenario 2
(Figure 8). Scenario 3 consistently leads to lower concentration values, particularly during
the peak nitrate concentration periods. In January 2007, both scenarios registered the
highest nitrate concentration values, with Scenario 2 reaching 51 mg/L, exceeding the
allowable limit set by the EU water framework directive. In contrast, Scenario 3 recorded
a concentration of 48 mg/L, staying below this threshold. This represents a 6% reduc-
tion in high nitrate concentration values. For January 2006, a more substantial reduction
percentage was observed. It can be inferred that the new proposed e-flow regime has a
notable effect on reducing nitrate values, particularly during periods of elevated nitrate
concentrations [43].
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4.4. Effects of Relocating the Intake for Urban Water Supply

The analysis of the impact of relocating the intake for water supply to Valencia (Figure 9)
reveals a substantial reduction in nitrate concentration values. Figure 10 demonstrates that the
average nitrate concentration value in Scenario 4 is approximately 5 mg/L, in stark contrast to
the average concentration in Scenario 2 with an average of about 27 mg/L.
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Over the entire simulation period from October 1993 to September 2020, the values
registered for Scenario 4 consistently fell within a similar range, with no abrupt peaks in
nitrate concentrations. These results suggest that moving the Valencia water supply intake
upstream within the river basin, just before the main agricultural water demands, can make
a substantial difference in terms of enhancing the water quality designated for the supply
to Valencia, since the water supplied is not affected by the contaminated water returns
derived from agricultural water demands.

Nitrate concentrations in the downstream section of the basin are primarily influenced
by two key factors. The first factor is the return of agricultural irrigation runoff, which
contributes to elevated nitrate levels in the river. The second significant factor is the fact
that 90% of the river flow in this part of the basin is sourced from the Buñol-Cheste aquifer.
This aquifer is characterized by complex hydrogeological features due to the presence
of multiple aquifer segments from the Tertiary and Mesozoic periods which affects its
hydrogeological behavior [44].

The combination of these factors results in exceptionally high nitrate concentrations
when the Valencia water demand intake is located downstream (Scenarios 1, 2, and 3).
Moreover, the water from the Loriguilla reservoir is predominantly allocated to other
agricultural water demands before it reaches the location where the Valencia water demand
intake is positioned (“La Presa”). This arrangement prevents the dilution of nitrate con-
centrations further downstream, exacerbating the issue of high nitrate levels in the water
supply. At this location, the river is heavily influenced by the aquifer, which is already
contaminated with nitrates. Consequently, the high nitrate concentrations in the Valencia
water supply point are primarily attributed to the aquifer’s nitrate contamination.

During the drought period from 2005 to 2007, the nitrate concentration at the Valen-
cia water supply intake in Scenario 4 averaged around 5 mg/L (Figure 11). This value
aligns with the WHO’s recommendations for nitrate levels in drinking water, indicating a
significant improvement in water quality compared to Scenario 2, where nitrate concen-
trations reached maximum values up to 50 mg/L. This suggests that the elevated nitrate
concentrations recorded in the previous scenarios are likely attributed to water runoff and
infiltration derived from agricultural uses. The relocation of the Valencia water demand
intake upstream of the river basin would effectively reduce nitrate levels, providing water
of high quality for human consumption.



Water 2024, 16, 1509 12 of 15

Water 2024, 16, x FOR PEER REVIEW 12 of 16 
 

 

Over the entire simulation period from October 1993 to September 2020, the values 
registered for Scenario 4 consistently fell within a similar range, with no abrupt peaks in 
nitrate concentrations. These results suggest that moving the Valencia water supply intake 
upstream within the river basin, just before the main agricultural water demands, can 
make a substantial difference in terms of enhancing the water quality designated for the 
supply to Valencia, since the water supplied is not affected by the contaminated water 
returns derived from agricultural water demands. 

Nitrate concentrations in the downstream section of the basin are primarily influ-
enced by two key factors. The first factor is the return of agricultural irrigation runoff, 
which contributes to elevated nitrate levels in the river. The second significant factor is the 
fact that 90% of the river flow in this part of the basin is sourced from the Buñol-Cheste 
aquifer. This aquifer is characterized by complex hydrogeological features due to the pres-
ence of multiple aquifer segments from the Tertiary and Mesozoic periods which affects 
its hydrogeological behavior [44].  

The combination of these factors results in exceptionally high nitrate concentrations 
when the Valencia water demand intake is located downstream (Scenarios 1, 2, and 3). 
Moreover, the water from the Loriguilla reservoir is predominantly allocated to other ag-
ricultural water demands before it reaches the location where the Valencia water demand 
intake is positioned (“La Presa”). This arrangement prevents the dilution of nitrate con-
centrations further downstream, exacerbating the issue of high nitrate levels in the water 
supply. At this location, the river is heavily influenced by the aquifer, which is already 
contaminated with nitrates. Consequently, the high nitrate concentrations in the Valencia 
water supply point are primarily attributed to the aquifer’s nitrate contamination.  

During the drought period from 2005 to 2007, the nitrate concentration at the Valencia 
water supply intake in Scenario 4 averaged around 5 mg/L (Figure 11). This value aligns 
with the WHO’s recommendations for nitrate levels in drinking water, indicating a signif-
icant improvement in water quality compared to Scenario 2, where nitrate concentrations 
reached maximum values up to 50 mg/L. This suggests that the elevated nitrate concen-
trations recorded in the previous scenarios are likely attributed to water runoff and infil-
tration derived from agricultural uses. The relocation of the Valencia water demand intake 
upstream of the river basin would effectively reduce nitrate levels, providing water of 
high quality for human consumption. 

 

Figure 11. Evolution of nitrate concentration simulated using the GESCAL model for Scenarios 2 and
4 during the drought period.

4.5. Impact on Water Demand Reliability

The effectiveness of e-flows scenarios should also consider their effects on the reliability
of the water demands of the basin. This integrated approach ensures a comprehensive
understanding of the factors influencing water quality and water supply in the region.
For this reason, in addition to assessing nitrate concentrations, it is imperative to examine
the impact of these scenarios on water demand reliability within the studied basin. It is
important to note that only the results of reliability of agricultural water demands are
reported in this section, as urban water demand did not face deficits. This is in line with
Spanish water planning regulations (MARM, 2008), which prioritize urban demands in the
allocation of available water resources.

Table 1 provides an overview of the annual, biannual, and decadal water demand
reliabilities for the four simulated scenarios. Remarkably, all scenarios consistently meet
the annual reliability criteria for agricultural water demand, with deficits well below the
specified 50% threshold of the annual demand. Similarly, the biannual reliability criteria
for agricultural water demand are consistently fulfilled across all scenarios.

However, when assessing decadal reliability, Scenario 1 consistently meets the cri-
teria, with deficits remaining below the 100% threshold for all water demand units. In
contrast, Scenarios 2 and 3 exhibit similar patterns in terms of decadal reliability, where a
significant portion of water demand units experience failures. It is important to highlight
that Scenarios 2 and 4 share identical water demand reliability values, as the difference
between these scenarios lies solely in the Valencia water demand intake location, without
any modifications to the minimum e-flow or e-flow regime.
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Table 1. Annual, biannual, and decadal water demand reliabilities obtained for the four scenarios
simulated. The green color indicates that the water supply criteria are met, whereas the red signifies
a failure to meet these criteria.

Water Demand Units
Scenario 25 6 7 8 2 28 27

A
nn

ua
l Scenario 1 0 25 29.95 29.6 37.24 29.32 29.35

Scenario 2 0 25 37.56 37.17 41.62 37.8 37.81
Scenario 3 0 25 38.2 38.62 39.22 39.42 37.34
Scenario 4 0 25 37.56 37.17 41.62 37.8 37.81

B
ia

nn
ua

l Scenario 1 0 42.55 49.14 50.06 45.96 47.98 48.16
Scenario 2 0 49.99 70.37 69.74 54.46 70.09 70.12
Scenario 3 0 49.99 72.76 73.07 66.09 73.77 71.7
Scenario 4 0 49.99 70.37 69.74 54.46 70.09 70.12

D
ec

ad
al

Scenario 1 0 71.37 83.97 83.71 45.96 78.62 79.08
Scenario 2 0 108.82 132.51 130.93 58.86 129.07 129.39
Scenario 3 0 108.82 135.06 134.26 66.28 132.74 130.94
Scenario 4 0 108.82 132.51 130.93 58.86 129.07 129.39

5. Conclusions

This work has jointly applied water management and water quality models to assess
the effects of minimum e-flows and e-flow regimes on nitrate concentrations for urban
supply within the Turia River basin. Three distinct e-flow scenarios were modelled using the
SIMGES and GESCAL models, covering a range of environmental and hydrological conditions.
These scenarios included a historical baseline, representing the minimum historical e-flow, a
contemporary scenario aligned with the Basin Hydrological Plan for 2022-2027, and a new
regulated scenario incorporating a modified e-flow regime. In addition, a new management
scenario involving the relocation of the intake for the Valencia water supply to an upstream
location was proposed to reduce the nitrate concentration values.

The simulation of various scenarios revealed that the current e-flow downstream of
the Loriguilla reservoir leads to elevated nitrate concentrations in the water supply to
Valencia. Acting on the minimum e-flow has a more pronounced effect in reducing nitrate
concentrations when compared to altering the e-flow regime. The relocation of the Valencia
water supply intake improved the nitrate concentrations compared to the other e-flow
scenarios. These results suggests that the high nitrate concentrations are primarily sourced
from elements downstream, which may include agricultural returns and the influence of
the nitrate concentration in the aquifer that directly communicates with the river.

This methodology can be reconsidered in terms of various case studies, providing an
approach to deal with water quality problems in river basins. However, some points should
be considered to ensure the applicability of the approach and the reliability of scenarios.
For this reason, it is critical to recognize that the SIMGES and GESCAL models are sensitive
to the input data and the relevance of their validation and that the complexity of the
water management system within the river basin may present a challenge in accurately
reproducing the real state and achieving reliable results.

Taking a comprehensive view, this study provides a holistic and well-rounded per-
spective to inform decision-making in the management of water. It becomes evident that
addressing both e-flow and water demand intake can potentially lead to a more substantial
enhancement of water quality within the river system. By optimizing the e-flow regime
and strategically managing water demand intakes, a holistic approach to river system
management can be achieved. This, in turn, may result in even more favorable water
quality conditions and greater ecological benefits. This underscores the importance of
considering multiple factors and their interactions when formulating effective strategies
for enhancing water quality and ecological health in river systems.
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