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Abstract 

Wetlands play a key role in preserving biodiversity and preventing climate change. Their 

conservation poses an important and pressing challenge. In the Mediterranean region, one of 

the key threats to wetland survival is the lack of water due to competition for resources. The 

selection of the most sustainable water resources for wetland conservation is a complex 

elicitation problem. A novel Water Resources Sustainability Model (WRSM) focused on water 

quality has been developed to support the decision-making. This collaborative elicitation model 

is based on the analytical hierarchy process and uses the reference environmental status of the 

wetland. The model can be used to discriminate which water resources are more sustainable for 

the conservation of the wetland. The WRSM has been applied successfully to Las Tablas de 

Daimiel National Park. The framework enables establishing priorities when analyzing in terms of 

water quality any surface, recycled or underground water resources. 
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1. Introduction 

On the World Water Day 2018, the Director-General of UNESCO, Ms Audrey Azoulay called for 

urgent solutions to be found to protect Earth’s natural resources. Wetlands conservation was 

among the list of solutions proposed to address contemporary water management challenges 

in an effective and sustainable manner, improving the well-being of individuals and preserving 

biodiversity resources (UN-Water, 2018). Unfortunately, 50 % of the world wetland surface 

disappeared in the 20th century (Millennium Ecosystem Assessment, 2005). Consequently, 

protecting and restoring wetlands has become not only a critical policy, but an urgent issue as 

well (Alafifi and Rosenberg, 2020). Among the UN Sustainable Development Goals (UN, 2015), 

Target 15.1 is to ensure the conservation, restoration, and sustainable use of wetlands. 

Resilience forecasting and modelling are required to achieve this target for wetlands (Hess and 

Dam, 2019; O’Neil et al., 2020). When wetlands resilience is overcome, its restoration implies 

supplying water from external sources (Tooth, 2018). For this purpose, water is often provided 

by nearby reservoirs, aquifers, wastewater recycling plants and inter-basin water transfers (Xu 

et al., 2018). For any of the available alternatives, water allocation must ensure that wetlands 

water requirements are fulfilled. Physico-chemical water quality is among the most important 

factors for the selection and allocation of water resources (Wang et al., 2017). There are several 

physico-chemical parameters that must be considered when evaluating wetlands water inflow 

(Sagar et al., 2015). Determining what source of water has the most adequate physico-chemical 

water quality features for wetland conservation poses a decision-making problem. A comparison 

is made between the reference environmental status for the wetland and the actual values for 

the water resources. Water resources recovery facilities could be built to remove and reuse 

excess nutrients, such as phosphorus, recovering them into fertilizers. The uncertainty about the 

benefits and conflicting goals among available water inflows presents a complex elicitation 

problem. Therefore, decisions should be undertaken based on a systematic and comprehensive 

procedure with enough consensus and transparency to avoid lack of acceptance (Canto-Perello 

et al., 2017; Curiel-Esparza et al., 2019). This becomes an issue of more concern if the wetland 

is under water stress due to overexploitation of water resources and climate change (Sapriza-

Azuri et al. 2015; Lefebvre et al, 2019). 



A novel collaborative elicitation model based on Analytical Hierarchy Process (AHP) to evaluate 

physico-chemical indicators has been developed in this research. The AHP (Saaty, 1980) is a 

universally recognized mathematical method in continuous development and has been used in 

numerous environmental applications. The AHP method is based on paired comparison 

judgments from a panel of experts through a hierarchical structure of several levels (Saaty, 

2012). The panelists have interacted by anonymous feedback. The collaborative elicitation 

model needs to provide detailed information and practical guidelines to select the most 

sustainable water resources. AHP has been successfully applied to other decision-making 

procedures in water and environmental management. Zhang (2013) analyzed the importance of 

different factors affecting the stability of the wetland ecosystem for the Yinchuan Plain. Yuan et 

al. (2014) ranked the indicators weights in the assessment of wetland coastal ecosystems for the 

Yangtze Estuary. Martinez-Martinez et al. (2015) studied the environmental benefits and 

economic cost of wetland restoration scenarios for sediment reduction in the Raisin River, in the 

southeastern of Michigan and northeastern of Ohio. Zhang (2016) performed the evaluation of 

water requirements based on regionalization and prioritization methods in China´s western Jilin 

Province. Sutadian (2017) prioritized the water quality criteria for the West Java Province. Singh 

et al. (2018) assigned weights in a model-based assessment of suitability of water quality for 

irrigation purpose in India. And Sun et al. (2019) assessed the ecosystem health of the Jiaozhou 

Bay wetland using weights for each environmental indicator. 

The proposed elicitation is applied to the Las Tablas de Daimiel National Park (TDNP), a wetland 

that needs hydrological restoration. TDNP is the core area of La Mancha Húmeda, a 25,000 

hectares region in central Spain designated Biosphere Reserve by the UNESCO in 1980. The 

presence of a great number of wetlands and lagoons was a key enabler for this status. TDNP is 

a floodplain wetland at the junction of the Guadiana River and its Cigüela tributary (Fig. 1). The 

floodable area covers approximately 1,900 hectares. The TDNP is in the Mountreux Data Base 

since 1990 (Mountreux Record, 1990). This list of wetlands of international importance 

highlights specific cases facing immediate challenges threatening their biodiversity. Moreover, 

TDNP is contributing to the mitigation of climate change through its ability for carbon 

sequestration as a peatland. Spain signed the Paris Agreement on Climate Change (UN, 2015) 

stating that the parties in the agreement should take actions to conserve and enhance sinks of 

greenhouse gases. 

The greatest threat to the continued existence and preservation of this wetland is the lack of 

water, which is caused by unsustainable agriculture that has led the groundwater to stop flowing 

to the wetland. TDNP is a good example of a highly sensitive wetland in a Mediterranean semi-



arid region, which is linked to groundwater system. This wetland has experienced a degradation 

process due to water scarcity and inappropriate management (Aguilera et. al., 2016). In the 

1980s, the Guadiana River dried up because of the overexploitation of the western Mancha 

karstic aquifers. Since then, only the Cigüela River is providing water to the wetland. The soils 

are rich in carbon and can self-ignite by self-heating because of its propensity to smouldering 

(Restuccia et al., 2017). In 2004 the wetland dried up, and this situation persisted until 2009, 

when a peat fire broke out in August during a very hot summer after a long period of drought 

(Moreno et al., 2011). The lack of water from Cigüela River and the disconnection of the wetland 

with the groundwater resources caused the situation described above. In addition, TDNP is 

severely affected by desertification. The Mediterranean region is a well-known global 

desertification hotspot. Within this area, Spain is by far the European country most threatened 

by the desertification process (Prăvăliea et al., 2017). An objective of the United Nation 

Convention to Combat Desertification (UNCCD, 1994) is the rehabilitation, conservation and 

sustainable management of land and water resources. Spain as a subscriber of this convention 

is bound to mitigate the effects of drought and allocate adequate resources in a sustainable 

manner. Biodiversity and key ecosystem services should be protected. For the region the 

external water supply is an imperative need for the survival of the wetland. Therefore, a 

minimum content of water in the park soil must be guaranteed to prevent the peat from 

smouldering again and avoid desertification. Aguilera & Moreno (2018) have identified organic 

carbon content as key controlling factor for smouldering peat fires in the TDNP area. Identifying 

the most relevant water resources for sustainability is the main goal of this research. As shown 

in Table 1, the water resources assessed in this study and located in the vicinity of the TDNP 

pertain to four different categories: reservoirs, interbasin water transfers, pumping wells and 

wastewater recycling plants (Fig. 2). 

In this paper, the water resources allocation elicitation problem for the hydrological restoration 

of a wetland is addressed by defining a Wetland Resources Sustainability Model (WRSM). The 

goal is to find the most adequate water source from the point of view of the wetland 

sustainability. This WRSM will help to prioritize the various available water sources in five 

consecutive steps. First, most relevant physico-chemical indicators are selected. Secondly, their 

relative importance is determined. To that end, weights are assigned to the indicators by 

collaborative elicitation based on AHP to evaluate the wetland water inflow quality. Thirdly, 

indicator rating functions are formulated using national and international guidelines assessed 

by the panel of experts. Rating curves are constructed as trapezoidal linear functions. The closer 

are the physico-chemical parameters of the water resources to the reference environmental 



status in the wetland, the higher are their ratings. Fourthly, for each water source, the average 

of physico-chemical indicator rating is calculated. Finally, the best water allocation for the 

hydrological restoration of the wetland under water stress is identified (Lefebvre et al, 2019). 

 

2. Methodology 

2.1. Data elicitation from experts 

The proposed elicitation model is based on a hybrid procedure constructed by applying 

consecutively AHP and rating curves (Fig. 3). There is consensus in the literature that the 

optimum number of experts per panel should be between eight and twelve panelists (Okoli and 

Pawlowski, 2004; Novakowski and Wellar, 2008; Alvarez et al., 2015). A panel of ten 

environmental experts, civil engineers and water authority officers has been gathered to 

undertake the elicitation procedure. The panelists have all recognized competence, worked on 

or studied issues related with the wetland under study. Firstly, an anonymous open-ended 

survey is sent to the panel of experts, requesting them to propose a list of physico-chemical 

water parameters and potential water resources for the restoration of the wetland (Norouzian-

Maleki et al., 2015). The indicators are the physico-chemical parameters in the AHP hierarchy 

framework as shown in the workflow diagram (Fig. 4). There is an anonymous feedback to 

achieve consensus by resending these data to the panel of expert to reconsider their judgments 

(Martin-Utrillas et al., 2015). This feedback is used to develop consensus on the indicators and 

alternatives proposed (Canto-Perello et al., 2018). Indicators and water resources agreed by the 

panelists as being of low importance are removed, after reaching agreement between the 

experts (Curiel-Esparza et al., 2015). The indicators and the alternatives make up the AHP 

decision hierarchy framework. The survey and data collection lasted four months, while 

processing them and reaching consensus took just two months. The elicitation for the wetland 

under study has provided the following nine physico-chemical parameters: 

• Temperature (TPT): Aquatic organisms are sensitive to temperature. Dallas and Ross-

Gillispie (2015) studied sublethal effects of temperature on aquatic organisms and an 

optimum thermal regime. When incoming water temperature is inadequate, aquatic life 

is adversely affected. The limit for the temperature difference between the water inflow 

and the wetland water has been determined to be four degrees Celsius (Rivers-Moore 

et al, 2013). 

• pH (PHH): The acidity has an important effect on natural waters chemistry and on 

aquatic life. The toxicity of many substances like copper, ammonia, aluminum, or 



nutrients depends on the concentration of hydrogen ions (Brandt et al., 2017). These 

effects can be worsened in wetlands, for example phosphorous could be released from 

sediments when pH increases in anoxic environments (Gu et al., 2019). 

• Dissolved Oxygen (DOO): The concentration of dissolved oxygen in water is essential to 

evaluate the overall quality and the health of water bodies (Feld et al., 2014). The level 

of this parameter must be high enough to guarantee the well-being of aquatic life. 

Treated wastewater provides nutrients along with a deficit of dissolved oxygen and may 

pose a risk of eutrophication for receiving water bodies (Nagisetty et al., 2019). 

• Electrical Conductivity (ECN): Water conducts electricity only if contains dissolved ionic 

solids. The conductivity increases as the ionic solids content of the water rises. This 

parameter is considered as a crude indicator of water quality (Kumar and Sinha, 2010). 

ECN provides information on the total ionic strength, and salinity of water as it is related 

to the total dissolved solids content (Rusydi, A.F., 2017). These factors are decisive for 

the survival of many wetlands that are threatened by salinization changes and 

hydrological alterations. 

• Total Suspended Solids (TSS): Excessive amounts of suspended solids could lead to the 

ecological degradation of the aquatic environment. Suspended solids can diminish light 

penetration, cause temperature changes, infill reservoirs, and have undesirable 

aesthetics effects (Bilotta et al., 2012). Phytoplankton, macrophytes, aquatic 

invertebrates and fish are affected by suspended solids concentration (Bilotta and 

Brazier, 2008). Wetlands remove suspended solids from water by different mechanisms 

like sedimentation, interception, flocculation, filtration, and bacterial decomposition 

(Koskiaho and Puustinen, 2019). 

• Biological Oxygen Demand (BOD): This indicator has been included among the 

physicochemical parameters because BOD affects the evolution of dissolved oxygen. 

BOD is closely related to the chemical oxygen demand, and correlations can be 

established with other physicochemical parameters such as pH, NH3, and temperature 

(Man et al., 2019). Additionally, BOD provides information on the organic matter 

content of water. Large amounts of organic matter in the water can cause oxygen 

depletion and anoxic conditions which severely affect aquatic biota. (Feld et al., 2014).  

BOD is also considered an indicator of pollution (Li and Liu, 2018).  

• Nitrates (NTT): An excess of nitrate in water is harmful to aquatic life (Pottinger, 2017; 

Camargo et al., 2006). Air pollution, agricultural nitrogen fertilizers and wastewater 

effluents are some examples of how human activities can increase nitrogen levels in 



water bodies. Wetlands can withstand higher levels of dissolved nitrate, as they behave 

as nitrogen sinks by recycling and eliminating the excess of this nutrient (Mayo et 

Muraza, 2018). However, the consequences of nitrogen water pollution can also be an 

overgrowth of algae, eutrophication, hypoxia, and other undesirable effects that can 

deteriorate aquatic habitats and ecosystems (Haas et al., 2017). 

• Total Phosphorous (TPH): The cycle of phosphorus in wetlands consist of physical, 

chemical, and biological processes in an equilibrium among plants, water, and soil (Caen 

et al., 2019; Juston and Kadlec, 2019). An excess of phosphorus can lead to 

eutrophication and the reduction of the ecological status because of plant and algal 

overgrowth (Blaas and Kroeze, 2016). Fertilizers, sewage discharges and urban runoff 

are main phosphorus sources. Climate change also contributes to increase the 

eutrophication risk, because higher temperatures and decreased summer flows are 

expected (Sperotto et al., 2019). 

• Un-Ionized Amonia (UIA): This indicator evaluates the concentration in water of the 

most toxic inorganic nitrogenous compound. If the concentration of ammonia exceeds 

the lethal threshold, the entire aquatic ecosystem could be damaged or endangered (Liu 

et al., 2019). Wetlands can withstand higher concentrations of ammonia compared with 

other water bodies, removing large amounts of UIA under appropriate aerobic 

conditions (Lin-Lan et al., 2019). 

 

2.2. AHP procedure 

The AHP method prioritizes the different physico-chemical indicators to determine the relative 

importance of every one of them. The strength of this process is that it organizes indicators in a 

systematic way and provides a structured yet relatively affordable procedure to the 

prioritization of water resources. The AHP method is based on a pairwise comparison technique 

to reduce the complexity of the decision making, since only two indicators are compared 

simultaneously. This pairwise comparison procedure is developed in three steps: elaborating a 

elicitation matrix, computing the priorities for each indicator and analyzing the consistency. In 

the AHP method, elicitation matrices are constructed using multiplicative priority relations to 

express the decision makers’ preferences. Several methods can be used to aggregate the panel’s 

judgements. This research applies the Aggregation of Individual Judgments (AIJ) using the 

geometric mean method (Dong et al., 2010). Treating the panel of experts as a new individual 

with AIJ requires satisfaction of the reciprocity condition for the elicitation (Curiel-Esparza et al., 



2016). The 9-point Saaty’s scale is applied to compute the physico-chemical indicator’s priorities 

(Saaty, 2012). The aggregation yields a reciprocal symmetric n-by-n matrix 𝑃 = [𝑝𝑖𝑗], where 

𝑝𝑖𝑖 = 1, since each element of the diagonal compares an indicator with itself, and 𝑝𝑖𝑗 = 1 𝑝𝑗𝑖⁄ , 

as reciprocals are placed in symmetrical positions. If the physico-chemical indicator i has a 1 to 

9 point value in Saaty’s scale assigned to it when compared with indicator j, then j has the 

reciprocal value when compared with i. Forman and Peniwati (1998) have shown that the 

geometric mean is the only method which preserves the reciprocally symmetric structure of the 

elicitation matrices and satisfies the unanimity condition (Pareto principle). If all panelists prefer 

indicator i to indicator j, then the panel of experts should prefer i to j. This elicitation applies the 

geometric mean method to aggregate individual physico-chemical priorities for n panelists 

(𝑝𝑖𝑗
(𝑘)) in order to obtain the collaborative elicitation matrix as follows in Equation (1):  

𝑝𝑖𝑗 = ∏ (𝑝𝑖𝑗
(𝑘)
)
1
𝑛⁄𝑛

𝑘=1          (1) 

The elicitation matrix [𝑃] is constructed as shown in Table 2. The most important indicators have 

the higher priorities, the weight increases with the importance of the indicator. The priority of 

each individual physico-chemical indicator is evaluated using the eigenvector method. The 

principal eigenvector of the elicitation matrix [𝑃] is the physico-chemical indicators priority 

vector [𝐼𝑃𝑉]. To find IPV, the linear system [𝑃] ∙ [𝐼𝑃𝑉] = 𝜆 ∙ [𝐼𝑃𝑉] must be solved as follows in 

Equation (2): 

𝑑𝑒𝑡([𝑃] − 𝜆 ∙ [𝐼]) = 0         (2) 

where 𝜆 are the elicitation matrix eigenvalues and [𝐼] is the identity matrix. Eigenvalues can be 

ranked from the greatest to the smallest according to their absolute value. Principal eigenvalue 

is the one with the greatest absolute value. 

The panelists’ priorities may contain bias and misinterpretation that could lead to 

inconsistencies in the elicitation procedure (Saaty, 1980). The AHP method allows the evaluation 

of the consistency of the elicitation matrix. To this end, a maximum consistency ratio (CR) must 

be guaranteed. The CR measures the degree of deviation from pure inconsistency. The CR is 

obtained by the ratio between the consistency index (𝐶𝐼) and the random consistency index 

(𝑅𝐶𝐼) defined in Equation (3): 

𝐶𝑅 = 𝐶𝐼 𝑅𝐶𝐼⁄           (3) 

The RCI is computed from a large number of simulation runs and depends upon the order of 

matrix, as shown in Table 3. Maximum CR, which should not be exceeded, for elicitation matrices 



with order upper than four is 0.10 to guarantee consistency. CI is computed using the maximum 

eigenvalue for the elicitation matrix [𝑃], as follows in Equation (4): 

𝐶𝐼 =
𝜆𝑚𝑎𝑥−1

𝑛−1
          (4) 

where 𝜆𝑚𝑎𝑥 is the maximum eigenvalue of the elicitation matrix and n is the order of matrix. 

The RCI value depends on the order of the matrix (Saaty, 2012). As shown in Table 2, the 

consistency analysis of the results is within the tolerance range. 

 

2.3. Rating curves for the physico-chemical indicators 

The last step to address in the elicitation model for water allocation is to evaluate the quality of 

water resources, in order to determine which, one is the most sustainable to the hydrological 

conservation of the wetland. Hanh et al. (2011) and Singh et al. (2015) have successfully applied 

linear rating functions in water quality evaluation. In the WRSM model, the rating curves for 

each indicator are constructed using linear functions. These functions assign a rate for the water 

quality status between 0 and 1 to the physico-chemical parameters depending on their values 

in the water resources as depicted in Fig. 3. The proposed curves are based on the continuous 

rescaling method (Juwana et al., 2012; Tyagi et al., 2013). 

The parameter rating functions are based on reference values and on permissible limits to 

preserve the good status of aquatic life in the wetland (Fig. 5). The functions used are piecewise 

linear membership functions. If the actual value of the parameter is between the minimum and 

maximum for the reference range, the index value is 1. As shown in Fig. 3, between permissible 

limits and reference range the index is obtained by linear interpolation. The reference values 

are representative for unaltered natural conditions. These values have been calculated by 

means of a statistical analysis of the historical data of the TDNP wetland (Cirujano et al., 1996; 

Sutadian et al., 2016). Assuming that the statistical distribution of the reference values is 

Gaussian (PHG, 2018). The maximum and minimum reference values are set at a distance of a 

standard deviation from the mean (CHG-CSIC, 2010). This criterion is stricter than considering 

the 25th percentile as the threshold reference value. (USEPA, 2000; Sánchez-Montoya et al., 

2012). The permissible limits are threshold values, which should not be exceeded by physical-

chemical parameters to protect aquatic life. Except for total phosphorus and electrical 

conductivity, all permissible limits of physicochemical parameters are established in accordance 

with international standards (IWQGES, 2016; EPA, 2019; EU Directive 2006/44/EC, 2006). 

Phosphorus limits have been obtained from local studies, which are compiled and summarized 



in the Tablas de Daimiel Plan of Gradual Restoration (REGATA, 2010). Finally, the electrical 

conductivity permissible limits are estimated using the 25th percentile. As an example, sample 

rating pH (𝑝𝐻𝑠𝑟) as function of water sample pH (𝑝𝐻𝑠𝑎𝑚𝑝) can be written as is defined in 

Equation (5): 

{
 
 

 
 𝑝𝐻𝑚𝑖𝑛 ≤ 𝑝𝐻𝑠𝑎𝑚𝑝 ≤ 𝑝𝐻𝑟𝑒𝑓 𝑚𝑖𝑛 𝑝𝐻𝑠𝑟 =

𝑝𝐻𝑠𝑎𝑚𝑝−𝑝𝐻𝑚𝑖𝑛

𝑝𝐻𝑟𝑒𝑓 𝑚𝑖𝑛−𝑝𝐻𝑚𝑖𝑛

𝑝𝐻𝑟𝑒𝑓 𝑚𝑖𝑛 ≤ 𝑝𝐻𝑠𝑎𝑚𝑝 ≤ 𝑝𝐻𝑟𝑒𝑓 𝑚𝑎𝑥 1

𝑝𝐻𝑟𝑒𝑓 𝑚𝑎𝑥 ≤ 𝑝𝐻𝑠𝑎𝑚𝑝 ≤ 𝑝𝐻𝑚𝑎𝑥 𝑝𝐻𝑠𝑟 =
𝑝𝐻𝑚𝑎𝑥−𝑝𝐻𝑠𝑎𝑚𝑝

𝑝𝐻𝑚𝑎𝑥−𝑝𝐻𝑟𝑒𝑓 𝑚𝑎𝑥

   (5) 

Finally, the wetland resources sustainability index is obtained from Equation (6): 

𝑊𝑅𝑆𝑀 = ∑ 𝑊𝑖 ∙ 𝑅𝐹𝑖𝑖          (6) 

where 𝑊𝑖 are the physico-chemical parameters weights obtained applying AHP, and 𝑅𝐹𝑖 are the 

output of the rating functions evaluated for the physico-chemical parameter i.  

The evaluation of WRSM for the different water resources under study is shown in the workflow 

diagram of Fig. 6, and the results in Table 4. 

 

3. Results 

In general, the best WRSM ratings correspond to reservoirs, as shown in Table 4. These values 

vary from 0.9415 for the PVAR reservoir to 0.8307 for the VICR reservoir. Water from the Tagus-

Segura interbasin transfer is stored in reservoirs and is conveyed by a canal first and a pipeline 

secondly to the TDNP (Lobanova et al., 2017). In consequence, the characteristics of this water 

are like those of superficial waters. The WRSM rating of the TASE water transfer is 0.9237, which 

is consistent with the range of values recorded in the reservoirs. Groundwater shows clearly 

lower WRSM ratings than surface water. Additionally, three of the five pumping well areas have 

been considered not acceptable due to their high content of dissolved nitrates. Pollution caused 

by agricultural activity is a non-sustainable problem in most aquifers of the area under study 

(Perez-Martin et al., 2016). Only the VILW and FUFW pumping well areas are considered 

acceptable. Their WRSM ratings are 0.7364 and 0.5961, respectively. This last value is the lowest 

acceptable water resource. Finally, many wastewater recycling plants are considered non-

acceptable as water resources because the limits of organic matter and nutrient content are 

exceeded. Only two water recycling plants of the five under study have all the indicators within 

the acceptable rating. 



The preferred water source for TDNP hydrological restoration is the PVAR reservoir, followed by 

the PARR reservoir (0.9272), the TASE water transfer and the GASR reservoir (0.9195). Among 

the reservoirs, VICR is the one with the lowest WRSM rating due to its high values of TSS, BOD 

and TPH. Groundwater WRSM show a low degree of sustainability. The best rated pumping well 

area (VILW) has a WRSM rating of 0.7364, significantly lower than reservoir ratings. DAIW, CDEW 

and CIRW are considered non-acceptable due to their high nitrate content. FUFW is considered 

as an acceptable water resource, but its WRSM rating of 0.5961 is the worst among all sources. 

Wastewater recycling plants are classified as the least sustainable water resources. Only two 

plants of the five under study have all the indicator within the acceptable ratings. VIRP is the 

best rated wastewater recycling plant (0.6780), but it is not much better than MARP (0.6027), 

the only other wastewater recycling plant considered acceptable. The MARP and VIRP 

wastewater recycling plants have been improved and expanded in recent years, becoming 

acceptable water sources (Sanchez-Ramos et al., 2016), although their WRSM ratings are still 

low when compared to other resources. The acceptable limits are exceeded in three recycling 

plants. DARP and ALRP wastewater recycling plants record high values of BOD while the FURP 

recycling plant has high levels of phosphorus. The non-acceptable recycled wastewater plants 

would have to be expanded by implementing additional treatments to allow the reuse of their 

effluents for the restoration of the TDNP. In conclusion, the most sustainable water resources 

for the restoration of the TDNP are reservoirs and the Tagus-Segura aquaduct. All resources of 

surface water are acceptable and are by far the best ones. There is a remarkable variability in 

the groundwater and recycling plant resources. The use of the proposed WRSM makes possible 

to establish a clear preference for any surface, recycled or groundwater resource. 

 

4. Discussion and conclusions 

The proposed collaborative elicitation model has been successfully applied to the Tablas de 

Daimiel National Park wetland. Four categories of possible water resources for the hydrological 

restoration of TDNP are evaluated in this research: reservoirs, interbasin water transfer, 

groundwater, and recycled water. To prioritize these heterogeneous water resources from the 

point of view of sustainability, the novel WRSM has been developed and applied. This model 

rates each of the proposed water resources under nine physico-chemical indicators. When 

compared to other methods, the WRSM advantage is it that allows assigning a score to new 

water resources without repeating the complete elicitation process each time a decision needs 

to be made. Once the values of the physicochemical parameters are known for any water 



resource, the water resource can be ranked immediately by performing the WRSM model. Other 

elicitation procedures involve long and sometimes complex techniques that must be revaluated 

each time a decision has to be made. In addition, there is no limit on the number of water 

resources under study in the WRSM decision-making process. WRSM compares the parameters 

of water resources with the sustainable status of the TDNP wetland. When the conservation and 

restoration of the wetland requires supplying water from external sources, the sustainability 

criterion is achieved if the indicators of the water inflow are as close as possible to the original 

water in the wetland in its sustainable state. In that case, the WRSM rating tends to 1. Water 

indicators are quite different depending on their origin and the stage of the hydrologic cycle 

considered. Reservoirs store surface water in the runoff step of the hydrologic cycle. 

Consequently, surface water is less mineralized than groundwater because the renewal periods 

of reservoirs are shorter than those of aquifers (Ajami, 2020). Another important aspect is that 

groundwater is found inside the pores and fractures of the rocks, in prolonged contact with 

minerals (Zhang et al., 2020). Furthermore, because of the differences in the geology of the 

pumping well areas there is a high variability in the characteristics of groundwater (Mejias-

Moreno et al., 2012). Hydrogeological features like permeability, recharge and discharge zones 

and water budget of the aquifer have an impact in the indicators (Viaroli et al, 2020). Moreover, 

anthropogenic activities can cause a long-lasting contamination of groundwater. Long-term 

cumulative effects of pollution are more likely in groundwater than in surface water because 

residence times of pollutants could be decades (Zektser and Everett, 2004). This is the case of 

dissolved nitrate, which show records with high values in groundwater due to the cumulative 

effect of diffuse pollution from fertilizers used in agricultural activity (Kløve et al., 2011). The 

indicators of the recycled water depend on the constituents added to the water supply through 

use, and the efficiency of the treatment applied in the recycling process. Consequently, there is 

great variability in these water resources (Navarro et al., 2011). The treatment process must be 

expanded and improved before the effluent can be reused in the TDNP (Sánchez-Ramos et al., 

2011). Excess phosphorus, nitrogen and organic matter are serious problems detected in 

recycled waters. Most water recycling plants in the area under study cannot be used as a water 

resource for the wetland. Political and economic considerations could actually reject the transfer 

of water from any of the resources under study. However, this model focused on physico-

chemical indicators is open to evaluate any possible alternative. The political and economic 

framework should be considered when selecting any water resource from the WRSM model 

results. The added value of the WRSM model is to systematize and clarify the collaborative 

elicitation process in the selection of water resources. 



The Paris climate change agreement outlined the role wetlands play as the most powerful 

carbon sinks. Their loss is inadmissible in a world under alarming environmental threats. 

Consequently, wetlands conservation has become a very high priority goal in preventing and 

combating climate change. The hydrological restoration of wetlands most often involves the 

reallocation of water resources. The key criterion must be sustainability to guarantee the well-

being of the ecosystem. The environmental indicators of wetlands should be kept as close as 

possible to their sustainable state. Developing decision support systems and elicitation 

techniques contributes to the sustainable allocation of water resources. The elicitation model 

should guarantee traceability and transparency in achieving consensus among the panelists. The 

variability of water indicators and their different impact requires a systematic method of 

elicitation. In this research, a novel water resources sustainability model based on 

environmental indicators has been developed for wetlands conservation. 

 

References 

Aguilera, H., Moreno, L., Wesseling, J.G., Jiménez-Hernández, M.E., Castaño, S., 2016. Soil 

moisture prediction to support management in semiarid wetlands during drying episodes. 

Catena 147, 709-724. https://doi.org/10.1016/j.catena.2016.08.007. 

Aguilera, H., Moreno, L. 2018. Data on chemical composition of soil and water in the semiarid 

wetland of Las Tablas de Damiel National Park (Spain) during a drought period. Data in Brief 19, 

2481-2486. https://doi.org/10.1016/j.dib.2018.04.085. 

Ajami, H. 2020. Encyclopedia of Geology. Earth Systems and Environmental Sciences 

https://doi.org/10.1016/B978-0-12-409548-9.12388-7. 

Alafifi, A.H., Rosenberg, D.E. 2020. Systems modeling to improve river, riparian, and wetland 

habitat quality and area. Environ. Modell. Softw. 126, 104643. 

https://doi.org/10.1016/j.envsoft.2020.104643. 

Alvarez Etxeberria, I., Garayar, A., Calvo Sánchez, J.A., 2015. Development of sustainability 

reports for farming operations in the Basque Country using the Delphi method. Rev. Contab. 18 

(1), 44-54. https://doi.org/10.1016/j.rcsar.2014.03.004. 

Bilotta, G.S., Brazier, R.E., 2008. Understanding the influence of suspended solids on water 

quality and aquatic biota. Water Res. 42 (12), 2849-2861. 

https://doi.org/10.1016/j.watres.2008.03.018. 

https://doi.org/10.1016/j.catena.2016.08.007


Bilotta, G.S., Burnside, N.G., Cheek, L., Dunbar, M.J., Grove, M.K., Harrison, C., Joyce, C., Peacock, 

C., Davy-Bowker, J., 2012. Developing environment-specific water quality guidelines for 

suspended particulate matter. Water Res. 46 (7), 2324-2332. 

https://doi.org/10.1016/j.watres.2012.01.055. 

Blaas, H., Kroeze, C., 2016. Excessive nitrogen and phosphorus in European rivers: 2000-2050. 

Ecol. Indic. 67, 328-337. https://doi.org/10.1016/j.ecolind.2016.03.004. 

Brandt, M.J., Johnson, K.M., Elphinston, A.J., Ratnayaka, D.D., 2017. Twort's Water Supply 

(Seventh Edition). Chapter 7: Chemistry, Microbiology and Biology of Water, 235-321. 

https://doi.org/10.1016/B978-0-08-100025-0.00007-7. 

Camargo, J.A., Alonso, A., 2006. Ecological and toxicological effects of inorganic nitrogen 

pollution in aquatic ecosystems: a global assessment. Environ. Int., 32 (6), 831-849. 

https://doi.org/10.1016/j.envint.2006.05.002. 

Caen, A., Latour, D., Mathias, J.D. 2019. Dynamical effects of retention structures on the 

mitigation of lake eutrophication. Environ. Modell. Softw. 119, 309-326. 

https://doi.org/10.1016/j.envsoft.2019.06.012. 

Canto-Perello, J., Morera-Escrich, J.L., Martin-Utrillas, M., Curiel-Esparza, J., 2018. Restoration 

prioritization framework for roadway high cut slopes to reverse land degradation and 

fragmentation. Land Use Policy 71, 470-479. https://doi.org/10.1016/j.landusepol.2017.11.020. 

Canto-Perello, J., Martinez-Leon, J., Curiel-Esparza, J., Martin-Utrillas, M., 2017. Consensus in 

prioritizing river rehabilitation projects through the integration of social, economic and 

landscape indicators. Ecol. Indic. 72, 659-666. https://doi.org/10.1016/j.ecolind.2016.09.004.  

CHG-CSIC, 2009. Caracterización de las masas de agua superficiales de categoría “lago”, 

Convenio Confederación Hidrográfica del Guadiana - Centro Superior de Investigaciones 

Científicas. 

Cirujano, S., Casado, C., Bernués, M., Camargo, J.A., 1996. Ecological study of Las Tablas de 

Daimiel National Park (Ciudad Real, Central Spain): differences in water physico-chemistry and 

vegetation between 1974 and 1989. Biol. Conserv. 75 (3), 211-215. 

https://doi.org/10.1016/0006-3207(95)00079-8. 

Curiel-Esparza, J., Gonzalez-Utrillas, N., Canto-Perello, J., Martin-Utrillas, M., 2015. Integrating 

climate change criteria in reforestation projects using a hybrid decision-support system. Environ. 

Res. Lett. 10 (9), 094022. http://dx.doi.org/10.1088/1 748-9326/10/9/094022. 

https://doi.org/10.1016/j.ecolind.2016.03.004
https://doi.org/10.1016/B978-0-08-100025-0.00007-7


Curiel-Esparza, J., Mazario-Diez, J.L., Canto-Perello, J., Martin-Utrillas, M., 2016. Prioritization by 

consensus of enhancements for sustainable mobility in urban areas. Environ. Sci. Policy 55(1), 

248-257. https://doi.org/10.1016/j.envsci.2015.10.015  

Curiel-Esparza, J., Reyes-Medina, M., Martin-Utrillas, M., Martinez-Garcia, M.P., Canto-Perello, 

J., 2019. Collaborative elicitation to select a sustainable biogas desulfurization technique for 

landfills. J. Clean Prod. 212, 1334-1344. https://doi.org/10.1016/j.jclepro.2018.12.095. 

Dallas, H.F., Ross-Gillespie, V., 2015. Sublethal effects of temperature on freshwater organisms, 

with special reference to aquatic insects. Water SA 41 (5), 712-726. 

http://dx.doi.org/10.4314/WSA.V41I5.15. 

Dong, Y., Zhang, G., Hong, W.C., Xu, Y., 2010. Consensus models for AHP group decision making 

under row geometric mean prioritization method. Decis. Suport Syst. 49 (3), 281-289. 

https://doi.org/10.1016/j.dss.2010.03.003. 

EPA, 2019. National Recommended Water Quality Criteria - Aquatic Life Criteria Table. United 

States Environmental Protection Agency. Available online: https://www.epa.gov/wqc/national-

recommended-water-quality-criteria-aquatic-life-criteria-table. 

EU Directive 2006/44/EC, 2006. DIRECTIVE 2006/44/EC of the European Parliament and of the 

Council on the quality of fresh waters needing protection or improvement in order to support 

fish life. Official Journal of the European Union. 25/09/2006. Available online: https://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:264:0020:0031:EN:PDF. 

Feld, C.K., de Bello, F., Dolédec, S., 2014. Biodiversity of traits and species both show weak 

responses to hydromorphological alteration in lowland river macroinvertebrates Freshwater 

Biol. 59, 233-248. https://doi.org/10.1111/fwb.12260. 

Forman, E., Peniwati, K., 1998. Aggregating individual judgments and priorities with the Analytic 

Hierarchy Process. Eur. J. Oper. Res. 108, 165-169. https://doi.org/10.1016/S0377-

2217(97)00244-0. 

Gu, S., Gruau, G., Dupas, R., Petitjean, P., Li, Q., Pinay, G., 2019. Respective roles of Fe-

oxyhydroxide dissolution, pH changes and sediment inputs in dissolved phosphorus release from 

wetland soils under anoxic conditions. Geoderma 338, 365-374. 

https://doi.org/10.1016/j.geoderma.2018.12.034. 

Haas, M. B., Guse, B., Fohrer, N., 2017. Assessing the impacts of Best Management Practices on 

nitrate pollution in an agricultural dominated lowland catchment considering environmental 



protection versus economic development. J. Environ. Manage. 196, 347-364. 

https://doi.org/10.1016/j.jenvman.2017.02.060. 

Hanh, P.T.M., Sthiannopkao, S., Ba, D.T., Kim, K.W., 2011. Development of Water Quality Indexes 

to Identify Pollutants in Vietnam´s Surface Water. J. Environ. Eng. 137(4), 273-283. 

https://doi.org/10.1061/(ASCE)EE.1943-7870.0000314. 

Hes, E.M.A., van Dam, A.A., 2019. Modelling nitrogen and phosphorus cycling and retention in 

Cyperus papyrus dominated natural wetlands. Environ. Modell. Softw. 122, 104531. 

https://doi.org/10.1016/j.envsoft.2019.104531. 

Juston, J.M., Kadlec, R.H. 2019. Data-driven modeling of phosphorus (P) dynamics in low-P 

stormwater wetlands. Environ. Modell. Softw. 118, 226-240. 

https://doi.org/10.1016/j.envsoft.2019.05.002. 

Juwana I., Muttil, N., Perera, B.J.C., 2012. Indicator-based water sustainability assessment - A 

review. Sci. Total Environ. 438, 357-371. https://doi.org/10.1016/j.scitotenv.2012.08.093. 

IWQGES, 2016. International Water Quality Guidelines for Ecosystems. UNEP, United Nations 

University. UNU-EHS, Institute for Environment and Human Security. Available online: 

http://web.unep.org/sites/default/files/Documents/20160315_iwqges_pd_final.pdf. 

Kløve B., Allan A., Bertrand G., Druzynska E., Ertürk A., Goldscheider N. Henry N., Karakaya N., 

Karjalainen T. P., Koundouri P., Kupfersberger H., Kvœrner J., Lundberg A., Muotka T., Preda E., 

Pulido-Velazquez M., Schipper P., 2011. Groundwater dependent ecosystems. Part II. Ecosystem 

services and management in Europe under risk of climate change and land use intensification. 

Environ. Sci. Policy 14 (7), 782-793. https://doi.org/10.1016/j.envsci.2011.04.005. 

Koskiaho, J., Puustinen, M. 2019. Suspended solids and nutrient retention in two constructed 

wetlands as determined from continuous data recorded with sensors. Ecol. Eng. 137, 65-75. 

https://doi.org/10.1016/j.ecoleng.2019.04.006. 

Kumar, N., Sinha, D.K., 2010. Drinking water quality management through correlation study 

among various physico-chemical parameters: A case study. Int. J. Environ. Sci 1 (2): 253-259. 

Lefebvre G., Redmond, L., Germaina, C., Palazzi, E., Terzagob, S. Willm, L., Poulin, B., 2019. 

Predicting the vulnerability of seasonally-flooded wetlands to climate change across the 

Mediterranean Basin. Sci. Total Env. 692, 546-555. 

https://doi.org/10.1016/j.scitotenv.2019.07.263. 



Li, D., Liu, S., 2018. Water Quality Monitoring and Management Basis, Technology and Case 

Studies. Academic Press, pag. 113-159. 

Lin-Lan, Z., Ting, Y., Jian, Z, Xiangzheng, L., 2019. The configuration, purification effect and 

mechanism of intensified constructed wetland for wastewater treatment from the aspect of 

nitrogen removal: A review. Bioresour. Technol. 293, 122086. 

https://doi.org/10.1016/j.biortech.2019.122086 

Liu, Z., Tai, P., Li, X., Kong, L., Matthews, T&G., Lester, E.L., Mondon, J.A., 2019. Deriving site-

specific water quality criteria for ammonia from national versus international toxicity data. 

Ecotox. Environ. Safe. 171, 665-676. https://doi.org/10.1016/j.ecoenv.2018.12.078. 

Lobanova, A., Liersch, S., Tabara, J.D., Koch, H., Hattermann, F.F., Krysanova, V., 2017., 

Harmonizing human-hydrological system under climate change: A scenario-based approach for 

the case of the headwaters of the Tagus River. J. Hydrol. 548, 436-447. 

http://dx.doi.org/10.1016/j.jhydrol.2017.03.015. 

Martin-Utrillas, M., Reyes-Medina, M., Curiel-Esparza, J., Canto-Perello, J., 2015. Hybrid method 

for selection of the optimal process of leachate treatment in waste treatment and valorization 

plants or landfills. Clean Technol. Environ. Policy 17(4), 873-885. 

https://doi.org/10.1007/s10098-014-0834-4. 

Martinez-Martinez E., Nejadhashemi, A.E., Woznicki, S.A., Adhikari, U., Giri, S., 2015. Assessing 

the significance of wetland restoration scenarios on sediment mitigation plan. Ecol. Eng. 77, 103-

113. https://doi.org/10.1016/j.ecoleng.2014.11.031. 

Mayo, A.W., Muraza, J., Norbert, J., 2018. Modelling nitrogen transformation and removal in 

mara river basin wetlands upstream of Lake Victoria. Phys. Chem. Earth 105, 136-146. 

https://doi.org/10.1016/j.pce.2018.03.005. 

Mejías-Moreno, M., López-Gutiérrez, J., Martínez-Cortina, L., 2012. Hydrogeological 

characteristics and groundwater evolution of the Western La Mancha unit: the influence of the 

wet period 2009-2011. Boletin Geologico y Minero, 123 (2): 91-108.  

Millennium Ecosystem Assessment, 2015. Ecosystems and Human Well-being: Syn-thesis. 

Washington, DC: Island Press. ISBN 1-59726-040-1. 

Montreux Record, 1990. Ramsar Convention on Wetlands. List of Wetlands or International 

Importance Included in the Montreux Record. Las Tablas de Daimiel, designated 04/05/82, 



Castilla-La Mancha, 1,928 ha, Montreux Record 04/07/90. Available online: 

https://www.ramsar.org/sites/default/files/documents/library/montreux_list_2016_efs.pdf 

Moreno, L., Jimenez, M.E., Aguilera, H., Jimenez, P., 2011. The 2009 Smouldering Peat Fire in Las 

Tablas de Daimiel National Park (Spain). Fire Technol. 47 (2), 519-538. 

https://doi.org/10.1007/s10694-010-0172-y. 

Nagisetty, R.M., Flynn, K.F., Uecker, D., 2019. Dissolved oxygen modeling of effluent-dominated 

macrophyte-rich Silver Bow Creek. Ecol. Model. 393, 85-97. 

https://doi.org/10.1016/j.ecolmodel.2018.12.009. 

Navarro, V. , García, B., Sánchez, D., Asensio, L., 2011. An evaluation of the application of treated 

sewage effluents in Las Tablas de Daimiel National Park, Central Spain. J. Hydrol. 401 (1-2), Pages 

53-64, https://doi.org/10.1016/j.jhydrol.2011.02.008. 

Norouzian-Maleki, S., Bell, S., Hosseini, S.B., Faizi, M., 2015. Developing and testing a framework 

for the assessment of neighbourhood liveability in two contrasting countries: Iran and Estonia. 

Ecol. Indic. 48, 263-271. https://doi.org/10.1016/j.ecolind.2014.07.033. 

Novakowski, N., Wellar, B., 2008. Using the Delphi technique in normative planning research: 

Methodological design considerations. Environ. Plann. A 40 (6) 1485-1500. 

https://doi.org/10.1068/a39267. 

Okoli, C., Pawlowski, S.D., 2004. The Delphi method as a research tool: An example, design 

considerations and applications. Inform. Manage. 42 (1) 15-29. 

https://doi.org/10.1016/j.im.2003.11.002. 

O’Neil, G.L., Goodall, J.L., Behl, M., Saby., L., 2020. Deep learning Using Physically-Informed Input 

Data for Wetland Identification. Environ. Modell. Softw. 126, 104665. 

https://doi.org/10.1016/j.envsoft.2020.104665. 

Perez-Martin, M. A., Estrela, T., del-Amo, P., 2016. Measures required to reach the nitrate 

objectives in groundwater based on a long-term nitrate model for large river basins (Júcar, 

Spain). Sci. Total Environ. 566-567, 122-133. https://doi.org/10.1016/j.scitotenv.2016.04.206. 

Pottinger, T.G., 2017. Modulation of the stress response in wild fish is associated with variation 

in dissolved nitrate and nitrite. Environ. Pollut. 225, 550-558. 

https://doi.org/10.1016/j.envpol.2017.03.021 

Prăvăliea, R., Patricheb, C., Bandoc, G., 2017. Quantification of land degradation sensitivity areas 

in Southern and Central Southeastern Europe. New results based on improving DISMED 



methodology with new climate data. Catena 158, 309-320. 

https://doi.org/10.1016/j.catena.2017.07.006. 

Restuccia, F., Huang, X., Rein, G., 2017. Self-ignition of natural fuels: Can wildfires of carbon-rich 

soil start by self-heating? Fire Safety J. 91, 828-834. 

https://doi.org/10.1016/j.firesaf.2017.03.052. 

Rivers-Moore, N.A., Dallas, H.F., Morris C., 2013. Towards setting environmental water 

temperature guidelines: a South African example. J. Environ. Manage. 128, 380-392. 

https://doi.org/10.1016/j.jenvman.2013.04.059. 

Rusydi, A.F., 2018. Correlation between conductivity and total dissolved solid in various type of 

water: A review. IOP Conf. Series: Earth and Environmental Science 118: 012019. https:// 

doi.org/10.1088/1755-1315/118/1/012019. 

Saaty, T.L., 1980. The Analytic Hierarchy Process. McGraw Hill. RWS Publications International. 

New York, Pittsburgh. 

Saaty, T.L., 2012. Decision making for leaders. The analytic hierarchy process for decisions in a 

complex world, 3rd ed. RWS Publications, Pittsburgh. 

Sagar, S.S., Chavan, R.P., Patil, C.L., Shinde, D.N., Kekane, S.S., 2015. Physico-chemical 

parameters for testing of water - A review. Int. J. Chem. Stud. 3(4): 24-28. 

Sánchez-Ramos, D., Sánchez Emeterio, G., García-Fernández, B., Florín-Beltrán, M., 2011. 

Wastewater reuse in Las Tablas de Daimiel National Park by improving its quality through 

constructed wetlands. 7th Symposium for European Freswater Sciences, Girona. 

Sánchez-Montoya, M.M., Arce, M.I., Vidal-Abarca, M.R., Suarez, M.L., Prat, N., Gomez, R., 2012. 

Establishing physico-chemical reference conditions in Mediterranean streams according to the 

European Water Framework Directive. Water Res. 46(7), 2257-2269. 

https://doi.org/10.1016/j.watres.2012.01.042. 

Sánchez-Ramos, D., Sánchez-Emeterio, G., García-Fernández, B., Florín-Beltrán, M., 2011. 

Wastewater Reuse in las Tablas de Daimiel National Park by Improving its Quality through 

Constructed Wetlands. 7th Symposium for European Freshwater Sciences, Girona. ISBN 978-84-

937882-2-3. 

Sapriza-Azuri, G., Jódar, J., Carrera, J., Gupta, H.V., 2015. Toward a comprehensive assessment 

of the combined impacts of climate change and groundwater pumping on catchment dynamics, 

J. Hydrol. 529 (3), 1701-1712. https://doi.org/10.1016/j.jhydrol.2015.08.015. 



Sperotto, A., Molina, J.L., Torresan, S., Critto, A., Pulido-Velazquez, M., Marcomini, A., 2019. A 

Bayesian Networks approach for the assessment of climate change impacts on nutrients loading. 

Environ. Sci. Policy 100, 21-36. https://doi.org/10.1016/j.envsci.2019.06.004. 

Singh, S., Gosh, N.C., Krishan, G., Galkate, R., Thomas, T. and Jaiswal R.K., 2015. Development of 

an Overall Water Quality Index (OWQI) for Surface Water in Indian Context. Curr. World Environ.  

10 (3), 813-822. http://dx.doi.org/10.12944/CWE.10.3.12. 

Singh, S., Ghosh,N. C, Suman, Gurjar, S. Krishan, G., Kumar, S., Berwal . P., 2018. Index-based 

assessment of suitability of water quality for irrigation purpose under Indian conditions. Environ. 

Monit. Assess. 190(1), 29. https://doi.org/10.1007/s10661-017-6407-3. 

Sun, B., Tang, J., Yu, D., Song, Z., Wang, P., 2019. Ecosystem health assessment: A PSR analysis 

combining AHP and FCE methods for Jiaozhou Bay, China. Ocean Coast. Manage. 168, 41-50. 

https://doi.org/10.1016/j.ocecoaman.2018.10.026. 

Sutadian, A.D., Muttil, N., Yilmaz, A.G., Perera, B.J.C., 2017. Using the Analytic Hierarchy Process 

to identify parameter weights for developing a water quality index. Ecol. Indic. 75, 220-233. 

https://doi.org/10.1016/j.ecolind.2016.12.043. 

Sutadian, A.D., Muttil, N., Yilmaz, A.G., Perera, B.J.C., 2016. Development of river water quality 

indices - a review. Environ Monit Assess 188: 58. https://doi.org/10.1007/s10661-015-5050-0. 

Tooth, S., 2018. The geomorphology of wetlands in drylands: Resilience, nonresilience, or ……?. 

Geomorphology 305, 33-48. https://doi.org/10.1016/j.geomorph.2017.10.017. 

Tyagi, S., Sharma, B., Singh, P., Dobhal, R., 2013. Water Quality Assessment in Terms of Water 

Quality Index. Amer. J. Water Res. 1 (3), 34-38. https://doi.org/10.12691/ajwr-1-3-3. 

UN, 2015. Transforming our world: The 2030 agenda for sustainable development. New York: 

United Nations https://stg-

wedocs.unep.org/bitstream/handle/20.500.11822/11125/unep_swio_sm1_inf7_sdg.pdf?sequ

ence=1. 

UN-Water, 2018. Official celebration of World Water Day, 22th of March of 2018. 8th World 

Water Forum. UNESCO, Brasilia. 

UNCCD, United Nations Convention to Combat Desertification in Those Countries Experiencing 

Serious Drought and/or Desertification, Particularly in Africa. Bonn, Germany, 14 October 1994. 

https://doi.org/10.1016/j.geomorph.2017.10.017


USEPA, 2000. Nutrient Criteria Technical Guidance Manual: Rivers and Streams. EPA-822-B00-

002. Office of Water, US Environmental Protection Agency, Washington, DC. 

Viaroli, S., Mastrorillo, L., Lotti, F., Paolucci, V., Mazza, R., 2018. The groundwater budget: A tool 

for preliminary estimation of the hydraulic connection between neighboring aquifers. J. Hydrol. 

556, 72-86. https://doi.org/10.1016/j.jhydrol.2017.10.066. 

Xu, Y., Wang, Y., Li, S., Huang, H., Dai, C., 2018. Stochastic optimization model for water 

allocation on a watershed scale considering wetland’s ecological water requirement. Ecol. Indic. 

92, 330-341. https://doi.org/10.1016/j.ecolind.2017.02.019. 

Wang, H., Xiao, X., Wang, H., Li, Y., Yu, Q., Liang, X. Feng, W., Shao, J. Rybicki, M., Jungmann, D., 

Jeppesen, E., 2017. Effects of high ammonia concentrations on three cyprinid fish: Acute and 

whole-ecosystem chronic tests. Sci. Total Environ. 598, 900-909. 

https://doi.org/10.1016/j.scitotenv.2017.04.070. 

Yuan, L., Ge, Z., Fana, X., Zhang, L., 2014. Ecosystem-based coastal zone management: A 

comprehensive assessment of coastal ecosystems in the Yangtze Estuary coastal zone. Ocean 

Coast. Manage. 65, 63-71. https://doi.org/10.1016/j.ocecoaman.2014.04.005. 

Zektser, I.S., Everett, L.G., 2004. Groundwater resources of the world and their use. IHP-VI series 

on groundwater 6. Paris, UNESCO, ISBN:92-9220-007-0. 

Zhang, B., Zhao, D., Zhou, P., Qu, S., Liao, F., Wang, G., 2020. Hydrochemical Characteristics of 

Groundwater and Dominant Water–Rock Interactions in the Delingha Area, Qaidam Basin, 

Northwest China. Water 12 (3), 836. https://doi:10.3390/w12030836. 

Zhang, L., Hou, G. L., Zhang, G. X., Liu, Z. L., Sun, G. Z., LI, M. N., 2016. Calculation of wetlands 

ecological water requirement in China´s western Jilin province based on regionalization and 

gradation techniques. Appl. Ecol. Env. Res. 14(3): 463-478. 

https://doi.org/10.15666/aeer/1403_463478. 

Zhang, R., Zhang, X., Yang, J., Yuan, H., 2013. Wetland ecosystem stability evaluation by using 

Analytical Hierarchy Process (AHP) approach in Yinchuan Plain, China. Math. Comput. Model. 57 

(3-4), 366-374. https://doi.org/10.1016/j.mcm.2012.06.014. 

  

https://doi.org/10.1016/j.ocecoaman.2014.04.005
https://doi.org/10.1016/j.mcm.2012.06.014


Table 1. Water resources under study  

Water 
resource Description Type 

Distance 
(km) Location 

VICR Vicario reservoir Superficial Water 22.08 
39° 3' 32'' N 

4° 0' 10'' W 

GASR Gasset reservoir Superficial Water 27.12 
39° 7’ 43.60'' N 

3° 56' 15.30'' W 

TOAR Torre de Abraham reservoir Superficial Water 61.47 
39° 24' 20'' N 

4° 15' 0.50'' W 

PVAR 
Puerto de Vallehermoso 

reservoir 
Superficial Water 58.56 

38° 52' 20'' N 

3° 10' 00'' W 

PARR Peñarroya reservoir Superficial Water 85.35 
38° 3' 40'' N 

3° 16' 30'' W 

TASE 
Tagus-Segura interbasin water 

transfer 
Superficial Water 165.42 

39° 58' 35.62'' N 

2° 44' 11.69'' W 

VILW Villarrubia pumping wells area Groundwater 6.19 
39° 13' 51.10'' N 

3° 36' 55.77'' W 

DAIW 
Daimiel Casas Pico pumping 

wells area 
Groundwater 23.41 

39° 6.49' 0.79'' N 

3° 34.30' 0.60'' W 

FUFW 
Fuente Fresno pumping wells 

area 
Groundwater 16.12 

39° 14.20' 11 ’’ N 

3° 47' 26.30'' W 

CDEW 
Casas Encinas pumping wells 

area 
Groundwater 25.35 

39° 5´ 36.37'' N 

3° 39' 9.42'' W 

CIRW 
Ciudad Real pumping wells 

area 
Groundwater 10.92 

39° 4.54 ' 33 '' N 

3° 54 ' 19.76'' W 

POBW Poblete pumping wells area Groundwater 33.36 
38° 56' 12.33'' N 

3° 58' 8.11'' W 

DARP Daimiel recycling plant 
Treated 

wastewater 
10.87 

39° 6’ 0.20'' N 

3° 37' 18.10'' W 

MARP 
Manzanares wastewater 

recycling plant 

Treated 

wastewater 
35.47 

39° 0' 15'' N 

3° 24' 01''W 

FURP 
Fuente Fresno wastewater 

recycling plant 

Treated 

wastewater 
17.58 

39° 12' 11.50'' N 

3° 46' 18''W 

VIRP 
Villarrubia wastewater 

recycling plant 

Treated 

wastewater 
12.85 

39° 12' 11.50'' N 

3° 13' 50.31'' W 

 

  



Table 2. Elicitation matrix constructed to compute the physico-chemical indicator’s priorities 

and consistency analysis of the results 

 
PHH TPT ECN TSS UIA DOO TPH NTT BOD 

Priority 

vector 

PHH 1.00 3.26 3.05 2.32 3.58 0.32 0.85 1.13 1.12 0.1385 

TPT 0.31 1.00 0.97 0.52 0.75 0.26 0.38 0.50 0.34 0.0474 

ECN 0.33 1.03 1.00 0.87 1.53 0.41 0.45 0.48 0.48 0.0615 

TSS 0.43 1.91 1.15 1.00 1.60 0.33 0.48 0.77 0.42 0.0707 

UIA 0.28 1.34 0.65 0.63 1.00 0.23 0.25 0.29 0.30 0.0428 

DOO 3.15 3.87 2.46 3.01 4.34 1.00 1.96 2.17 1.97 0.2396 

TPH 1.18 2.62 2.21 2.08 4.04 0.51 1.00 1.89 1.27 0.1511 

NTT 0.89 2.02 2.08 1.30 3.44 0.46 0.53 1.00 0.61 0.1048 

BOD 0.90 2.98 2.07 2.36 3.36 0.79 0.79 1.64 1.00 0.1436 

λmax = 2.2144    CI = 0.0304   CR = 0.0209 

 

  



Table 3. Random consistency index for different order of the elicitation matrix (Saaty, 2012) 

n 1 2 3 4 5 6 7 8 9 10 

RCI 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 

 

  



Table 4. Evaluation of WRSM for the seventeen water resources under study 

Source 

of 

water 

 

PHH TPT ECN TSS UIA DOO TPH NTT BOD WRSM 

VICR  1.0000 0.6257 1.0000 0.2813 1.0000 1.0000 0.6780 1.0000 0.6375 0.8307 

GASR  1.0000 0.5543 0.2453 1.0000 0.6988 1.0000 1.0000 1.0000 1.0000 0.9195 

TOAR  0.8948 0.3114 0.1238 0.8313 1.0000 1.0000 0.9375 1.0000 1.0000 0.8775 

PVAR  1.0000 0.0314 0.9115 0.9000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9415 

PARR  1.0000 0.3514 0.3172 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9272 

TASE  1.0000 0.0500 0.4918 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9237 

VILW  0.1701 0.9371 0.0983 1.0000 1.0000 0.6236 1.0000 1.0000 1.0000 0.7364 

DAIW  Nitrate limit exceeded  

FUFW  0.4075 0.9371 0.1955 1.0000 1.0000 0.0000 1.0000 0.7152 1.0000 0.5961 

CDEW  Nitrate limit exceeded  

CIRW  Nitrate limit exceeded  

POBW  Nitrate limit exceeded  

DARP  Biological oxygen demand exceeded  

MARP  0.6378 0.7543 1.0000 0.5910 0.0271 0.2041 0.7695 1.0000 0.7250 0.6027 

FURP  Total phosphorous limit exceed  

VIRP  0.4252 0.7371 0.4540 0.9900 1.0000 0.4082 0.7627 1.0000 0.8750 0.6780 

ALRP  Biological oxygen demand exceeded  

 

  



 

 

Fig. 1. Las Tablas de Daimiel National Park wetland is the core area of La Mancha Húmeda in 

central Spain 

  



 

Fig. 2. The water resources assessed pertain to four different categories: reservoirs, interbasin 

water transfers, pumping wells and wastewater recycling plants 

  



 

 

Fig. 3. Rating curves for each indicator constructed by linear functions 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Setting physico-chemical indicators and obtaining priorities using AHP  

Experts elicitate anonymously physico-chemical indicators 

Consensus is reached? 
Experts revise their 

earlier judgements 

Physico-chemical Indicators are obtained: 

TPT, PHH, DOO, ECN, TSS, BOD, NTT, TPH, UIA 
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Fig. 5. Constructing water quality rating curves for each physico-chemical indicator 

  

Water quality linear rating curves for each physico-chemical indicator: 

International water quality 

guidelines for wetlands 

Wetland unaltered natural 

status: Historical data 

Mimnimum permissible limit 

and Maximun permissible limit 

Mean value (μ) and standard 

deviation (σ) are calculated for 

each physico-chemical 

indicator 

Permissible limits are defined 

for each physico-chemical 

indicator as the maximum 

permissible limit and the 

minimum permissible limit 

Reference Limits are settled for 

each physico-chemical 

indicator 

μ - σ   and   μ + σ 
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Water quality linear rating curves: 

Rating is 0 at Maximum Permissible Limit  

Rating is 0 at Minimum Permissible Limit 

Rating is 1 within Reference Limits 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Prioritizing water resources under study 

 

Possible water resources: 

VICR, GASR, TOAR, PVAR, PARR, TASE, VILW, DAIW, FUFW, CDEW, CIRW, POBW, 

DARP, MARP, FURP, VIRP, ALRP 

Physico-chemical indicators sample analysis 

Unsuitable water resources: 

DAIW, CDEW, CIRW, POBW, 

DARP, FURP, ALRP 

Are all indicators 

within permissible 

limits? 

Rating function values (RF) for each physico-

chemical indicator and water resource 
Physico-chemical 

indicator weights 

WTPT, WPHH, WDOO, 

WECN, WTSS, WBOD, 

WTNN, WTPH, WUIA 
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WRSM is computed for each water resource 

𝑊𝑅𝑆𝑀 =  𝑊𝑇𝑃𝑇 ∙ 𝑅𝐹𝑇𝑃𝑇 +𝑊𝑃𝐻𝐻 ∙ 𝑅𝐹𝑃𝐻𝐻 +𝑊𝐷𝑂𝑂 ∙ 𝑅𝐹𝐷𝑂𝑂 +𝑊𝐸𝐶𝑁 ∙ 𝑅𝐹𝐸𝐶𝑁 +𝑊𝑇𝑆𝑆 ∙ 𝑅𝐹𝑇𝑆𝑆

+𝑊𝐵𝑂𝐷 ∙ 𝑅𝐹𝐵𝑂𝐷 +𝑊𝑇𝑁𝑁 ∙ 𝑅𝐹𝑇𝑁𝑁 +𝑊𝑇𝑃𝐻 ∙ 𝑅𝐹𝑇𝑃𝐻 +𝑊𝑈𝐼𝐴 ∙ 𝑅𝐹𝑈𝐼𝐴 

Water resources prioritization 

Water 
resource 

PAVR PARR TASE GASR TOAR VICR VILW VIRP MARP FUFW 

WRSM 0.9416 0.9272 0.9237 0.9155 0.8775 0.8307 0.7364 0.6780 0.6027 0.5960 
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