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Analysis of existing water information for the applicability of Water Quality Indices in 1 

the fluvial-littoral area of Turia and Jucar Rivers, Valencia, Spain. 2 

 3 

Highlights 4 

 First study analysing water quality information of Turia and Jucar River basins. 5 

 Applicability of 42 Water Quality Indices (WQIs) in 67 stations was studied. 6 

 About 283,023 records of water physicochemical parameters were evaluated. 7 

 Assessment and comparison of 7 WQIs at 21 stations from 1990 to 2016. 8 

 9 
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Abstract 11 

For the first time, all the water quality information gathered by an European Union 12 

water district authority between 1990 and 2016 (the Spanish Jucar River Management 13 

Authority, Confederación Hidrográfica del Júcar, CHJ) was analysed and discussed. The 14 

main goal is to evaluate the applicability of this existing physicochemical information as 15 

potential data sources for continuous evaluation with Water Quality Indices (WQIs). 16 

Specifically, the spatial and temporal representativity of available data is assessed 17 

together with the applicability of WQIs both in time and space. A list of 42 existing WQIs 18 

with type and number of variables used was compiled after literature review. The study 19 

was carried out in the fluvial-littoral area of Turia and Jucar Rivers, Valencia, Spain, which 20 

was divided into six Landscape Functional Areas (LFAs), based on the outer continental 21 

perimeter zone, the irrigation areas of main channels crossing the flood plain, and the 22 

Albufera Lake. 23 

Input information consisted of a database, provided by the CHJ, of 67 sampling points 24 

with 401 physicochemical variables from 1990 to 2016, (about 283,023 records). This 25 

information was cross-analysed using descriptive statistics to evaluate the CHJ database 26 

information, the possibility of using WQIs, and the performance of target WQIs once 27 

their possible use both in time (27 years) and space (6 LFA) was established. Finally, a 28 

map representing the six LFAs was digitised, including the 67 sampling points and their 29 

water physicochemical characteristics.  30 

Results demonstrate that, out of 42 WQIs selected, seven can be used whenever all 31 

variables required are present. None of them can be calculated simultaneously at all 32 

stations and for all years. About 31% (21) of stations provided data that can be used in 33 

some years, and only 10% (27,430 values) of the database information is required for 34 
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WQIs calculation. Indices that estimate repetitiveness (constant measure of water 35 

parameters over time) and consistency (coincidence of parameters measured at the 21 36 

sampling points) show great disparity both in time and in parameters between sampling 37 

points. These results suggest that not only is it essential to obtain information on 38 

different compounds that may alter the water quality (to fulfil basin management 39 

authority policies), but also to establish a set of mandatory physicochemical parameters 40 

based on suitable application of some indices allowing temporary monitoring and 41 

comparison between them, in an accessible and repeatable manner. 42 

 43 

Keywords: Water quality index, landscape units, agricultural systems, Mediterranean 44 

rivers, connectivity. 45 
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1. Introduction  47 

Water quality is an issue of pressing concern. Future perspectives for water availability 48 

on a global scale show increased water scarcity or fragility due to a combination of both 49 

global climate change and human activities (Luo et al., 2015; Vörösmarty et al., 2000). 50 

The constant rise in water demand may be partially overcome by re-using water to 51 

supply different sectorial activities (Bdour et al., 2009). However, water flow is related 52 

to its circulation through different environmental compartments with specific 53 

connectivity processes known as landscape functional areas (LFAs) (Foltête and Vuidel, 54 

2017). The hydrological connectivity between systems can transport contaminants that 55 

may ultimately affect water quality (Pascual Aguilar et al., 2015), as agricultural and 56 

natural ecosystems are most affected whenever water comes from urban areas. 57 

One of the major concerns of environmental agencies worldwide is establishing 58 

procedures and criteria to evaluate the status of the water bodies under their control 59 

(e.g. ITFM, 1995; WMO, 2013). In the European Union, the Water Framework Directive 60 

(WFD) has drawn up guidelines to maintain the acceptable environmental conditions of 61 

the member states’ waters (European Commission, 2000). Water quality as pursued by 62 

the WFD refers to thresholds assigned to specific physicochemical and biological indices, 63 

and to different potential pollutants. 64 

The constant increase in demand for water to meet its multiple uses, makes it necessary 65 

to obtain optimal benefits from this resource. Water is considered an environmental 66 

service, essential to different human activities and environmental systems. This multiple 67 

use of water requires measures to prevent undesirable substances from being 68 

transmitted through multiple landscapes (Pringle, 2003), as potential pressures on 69 

environmental compartments may occur (Pascual Aguilar et al., 2015). A systematic 70 
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permanent evaluation of the quality and durability of the services provided by the 71 

ecosystem, including the quality (Arthington et al., 2010) and quantity (Liu et al. 2018) 72 

of water flows, is of utmost importance to maintain acceptable water quality (Acreman 73 

and Ferguson, 2010). 74 

New approaches incorporating ecosystem services in order to enhance water quality 75 

and prevent its deterioration will need a precise evaluation of water quality, taking both 76 

space (Sener et al., 2017) and time dimensions (Sun et al., 2016) in consideration. 77 

Constant temporal analysis of contaminants related to different LFAs is a priority. 78 

Evaluation methods with few parameters may be used in addition to those of the water 79 

authorities. Such water quality indices (WQIs) (Tirkey et al., 2013) are among the 80 

simplest and yet most useful methods, providing they can be understood by water 81 

quality managers and the public.  82 

Implementing this strategy will require data. Existing multiple sampling points in 83 

different landscapes provide an important source of data. Historical series of data 84 

collected by official agencies help evaluate the quality of the waters under their 85 

management. Nonetheless, having numerous data on different water quality 86 

parameters of surface water without a proper interpretation is not useful for water 87 

quality management. So, exploratory data analysis is required to identify the suitability 88 

of the data for the systematic application of WQIs. 89 

WQIs express in a synthetic way the quality of water in a particular place (Tyagi et al., 90 

2013), proposing corrective measures in poor water quality situations, and even 91 

assessing the effectiveness of such quality improvement measures (Cude, 2001). Since 92 

the mid-twentieth century, indexes have been developed (Poonam et al., 2013) that 93 

combine a limited number of the most well-known parameters in water quality 94 
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assessment and pollution control. Some of these indices have been widely accepted 95 

around the world, such as the Canadian Council of Ministers Environment Water Quality 96 

Index (CCMEWQI) (Feng et al., 2018), Oregon Water Quality Index (OWQI) (Darvishi et 97 

al., 2016), National Sanitation Foundation Water Quality Index (NSFWQI) (Mirzaei et al., 98 

2016) and British Columbia Water Quality Index (BCWQI) (Perrin et al., 2018). 99 

WQI calculations use the most common measured parameters such as dissolved oxygen, 100 

turbidity, total phosphates, nitrates and faecal coliform bacteria, etc. (Lumb, et al. 2011). 101 

However, the number of parameters, the weights assigned to sub-indices to establish 102 

the total value of the WQI applied and the final objective of quality assessment vary 103 

(Sutadian et al., 2016). Some indexes are used for the overall assessment of water 104 

quality by displaying ranges adapted to different uses (House, 1989), while others can 105 

be developed with specific targets such as establishing water quality for human 106 

consumption (Ramesh et al., 2010), or for agricultural use (Misaghi et al., 2017). 107 

Quality analysis using WQIs has been expanded to incorporate detailed territorial and 108 

historical information through the use of multiple time series of water quality data and 109 

applying spatial analysis techniques (Nabizadeh et al., 2013; Puri et al. 2015; Yan et al., 110 

2015). 111 

While research on the application of WQIs has been carried out consistently and 112 

systematically for decades (Ott, 1978), very little progress has been made on the study 113 

of the characteristics of the information used and, in particular, of the applicability of 114 

the already existing data collected worldwide by the different environmental agencies 115 

in charge of water management. The large amount of information generated requires 116 

an analysis strategy to determine whether the established sampling networks can 117 

guarantee the monitoring of water quality over time (temporal definition of the 118 
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network) and of the territory (spatial dimension of the network). This evaluation makes 119 

it possible to set out criteria for the applicability of WQIs, as it determines the need for 120 

information to be measured and used. 121 

The novelty of this work lies in being the first one that makes a detailed analysis of the 122 

data collected by a water authority as set forth in the Water Framework Directive of the 123 

European Union. Exploratory techniques of time series of multi-point water quality data 124 

are used for this purpose. The significance of this analysis refers to the need for 125 

assessments that could give more detailed knowledge on the quality status of waters 126 

within a framework of ecosystem services provided by different areas at the local level. 127 

Therefore, all the information gathered for a Spanish Mediterranean area between 1990 128 

and 2016 by water authorities, mainly the Jucar River Management Authority 129 

(Confederación Hidrográfica del Júcar, CHJ) was analysed. The significance of this 130 

analysis and its contribution to the water resource management, and to geography in 131 

general, refers to the need for assessments that could give more detailed knowledge on 132 

the quality status of waters within a context of ecosystem services provision by different 133 

areas at the local level. 134 

The main objective of this research is to analyse the feasibility of using existing water 135 

physicochemical information as a long-term water quality predictor for different 136 

landscape areas and general quality purposes. Specifically, the study aims (i) to assess 137 

the spatial and (ii) temporal representativity of available data together with the (iii) 138 

applicability of WQIs both in time and space, in order (iv) to compare the quality of water 139 

calculated with the different WQIs at the fluvial-littoral area of Turia and Jucar Rivers in 140 

Valencia (Spain) 141 
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2. Material and methods 142 

2.1. Study area 143 

The study was conducted in the region between the rivers Turia (to the north) and Jucar 144 

(to the south) in Eastern Spain (Figure 1). It is an area with great water demand due to 145 

the presence of the city of Valencia and its surrounding metropolitan area (totalling 146 

more than 1.5 million inhabitants) and the necessary supply for irrigated agriculture. 147 

One of the area’s main features is that the water comes from both rivers and, once it 148 

has been used, is to some extent returned to the Albufera Lake, located in the protected 149 

Natural Park of “Albufera de Valencia”, through an intricate system of irrigation 150 

channels.  151 

The area was selected because it has a large number of sampling points as well as 152 

measured parameters. The area can also be divided into LFAs due to the different 153 

characteristics of land uses and, above all, water circulation that occurs in them that 154 

may be related to the sampling points. In response to this particular feature involving 155 

water uptake and use, the study area was divided into six LFAs. 156 

The LFA 1 is defined as the area supplied by water from the Turia River. The origin of this 157 

historic irrigation system goes back to Muslim times (Hermosilla Pla, 2007). In recent 158 

decades, the steady expansion of the city of Valencia and its metropolitan surroundings 159 

has considerably reduced the surface area dedicated to crops. Owing to the multiple 160 

demands on water, part of the water for the urban system is subsequently treated and 161 

reused for farming, and finally carried through the irrigation channel system to the LFA 162 

3, the Albufera Lake. 163 

The LFA 2 is characterised by a large area devoted to crops. Irrigation water is supplied 164 

by the “Acequia Real del Júcar”, the main irrigation channel. The water of this historic 165 
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irrigation system comes from the upper part of the Jucar River (Hermosilla Pla, 2006). 166 

Rice crops are predominant in the eastern part, with mainly citrus orchards in the west. 167 

Once the surplus water has been channelled across the area, much of it is discharged 168 

into the LFA 3. 169 

The LFA 3, the Albufera Lake, the major natural water body of the zone, is the remains 170 

of a larger coastal marshland that has been converted into rice fields through a long 171 

history of human intervention (Soria et al., 2002). The hydrology of the lagoon combines 172 

human management system and natural contributions, water coming from the historic 173 

irrigation system being the main inflow source of water. These water contributions, 174 

particularly those from rice fields, make up almost 70% of the total water draining into 175 

the Albufera Lake (Soria and Vicente, 2002). 176 

The LFA 4 is a small irrigated area cultivated with the water from the Magro River, a 177 

tributary of the Jucar River. This area is mainly occupied by citrus orchards and, to a 178 

lesser extent, other types of land cover, such as urban artificial surfaces and vegetables 179 

crops. The irrigation system drains part of the water surplus into the “Acequia Real del 180 

Júcar” in the LFA 2 (Hermosilla Pla, 2006). 181 

The LFA 5 is located in the southeast of the study area. Water supplies are obtained from 182 

the lower part of the Jucar River (Hermosilla Pla, 2006). The water is sourced for 183 

irrigation of a large area devoted to rice crops, while citrus plantations are less prevalent 184 

here. Most of the main channels that structure the complex irrigation systems drain 185 

their remaining waters into the LFA 3. 186 

The LFA 6 occupies the western lands of the study area. Until 1979, the zone was mainly 187 

devoted to rainfed crops (Pascual Aguilar, 2002). In this area, the small natural ramblas 188 

and barrancos (ephemeral streams) drain into the Albufera Lake and surrounding lands, 189 
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the main water course being the Rambla de Torrent. This area is crossed from south to 190 

north by the Jucar-Turia Canal, which was designed in 1964 and finally put into operation 191 

in 1979 (Marco Segura, 2012). The canal transports water from the Jucar to the Turia 192 

River. It was designed for urban water supplies of Valencia and its metropolitan area, 193 

and for farming supplies to new (and existing) irrigated fields on both sides of the canal, 194 

thus transforming old rainfed plots into irrigated ones, where citrus crops predominate 195 

(Gil Olcina and Rico Amorós, 2007). 196 

2.2. Data characteristics 197 

The Jucar and Turia rivers basin authority, the CHJ, takes measurements of a number of 198 

physical and chemical water parameters to monitor surface water quality within the 199 

river basins. In this study, a total of 283,023 available records provided by CHJ were 200 

analysed, containing 401 parameters corresponding to 67 sampling points or stations. 201 

These data were collected by the CHJ over 27 years, from 1990 to 2016. It is important 202 

to highlight that not all the stations measured the same parameters, and that these 203 

parameters were not gathered in all the years included in this study, as some stations 204 

have incomplete series with different start and end dates. 205 

The database is a historical compendium of surface water parameters related to the 206 

different water quality monitoring strategies of the CHJ (CHJ, 2016). All information is 207 

distributed according to sampling point location given in Universal Transversal Mercator 208 

(UTM) coordinates. In the study area, the spatial distribution of sampling points is not 209 

only related to natural surface waters but also to the major artificial water system used 210 

both for urban-industrial supply and agricultural irrigation (Figure 1). 211 



11 
 

2.3. Methodology 212 

2.3.1 Selection of potential WQIs 213 

A preliminary analysis of existing physicochemical WQIs was carried out. To determine 214 

some of the more relevant indices, a literature review was conducted using the two 215 

main world databases for scientific references: Web of Science, owned by Clarivate 216 

Analytics, and Scopus, owned by Elsevier. All references identified were filtered and 217 

organised according to the type of index classified as physicochemical (Abbasi and 218 

Abbasi, 2012) and the type and the number of parameters used. 219 

Incorporated data were also filtered to match coincidence of parameters with the 220 

information requirements of the previously selected WQIs. To determine whether it was 221 

possible to apply the indices initially selected, a confusion matrix was created which 222 

relates the total number of parameters to the variables required by each WQI. In this 223 

way, data incorporated into the database were filtered to match coincidence of 224 

parameters with the information requirements of the previously selected WQIs. In this 225 

way, from the previously established maximum number of WQIs, a feasible number of 226 

WQIs is obtained, which can be applied at the points of the study area. 227 

A filter was applied to the database with the parameters, sampling points and years with 228 

information to determine the applicability of the indices. For this purpose, new fields 229 

were created in the database for each WQI that could also be used. Filters were then 230 

applied for each parameter identified as being part of an index, and a binary code-231 

number was assigned to the parameter when required for the calculation of WQIs. For 232 

each new WQI field created, code 1 meaning that the parameter was necessary, and 0 233 

that the parameter was not used in the selected WQI. A WQI was chosen for further 234 

analysis whenever its required parameters were present, and the WQI could be 235 
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calculated at least at one sampling point and for one year, regardless of the absence of 236 

data in the remaining measuring points and/or years. 237 

2.3.2. Analysis sampling stations and LFAs 238 

All sampling points of the study area found in the CHJ database were assigned to one of 239 

the six LFAs. To this end, a GIS database was created using the ARCGIS (10.5) software. 240 

A digital LFAs map was delimited according to surface waters distribution, combining 241 

natural and irrigation networks. Data from the original CHJ database were filtered to 242 

draw up a synthetic spreadsheet including the point ID code and the location of X/Y 243 

coordinates. Assignation of respective LFAs to sampling points was performed by 244 

applying overlay GIS procedures after converting the spreadsheet to digital vector 245 

layers. All GIS covers were integrated in an analytical structure following national 246 

(Spanish) and European criteria for spatial data infrastructures (Vandenbroucke and 247 

Biliouris, 2011) using UTM projection (Zone 30N) and the ETRS89 Datum. 248 

2.3.3. Database applicability and LFAs representativity 249 

The aim was to analyse spatial and temporal applicability of the information contained 250 

in the database, as well as to determine the number of WQIs that can be applied at one 251 

specific sampling point. The applicability of the information at one point is complete 252 

when all selected WQIs can be applied over the 27 years of the time series. A set of 253 

metrics was produced to measure water quality information consistency as in Rangeti et 254 

al. (2015). Other studies used similar metrics as Monteiro and Costa, (2018), based on time series 255 

analysis, and Sprague et al. (2017), on the analysis of missing data.  256 

a) Time General Index (TIgen) 257 
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This is defined as the ratio between the number of years in which a sampling point may 258 

be characterised by at least one WQI and the total number of years in the common time 259 

series (for all sampling points): 260 

TIgen = Nmed/Ny 261 

Where: 262 

TIgen: This allows comparing measurement stations within the same time interval. If for 263 

a given point TIgen equals 1, the index can be applied in the 27 years of the time series 264 

analysed (1990-2016). Conversely, the closer it gets to zero, the lower the applicability 265 

of the index. 266 

Nmed: Number of years in which an index can be applied. All parameters required to 267 

calculate a specific WQI are present. 268 

Ny: Number of years common to all sampling points (shared measured time). 269 

b) Time Specific Applicability (Asp) 270 

This is defined as the relation between the time span of measurements presented at a 271 

sampling point and the number of years in which an index can be applied at this point: 272 

Asp = Nmed/ny 273 

Where: 274 

Nmed: Number of years in which an index can be applied. 275 

ny: Number of years of the period of measurements at sampling point, which is 276 

obtained as follows: 277 

ny= Yend - Yin+ 1 278 

 279 

Yend: Last year of measured time. 280 

Yin: Initial year of measured time. 281 
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c) Data availability for LFA analysis 282 

An analysis of data availability for each LFA was calculated. In first instance, a general 283 

percentage of data available (including all points within a given LFA) to calculate a WQI 284 

in relation to the number of parameters measured in one year was obtained. A second 285 

value was also calculated, which can be considered as a refinement of the first general 286 

percentage. This is a weighted value that divides the first percentage by the number of 287 

stations providing data in one particular year. 288 

2.3.4. Water quality assessment 289 

All sampling points and years that presented sufficient data for the application of WQIs 290 

were further analysed. It is important to highlight that each WQI assigns a different 291 

weight to each parameter in the calculation, according to its importance in relation to 292 

the other parameters and to the type of water analysed. Information was organised to 293 

facilitate calculations from the database. WQIs were calculated for each target sampling 294 

point and each year of the time series to which the index can be applied. WQI values 295 

were calculated, taking into consideration annual average values of the variables. The 296 

results of the WQIs calculation were compared to a scale (from 0 to 100), which 297 

increases when the quality of water improves. However, the thresholds used to 298 

characterise the quality of the water vary from one WQIs to another, as explained later. 299 

 300 

3. Results 301 

3.1. Data characteristics: completeness and representativity 302 

Out of the 67 stations studied, 21 presented sufficient data to permit WQI calculations 303 

(Table 1). There is an uneven distribution of sampling points and data representing LFAs 304 

(Table A2 and Table A3 in Supplementary Material 2). LFAs 1, 2 and 5 had 6, 7 and 4 305 
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sampling points respectively, whereas the LFA 6 had two and both LFAs 3 and 4 were 306 

represented by 1 station. Only LFAs 1, 2 and 5 had constant temporal measurements 307 

from 1990 to 2016 (Table A2 in SM2). Also, the number of stations attributed to each 308 

LFA with records to calculate WQIs may fluctuate with time, although since 1996 there 309 

has been an increasing trend towards more data availability, which facilitates calculation 310 

of the indices (Table A3 in SM2). However, from 2012 a decrease in the stations with 311 

available information has also been observed. 312 

LFA 1 exhibits a trend to incorporate more sampling points, starting with three at the 313 

beginning of the time series and ending with six in 2016. A similar trend may be observed 314 

for LFAs 2 and 5, which started with only one station in 1990 (Table A2 in SM2). In the 315 

LFA 2, a total of six sampling points of a maximum of seven was reached between 2007 316 

and 2011, while in the LFA 5 the maximum number of measuring points (4) was also 317 

reached during this period. The LFA 6, with a maximum of two stations located in the 318 

area, has had permanent measurements in one of them (I603) since 1994. The other 319 

station (I629) had records for the period 2009-2012 and in 2016. 320 

The spatial representativity of LFAs 3 and 4 is very inconsistent, with only one station 321 

located in each zone. In LFA 3, only two years, 2005 and 2006, provided data that could 322 

be used for WQIs calculation, whereas LFA 4 supplied 14 year measurements, from years 323 

2000-2001, in addition to a continuous record over 12 years of the time series (2005-324 

2016). 325 

Trends in the total number of measurements taken in each LFA per year also vary with 326 

time (Table A2 in SM2). Although most information is located in the LFA 1, where there 327 

is a great fluctuation of measurements over the period of time, with the minimum of 328 

145 values recorded in 2005 and the maximum of 648 in 2010. LFAs 2 and 5 showed 329 
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similar trends with big differences between their maximum (LFA 2: 400 in 2010, LFA 5: 330 

475 in 2011) and minimum (LFA 2: 47, LFA 5: 33, both in 2005) number of 331 

measurements. 332 

The comparison of LFAs, using percentages rather than absolute values, shows temporal 333 

representativity with regard to the total number of parameters recorded per year in 334 

each LFA and the measurements taken at all 21 stations (Figure 2a). LFAs 1, 2, 5 and 6 335 

had higher percentages of records with fluctuations. The LFA 1 has always been the area 336 

with the greatest number of measurements, in most years producing over 30% of the 337 

total study area measurements. LFAs 2, 5 and 6 showed percentages around 10%, with 338 

LFA 5 reaching up more than 20% at the end of the study period. 339 

Figure 2b shows some details of the trends depicted in Figure 2a. It displays the 340 

percentages calculated in Figure 2a divided by the number of stations that had records 341 

for each year. In this case, LFAs 5 and 6 took more measurements in most years, over 342 

10%, indicating a greater regularity in records and consistency of the temporal series. 343 

LFA 1 presented more data during the first years but this trend has changed since 2006. 344 

With regard to completeness, Table 2 presents summary values related to the possibility 345 

of applying a WQI to each sampling station, and the corresponding years that register 346 

sufficient information to apply a WQI. Summary values in Table 2 represent the number 347 

of years in which an index can be applied (Nmed), the year in which measurements are 348 

initiated (Yini), the last year with records (Yend) and the interval of time between the initial 349 

and last year with data. From these values, descriptors that analyse time series 350 

homogeneity and WQIs consistency in applicability, Time General Index (TIgen) and 351 

Specific Applicability (Asp) were calculated. 352 
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Only one station (H602) has a complete 27-year time series of measurements with a TIgen 353 

of 1. The stations I601 and I607 had measurements with the lowest TIgen 0.07 (only two 354 

consecutive years were considered, 2006 and 2007). The rest of the sampling points 355 

have incomplete records for the 27 years, with TIgen trending from 0.19 to 0.85. Four 356 

stations had five years of records which did not coincide in the time interval or the 357 

continuity of measurement, as shown by the Asp metric (0.63) for sampling point I629. 358 

The rest of the stations had, in general, more regular measurements with ten or more 359 

years of records, most of them ending in 2016. 360 

3.2. Applicability of the WQIs 361 

After a thorough analysis of the available literature, 42 WQIs were initially included in 362 

the present study (Table A1 in Supplementary Material 1, SM1). From these, only seven 363 

could be applied to evaluate the data collected by the CHJ. The other 35 WQIs were 364 

discarded because the set of parameters needed were not available in the database. 365 

The selected WQIs are presented in Table 3 together with the water physicochemical 366 

characteristics used for their calculation (equations of the different sub-indices and of 367 

the WQI are displayed in SM1). WQIs used in this study are: 368 

1. Oregon Water Quality Index (OWQI) (Cude, 2001): This index characterises the quality 369 

of water with no specific use. It uses eight variables to calculate different sub-indices. 370 

The scale, where 0 is the lowest quality and 100 the highest, is decreasing. The OWQI 371 

uses 8 variables to calculate different sub-indices.  372 

2. The Ganga River WQI (Bharti and Katyal, 2011): Based on the National Sanitation 373 

Foundation's WQI (NSF-WQI) proposed by Brown et al. (1970). The four parameters 374 

used in this index were selected by Delphi method (Hsu and Sandford, 2007); the 375 
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weights are a modified version of those of the NSF-WQI, and the values of each sub-376 

index can be obtained from the equations proposed by Abbasi and Abbasi (2012).  377 

3. Universal Water Quality Index (UWQI) (Boyacioglu, 2007): Created using the water 378 

quality standards established by the 75/440/EEC set out by the Council of the European 379 

Communities (European Council, 1991) and the Turkish water pollution control 380 

regulation (Official Gazette, 1988). The UWQI needs 12 parameters to be calculated and 381 

its qualitative scale is also decreasing, with values from 0 to 100. 382 

4. Dinius WQI (Dinius, 1972): Based on 11 variables chosen by the Delphi method (Hsu 383 

and Sandford, 2007) and on a qualitative decreasing scale (0 to 100). The water quality 384 

is classified according to five different uses; one of them (industrial and agricultural 385 

purposes) is shown in the SM1. 386 

5. Dinius’ second WQI (Dinius, 1987): This index includes some modifications with 387 

respect to the previous Dinius WQI: nitrate measurements are added to the 11 variables 388 

already selected for the Dinius WQI (see the SM1). Additionally, the weights assigned to 389 

the parameters to calculate sub-indices are different, and the final equation for the WQI 390 

calculation is multiplicative (compared to Dinius WQI, which is additive). The quality of 391 

the water in this index (decreasing scale, from 0 to 100) is classified according to six 392 

different uses, the agricultural one having been chosen for the present study. 393 

6. Idaho WQI (Brandt, 2002; IWRRI, 2003): Initially designed to study the correct use of 394 

water courses for their protection. This index includes five variables and simplifies the 395 

calculations as it eliminates the sub-index equations, and the assessment is performed 396 

through a single formula (as shown in SM1). 397 

7. Said Water Quality Index: Said et al. (2004) created an index with less parameters than 398 

the NSF-WQI (Brown et al., 1970). As in the case of the Idaho WQI, this index needs five 399 
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parameters and does not establish sub-index equations, as all the calculations are 400 

present in the final equation (see the SM1). 401 

 402 

3.3. Water Quality evaluation and WQI performance 403 

For each WQI used in this study, two tables summarising the main results are presented 404 

in the SM1. The first one shows the years and stations to which the index could be 405 

applied, along with their final values. The second table displays some statistical 406 

parameters calculated by zones, which include the minimum and maximum values for 407 

each index, the difference between them, the average, the standard deviation, etc. In 408 

addition, in all of these tables, the qualitative assessment of the results was illustrated 409 

by colours, according to the different scale tables shown in the SM1. The zones with no 410 

measurements are shown as ND (No Data). 411 

The OWQI was applied at 20 stations (Table A2 in SM1) and all of them present OWQI 412 

values lower than 60. Accordingly, water quality in all zones is considered to be “very 413 

poor” (Figures 3 and 4). LFA 1 is the only one in which water quality has been analysed 414 

for 26 years out of the total of 27 and, based on these results, its water quality has not 415 

improved from 1990 to 2016 (Table A3 in SM1).  416 

The Ganga River WQI was also applied at 20 stations (Table A4 in SM1), with a wide 417 

range of results, most of them indicating a "good to excellent" quality of water (Figures 418 

3 and 4). In LFA 1, the initial indices correspond to the minimum values, meaning “bad 419 

to very bad” (Table A5 in SM1). However, in the last year measured (2016), this zone 420 

showed a WQI above 63, which is “good to excellent”. Accordingly, water quality of this 421 

zone has increased over the years. LFA 2 showed some variability, with an initial water 422 
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quality “medium to good”, which went down to “bad to very bad” and finished as "good 423 

to excellent". 424 

There were six stations in which it was possible to apply the UWQI (Table A6 in SM1). 425 

They presented, in general, index values between 75 and 94, except the stations I602 426 

and J604 in which the UWQIs were lower in most of the years. Accordingly, when 427 

grouping them by zones (Table A7 in SM1), the mean water quality of LFAs 1, 4 and 6 428 

was "good" (Figure 3). Only in the LFA 2 was it “fair” (this LFA showed some values within 429 

the “marginal” quality range). No stations were available in LFAs 3 and 5 and the UWQI 430 

was not calculated (Figure 4).  431 

The results of applying the first Dinius index are shown in Table A8 in SM1, by stations 432 

and years. This index could be applied at 16 sampling points, in which this WQI 433 

presented values between 51 and 70 but also between 31 and 50. Consequently, water 434 

quality was classified, in general, as "no treatment necessary for normal 435 

industry/agriculture" (Figure 4). The LFA 2 showed the lowest index, classified as "rough 436 

industry/agriculture use only", and in LFA 3 was not possible to calculate it (Table A9 in 437 

SM1). Increased water quality was observed in all LFAs, but only LFA 6 finished the study 438 

period with “minor purification necessary” (Figure 3).  439 

Despite that the Dinius’ second WQI calculation includes one more parameter (nitrates), 440 

it was also able to be applied at 16 stations (Table A10 in SM1). As in the first Dinius 441 

index, most of the values ranged from 51 to 70, with some of them between 41 and 50. 442 

As the quality ranges of the second Dinius WQI are more restrictive than those of the 443 

first one (SM1), water quality was classified as "water treatment necessary" or "doubtful 444 

consumption without purification" (Figure 3). When pooled together, all LFAs presented 445 

a water quality classed as "necessary water treatment" (Figure 4 and Table A11 in SM1). 446 
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The Idaho WQI could only be applied in one station located in the LFA 5 (Tables A12 and 447 

A13 in SM1). The water quality of the first year analysed (1999) was considered “clean 448 

water”, but in the following years it was reduced to the extent that it was considered as 449 

needing “average treatment” (Figures 3 and 4). On the other hand, the WQI proposed 450 

by Said et al. (2004) applied at the same station (Table A14 in SM1), and LFA (Table A15 451 

in SM1), showed a water quality classified as “good” from 1999 to 2016 (Figures 3 and 452 

4), except in 2010 when it was “marginal”.  453 

4. Discussion 454 

Despite having a large number of stations measuring physicochemical water 455 

characteristics in the study area (67), only about the 30% (21) could be used for the 456 

calculation of the different WQIs. Even though numerous parameters were determined 457 

at the 21 stations used, the applicability of WQIs is considered to be scarce, although 458 

not insufficient, as seven of them have been determined out of a total of 42. 459 

Bearing in mind the maximum number of variables (22) required by these seven WQIs 460 

(Table 3), related to the measurements undertaken over the 27 years of the time series 461 

(1990-2016), there is a vast number of records available (27,430). Consequently, a great 462 

applicability of the indices by stations and years should be expected. However, this was 463 

not the case. This relative contradiction arises from the fact that the measurement 464 

strategies of the river basin district authorities, under the requirements established by 465 

the basin management plans (Boeuf and Fritsch, 2016; Nixdorf et al., 2008), do not 466 

systematically and consistently measure the parameters. That is because sampling 467 

designs (Madrid and Pedrero Zayas, 2007) are oriented to the assessment of the quality 468 

of water bodies, instead of relating them with the surrounding landscapes (Xia et al., 469 

2012). As the number of parameters needed to apply WQIs is not too demanding, it 470 
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would be worth carrying out specific data analysis and sampling designs (Ouyang, 2005) 471 

to adjust the needs of water authorities and the application of WQIs in order to conduct 472 

other types of water quality evaluations that integrate landscape and consider spatial 473 

variations influencing water flows. 474 

While a temporal and spatial water quality characterisation could be carried out in 475 

almost all the LFAs of the study area, this would only be possible if more than one WQI 476 

were used in different years, with the added difficulty of interpreting quality categories 477 

created by each WQI. A WQI strategy should be adapted (Lumb et al., 2011; Torres et 478 

al., 2010) to present more homogeneous and comparable results between WQIs, as well 479 

as allowing the correlation of the results between the landscape zones (LFAs) and their 480 

temporal monitoring to evaluate trends and patterns of change over time (Sener et al., 481 

2017; Sun et al., 2016). 482 

The coherence or temporal consistency of the measurements and, consequently, of the 483 

applicability of the indices is relatively low in the first ten years of this study. This 484 

improves thereafter, although in the final period, after 2010, it tends to decline again 485 

(Figure 2). Such fluctuations can be determined by the intrinsic needs of the water 486 

management authorities to implement water management plans (Boeuf and Fritsch, 487 

2016), for example, by taking fewer measurements when the quality of water is good 488 

enough, following their standards. However, it should also be considered that, 489 

regardless of this water quality, the decrease in measurements can be due to external 490 

factors, such as the reduction of budget allocation for measurement campaigns to 491 

monitor water quality (Boeuf et al., 2016). Nevertheless, in order to guarantee 492 

consistency of data applicability, it would be advisable to maintain the constant 493 

measurement of a minimum set of parameters. 494 
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Of the total of 21 parameters (Table 3), 13 are the most frequently used by the various 495 

WQIs analysed (alkalinity, BOD, chlorides, colour, conductivity, DOS, faecal coliforms, 496 

hardness, pH, temperature, total coliforms, total phosphorus and turbidity), which were 497 

required by four indices (Dinius, Ganga River, Idaho, and Said) or five if we include the 498 

Dinius’ Second WQI. The list could be reduced to 7 when taking into consideration only 499 

the most demanded parameters: DOS, faecal coliforms, pH, BOD, conductivity and total 500 

phosphorous (used in 7, 6, 5, 5, 4, and 4 WQIs, respectively), together with turbidity 501 

(used in two indices), which are required to calculate 3 WQIs (Ganga River, Idaho and 502 

Said). Additionally, it is also important to highlight that the variables that have most 503 

weight in the calculation of the different WQIs are DOS, faecal coliforms, total coliforms, 504 

total phosphorous, hardness and colour (Supplementary Material 1). 505 

For optimum use of the vast amount of data gathered by water authorities, the number 506 

of stations required for water quality assessment could be reduced by using a 507 

measurement strategy based on the determination of areas of potential homogeneous 508 

environmental characteristics (Foltête and Vuidel, 2017), similar to the LFAs established 509 

here. 510 

It is considered that most of the indices are sensitive to the number of variables they 511 

use (Davies, 2006). However, some of the indices used in this work that require few 512 

parameters such as Ganga River, Idaho and Said show results to a certain extent 513 

comparable to those with a greater number of variables such as Dinius, Dinius' Second 514 

and UWQI. Therefore, the differences may be found in the way of calculating the sub-515 

indices that each WQI use and in the criteria established in the determination of quality 516 

ranges. 517 
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Therefore, water quality assessment may be dependent on the WQI selected. It can be 518 

stated that the quality of the water in the different LFAs defined in the fluvial-littoral 519 

area of the Jucar and Turia rivers can be classified as “very poor” or “necessary water 520 

treatment” even “medium to good”; although “no treatment necessary for normal 521 

industry/agriculture” or “good to excellent” classes were also determined in some LFAs 522 

(Figure 3). Although there may be a good characterisation for all LFAs with indices such 523 

as OWQI and Ganga WQI (Figure 4), using average values of the whole time series, it is 524 

important to bear in mind that these indices were rarely calculated in some LFAs, as in 525 

LFA 3, in which they were obtained only for the years 2005 and 2006. 526 

Consequently, the number of samples would also be reduced. For this purpose, an 527 

optimised sampling design with a minimum but sufficient number of sampling points 528 

should be drawn up (Asadollahfardi, 2015). Likewise, the determination of a minimum 529 

set of parameters ensuring the calculation of some WQIs would help to optimise the 530 

permanent assessment of water quality for different uses. 531 

Summarising, the study area sub-division into LFAs has been made considering aspects 532 

of water circulation and functional structures of irrigated areas, in addition to the land 533 

covers found in them. Although they have served to perform the spatial analysis of the 534 

existing sampling stations representativeness, other criteria may be established to 535 

define LFAs (Foltête and Vuidel, 2017) since the concept of landscape multifunctionality 536 

is present in the landscape areas (Bolliger et al., 2011). 537 

When comparing the quality values obtained with the seven WQIs studied, it is observed 538 

a certain disparity in the ranges obtained. This is because not all the indices weight and 539 

classify in the same way (Hamlat et al., 2017). Therefore, the search for a general 540 
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application should be an objective, since the rating system of any WQI facilitates the 541 

understanding by a large number of users. 542 

The scope of this work is limited to WQIs applicability using existing water quality 543 

information. Further work should be done to search for an optimal WQI that can be 544 

applied in a generalized way in other places. However, the results obtained suggest the 545 

use of a limited number of parameters that can be used for the continuous evaluation 546 

of the water quality of the landscape areas. 547 

Towards this aim, it should be advisable that water agencies establish a set of common 548 

pollutants related to different water uses (USEPA, 2008) that were measured 549 

consistently in time and space. These parameters are often measured by the different 550 

European environmental agencies, which could facilitate the development of some type 551 

of WQI for the entire European Union, or even participate in a greater effort to establish 552 

WQIs of general applicability in the rest of the countries of the world. 553 

The benefits would be the simplification of an index that would be understood by a 554 

broad sector of the population, the simplification in the measurement of some 555 

parameters and the robustness of water governance (Akhmouch and Correia, 2016) by 556 

being able to simplify and contribute to participatory processes. 557 

5. Conclusions 558 

Out of the 42 WQIs selected, seven could be used in the fluvial-littoral area of the Jucar 559 

and Turia rivers whenever all variables required are present. None of the WQIs can be 560 

calculated simultaneously at all stations and for all the years. Only 31% (21 out of 67) of 561 

the stations provided data that could be used in some years, and almost 10% (27,430 562 

values) of the database information was required for the WQIs calculation. Indicators 563 

that estimate repetitiveness (constant measure of water parameters over time) and 564 
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consistency (coincidence of parameters measured in the sampling points) are quite 565 

weak, with a great disparity both in time and in parameters between sampling points.  566 

WQIs could be applied to represent the water quality of stations and most of the 567 

proposed LFAs. Nevertheless, due to the different calculations and, in particular, the 568 

classification rankings of water quality proposed by each index, there are different 569 

results at any one sampling point and for any single year. For this reason, harmonisation 570 

criteria should be pursued to further integrate results of various indices in an 571 

understandable way.  572 

The results of the study suggest that not only it is essential to obtain information on 573 

different compounds that may alter the water quality (to fulfil basin management 574 

authority policies), but also to establish a set of mandatory physicochemical parameters 575 

to be measured, which should be based on suitable application of some water quality 576 

indices allowing temporary monitoring and comparison between them, in an accessible 577 

and repeatable manner. 578 
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