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Abstract 9 

Water represents an essential element for the life of all who inhabit our planet. But the random 10 

nature of this resource, which is manifested by the alternation of wet periods and dry periods, 11 

makes it even more precious. Whatever the approach (water planning, water management, 12 

drought, economy), in order to maximise the profit produced by the allocation of water it is 13 

necessary an understanding of the relationships between physical variables as precipitation, 14 

temperatures, streamflows, reservoir volumes, piezometric levels, water demands and 15 

infrastructures management. This paper attends to provide a review of fundamental water 16 

scarcity and drought indexes that enables to assess the status of a water exploitation system. 17 

With the aim of a better water management and governance under water scarcity conditions., 18 

this paper also presents a classification of indexes to help decision makers and stakeholders to 19 

select the most appropriate indexes, taking as the starting point the objectives of the analysis 20 

and the river basin features. 21 

Keywords: Water planning, water management, water exploitation system, water scarcity 22 

indexes, drought indexes 23 
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1. Introduction 24 

Water represents an essential element for the life of all who inhabit our planet. But the 25 

random nature of this resource, which is manifested by the alternation of wet periods and dry 26 

periods, makes it even more precious. Despite the social, economic and environmental 27 

significance that represents the lack of this resource, there is no unanimity concerning on the 28 

definition of concepts related to water scarcity, drought or water shortage in the literature 29 

(EU, 2012). As noted by Quiring (2009), this is a complex phenomenon that is difficult to 30 

accurately describe because its definition is both spatially variant and context dependent. 31 

In general terms, water scarcity covers all aspects related to restricted water availability. 32 

According to EU (2007) water scarcity is defined as a situation where insufficient water 33 

resources are available to satisfy long-term average requirements and similarly, Van Loon and 34 

Van Lanen (2013) considered that water scarcity represents the overexploitation of water 35 

resources when demand for water is higher than water availability. Aridity, by contrast, is a 36 

climatic feature consisting of low ratio between precipitation and potential evapotranspiration 37 

(Tsakiris and Vangelis, 2005), representing a permanent phenomenon. 38 

In the same way, the term drought has been defined in different ways. There are two main 39 

types of drought definitions: conceptual and operational. On the one hand, conceptual 40 

definitions are formulated in general terms to describe the concept of drought. According to 41 

this type of definition, as noted by Estrela and Vargas (2012), drought is a natural hazard that 42 

results from a deficiency of precipitation from expected or normal, which can in turn translate 43 

into insufficient amounts of water to meet the water needs of ecosystems and/or human 44 

activities. Whereas EU (2007) considers drought as a relevant temporary decrease of the 45 

average water availability. On the other hand, operational definitions are used to identify the 46 

beginning, end and severity of droughts. In this sense, there is no single operational definition 47 

of drought that can be used in all contexts. This is the reason why policy makers and resources 48 
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planners use drought index thresholds to determine the accurate moment to implement 49 

preventive measures (Quiring, 2009). 50 

According to the definition of drought as a natural hazard, there are different categories of 51 

droughts depending on the reference variable considered. In this study, we distinguish 52 

between three types of droughts:  53 

i. Meteorological drought is defined as a continued shortage of precipitation. This is the 54 

drought that raises the other types of drought and usually tends to affect large areas. 55 

The origin of the lack of precipitation is associated with the global behaviour of the 56 

ocean-atmosphere system, where both natural and human factors, such as 57 

deforestation or the increase in greenhouse gases, have strongly influenced.  58 

ii. Agricultural drought may be defined as a moisture deficit in the root zone to meet the 59 

needs of a crop, affecting the crop development and declining crop yields.  60 

iii. Hydrological drought is defined as a period of low flows in watercourses, lakes and 61 

groundwater levels below normal. It is related to a period with a decrease in surface 62 

and groundwater water resources availability for established water uses of a given 63 

water resources system (Mishra and Singh, 2010).  64 

As a consequence of the natural phenomenon, the terms operational drought (Sánchez-Quispe 65 

et al., 2001) and socio-economical drought (Mishra and Singh, 2010) are also used in the 66 

literature. Even though these terms do not represent a natural hazard, they can cause water 67 

shortage, understood as the deficit of water supply to meet social and environmental demands 68 

which are caused by intense drought episodes, an inappropriate use of water resources or 69 

man-made changes (Tsakiris et al., 2013). Operational drought refers to a period with 70 

anomalous supply failures (no satisfaction of water uses) in a developed water exploitation 71 

system. The causes include: the lack of water resources (hydrological drought), the excess of 72 

demand, or an inadequate design and management of the water exploitation system and its 73 
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operating rules. Socio-economic drought is associated with the condition of water scarcity on 74 

people and the economic activity causing socio-economic, social and environmental impacts. 75 

In recent decades there has been an increase in the number of episodes of socio-economic 76 

drought that has led in many cases to significant economic losses, which are a consequence of 77 

the increasing pressure on water resources exerted by human activities. As noted by Tsakiris et 78 

al. (2013), it is estimated that the cost of drought in Europe during the last 30 years is 100 79 

billion Euros. Figure 1 explains the relationship between these types of drought and the 80 

duration of the event. 81 

Figure 1. Relation between different types and duration of drought events (modified from Villalobos (2007)) 82 

Whatever the approach (water planning, water management, drought management, 83 

economy), society expects that policymakers and stakeholders maximise the profit produced 84 

by the allocation of water. In this sense, the use of indexes is highly relevant for decision-85 

making processes (Lama, 2011). Before continuing, it is required to distinguish between 86 

indexes and indicators, and their use in water policies. Indexes represent an aggrupation of 87 

variables or indicators which are weighted in order to take into consideration social 88 

preferences. They are used for the development of water policies and reflect social 89 

requirements. Whereas indicators are obtained as an aggrupation of variables and expect to 90 

communicate information about the water resources system. They are based on the 91 

knowledge and scientific judgment. So, when displaying environmental information, the level 92 

of its detail would be in inverse proportion of the number of users (Vardon et al., 2012). 93 

Researchers handle a mass of information, this information is aggregated so managers and 94 

analysts use indicators and finally, indexes are used by decision-makers and wider public (see 95 

Figure 2).  96 

Figure 2. Aggregation of information in water resources planning and management 97 
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To date, scientists and researchers have defined a huge quantity of water indicators related to 98 

different approaches, such as water productivity, ecosystem services, weather forecasting, or 99 

drought management, as an example, Lloyd-Hughes (2014) noted that more than one hundred 100 

indexes have been proposed for use only in drought monitoring.  101 

The target of this paper is to present a review of water indicators related to water planning 102 

and management. In order to do this, in section 2, we present a review on drought and water 103 

scarcity indexes along with indicators derived from water accounting (section 3) and 104 

performance indexes (section 4). In section 5, we propose a recompilation and classification of 105 

water related indexes in order to organise them according to the context of use, the key issue 106 

represented and the river basin features, which may be useful during the decision making 107 

process. Finally, conclusions and recommendations are presented. 108 

2. Drought and scarcity indexes 109 

The severity of droughts is represented by drought indexes, which have been developed to 110 

detect, monitor and assess drought events (Estrela and Vargas, 2012). Several drought indexes 111 

have been defined in last decades. The most commonly variable employed in their definition is 112 

precipitation in combination with other variables such as temperature, soil moisture, etc. The 113 

most frequently drought indexes are the Palmer Drought Severity Index (PDSI) (Palmer, 1965), 114 

rainfall deciles (Gibbs and Maher, 1967), Crop Moisture Index (CMI) (Palmer, 1968), Surface 115 

Water Supply Index (SWSI) (Shafer and Dezman, 1982); Standardized Precipitation Index (SPI) 116 

(McKee et al., 1993) or the Reconnaissance Drought Index (RDI) (Tsakiris and Vangelis, 2005). 117 

An extended state-of-the-art review on drought concepts has been provided by Mishra and 118 

Singh (2010). 119 

To assess water scarcity, the most commonly approaches are the water resource vulnerability 120 

index (Raskin et al., 1997), water stress index (Falkenmark et al., 1989), International Water 121 
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Management Institute (IWMI) indicator (Seckler et al., 1998), critical ratio (Alcamo et al., 2000) 122 

and the water poverty index (Sullivan, 2002). An extended state-of-the-art review on water 123 

scarcity has been provided by Rijsberman (2006). 124 

The use of water scarcity and drought indexes is not addressed only to describe or characterize 125 

the situation of a river basin, but they may also be applied in order to mitigate long-term 126 

drought risk. An example of the application of measures to reduce drought impacts is the case 127 

of the National Drought Indicator System in Spain which is described below.  128 

2.1. Status Index from the National Drought Indicator System in Spain 129 

Spain, as a Mediterranean country, has always presented water scarcity problems related with 130 

prolonged drought episodes. This country represents an example of an ancient tradition in 131 

water planning, where water resources are heavily regulated, being the fifth country in the 132 

world with the highest number of large dams (Instituto Nacional de Estadística, 2008). During 133 

decades, drought management in Spain was carried out as an emergency situation, being 134 

necessary the application of several Royal Decrees to mitigate the negative impacts. Due to the 135 

need of anticipation in the application of mitigation measures, it was essential to develop a 136 

system of indicators to warn when the measures have to be taken and what kind of measures 137 

were the most appropriate given the current level of risk, in other words, depending on the 138 

severity of the situation existing at any given moment. 139 

This system of indicators consists of spatially distributed control points in the area of the river 140 

basin and collects information about reservoir storages, groundwater piezometric levels, 141 

streamflows, reservoir inflows and precipitation (MMA, 2007). Each River Basin Authority has 142 

adopted a calculation method for the definition of the drought indicator. According to these 143 

criteria, these indexes take values between 0 and 1, low values corresponds to drought 144 

conditions and values between 0.5 and 1 indicate the absence of problems related with 145 

drought. By weighting the index value in each zone we obtain an overall index value. These 146 
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indexes allow us to classify the water exploitation systems into four hydrological states: 147 

normal, pre-alert, alert and emergency (see table 1). Haro et al (2014) discussed the validity of 148 

the application of this approach in any kind of system. They showed how this methodology 149 

fails at determining the drought status of within-year regulated systems, being thus necessary 150 

to adopt a different approach depending on the system’s operation. Figure 3 shows the basin 151 

drought status for the water exploitation systems in late June 2014. 152 

Figure 3. Basin Status Index in June 2014 (www.magrama.es) 153 

As mentioned above, one of the main functions of the National Drought Indicator System 154 

(MMA, 2007) is the application of measures to reduce the impact of droughts based on the 155 

state of the indicators. Three types of measures are considered:  156 

i. Strategic measures. They represent the medium and long term answer. They often 157 

require substantial investments such as construction of new reservoirs, desalination, 158 

reuse systems, etc.  159 

ii. Tactic measures. They represent the short term response. They would be measures to 160 

promote voluntary savings for both supply and irrigation, or, accelerate the 161 

development of planned infrastructure.  162 

iii. Emergency measures. They respond to unexpected circumstances. They are measures 163 

such as the construction of new emergency wells, the establishment of supply 164 

restrictions or prohibition of uses, among others.  165 

The following table shows the relationship between the hydrological state of the system and 166 

the type of measure to be applied: 167 

Table 1. Relationship between the hydrological state of the system and type of measures to be applied 168 

3. Indicators derived from water accounting 169 
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Water accounting is an approach focused on the presentation of information relating to the 170 

water resources in the environment and the economic aspects of water supply and use 171 

(Vardon et al., 2007). Among its goals is to achieve a sustainable water balance and an 172 

equitable and transparent water governance for all water users (www.wateraccounting.org). 173 

As noted by Molden and Sakthivadivel (1999), their methodology is based on a water balance 174 

approach where, based on conservation of mass, the sum of inflows must equal the sum of 175 

outflows plus any change in storage. Water accounting covers a range of methods of reporting 176 

water information (Godfrey and Chalmers, 2012). Some examples of water accounting systems 177 

are the System of Environmental-Economic Accounting for Water (SEEAW) (UN, 2012) and the 178 

Water Footprint Accounting (Hoekstra, 2003). 179 

3.1 The System of Environmental-Economic Accounting for Water 180 

The SEEAW has been developed by the United Nations Statistics Division (UNSD) in conjunction 181 

with the London Group on Environmental Accounting (UN, 2012). Its main objective has been 182 

standardizing concepts related to water accounting, providing a conceptual framework for 183 

organising economic and hydrological information. In this sense, water accounting generally, 184 

and particularly the SEEAW, expects to become a useful tool for helping the decision-making 185 

process on issues of allocating water resources and improving water efficiency among others. 186 

In this sense, the SEEAW constitutes a structured database from which researchers may obtain 187 

many water-related indicators (UN, 2012). Each of these tables allows us to obtain the 188 

indicators of internal renewable water resources, external renewable water resources, total 189 

natural renewable water resources and total actual renewable water resources. 190 

As noted by UN (2012), it is also possible to link the list of indicators proposed in the second 191 

World Water Development Report (UN, 2006) and the SEEAW. The cited indicators are  the 192 

index of non-sustainable water use, the relative water stress index, the water reuse index, the 193 

total actual renewable water resources (TARWR) volume, the surface water as a percentage of 194 
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TARWR and the groundwater development (groundwater as a percentage of TARWR). Margat 195 

(1996) proposed several indicators that could be obtained from the water accounts and 196 

expected to cover essential aspects of water availability and use. These indicators are: validity 197 

of hydrological basis, density of internal resource, concentration index of the resource, 198 

regularity index of the resource, independence of the reference territory, freedom of action 199 

index,  resource per capita, exploitation index, consumption index, water resource wearing 200 

and water sanitation and purification index.  201 

3.2 Water Exploitation Index 202 

Water Exploitation Index (WEI) (EEA, 2005) is obtained as the percentage of mean annual total 203 

demand for freshwater with respect to the long-term mean annual freshwater resources and 204 

shows to which extent the total water demand puts pressure on water resources. The way to 205 

build the WEI indicator is by using data from SEEAW Tables 3.1, 6.1 and 6.2 (EEA, 2013). Values 206 

of WEI in a river basin between 0 and 20% show a situation of no stress; values between 21 207 

and 40 % indicate water stress; and values upper than 40% represent extreme water stressed 208 

river basins (see Figure 4).  209 

Figure 4. Water exploitation index in European Union (Source of data: http://www.eea.europa.eu/data-and-210 

maps/figures/water-exploitation-index-2014-towards) 211 

Despite being the index employed by the EU, there are different key issues that jeopardise the 212 

use of this index. One of them is seasonality. As it is based on annual averages it is not able to 213 

display a scarcity event at monthly scale.  There may be situations in which having the same 214 

annual average of resources and demand, the pressure on the resources may be completely 215 

different due to the irregularity of resources (EEA, 2013). It is useful to analyse monthly ratios 216 

and suggest an aggregation method to describe the water stress situation in the river basin. On 217 

the other hand, the uncertainty in the assessment of demands and water resources values may 218 

result in incorrect values of the indicator. 219 
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In order to solve the limitations presented by the WEI, a modified water exploitation index 220 

called WEI+ has been defined (CIRCABC, 2012). The index focuses on the assessment of net 221 

consumption and it is defined at monthly level as follows: 222 

���+	= (����������	�
�����	�)

��	�
����	
����	���������
  (Eq. (1)) 223 

 Where abstractions mean the volume of water intaken for a determined use (agrarian, urban, 224 

industrial) and returns refer to the volume of water which comes back to the environment 225 

after being used. There are two ways of addressing the renewable water resources (RWR): (1) 226 

by employing the hydrological balance equation, using precipitation (P), external inflows (ExIn), 227 

actual evapotranspiration (Eta) and change in natural storages (∆S); or (2) by naturalisation of 228 

streamflows, using the outflows and the change in storage of artificial reservoirs (∆Sart). 229 

��� = ���� + � − �	
 − ∆�   (Eq. (2)) 230 

��� = �
	���� + (
��	�
�	���� − ��	
���) − ∆�
�	   (Eq. (3)) 231 

Considering all these difficulties, several indicators have been considered for the presentation 232 

of water accounts (EEA, 2013). Firstly, the WEI has been normalised to reflect the entirety of 233 

resources before abstraction takes place. The nWEI is computed monthly and at sub-basin 234 

scale as follow: 235 

����	 = ����������	�

������
�����������	�
�����	�
   (Eq. (4)) 236 

Whilst environmental requirements are not explicitly considered in SEEAW tables, the 237 

ecological needs represent an important issue, in this sense, a potential indicator of ecological 238 

stress for rivers (ESIr) has been defined similarly to the nWEI: 239 

����	 = ������


������
�����������	�
�����	�
   (Eq. (5)) 240 
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This indicator presents two problems: the first is that the denominator tends to zero if 241 

outflows are scarce; and the second problem is considering the final balance when actually 242 

there may be water bodies impacted with local withdrawals (EEA, 2013). 243 

The third indicator represents a consumption index (WEI+c) and it is computed as follows: 244 

����� 	=
(����������	�
�����	�)

������
�����������	�
�����	�
   (Eq. (6)) 245 

Since nWEI, ESIr and WEI+c are defined at monthly level, it is required some aggregation before 246 

their presentation. The EEA (2013) has proposed a percentile distribution to aggregate the 247 

indexes during the considered period. According to this report, mapping the indexes at 50% 248 

suggests structural water availability issues; by contrast, the 90 % indexes show there may 249 

be a recurrent water supply problem.   250 

3.3 Water Footprint and Virtual Water 251 

The Water Footprint approach was introduced by Hoekstra (2003) because of the need for an 252 

indicator based in freshwater use. It is defined as the total volume of freshwater that is used to 253 

produce the goods and services consumed by an individual or community (Hoekstra and 254 

Chapagain, 2008). The water footprint allows for the differentiation of the consumed water 255 

according to its origin, distinguishing between blue water footprint, green water footprint and 256 

grey water footprint. The blue water footprint represents the consumption of liquid water 257 

available en rivers, lakes, wetlands and aquifers; the green water footprint refers to the use of 258 

rainwater stored in the soil as soil moisture which is available to plants; and the grey water 259 

footprint is defined as the volume of freshwater needed to assimilate the load of pollutants 260 

based on existing ambient water quality standards (Hoekstra, 2009).  261 

Closely linked to the concept of water footprint is the virtual water (Allan, 1998), understood 262 

as the volume of water used in the production of a commodity, good or service. It refers to the 263 

idea that when a country imports one kilogram of a product (no matter the good or service) 264 
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implicitly, this country also imports the amount of water used to produce it. Both concepts 265 

(virtual water and water footprint) are interesting in water scarcity countries because their 266 

assessment could inform the decision makers about the possibility of producing those goods 267 

most suited to local environmental conditions (Aldaya et al., 2010). 268 

When producing the water accounting in a country, there are several terms which are not 269 

considered (Hoekstra, 2012); they do not differentiate between water uses for domestic 270 

consumption, for producing export products or water uses outside the country to support 271 

national consumptions. A scheme to obtain the national water footprint accounting is 272 

described below. The water footprint in a nation has two terms: the internal water footprint 273 

(the amount of water resources used to produce the goods and services that are consumed by 274 

national population) and the external water footprint. The first one is obtained as the 275 

difference between the uses of water within the nation minus the virtual water imported from 276 

other countries. In the same way, the external water footprint (the amount of water resources 277 

used in other nations to produce goods and services that are consumed by national 278 

population) is obtained as the virtual water imported into the nation minus the amount of 279 

virtual water exported to the other nations. This separation of components allows for 280 

evaluating the dependency ratio of water resources in a country (WD) defined as the external 281 

water footprint (WFE) divided between the national water footprint (WF) (Rodríguez et al., 282 

2008). 283 

��	�%� = 	���
��

· 100  (Eq. (7)) 284 

As water footprint is composed by the set of goods and services consumed by an individual or 285 

community, it can be calculated at different levels of consumer activity (Fulton et al., 2014). 286 

So, if researchers want to use water footprint accounting as an indicator of water resources 287 

management, the best territorial unit is the river basin (Pellicer et al., 2013), even though, as 288 
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noted by Zeng et al. (2012), water footprint assessment studies at river basin level are rare in 289 

the literature largely due to the lack of statistical data at this level.  290 

The approach of water footprint has been used in the definition of the water scarcity index 291 

(Zeng et al., 2014). This index has been used to describe the severity of water scarcity in the 292 

form of a water scarcity meter to allow an easy interpretation. It has two components: the 293 

blue water scarcity index (Iblue) and the Grey water scarcity index (Igrey). Iblue is defined as the 294 

ratio of the water withdrawal to freshwater resources and, Igrey is defined as the ratio of grey 295 

water footprint to freshwater resources. A review on the indicator of water footprint for 296 

European countries has been done be Vanham and Bidoglio (2013). 297 

4. Performance Indexes 298 

As noted by Hashimoto et al. (1982) the operational status of a water resources system can be 299 

described as either satisfactory or unsatisfactory. The level of a system performance was 300 

described, in Hashimoto et al (1982) research, from three different points of view: (1) how 301 

often the system fails (reliability), (2) how quickly the system returns to a satisfactory state 302 

once a failure has occurred (resiliency), and (3) how significant the likely consequences of 303 

failure may be (vulnerability). 304 

Derived from the adoption of the aforementioned concepts, in this sub-section, several 305 

indicators are presented which describe the possible performance of a water resources 306 

system. 307 

4.1 Sustainability Index 308 

To quantify the sustainability of water resources systems, Loucks (1997) proposed the 309 

sustainability index (SI), with the aim of facilitating the evaluation and comparison of water 310 

management policies. This index is based on reliability (Rel), resilence (Res) and vulnerability 311 

(Vul) concepts. For the ith water user the index proposed by Loucks (1997) was: 312 
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��� = 	 ���� ∗ ���� ∗ �1 − �
���  (Eq. (8)) 313 

Sandoval-Solis et al. (2011) proposes a variation of Loucks’ SI considering a geometric average 314 

of M performance criteria (Cm
i) for the ith water user: 315 

��� = 	 �∏  ���
��� !

�
��    (Eq. (9)) 316 

For instance, if the performance criteria are C1
i= Reli, C2

i= Resi and C3
i= Vuli, the SI for the ith 317 

water use is: 318 

��� = 	 ����� ∗ ���� ∗ �1 − �
���!
�
��    (Eq. (10)) 319 

The main advantage of this index is that it allows the inclusion of other criteria according to 320 

the necessities of each territory and the use of geometric average to scale the values of SI. 321 

4.2 Efficiency Indicators 322 

Martin-Carrasco et al. (2013) suggests four water indexes to evaluate water scarcity at a river 323 

basin scale. The use of the efficiency indicators requires grouping the demands across several 324 

classes depending on their respective use of water. For each demand category, model results 325 

are analysed through the Demand-Reliability curve. Based on this curve, it is possible the 326 

determination of the four water indexes: 327 

• Demand Satisfaction Index (IS), which evaluates the system’s capacity to supply its 328 

demands 329 

• Demand Reliability Index (IR), that quantifies the reliability of the system to satisfy 330 

demands 331 

• Sustainability Index (IU), which evaluates the natural resources available for 332 

development in the system 333 

• Management Potential Index (IM), which quantifies the proportion of the demand with 334 

unacceptable reliability that is close to the acceptable level. 335 
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In systems affected by water scarcity problems, the indicators can also diagnose its causes, and 336 

anticipate possible solutions.  337 

4.3 Water Allocation Index 338 

Milano et al. (2013) use a water allocation index (WAI) in order to assess the capacity of water 339 

resources to meet current and future water demands. This index is obtained by means of the 340 

quotient between water supply and water demand (%) for each year of a given period. By 341 

employing this index different water demand satisfaction classes have been defined for 342 

environmental flow requirements and the domestic sector and for the agricultural sector. 343 

Table 2 shows a classification of water demand satisfaction classes based on the WAI for 344 

environmental flow requirements and the domestic sector and for the agricultural sector. 345 

Table 2. Water demand satisfaction classes based on the water allocation index for (1) environmental flow 346 

requirements and the domestic sector and for (2) the agricultural sector (Milano et al., 2013) 347 

4.4 The reliability criterion established in the Spanish Guidelines of Water Planning 348 

The criterion established in the Spanish Guidelines of Water Planning (BOE, 2008) is a simple 349 

binary criteria (complies/does not comply). It indicates that for the purposes of resource 350 

allocation and reservation, urban demand is considered satisfied when the deficit in one 351 

month does not exceed 10% of the corresponding monthly demand and when in 10 352 

consecutive years, the sum of deficits is less than 8% of the annual demand. Similarly, agrarian 353 

demand is considered satisfied when the deficit in one year does not exceed 50% of the 354 

corresponding demand; for two consecutive years, the sum of deficit does not exceed 75% of 355 

annual demand; and in ten consecutive years, the sum of deficit does not exceed 100% of the 356 

annual demand. 357 

4.5 Performance Weighted Index (IPOC) 358 
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The Performance Weighted Index (IPOC, in Spanish) was used in the National Hydrological Plan 359 

(MMA, 2001). This index evaluates the global performance of a water resources system by the 360 

average of the ratio between the deficit in one, two and ten consecutives years, and the 361 

acceptable deficit during the same periods for each considered demand. If there is no fault in 362 

the system IPOC is 1 and, if there is a failure in one or several demands IPOC will be greater 363 

than 1. 364 

This index attempts to be more flexible than the reliability criterion established in the Spanish 365 

Guidelines of Water Planning (BOE, 2008), which considers that the systems fail if there is one 366 

demand that contravenes the criterion. Moreover, in order to consider the relevance of each 367 

demand or group of demands, these deficits are weighted to avoid that a failure in a non-368 

relevant demand for the exploitation system involves the failure of the global system. 369 

4.6 Exploitable Water Resources 370 

In order to quantify water availability, AQUASTAT (FAO’s global water information system) 371 

suggests the use of the indicator of exploitable water resources. This indicator is defined as the 372 

part of the water resources considered to be available for development under specific 373 

technical, economic and environmental conditions but, despite its significance, there is 374 

disagreement in regard to the best process for calculating exploitable water resources (UNSD, 375 

2012). 376 

Pedro-Monzonís et al. (2015) have determined the key issues for determining this indicator in 377 

a Mediterranean river basin. In that work, the exploitable water resources have been obtained 378 

as the maximum demand that can be served in a water exploitation system while complying 379 

with the reliability criteria established by law. Once the hypothesis about the obtaining of 380 

natural streamflows and the reliability criteria for considering the supply to be satisfied is 381 

selected, the steps used to obtain this indicator are as follows: (a) select the possible places in 382 

the system where new water allocations could be required and their type of use (urban or 383 
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agrarian); (b) analyse the possibility of increasing each single demand while considering the 384 

other demands as zero, and execute the simulation model. The final result is achieved when 385 

the maximum demand is obtained while fulfilling the required reliability criteria. 386 

5. Classification of Water Related Indexes in Water Resources Planning and 387 

Management 388 

As seen, in the literature there is a huge amount of indicators and indexes related to water. 389 

Each of them has been defined under different assumptions or conditions, so, its applicability 390 

may be adequate or not in all areas of study. The classification of water scarcity and drought 391 

indexes proposed below attempts to organise them according to the context of use, the key 392 

issue represented (aridity, water scarcity or drought), the type of drought analysed and the 393 

utility. In this sense, the context of use distinguishes between natural use, water resources 394 

planning and water allocation, and management. This distinction is done to discern on 395 

whether the considered variables to define these indexes are influenced by the management 396 

of the river basin or they are independent of human activities.  397 

Firstly, Table 3 groups water scarcity and drought indexes in the context of natural water use 398 

due to the fact that, a priori, human activities do not have influence in variables as 399 

precipitation, temperature or potential evapotranspiration. Frequently, these indexes are used 400 

to determine drought periods, aiming to identify drought properties, such as intensity, 401 

duration and magnitude. Moreover, as a universal definition of drought suitable in all 402 

circumstances does not exist, most of these indexes are also used as an operational definition 403 

of drought, providing information about levels of severity. In this sense, Quiring (2009) 404 

indicates that the most commonly indexes used for monitoring drought and determine the 405 

operational drought definition (thresholds) are PDSI, precipitation and streamflows. 406 

Table 3. Classification of water scarcity and drought indexes in the context of natural water use. [In Key issue 407 

column, A means aridity, S means scarcity, D means drought; In Type of drought column, M means meteorological 408 
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drought, A means agricultural drought, H means hydrological drought, O means operational drought and S means 409 

socio-economical drought] 410 

Secondly, Table 4 groups water indexes related to variables which may be affected by the use 411 

of water infrastructures or traditionally used in water planning for water allocation. In the case 412 

of indicators derived from water accounting, they show a current description of the river basin 413 

and allow the decision makers and stakeholders to make comparisons between the use and 414 

pressures of water resources in different regions. But, in the case of performance indexes, as 415 

water resources planning consists of the analytical study of the water resources to identify and 416 

solve the river basin problems in the long term, it is difficult to untie these indexes and the 417 

human activities. In other words, new measures are proposed aiming to improve the status of 418 

the water resources system, reflected by these kind of indexes. 419 

Table 4. Classification of water stress indexes in the context of water resources planning and water allocation. [In 420 

Key issue column, A means aridity, S means scarcity, D means drought; In Type of drought column, M means 421 

meteorological drought, A means agricultural drought, H means hydrological drought, O means operational drought 422 

and S means socio-economical drought] 423 

Finally, Table 5 shows the indexes related to the management stage. As expected, to solve 424 

water scarcity problems policymakers resort to water resource management, using the 425 

implementation of preventive measures in order to reduce the effects of droughts (Estrela and 426 

Vargas, 2012; Van Loon and Van Lanen, 2013). In this case too, these indexes are also used as 427 

an operational definition of drought, helping drought planners to decide when to start 428 

implementing drought measures. The importance of these indexes is crucial due to the fact 429 

that the application of specific measures are conditioned by the immediacy or the legal and 430 

administrative procedures (Ferrer and Pedro-Monzonís, 2014), and they need a clear 431 

identification of their application timing. As seen, the amount of this kind of indexes in the 432 

literature is lower than previous groups, possibly due to the fact that this index represent a 433 

practical activity more than a research activity. 434 
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Table 5. Classification of water stress indexes related to the management stage. [In Key issue column, A means 435 

aridity, S means scarcity, D means drought; In Type of drought column, M means meteorological drought, A means 436 

agricultural drought, H means hydrological drought, O means operational drought and S means socio-economical 437 

drought] 438 

Some impressions derived from the previous tables are described below: 439 

� Not always the classification between key issue and type of drought is easy or possible, 440 

and in some cases it could have more than one solution. The NDVI can be an example: 441 

it seems to represent clearly an agricultural drought (A) and, in fact, this is accurate 442 

when we refer to rainfed agriculture. But in irrigated agriculture, which depends on 443 

rivers or streamflows, it can represent a hydrological drought (H) or an operational 444 

drought (O) when surface water comes from artificial reservoirs. 445 

� We can find in the literature many indexes related to the context of natural water use, 446 

which, in many cases, are used to identify the magnitude of drought periods. 447 

Sometimes, their usability during water resources management processes is limited. 448 

This may be due to the fact that these indexes require the definition of a threshold to 449 

identify the kind of measures to be applied according to the level of risk. 450 

� There are few indexes related to the management stage. The reason may be that this 451 

is a relatively new approach which has been carried out since the last decade, and the 452 

availability of data from reservoir and piezometric levels is not vast enough to carry 453 

out a deep investigation. However, there are many indexes related to the water 454 

planning in the long term, which, in most cases, use simulation models to address the 455 

lack of data. 456 

� We have also seen that, in some cases it is difficult to distinguish the key issue 457 

between aridity and scarcity. Especially in the case of water management systems, 458 

where demand is established by human beings and it could change according to 459 

decisions which sometimes are included in the analysis. 460 
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� In connection with the different types of drought, the distinction between operational 461 

and socio-economic drought may be difficult. Especially, when operational decision 462 

such as water allocation during drought periods may originate socio-economic effects. 463 

6. Conclusions 464 

In this paper, several water indexes have been summarized. Some of them have served to 465 

identify the types of drought (meteorological, agricultural, hydrological, operational or socio-466 

economic), while others allow us to characterize the pressures on the water resources, to 467 

justify the allocation of new demands, or the volumes used to produce goods and services 468 

among others.  This vast amount of indexes and indicators demands collecting information 469 

related to a huge variety of disciplines, representing a complex issue, and moreover, when 470 

there is no unanimity about basic terms as water scarcity and drought.  471 

A priori, there is not a unique indicator suitable for all areas of study. In this sense, there is a 472 

clear need for using different indexes according to the proposed objectives. To do this, 473 

knowing the limitations of these indexes is crucial. That is why this paper presents a review of 474 

water scarcity and drought indexes related to water planning and management, with the aim 475 

of analysing whether they are appropriate for the climate of the region or for the objectives of 476 

the study. For this purpose, the different approaches to analyse the status of a river basin have 477 

also been reviewed. For example, in recent years, drought episodes have required the 478 

implementation of anticipation measures which have influenced the new policies for water 479 

resources management (short term) and planning (long term). According to this target, it is 480 

noteworthy that a key feature of drought management plans is the use of water drought 481 

indexes to establish a link between the current river basin status and the measures to be 482 

taken. On the other hand, indicators derived from water accounting allow a general 483 

description of the river basin, with an emphasis on water economics and the benefit of natural 484 

water and managed water. If our goal is the purposes of resource allocation it may be 485 
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desirable the use of simulation models to obtain performance indexes which evaluates the 486 

status of the water resources system.  487 

This recompilation and classification of indexes aims to be useful to select the most 488 

appropriate index, taking as the starting point the objectives of the analysis and the river basin 489 

features (a natural system or an altered system due to their water management). In any case, 490 

the combined use of all of these indicators may help in the decision-making process. 491 
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