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development. This is the case of many agricultural European Mediterranean basins, where 

water deficit during drought events is partially covered by illegal abstractions, mostly from 

aquifers, which are tolerated by the authorities. Groundwater overexploitation for irrigation 

has created in these areas an unprecedented environmental catastrophe that threatens 

ecosystems sustainability, urban water supply and the current model of development. Market-

based drought insurance systems have the potential to introduce the necessary incentives to 

reduce overexploitation during drought events and remove the high costs of the drought 

indemnity paid by the government. This paper develops a methodology to obtain the optimum 

risk premium based on concatenated stochastic models. The methodology is applied to the 

agricultural district of Campo de Cartagena (Segura River Basin, Spain). Results show that the 

prices in a hypothetic competitive private drought insurance market would be reasonable and 

the expected environmental outcomes significant.  
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1. Introduction 

 

Water is an economic asset that might be managed efficiently and sustainably (Winpenny, 

1994). However, in the allocation of water resources, the criteria and methods of economic 

analysis have historically played a secondary role. Prevailing political consensus considers that 

water management policies must play an instrumental role aimed at providing a package of 

services, which are either essential for life or strategic for the economy. Besides that, it is 

believed that its demand, therefore, must be taken as exogenously defined outside the field of 

water management policy (Saleth and Dinar, 1999). Following this paradigm, water policy in 

the European countries has been almost exclusively oriented to guarantee the public provision 

of water services at subsidized prices. This paradigm has inevitably resulted in the 

overexploitation of water resources, especially in arid and semi-arid Mediterranean regions. 

However, instead of using economic instruments to adjust prices of water to their real cost, 

traditional response has consisted of the implementation of palliative command and control 

policies with limited or even negative impact.  

As a result, water agencies and water users have been insulated from the influence of market 

forces (Dinar, 2000; Young, 2005). In such a frame, instead of leading to higher prices that 

reduce demand and encourage greater efficiency in the multiple uses of water, the limited 

capacity to support water resource abstraction together with the greater public support to put 

increasing amounts of water services available to users has led to a growing demand for water 

infrastructures. This has led to water overuse, worse shortages and deeper water crisis (Dinar 

and Saleth, 2005; Dinar and Subramanian, 1997).  

Water scarcity in Southern European Regions poses a significant menace over riparian 

ecosystems sustainability, development dynamics and even household supply. Although 

command and control policies are still being applied, it is generally acknowledged that the 



 

current situation cannot be reverted only with regulation (Gómez and Pérez, 2012; Pérez et al., 

2011; CE, 2000 and 2007). However, the reversion of current dynamics is complicated. The 

complexity of social-ecological systems makes them unpredictable, and the effects of policy 

interventions can be highly uncertain. Surprise and crisis are regular occurrences. This 

uncertainty, coupled with legacies of past management actions, often leaves decision makers 

few options other than to reinforce the current trajectory of the system with further command 

and control policies (Anderies, 2004, 2005 and 2006). Therefore decision making becomes 

reactive and incremental as the system moves from one crisis to another (Gunderson, 2001), 

and ultimately the system becomes extremely vulnerable to external shocks. 

This dynamics are present in several agricultural Mediterranean catchments. As a result water 

scarcity has become a central issue in the European agenda (EC, 2000 and 2007). To avoid this 

perverse cycle, the Water Framework Directive in its article 9 acknowledges the limited impact 

of traditional command and control policies and advocates instead for the implementation of 

Economic Policy Instruments (EPIs) for water management (EC, 2000). These instruments can 

adapt water demand to available resources, but so far there are only a few case studies on 

EPIs and water management available in Europe.  

Population and economic growth of the last two decades in Southern European countries have 

significantly increased water demand from urban areas. However, the main water consumer 

continues being agriculture (EEA, 2009), which is largely responsible of the structural water 

deficit characteristic of many semi-arid Mediterranean basins. Water overexploitation in these 

areas is especially intense during drought events, which makes drought insurance one of the 

EPIs with the highest potential to prevent overexploitation during drought events. Although 

private insurance is regarded as more efficient and effective both financially and 

environmentally than mixed insurance systems (public and private capital) (Gómez and Pérez, 

the 2012), the latter prevail in Mediterranean areas as a result of the high institutional 



 

uncertainty, which adds up to the water resources uncertainty characteristic of semi-arid 

climates and has made private drought insurance unviable so far.  

This paper develops a stochastic methodology which estimates the likelihood of different 

drought scenarios and their impact over agricultural income. From these values, a risk 

premium for private drought insurance markets is obtained. The methodology allows a 

comparison of the financial and environmental outcomes obtained by the current mixed 

drought insurance markets and the proposed private drought insurance markets under the 

institutional framework described below. The methodology is general and can be replicated in 

any Mediterranean basin or agricultural district.  

The paper is structured as follows: the second and third sections present the overall 

institutional framework for irrigation in Spain and introduce the area of the case study (the 

agricultural district of Campo de Cartagena to the south east), respectively; the fourth section 

describes the methodology, which consists of concatenated stochastic models, an institutional 

decision model and deterministic agronomic production functions; the fifth section estimates 

the basic risk premium for the ligneous crops of Campo de Cartagena; and the sixth section 

concludes. 

 

2. Agriculture and water: the new institutional framework in Spain 

Irrigated land demands a large amount of water resources and a significant investment in 

water infrastructures. In this sense, the case of Spain, with the most heavily modified rivers of 

the world (Gómez, 2009), is paradigmatic. As no alternative has been explored, increasing 

agricultural water demand has been translated into increasing resources made available to 

farmers. Water overexploitation is now widespread in many European Mediterranean areas. 



 

EPIs such as drought insurance markets have the potential to improve efficiency in water use 

and thus save significant amounts of water. 

Water restrictions during a drought event in Spain are subject to the discretionary assessment 

made by institutions. As a result it is not possible to develop a deterministic relationship 

between any objective drought indicator and indemnity; on the contrary, indemnity has to be 

established in a discretionary manner after a negotiation among the government, private 

insurance companies and those farmers affected by the drought. In this negotiation the 

government guarantees that any unexpected loss in which the insurance companies may incur 

will be covered with public funds. This mixed capital system removes the incentives to 

estimate an accurate risk premium and to implement an efficient supervision mechanism. 

Within this framework, financial costs are significantly higher than those that would result 

from a market-based system, and the gap is covered with public funds. Besides that, the 

combined effect of a deficient supervision mechanism and the lack of a link between expected 

indemnity and objective drought indicators raises incentives for the farmers to overexploit 

water resources illegally during drought events and even perceive a double income –

agricultural production and indemnity. This has had severe environmental effects, especially 

over aquifers (Pérez et al., 2011).  

On the contrary, private insurance markets minimize operating costs, remove public costs from 

the equation and have more effective and efficient surveillance mechanisms (usually linked to 

the agricultural yield) with the potential to reduce the environmental impact of droughts. 

However, uncertainty stemming from the drought management rules above prevents the 

development of such markets.  

The law 907/2007 incorporated the Drought Management Plans (DMPs) to the legal 

framework which regulates water demand in Spain. Spain has been pioneer in the introduction 

of these plans in the European Union, where only a few countries have DMPs in force –though 



 

the EC earnestly recommends their use (EC, 2008). DMPs are intended to avoid water 

overexploitation during drought events1. To do so, DMPs introduce a set of objective indicators 

which clearly specify when and what restrictions have to be put in force in case of a drought 

event for every type of water use. If properly enforced, drought indicators allow the removal 

of institutional arbitrariness in drought indemnity and the introduction of a new structural 

framework where uncertainty depends exclusively on the variability inherent to the event 

dynamics (rainfall, stored water and runoff), which in turn can be delimited through stochastic 

modeling. Thereby, the new framework is favorable for the development of private drought 

insurance schemes.  

  

3. Background for the case study: Campo de Cartagena, Segura River Basin (Spain) 

The semiarid SRB has significant competitive advantages for irrigated agriculture because the 

land is abundant and cheap and few alternative uses for the land exist. Furthermore, solar 

radiation is guaranteed and, apart from the abundance of cheap labor, many of these areas 

are located near high-demand markets. In fact, everything except water seems to be in place 

for developing a prosperous agricultural sector. 

Water demand in the SRB, which comes mainly from irrigated lands (85%), is much larger than 

available water resources (CHS, 2010a). Besides, this demand is growing steadily: in 2003, the 

ratio between water abstraction and renewable resources was an alarming 1.27; by 2009, this 

ratio had shot up to 2.5, denoting the most serious case of overexploitation in Europe (EEA, 

2009). Authorities have tried to stop water demand growth by implementing a set of 

command and control policies which included the prohibition of additional water rights for 

                                                           
1
 However, the Spanish DMPs focus mainly on surface waters management and barely take into 

consideration groundwater, which in semi-arid Mediterranean basins is a key resource. Without 
additional instruments such as drought insurance markets this omission strengthens the incentives 
towards illegal groundwater overexploitation already present in Mediterranean areas (see for example 
Gómez and Pérez, 2012). 



 

irrigation since 1986. However, only between 1990 and 2000 irrigated land grew at an average 

rate of 6,500 ha/year. This illegal surface was estimated to equal 100,000 ha in the year 2005 

(IDRUICM, 2005) and since then has continued growing. Illegal irrigated lands are supplied with 

illegal resources, mostly from aquifers2. However, rather than enforcing property rights by 

closing illegal mills, the traditional response has been to tolerate offenders3 (CHS, 2010a; 

Llamas, 2007). Not surprisingly, the drought risk has increased along with the increase in water 

scarcity, and under the current water supply and demand a drought can occur in one of every 

six years (Gómez and Pérez, 2012). During these extreme events regulated surface water use is 

controlled (especially after the implementation of the DMPs), and neglected groundwater 

becomes de facto the cheapest possible agricultural drought insurance.  

Campo de Cartagena, in the SRB, is an agricultural district with approximately 13,000 ha of 

irrigated ligneous crops (28.9% of the total irrigated land). Water demand for irrigation 

amounts to 58 million cubic meters (hm3) in a normal hydrological year. Approximately 16.7 

hm3 of irrigation demand is supplied by the three aquifers in the area (Carrascoy, Victorias and 

Campo de Cartagena). These aquifers are overexploited even in normal hydrological years 

(CHS, 2010a; MARM, 2007), and in average 36% of total abstractions are non-renewable. (CHS, 

2010a). Although it suffers from severe water scarcity, Campo de Cartagena is one of the 

largest and most profitable irrigated areas in Spain (CHS, 2010a), with production levels well 

over 20,000 kg/ha for some fruit trees (such as lemon, mandarin, orange and peach trees) 

(Pérez et al., 2011). Thus, the incentives for aquifer overexploitation are high, even in the 

presence of high abstraction costs. 

                                                           
2
 The SRB accumulated groundwater overexploitation amounts to 7,000 million cubic meters (hm

3
) 

(CHS, 2010b), including aquifers whose resources have been exhausted to such a degree that, even in 
the absence of more abstractions, it would take more than a century for them to completely recover. 
This is the case of the Alcoy-Sopalmo aquifer, where during some hydrological years it has been 
pumped out twenty times its renewable resources (CHS, 2010b). 
3
 The concession of new water use rights has been legally forbidden in the Segura River Basin since 

2005, when aquifers were declared overexploited. Nevertheless, agricultural use increased by 5% each 
year since 2005 (CHS, 2010a and 2011). This is possible because of a lack of control over irrigation water 
demand. For example, only 155,313 ha of the 225,356 ha irrigated in the Region of Murcia (71.4% of the 
total irrigated land in the SRB) are officially registered by the water authority. 



 

 

4. Methodology 

The viability of an insurance market depends on the experimental design of the feasible 

scenarios with their associated financial losses and their corresponding probabilities, from 

which the risk premium is estimated (Skees and Barnett, 1999). Basic risk premium is 

estimated as the ratio between the expected indemnity (a function of expected losses) and the 

expected net income in a reference year (in this case, a normal –or expected- hydrological 

year). 

Actuaries estimate the expected indemnity and the expected net income from the assessment 

of the historical evolution of the insured product (Martin et al., 2001), which follows a non-

deterministic pattern. The following methodology allows the calculation of these values and 

the resulting risk premium through the development of a risk-production model which 

depends on three stochastic variables (rainfall, runoff and stock) and a set of institutional 

decision rules. The model is made up of three stages: 

i) The first stage uses a standard method to obtain water requirements for each ligneous 

crop. We compare the evapotranspiration requirements with the amount of water 

available, which is from the following five sources: three stochastic sources 

(rainwater, runoff and stored water), the existing stock of groundwater and a 

variable but deterministic amount of non-conventional sources (wastewater reuse 

and desalinated water). Finally, the amount of water to be delivered to the 

irrigation system is determined in accordance with the two alternative decision 

rules (traditional vs. drought contingency rules). This serves to measure the 

resulting excess demand for water as well as the moral hazard incentive to engage 

in illegal abstractions. 



 

ii) The second stage develops a deterministic agronomic model. This model allows us to 

estimate agricultural yield for every crop as a function of the percentage of 

evapotranspiration satisfied in i). The Net Income (NI) is also estimated. 

iii) Finally risk premium is estimated as the ratio of the expected drought indemnity to the 

expected NI (which are both a function of the NI obtained in ii) and the 

probabilities estimated in i)). 

 

 

4.1. First Stage. The decision context: water requirements and water availability 

Following the Spanish Ministry of Environment standard method (MARM, 2009)4, the amount 

of water required by a single crop, or its evapotranspiration (ET), is measured by using the 

evapotranspiration registered during the period from 1941 to 2009 (MARM, 2009). In the case 

of irrigated crops, these water requirements are partially covered by the effective rainfall (ER) 

received from nature, which is a function of rainfall (a stochastic variable in the model). Thus, 

the amount of water required from the irrigation system, or the agronomic water required 

(WR) by a particular crop, is equivalent to the difference between the crop’s 

evapotranspiration (ET) and the effective rainfall (ER). Agronomic water requirements can 

either be satisfied or not satisfied, depending on the region’s natural capital (stochastic runoff) 

and human capital (surface water stored).  

The effective coverage of the agronomic water requirements depends on three stochastic 

variables: rainfall, runoff and surface water stored. We consider the probability density 

function (PDF) of these three factors to determine the water supply at any moment in time.  

                                                           
4
 MARM methodology follows a combination of the Thornthwaite and Penman-Monteith Methods (see, 

for example, Allen et al., 2006).  



 

 

4.1.1. Effective Rainfall 

Effective rainfall ( ) is the amount of rainfall in mm ( ) that effectively contributes to satisfy 

evapotranspiration5: 

     [1] 

To represent  under every possible state of nature, the observed data were adjusted to a 

probability density function (PDF)6 that allows assigning a probability ( ) to each rainfall level 

( ). This function is obtained as the best fit gamma function7 of the following type (McWorther 

et al., 1966; Martin et al., 2001; Gómez and Pérez, 2012): 

     [2] 

where a and b are, respectively, the scale and the shape parameters. Table 1 presents the 

maximum likelihood estimators (MLEs) of this function’s parameters. Higher probabilities 

correspond to rainfall levels that are low or even very low for a region supporting a highly 

productive and water-dependent agriculture.8 

Table 1: Rainfall Gamma function. The dependent variable is mm of rainfall. 

                                                           
5
 Effective rainfall (ER) is estimated using the Soil Conservation Service–USDA methodology for Spain 

(Cuenca, 1989), and it is a function of humidity deficit (f(D)), rainfall (p) and evapotranspiration (ET). It is 
measured in annual mm: 
ER = f (D) ∙ [ 1,25 p

0,824
 – 2,93] ∙ 10 

0,000955 ∙ ET
 

6
 Data on cumulative annual rainfall are obtained from the Sistema Integrado de Información del Agua 

(SIA) (MARM, 2009) for the period 1941 to 2009. 
7
 The gamma function is defined by a scale parameter (a) and a shape parameter (b). It is consistent 

with rainfall measures because negative values are not allowed. The function reaches a maximum for 
intermediate values, decreases according to its scale parameter and converges to a normal distribution 
function as the shape parameter increases. 
8
 The Segura River Basin (SRB) is exposed to a higher meteorological drought risk than most of the 

basins in Spain. The average evapotranspiration is similar to that of the Guadalquivir River Basin in the 
south, although the rainfall distribution is concentrated in lower values (90% of rainfall values are 
between 400 and 800 mm). 



 

 

The water deficit (WR) representing the part of evapotranspiration (ET) that is not covered by 

effective rainfall (ER) is also a stochastic variable, which can be defined as: 

     [3] 

4.1.2. Runoff 

The amount of water available to cover the agronomic water requirements is estimated using 

two proxy variables measured in percentage units. The first proxy variable is the percentage of 

annual cumulative runoff over the river basin surface water storage capacity (r), and the 

second proxy variable is the percentage of water stored over the river basin surface water 

storage capacity at the beginning of the crop season (s) (CHS, 2010b; Gómez Ramos et al., 

2001). Both are stochastic variables in our model. 

Following Martin et al. (2001) and Gómez and Pérez (2012), we adjust the runoff probability 

distribution function to a gamma function.9 This allows assigning a probability ( ) to each 

runoff level ( ): 

     [4] 

Table 2 shows the best fit parameters for the runoff function. 

 

Table 2: Runoff gamma function. The dependent variable is the percentage of runoff over 

the total surface water storage capacity. 

 

4.1.3. Available surface stored water 

                                                           
9
 Runoff values range from 0% to 225% over the river basin dam storage capacity. 



 

Following Gómez Ramos et al. (2001), Pérez et al. (2011) and Gómez and Pérez (2012) we 

adjust the probability distribution function of the level of available stored surface water by 

using the Weibull function,10 which allows assigning a probability ( ) to each stored water 

level ( )11: 

     [5] 

 

 

Table 3: Surface water stored: Weibull function 

The dependent variable is the percentage of dam stored water over dam storage capacity. 

 

4.1.4. Decision rules 

At the beginning of each crop season, the water authority observes the level of water stored in 

the reservoirs and assesses the overall irrigation water required ( ).12 Accordingly, the water 

authority then applies a rule to determine the amount of water to be delivered to the crop 

fields.13 The amount of irrigation resources actually delivered each year is a public decision 

that is based on water availability. Until the SRB’s DMP was implemented, the percentage of 

TIR effectively satisfied followed discretional decision rules. On the other hand, the new DMP 

establishes a set of drought thresholds and below them the percentage of TIR satisfied is 

                                                           
10

 The Weibull distribution is a continuous probability distribution with a scale parameter (a) and a 
shape parameter (b). 
11

 The  data series, as a percentage of the total dam storage capacity, is obtained from Anuario de 
Aforos (MARM, 2008). 
12

 TIR is the maximum amount of irrigation resources that can be conceded in an ideal hydrological year. 
Spanish river basins estimate TIR as the agronomic water required to cover the 80

th
 percentile of annual 

historical evapotranspiration (from 1941 to 2009) with a global efficiency of the water provisioning 
system of 60% (MARM, 2008). TIR is then higher than the percentage of TIR actually conceded, and it is 
generally higher than WR.  
13

 The irrigation resources actually conceded by the river authority in the SRB cover only a percentage of 
the estimated TIR ( ). 



 

predetermined. Actually both systems are in force. During normal years, as no explicit 

percentage of TIR is specified in the DMP, traditional decision rules will hold. During drought 

events the DMP will apply, although under extreme drought events it is unlikely that the 

optimistic amounts to be transferred will hold14 and the DMP rules may not be kept. 

i) Traditional decision rules to determine water delivery for irrigation 

In contrast with the situation created by the recently approved drought plans, the decision 

rules followed thus far have been the result of a combination of social agreements, opinions of 

expert judges and discretion with no written rules to be applied in any case, depending on the 

water available for the crop season. To formalise these decisions, we use the available data on 

the amount of water effectively delivered to farmers measured as a percentage of irrigation 

resources conceded over TIR. Available data span a range of 14 years (1992 to 2007) (CHS, 

2010b), and as is normal in this type of analysis, the number of observations is fewer than 

required by a robust estimation of a probability distribution function. To compensate for the 

problem caused by the small number of observations, we follow the standard approach of 

increasing the sample size by representing the percentage of TIR satisfied as a proportion of 

runoff, 15 16 ( ) by using ordinary least squares (Gómez Ramos et al., 2001).17 The function 

relating  with runoff is presented below and the estimated value of parameters is in Table 

4. 

     [6] 

                                                           
14 

As the empirical data suggest, the estimated satisfied agronomic crop requirements under the new 

drought plan are too optimistic compared with past drought events. For example, during the 2005-2008 

drought less than 25% of TIR were satisfied, well below the amount established by the DMP.  

15
 The  data as a percentage of dam storage capacity were obtained from Anuario de Aforos (MARM, 

2008). 
  

16
 Stored water (s) was not found to be statistically correlated with the percentage of TIR satisfied, 

which could be a consequence of the small storage capacity of the Segura River Basin. The ratio of 
reservoir storage capacity (1,141 hm

3
) over average yearly water use (1,905 hm

3
) is only 60% in the SRB, 

far lower than that of the drought-prone Guadalquivir (238%) and the rainfall-abundant Ebro River 
Basin (90%) (see: CHS, 2011; CHE, 2011; CHG, 2011).  
17

 For values of  over 100%, the function is truncated and equals 1. 



 

Table 4: Irrigation resources estimation under the traditional decision. The dependent 

variable is a percentage of irrigation resources conceded in the SRB over TIR. 

 

i) DMP decision rules over water for irrigation 

The recently approved DMP for the SRB assesses the particular situation at hand and the 

severity of the problem by using an objective and publicly observable drought index, . This 

plan establishes the following four drought thresholds (CHS, 2010b) i) when water stored 

levels are regarded as normal ( ), there are no additional explicit restrictions, and thus 

water delivery is the same as in the baseline or traditional rule scenario; ii) water for irrigation 

is reduced by 10% ( ) when available water falls below the pre-alert threshold 

( ); iii) if the alert limits are exceeded ( ), water for irrigation is 

reduced by at least 25% ( ); and iv) in emergency situations ( ), water for 

irrigation is halved ( ). According to our model, a drought is quite likely in the SRB, 

occurring with a probability of 14%.18 

In the case of Campo de Cartagena in the SRB, the drought index ( ) depends on the observed 

values of both runoff and stock19 (CHS, 2010b). Therefore, we define  as a discrete water 

                                                           
18

 This is a minimum threshold. Historical data underestimate drought risk because the data do not 
consider that today’s water resources are jeopardized significantly more than in the past.  
19  is calculated as follows (CHS, 2010a): 

 

 

where  is an indicator that is unique for each junta de explotación (a group of agricultural districts or 

comarcas). In Sistema Cuenca, which is Campo de Cartagena’s corresponding sub-basin,  is obtained 

as follows: 



 

restriction variable whose value depends on the drought index (and thus on runoff and stock 

values) and its corresponding . As the empirical data suggest, the estimated satisfied 

agronomic crop requirements under the new drought plan are too optimistic compared with 

past events. Therefore, we set  as the minimum between  defined in the baseline 

scenario and the SRB’s DMP parameters above ( ): 

     [7] 

 

Finally, the percentage of TIR satisfied (TIRr) under current decision rules would be: 

     [8] 

 

4.1.5. Percentage of evapotranspiration satisfied 

Only a fraction of the TIRr effectively contributes to satisfy evapotranspiration. The effective 

surface irrigation resources ( ), or the part of the irrigation resources ( ) that 

effectively satisfy evapotranspiration, is a function of the runoff (through ) and the overall 

efficiency of the irrigation system ( ): 

    [9] 

                                                                                                                                                                          

 

Where  is the runoff as a percentage of the total dam storage capacity ( ) and  is dam stored 

water as a percentage of the total . Using  and  maximum, minimum and average observed 

values during the reference period, we obtain  and , respectively.  



 

Other publicly controlled water sources, such as the groundwater legally used ( ), the 

treated water ( ) and the desalinated water ( ), are provided to farmers in proportion to 

the irrigation resources delivered ( )20 from reservoirs. The amount of water delivered 

from each of these sources is converted into an effective irrigation resource by using its own 

technical efficiency index ( for groundwater,  for treated water and  for desalinated 

water),21 as follows: 

     [10] 

     [11] 

     [12] 

The percentage of the evapotranspiration satisfied ( ) can now be obtained from the 

previous equations, as follows:  

     [13] 

Each  has an associated probability ( ), which depends on runoff (r) and rainfall 

(p) values. Using expressions [2] and [4], this probability can be expressed as follows: 

     [14] 

The expected level of evapotranspiration coverage ( ) and the resulting expected irrigation 

deficit ( ) in the traditional rule scenario can be represented as:  

                                                           
20

 In an average hydrological year, Campo de Cartagena irrigation resources come primarily from dam 
stored water (65.31%, η, 37.6 hm

3
 of effective water) and groundwater (29%, 16.92 hm

3
 of effective 

water, ). Desalinated water (0.39%, ) and treated water (5.3%, ) are negligible (3.32 hm
3
 of effective 

water) (MARM, 2007). These percentages are assumed to be constant in the model.  
21

 Piping and irrigation techniques determine the final amount of effective water applied to satisfy a 
certain amount of a crop’s water demand. Global efficiency of the system for the Campo de Cartagena 
region is approximately 87% for dam stored water, 60% for desalinated water and treated water and 
25% for groundwater (CHS, 2008; MARM, 2007). 



 

     

[15] 

     [16] 

  

4.2.  Second stage. Agronomic production functions and Net Income 

The agronomic production of a given crop depends largely on available water, either from 

rainfall or irrigation. However, making the production function of a crop dependent only on 

the level of satisfaction of agronomic water needs implies that other variables that may affect 

the production function (soil type, fertilizers and phytosanitaries, climatic variables, etc.) are 

excluded. On the other hand if we consider this set of variables constant it is still possible to 

develop sound and rigorous agronomic production functions which provide results close to 

observed values (SCRATS, 2005). In our model we make the agronomic production (in kg) 

( ) dependent on the percentage of evapotranspiration satisfied (and in turn on three 

stochastic variables: rainfall, runoff and water stock).  

     [17] 

The reference agronomic production functions for the crops considered are obtained after a 

comprehensive bibliographical review. Then these functions are adapted to the characteristics 

of the area of the case study, if there are not site-specific production functions (MARM, 2010; 

SCRATS, 2005). To do so it is assumed that the local characteristics have fixed effects that shift 

the reference agronomic production functions but maintain their elasticity and marginal 

productivity. Resulting production functions are quadratic:  

     [18] 



 

 

Now we estimate Net Income (NI) through a set of site- and crop-specific parameters22 for 

prices, variable costs and fixed costs. These parameters are estimated by the Ministry of 

Environment from agrarian statistical data (MARM, 2007). Value of total income (  results 

from the product of total agronomic production ( ) and the updated average prices of the 

last 10 years ( )23 (MARM, 2007). 

     [19] 

On the other hand the costs are divided in direct costs ( , machinery costs ( , 

fixed labor costs ( , variable labor costs (  and water costs ( .  and  

are both a linear function of production: 

     [20] 

     [21] 

Where the parameters  and  are site- and crop-specific parameters obtained from MARM 

(2007).  

Fixed labor costs are a function of agricultural day’s pay ( ) in the area and the average number 

of days employed by fixed workers in the corresponding crop ( ). Variable labor costs are a 

function of agricultural day’s pay ( ), the average number of days employed by temporary 

workers in the corresponding crop (  and a variable that links the need to hire temporary 

workers to the production level (quotient between observed production minus minimum 

production and maximum production minus minimum production): 

                                                           
22

 These parameters are estimated for every type of crop at an agricultural district level (comarca).  
23

 Prices are therefore assumed not to be affected by the amount of production. This assumption is 
reasonable if we consider that production shocks are asymmetric and then prices are not affected or if 
we consider a long term scenario.  



 

     [22] 

     [23] 

Water costs are a function of water price per cubic meter ( ) and total water demand for 

irrigation:  

     [24] 

Finally, Net Income ( ) in euros per hectare is obtained as the difference between total 

income and costs: 

     [25] 

 

4.3.  Third stage. Risk premium 

The key element of any insurance market is the estimation of the basic risk premium that, 

given the likelihood of a catastrophic event, guarantees full cost recovery (excluding operating 

costs) in a medium-long term.  

The indemnity conceded by drought insurance in case of drought losses is subject to two 

requisites: i) losses must be institutionally acknowledged; and ii) losses have to be larger than 

a minimum threshold predetermined by the insurance company, usually as a percentage of the 

NI. 

i) For any drought losses to be institutionally acknowledged as such the Basin Authority 

has to formally declare that irrigation restrictions are going to be implemented 

(that is to say, DMP enters into force). In the case of the SRB a hydrological system 

is considered to suffer a drought when it is under an emergency, alert or prealert 



 

state (i.e., ). We generate a dichotomous variable,  , to include this 

condition in our model. 

     [26] 

ii) Additionally, losses derived from a drought must exceed a minimum threshold (µ) to 

be indemnified, which is usually around 70% of the expected NI in a normal 

hydrological year (i.e., ). This threshold then represents the maximum 

possible indemnity. Indemnity for every state of nature ( ) is then 

defined as follows: 

     [27] 

 

Expected Indemnity ( ) for each crop is obtained from the following equation:  

     [28] 

Finally the risk basic premium ( ) is obtained as a percentage of expected NI in a normal 

hydrological year:  

     [29] 

Although the basic risk premium is the key element in the design of an insurance market, it has 

to be regarded exclusively as a reference value, not as the final amount of money to be paid by 

the insured, because of two reasons: i) first, farmers and public administration are risk averse 

and their willingness to pay in order to transfer part of the risk they bear to an insurance agent 

is greater than the expected drought losses; ii) second, the implementation of an insurance 



 

system requires that an agent constitutes a financial fund in which stochastic indemnities are 

compensated by the money paid by the insured; however, this fund has intrinsic operating 

costs which are assumed by the agent and have to be recovered.  

 

5. Results 

The above methodology has been applied for our case study in the Campo de Cartagena 

agricultural district. In absence of EPIs to address extreme water scarcity, there exist significant 

incentives for groundwater overexploitation. The following table shows the outcome of the 

model in terms of the expected rates of evapotranspiration satisfied and the associated 

irrigation deficits in an average year (in both volume and per cent units) under current decision 

rules. 

Table 5: Expected evapotranspiration satisfaction and expected irrigation deficit in absolute 

terms (hm3) and as a percentage of ET satisfied ( ) in the Campo de Cartagena 

agricultural district. 

 

The irrigation deficit above has to be understood as the potential of private drought insurance 

schemes to avoid the overuse of water resources. According to our stochastic assessment of 

historical data, drought events have a likelihood of 14%. This high probability originates a 

relevant expected irrigation deficit during an average year of 2.41 hm3. However, this is just 

the average. Irrigation deficits and resulting incentives for overexploitation can be actually 

much worse during drought events (Gómez and Pérez, 2012).  



 

The parameters of the production functions for the Region of Murcia, where Campo de 

Cartagena is located, were obtained for every relevant ligneous crop24 in the area and are 

displayed in the following table: 

Table 6: Quadratic agronomic production functions, Region of Murcia (form:  

) 

 

So far the potential for water saving of private drought insurance systems has been assessed. 

However, financial viability is still unknown. The expected production in a normal hydrological 

year ( ) and its corresponding Net Income ( ), the expected indemnity (  and 

the basic risk premium ( ) are obtained for every relevant ligneous crop in Campo de 

Cartagena in the table below. BRP is between a viable threshold that ranges from 0.01% to 

9.13%. 

Table 7: Expected Indemnity ( , expected production in a normal hydrological year 

( ), expected Net Income ( ) and Basic Risk Premium ( ) for ligneous 

crops in Campo de Cartagena agricultural district. 

Greater risk premium is observed in citrus trees: the mandarin (with a risk premium of 9.13% 

and representing 5.24% of the total irrigated surface in Campo de Cartagena) and orange tree 

(8.48%; 11.63%) have the highest risk premium. The lemon tree, the most relevant crop in the 

area (21.98% of total irrigated surface), has a moderate risk premium of 3.66%. Other fruit 

trees as the pear tree, apricot tree and peach tree have a risk premium under 1%, while 

traditional rainfed crops now under irrigation show higher resilience and have the lowest risk 

premium. The case of the olive tree, a traditionally rainfed species which nonetheless shows a 
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 Main ligneous crops in Campo de Cartagena are almond tree, apricot tree, lemon tree, mandarin, 
orange tree, peach tree, olive tree, pear tree and vineyard (both for wine and grape production) 
(MARM, 2007).  



 

relatively high risk premium, may seem surprising. However, this can be explained by the 

displacement of olive groves to marginal and less productive lands more vulnerable to drought 

events.  

4. Conclusion 

Water overexploitation is the most important threat faced by Mediterranean European basins 

(EEA, 2009). As a result of it, the fulfillment of the environmental goals prescribed by the 

Water Framework Directive (EC, 2000) is being delayed by many Basin Authorities. Also, recent 

droughts in southern European regions have even forced to stop household water supply, 

being both priority objectives in any European water management plan. The main water 

consumer in these regions is irrigated land. Traditional approaches to reduce water 

consumption in agriculture (apart from the largely ineffective command and control policies) 

have consisted of the increase of water supply or the improvement of irrigation systems. 

However, these and similar supply-side policies are costly and some have shown significant 

rebound effects which have resulted in higher water consumption (Pérez et al., 2010; Gómez, 

2009; Alcott, 2005 and 2008; Brookes, 1990; Khazzoom, 1989). 25 It seems then rather obvious 

that an effective and feasible solution for overexploitation has to deal with agricultural water 

demand.  

In many of these overexploited catchments irrigated land makes a marginal increase in 

productivity compared to the traditional rainfed alternative, and this is just because water 

prices are subsidized. Under these conditions a feasible solution consists of encouraging the 

progressive replacement of irrigated by rainfed lands (Mendelsohn and Saher, 2011) through 

the implementation of economic instruments such as water fees (Ecotec, 2001) or water 

markets (Tirado et al., 2006). However the implementation of these measures can be 
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 Besides, these measures can only be subsidized in legal exploitations, and illegal exploitations 
represent a relevant share of irrigated land (IDRUICM, 2005).  



 

insufficient in the SRB, where irrigated agriculture is ten times more profitable than rainfed 

agriculture and illegal abstractions are generalized and tolerated (WWF, 2006).  

A properly designed agricultural drought insurance market represents a useful instrument to 

soften the negative impacts of drought over water resources. So far uncertainty made private 

drought insurance non-viable and public intervention was necessary. However the DMPs, if 

observed, allow the development of private drought insurance markets with an effective and 

cheaper surveillance mechanism. This has at least two clear advantages: i) first, the removal of 

public support provides incentives for the estimation of an accurate risk premium which 

reflects the actual costs of drought, with no costs for the taxpayers; ii) second, the surveillance 

mechanism of private agricultural insurance schemes is more effective and efficient and 

focuses on final production, which avoids the costly search for illegal wells and better prevents 

overexploitation. 

The potential of drought insurance markets to reduce overexploitation stemming from 

drought events is especially relevant in areas with significant water deficits, high drought 

exposure and profitable irrigated lands. This is the case of Campo de Cartagena as well as of 

many other south eastern Spanish catchments. In this agricultural district expected water 

deficit in agriculture is about 2.41 hm3 every year, although during extreme droughts 

( ), with a likelihood of 9.9% in our model, the deficit can soar up to 9.38 hm3. Besides, 

the new DMP limits the use of surface water and this will most likely result in further 

groundwater overexploitation. Gómez and Pérez (2012) have estimated that potential 

groundwater overexploitation in Campo de Cartagena during extreme events equals 38.83 

hm3/year. The magnitude of this figure implies that the negative effects over aquifers after 

such a drought may not be reverted.  

Insurance markets guarantee a minimum safety income to farmers during drought junctures 

provided that observed production levels are according to legal water availability. This design 



 

considerably reduces incentives towards water overexploitation during droughts and makes 

insurance markets an optimal instrument against aquifer depletion in drought prone areas. 



 

Bibliography 

-Alarcón, J., Torrecillas, A., Sánchez-Blanco, M. J., Abrisqueta, J. M., Vera, J., Pedrero, F., 

Magaña, I., García-Orellana, Y., Ortuño, M. F., Nicolás, E., Conejero, W., Mounzer, O. y Ruiz-

Sánchez, M. C. (2006) Estrategias de riego deficitario en melocotonero temprano. Vida Rural, 

225. Madrid. 

-Alcott, B. (2005) Jevons' paradox. Ecological Economics, 54, 1, 9–21. 

-Alcott, B. (2008) Historical Overview of the Jevons Paradox in the Literature, en J. M. Polimeni, 

K. Mayumi, M. Giampietro (Eds.), The Jevons Paradox and the Myth of Resource Efficiency 

Improvements. Earthscan. London, 7–78.  

-Allen, R., Pereira, L. S., Raes, D. y Smith, M. (2006) Crop evapotranspiration. Guidelines for 

computing crop water requirements. United Nations Food and Agriculture Organization (FAO).  

FAO Irrigation and Drainage paper 56. Rome.   

-Almarza, P. (1997) Efecto del riego deficitario aplicado en distintos estados fenológicos de la 

vid cv. Cabernet Souvignon sobre la producción y calidad del vino. Doctoral Thesis, University 

of Chile. 

-Anderies, J., Jansen, M., Ostrom, E. (2004) A Framework to Analyze the Robustness of Social-

ecological Systems from an Institutional Perspective. Ecology and Society 9, 1,:,18. 

-Anderies, J. (2005) Minimal models and agroecological policy at the regional scale: An 

application to salinity problems in southeastern Australia. Regional Environmental Change, 5, 

1–17 

-Anderies, J., Ryan, P., Walker, B. (2006) Loss of Resilience, Crisis, and Institutional Change: 

Lessons from an Intensive Agricultural System in Southeastern Australia. Ecosystems, 9, 865–

878. 

http://www.sciencedirect.com/science/article/B6VDY-4G7GFMG-1/2/5da4f921421a31032f8fcd6971b0e177


 

-Boletín Oficial del Estado (BOE) (2001) Ley 10/2001, de 5 de julio, del Plan Hidrológico 

Nacional. 

-Boletín Oficial del Estado (BOE) (2003) Ley 62/2003, de 30 de diciembre, de medidas fiscales, 

administrativas y del orden social. 

-Boletín Oficial del Estado (BOE) (2007) Real Decreto 907/2007, de 6 de julio, por el que se 

aprueba el Reglamento de la Planificación Hidrológica. 

-Brookes, L. (1990) Energy Efficiency and Economic Fallacies, Energy Policy, 20, 5, 390-392. 

-Confederación Hidrográfica del Segura (CHS) (2006) Estudio de Actualización de las demandas 

a atender por la Mancomunidad de los Canales del Taibilla en el horizonte del Plan Hidrológico. 

Murcia. Last accessed 25/01/2012. 

-Confederación Hidrográfica del Segura (CHS) (2008) Esquema Provisional de Temas 

Importantes. 

http://www.chsegura.es/export/descargas/planificacionydma/planificacion/docsdescarga/ETI

_v6_29julio2008.pdf. Last accessed 25/01/2012. 

-Confederación Hidrográfica del Segura (CHS) (2010a) Esquema provisional de temas 

importantes. 

http://www.chsegura.es/export/descargas/planificacionydma/planificacion/docsdescarga/ETI

_v6_29julio2008.pdf. Last accessed 25/01/2012. 

-Confederación Hidrográfica del Segura (CHS) (2010b) Plan especial ante situaciones de alerta y 

eventual sequía de la cuenca del Segura. 

http.//www.chsegura.es/chs/cuenca/sequias/gestion/. Last accessed 25/01/2012. 

http://www.chsegura.es/export/descargas/planificacionydma/planificacion/docsdescarga/ETI_v6_29julio2008.pdf
http://www.chsegura.es/export/descargas/planificacionydma/planificacion/docsdescarga/ETI_v6_29julio2008.pdf
http://www.chsegura.es/export/descargas/planificacionydma/planificacion/docsdescarga/ETI_v6_29julio2008.pdf
http://www.chsegura.es/export/descargas/planificacionydma/planificacion/docsdescarga/ETI_v6_29julio2008.pdf
http://www.chsegura.es/chs/cuenca/sequias/gestion/


 

-Confederación Hidrográfica del Segura (CHS) (2011) Estadísticas hidrológicas 

http.//www.chsegura.es/chs/cuenca/redesdecontrol/estadisticashidrologicas/. Last accessed 

25/01/2012. 

-Cuenca, R. (1989) Irrigation system design: an engineering approach, Prentice Hall. Englewood 

Cliffs. 

-Dinar, A. (2000) The Political Economy of Water Pricing Reforms. Oxford University Press, 

Washington, D.C. 

-Dinar, A., Subramanian, A., (eds.) (1997) Water Pricing Experience. An International 

Perspective. Technical Paper No. 386, The World Bank, Washington, DC 

-Dinar, A. and Saleth, M. (2005) Water institutions can be cured? A water health institutions 

index. Water Science and Technology, 15, 6, 17-40. 

-Ecotec (2001) Study on the Economic and Environmental Implications of the Use of 

Environmental Taxes and Charges in the European Union and its Member States. In association 

with CESAM, CLM, University of Gothenburg, UCD, IEEP, 

http://europa.eu.int/comm/environment/enveco/taxation/environmental_taxes.htm. Last 

accessed 25/01/2012. 

-European Comission (EC) (2000) Water Framework Directive. Directive 2000/60/EC, October 

23, 2000.  

-European Comission (EC), 2007. Green paper on market-based instruments for environment 

and related policy purposes. COM (2007) 140  final. In. 

-European Commission (EC) (2008) Drought Management Plan Report. Including Agricultural, 

Drought Indicators and Climate Change Aspects. Water Scarcity and Droughts Expert Network. 

http://www.chsegura.es/chs/cuenca/redesdecontrol/estadisticashidrologicas/


 

http://ec.europa.eu/environment/water/quantity/pdf/dmp_report.pdf. Last accessed 

25/01/2012. 

-European Environment Agency (EEA) (2009) Water resources across Europe – confronting 

water scarcity and drought, EEA Report 2/2009. 

-Gómez-Ramos, A., Iglesias, E., Garrido, A. (2002) Evaluación de la garantía de suministro de 

agua en la agricultura. Una aplicación a la cuenca del Guadalquivir. Ingeniería del Agua, 3, 9, 

279-294. 

-Gómez, C. M. (2009) La eficiencia en la asignación del agua. Principios básicos y hechos 

estilizados en España. Información Comercial Española, Economía y Medio Ambiente, 847, 23-

40.  

-Gómez, C. M., Pérez, C. D. (2012) Do Drought Management Plans really reduce drought risk? A 

Risk Assessment Model for a Mediterranean River Basin. Ecological Economics (in press). 

-Gunderson, L. (2001) Managing surprising ecosystems in southern Florida. Ecological 

Economics, 37, 371-378. 

-Instituto de Desarrollo Regional Universidad de Castilla La Mancha (IDR-UCLM), Grupo de 

Teledetección y SIG (2005) Informe-Resumen: Estudio de evolución del Regadío en la Cuenca 

del río Segura.  Albacete. 

-Instituto Nacional de Estadística (INE) (2011) Water Satellite Accounts, 

http://www.ine.es/jaxi/menu.do?L=0&type=pcaxis&path=%2Ft26%2Fp067&file=inebase. Last 

accessed 25/01/2012. 

-Khazzoom, J. (1989) Energy Savings from More Efficient Appliances. A Rejoinder. The Energy 

Journal, 10, 1, 157-166. 

http://ec.europa.eu/environment/water/quantity/pdf/dmp_report.pdf
http://www.ine.es/jaxi/menu.do?L=0&type=pcaxis&path=%2Ft26%2Fp067&file=inebase


 

-Maestu, J., Gómez, C. M., Gutiérrez, C. (2007) El agua en la economía española: Situación y 

perspectivas. Informe Integrado del Análisis Económico de los Usos del Agua, Ministerio de 

Medio Ambiente y Medio Rural y Marino. ISBN 978-84-8320-450-4. Madrid. 

-Mañas, F.; López, R. y López, P. (2007) Respuesta del cultivo del almendro a diferentes 

programas de riego. XI Congreso SECH. Albacete. 

-Martin, S., Barnett, B., Coble, K. (2001). Developing and pricing precipitation insurance. 

Journal of Agricultural and Resource Economics, 26, 1, 261-274. 

-McWhorter, J. C., Matthes Jr., R. K., Brooks Jr., B. P. (1966) Precipitation Probabilities for 

Mississippi. Water Resources Research Institute, Mississippi State University. 

-Ministerio de Medio Ambiente (MARM) (2005) Informe de Sostenibilidad Ambiental. 

Actuaciones Urgentes del Programa Agua en las cuencas mediterráneas, Anexo II. Madrid. 

-Ministerio de Medio Ambiente (MARM) (2005) Guía para la redacción de Planes Especiales de 

Actuación en situación de Alerta y Eventual Sequía, Madrid. 

-Ministerio de Medio Ambiente y Medio Rural y Marino (MARM) (2007) Informes Técnicos de 

Sistemas de Explotación Agraria. Madrid. 

-Ministerio de Medio Ambiente y Medio Rural y Marino (MARM) (2009) Anuario de Aforos 

2007-2008. http.//hercules.cedex.es/anuarioaforos/default.asp. Last accessed 25/01/2012. 

-Ministerio de Medio Ambiente y Medio Rural y Marino (MARM) (2010) Encuesta sobre 

Superficies y Rendimientos de Cultivos 2009. Madrid. 

-Ministerio de Medio Ambiente y Medio Rural y Marino (MARM) (2011) Sistema de 

Información del Agua (SIA). 

http://www.mma.es/portal/secciones/acm/aguas_continent_zonas_asoc/sia/Descripcion.htm. 

Last accessed 25/01/2012. 

http://hercules.cedex.es/anuarioaforos/default.asp
http://www.mma.es/portal/secciones/acm/aguas_continent_zonas_asoc/sia/Descripcion.htm


 

-Pastor, M.; Hidalgo, J.; Hidalgo J. C. y Vega, V. (2005) Riego del olivar con cantidades 

deficitarias de agua. Junta de Andalucía. Córdoba. 

-Pérez, C. D., Gómez, C., Yserte, R. (2010) Structural Change and Water: Scarcity, Dependence 

and Impacts on the Economy. The Case of Andalusia. Estudios de Economía Aplicada, 28, 2, 

423-446. 

-Pérez, C. D., Gómez, C., del Villar, A. (2011) Water Uncertainty in Agriculture: An Application 

to Guadalquivir and Segura River Basins. Estudios de Economía Aplicada, 29, 1, 333-358. 

-Pérez-Pastor, A. (2001) Estudio agronómico y fisiológico del albaricoquero en condiciones de 

infradotación hídrica. Doctoral Thesis, Universidad Politécnica de Cartagena. 

-Saleth, R. M., Dinar, A. (1999) Water Challenge and Institutional Response: A Cross-Country 

Perspective, World Bank Policy Research Working Paper nº 2045.  

-Sindicato Central de Regantes del Acueducto Tajo-Segura (SCRATS) (2005) Informe sobre las 

repercusiones de la sequía 2004-2005, Murcia. 

-Skees, J., Barnett, B. (2001) Conceptual and Practical Considerations for Sharing 

Catastrophic/Systemic Risks. Review of Agricultural Economics, 21, 2, 424-441. 

-Tirado, D., Gómez Gómez, D. M., Lozano, J. (2006) Efficiency improvements and water policy 

in the Balearic Islands. A General Equilibrium Approach. Investigaciones Económicas, 30, 441-

463. 

-Vivas Cacho, A. (2010) Utilización del riego deficitario controlado a medio y largo plazo en 

peral de verano: efecto sobre producción y crecimiento vegetativo, I Jornada sobre Riego y 

Nutrición de Cultivos Leñosos y Hortícolas, Guadajira, Badajoz.  

-Winpenny, J. T. (1994) Managing Water as an Economic Resource. Routlegde Ed. London.  

http://www-wds.worldbank.org/external/default/main?pagePK=64193027&piPK=64187937&theSitePK=%20523679&menuPK=64187510&searchMenuPK=64187283&theSitePK=523679&entityID=000094946_99031911113265&searchMenuPK=64187283&theSitePK=523679
http://www-wds.worldbank.org/external/default/main?pagePK=64193027&piPK=64187937&theSitePK=%20523679&menuPK=64187510&searchMenuPK=64187283&theSitePK=523679&entityID=000094946_99031911113265&searchMenuPK=64187283&theSitePK=523679


 

-WWF/Adena (2006) Illegal water use in Spain. Causes, effects and solutions, WWF/Adena, 

Madrid. 

-Young, R. (2005) Determining the Economic Value of Water: Concepts and Methods, 

Resources for the Future. Washington, D. C. 



 

Table 1: Rainfall Gamma function. The dependent variable is mm of rainfall. 

Variable Coefficient 

a (scale) 16.358a 
(2.821) 

b (shape) 22.9964a  
(2.286) 

No. of observations 68  

Estimated by maximum likelihood. Standard errors in parentheses. 
a: significant at 1 the per cent level.  

Source: Authors’ elaboration from MARM, 2009b 

 

Table 2: Runoff gamma function. The dependent variable is the percentage of runoff over 
the total surface water storage capacity. 

Variable Coefficient 

a (scale) 6.1813a 
(1.088) 

b (shape) 0.1143a 

(0.012) 
No. of observations 68 

Estimated by maximum likelihood. Standard errors in parentheses. 
a: significant at the 1 per cent level. 

Source: Authors’ elaboration from MARM, 2008 

 
Table 3: Surface water stored: Weibull function 

The dependent variable is the percentage of dam stored water over dam storage capacity. 

Variable Coefficient 

a (scale) 0.3411a 
(0.063) 

b (shape) 4.1286a 
(0.497) 

No. of observations 68 
Estimated maximum likelihood. Standard errors in parentheses. 

a: significant at the 1 per cent level. 

Source: Authors’ elaboration from MARM, 2008.  

 

Table 4: Irrigation resources estimation under the traditional decision. The dependent 
variable is a percentage of irrigation resources conceded in the SRB over TIR. 

Variable Coefficient 

Runoff (percentage over dam 
storage capacity) 

1.351a 
(.131) 

R2 89.14 
Adjusted R2 88.31 
No. of observations 15 

Estimated by ordinary least squares. Standard errors in parentheses. 

a: significant at 1 the per cent level. 



 

Source: Authors’ elaboration from CHS (2010b) 

 

Table 5: Expected evapotranspiration satisfaction and expected irrigation deficit in absolute 
terms (hm3) and as a percentage of ET satisfied ( ) in the Campo de Cartagena agricultural 

district. 
 

Variable Value 

Total Expected 
Evapotranspiration 
Satisfaction 

 (hm3) 43.31 

 92.32% 

Expected Irrigation 
Deficit 

 (hm3) 2.41 

  7.68% 

Source: Authors’ elaboration 

 

Table 6: Quadratic agronomic production functions, Region of Murcia (form:  

) 

Crop/Coeff. a b c 

Almond tree -7,796.7 15,609 1,346.7 

Apricot tree 6,224.1 52.41 8,933.4 

Lemon tree -16,967 53,265 -13,288 

Mandarin -13,712 49,445 -12,335 

Peach tree -61,794 110,955 -24,804 

Orange tree -16,013 52,947 -13,208 

Olive tree (oil) -3,597.9 10,987 -3,084.5 

Pear tree -43,034 88,101 -25,626 

Vineyard (grape) -11,918 23,859 2,058.4 

Vineyard (wine) 17,122 -16,642 3,747.4 

Sources: Authors’ elaboration from MARM (2009) (all crops), SCRATS (2005) (citrus trees), Pastor et al. (2005) (olive 
tree), Mañas et al. (2007) (almond tree), Almarza (1997) (vineyard), Alarcón et al. (2006) (peach tree), Vivas Cacho 

(2010) (pear tree) and Pérez Pastor (2001) (apricot tree). 

 

 



 

Table 7: Expected Indemnity ( , expected production in a normal hydrological year 

( ), expected Net Income ( ) and Basic Risk Premium ( ) for ligneous 

crops in Campo de Cartagena agricultural district. 

Variable/Crop Almond 
tree 

Apricot 
tree 

Lemon 
tree 

Mandarin 
Peach 
tree 

Orange 
tree 

Olive 
tree (oil) 

Pear 
tree 

Vineyard 
(grape) 

 

9,159 15,210 23,010 23,398 25,001 23,726 4,305 19,441 13,999 

 

5,428 5,286 5,825 2,559 9,630 2,351 234 3,775 2,313 

 

0 -50 -213 -234 -14 -199 -6 -5 0 

 

0.01% 0.94% 3.66% 9.13% 0.14% 8.48% 2.45% 0.14% 0.01% 

Source: Authors’ elaboration 
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