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1. Annex 1: Prospective Model for Household Water
Demand (HWD)

This model is used to simulate future scenarios of water demand based on data on
economic growth (current and future trends), population growth (current and future
trends at a local — municipality — level), water prices, income per capita, price/income
elasticity, water use coefficients, etc. The model can also be used as a financial tool to
estimate the effects over tax revenue and water demand of different cost-recovery
policies, based on the investment and maintenance costs of water infrastructures.

The model assumes that the increase/decrease in household water demand is a
consequence of the number of users (scale effect) adjusted by the effects that prices and
income may have on individual water demand. This basic idea reveals the relationship
that exists between the water demand growth rate and the set of independent variables
that determine water demand (at a municipality level):

gari = [(1 + gNi)(l + €pgpi t Eygyi) - 1] [1]

Where:

gari is the water demand growth rate (billed water) in the municipality i.

gyi  is the income growth rate in the municipality i.

Jpi s the price increase in the municipality i.

gni is the population growth rate in the municipality i.

€p is the price elasticity of household water demand in the municipality i.
€y is the income elasticity of household water demand in the municipality i.

1+ gy; is the scale effect and it determines the final effect of water price and income
growth rates on water demand. For example, should water demand be independent
from water prices and income, it would vary at a constant proportion to population
growth. This is the over-simplistic scenario behind traditional water demand forecasts
that is still used by some holistic models; consequently, this assumption is commonly
found in several river basin management plans across the EU. However, it has been
shown that water demand increases with higher income, while it falls when water
prices are higher (Martinez-Espineira, 2002, 2003a and 2003b; Martinez-Espineira and
Nauges, 2004; Hoffman et al., 2006; Gaudin, 2006). As a result, any valid economic
forecast needs to take into account these two variables as well. Understanding and
estimating this relationship is of paramount importance for the water planner. For
example, it would allow limiting the negative effects of higher income/population
growth rates over water demand through higher prices.
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This relationship can also be expressed using the number of households instead of the
number of inhabitants, as follows:

gari = [(L+ gvi + 9o (1 + €p9pi + €y9y:) — 1] 2]

where:

gvi  is the growth rate of the number of primary houses in the municipality i.
goi is the growth rate of the average household members in the municipality i.

This function is preferred to the previous one, as it is usually observed that there are
economies of scale in water usage per person in larger households (Hoglund, 1999).

In addition, should one want to account for water leakages due to the inefficiencies in
the water transportation and distribution network, one could use the following
formula:

Gapi = [(X+ gvi + 96) (1 + €p9pi + €,9y1) — 1]-Grai (3]

where:

Jgapi is the growth rate of the total amount of water distributed in the municipality i.
Jrai is the growth rate of the efficiency rate in the water transportation and
distribution network.

In this last equation we show the whole set of policies that the water planner has at
hand: water pricing and efficiency improvements in the transportation and distribution
network. There are other variables that are exogenous but nonetheless affect water
demand: namely, population and income.

Water demand relationships above depend on factors that are highly volatile
throughout time and space, and therefore need to be obtained at a municipality level.
Accordingly, to develop proper forecasts of water demand we combine the observed
values at a municipality level with the economic and population forecasts available
(usually at a national level). The software developed by IMDEA based on this
methodology provides water demand forecasts for 2015, 2021, and 2027. Obviously, the
accuracy of these forecasts will be lower the larger is the time span considered. Results
are available at a municipality, province (NUTS 3) and basin level, displaying:

o Water demand (i.e. billed water) in the baseline, 2015, 2021, and 2027.
e Total amount of water delivered in the baseline, 2015, 2021 and 2027.

e Finally, using some coefficients, these values can be used to estimate the total
amount of pollutants that are spilled over the river (baseline, 2015, 2021, and
2027).
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2. Annex 2: Revealed Preference Model (RPM)

This annex presents a revealed preference model that uses basic microeconomic theory
to calibrate and simulate farmers’ preferences and decisions. This model allows for the
assessment of several policies of different sign and it can be implemented in different
areas and contexts. This model is based upon the works by Gutiérrez and Gomez
(2011) and Gutiérrez et al. (2013).

2.1 The empirical model

In our model farmers decide on cropland areas trying to maximize their welfare, which
is a function of a set of relevant attributes that may contain expected profit, risk
avoidance, managing complexities and/or others. This decision is constrained by
technical, economic, policy, and environmental variables. It is assumed that the
outcome stemming from this optimization problem results from an underlying utility
function that can therefore be calibrated provided all relevant variables are measurable
and known. These include water prices, irrigation costs, water availability, irrigation
efficiency as well as other relevant economic, agronomic and environmental variables.

According to all this the following decision problem is formulated:

Max D09 = 2, 60 220032309 . 2 (00 1]
st: 0<x<1 2]
Shoixi=1 3]
X € F(x) [4]
z =1z(x) € R™ [5]

Where x € R" is the decision profile or the crop portfolio showing one way to distribute
land among crops and each x; measures the share of land devoted to crop i, including a
reservation option (x,) consisting of rainfed agriculture. Each crop has its own water
demand, which may either be satisfied or not according to water availability and
irrigation efficiency, thus generating a predictable yield/profit with an attached risk,
management complexities, etc. (or the set of attributes, z).

Farmers have preferences over attributes of the decision profile (z(x)). For example,
farmers might prefer decisions with high-expected profits, highly predictable yields
and prices and not too many managing actions besides planting and harvesting.

Finally, F(x) represents the space of feasible decision profiles, given the resource,
policy, economic, and balance constraints.
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The first problem one needs to deal with to reveal farmers’ preferences is to know
which ones among potentially relevant attributes are relevant to explain the observed
decision. Our method to answer this question consists of stating that the relevant set of
attributes is the one to which the observed decision is closest to the attribute possibility
frontier. In real situations this efficiency frontier cannot be analytically defined with a
closed mathematical function and the only way to represent it is via numerical
methods. One practical solution consists in plotting a line from the origin, going
through the observed decision attributes and extending them as far as possible in the
space of feasible attributes. This way we can measure the distance from the observed
attributes to the efficiency frontier attributes. This procedure can then be repeated for
any set of potentially relevant attributes and the best candidate to reveal farmers’
preferences will be the one which is closest to its associated efficiency frontier.

The solution to this problem will be an application assigning a distance ¢, (1=
1,...,2™) to each member of the power set P(z)!. The relevant set of attributes will be
the one with the lower distance to the efficiency frontier measured by the parameter
(¢ — 1). In synthesis the preference-eliciting problem can thus be presented as:

Min

. -1 [6]

Where:
@1 = ArgMax [(¢) s.t. T(x) = (T, (x)); 0 < x; < 1; TR_; x = 1; X € F(x); for all teP(z)]
[7]

1=(1...2M) (8]

By solving this problem the set (t*) of attributes that better explains current farmers’
decision is obtained. Among the many factors that might be of relevance in farmers’
preferences, this set of attributes is the one that takes the observed decision closer to
the attribute efficiency frontier. If this calibration procedure takes us close enough to
the efficiency frontier we can obtain the implicit value of all the attributes over the
efficiency frontier by analysing how attributes change in the surroundings of this
reference point, and this information is everything that is needed to integrate a utility
function representing farmers’ preferences?.

Using basic economic principles and knowing the efficiency frontier in the
surroundings of the observed decision allows one to integrate such a utility function.
Rational decisions imply that, in equilibrium, farmers” marginal willingness to pay in
order to improve one attribute with respect to any other is equal to the marginal
opportunity cost of this attribute with respect to the other. In other words, the marginal
transformation relationship between any pair of attributes over the efficiency frontier

1 A power set P(Z) is the set of all the 2™ subsets of the set Z and the power set Po(Z) is the set
formed by the 2™ subsets of the numerical set of observed attributes.

2 The optimal solution of ¢ and the reference point in the efficiency frontier provide all the
information to measure the calibration error in the atributes space.
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(MTRyp) is equal (in equilibrium) to the marginal substitution relationship between the

same pair of attributes over the indifference curve tangent to the observed decision
(MSRyp):

ou
0z
Bip = MTRyp = MSRip = — 55—~ p.q € (1,..D;p #q 9]
q
This information for the reference point over the efficiency frontier is enough to
integrate a utility function leading to the observed decision as the optimal decision
given the existing resource, economic, balance and policy constraints. For example, if

we assume a constant-returns-of-scale Cobb-Douglas utility function of the kind:
U =Th=12 Tpmrar =1 [10]

The marginal substitution relationship among any pair of attributes is:

ou
/Ozp _ Opzg
U, T aeze
/Zq

[11]

Ak Zp

And the parameters of the Cobb-Douglas utility function are obtained from the
following system:

%pzZx _
Tz Bip [12]
Yio1 o = [13]

In the results section we use this type of function, which offers the advantage of having
a unique solution. The problem is then solved using microeconomic data at an
agricultural district level (the smallest agricultural administrative division in Spain).

2.2 Calibration errors

The revealed preference model above provides three types of calibration errors which
gives an idea of the accuracy of the model’s adjustment:

-The distance between the observed attributes and the attribute efficiency frontier:

er=(e—1) [14]

-The distance between the observed attributes and the calibrated ones:

(o
ec =1 Ther [ [15]

Zy
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-The relative distance between the observed crop pattern and the optimal one:

Lo (€63
ex = nlk=1{ " o [16]

And the mean calibration error is defined as follows:

e,/ex+et+ef [17]

3
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3. Annex 3: Risk Assessment Model (RAM)

The fair risk premium is the key element in the design of any commercial insurance
and is estimated as the ratio between the expected indemnity (a function of the
expected losses) and the expected production in a reference year (in this case, a normal
or average hydrological year). The expected indemnity and the expected production
are estimated from the assessment of the historical evolution of the insured good, in
this case water availability. The following methodology allows for the calculation of
these values and the resulting fair 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 a five-tiered one:

i) The first tier calculates the amount of water available in different scenarios
and its associated probability, which is assumed to be a function of three
stochastic variables: rainwater, runoff and stored water (SRBA, 2008).

ii) The second tier estimates the amount of water delivered to the irrigation
system in accordance with a set of decision rules (SRBA, 2013).

iii) The third tier obtains in first place the expected evapotranspiration. This
value and the results in i) and ii) are used to calculate the percentage of
evapotranspiration satisfied and the water demand in excess of available
resources (irrigation deficit), as well as the incentive to engage in illegal
abstractions.

iv) The fourth tier develops a deterministic agronomic model which estimates
the yield of every crop as a function of the percentage of evapotranspiration
satisfied obtained in iii).

V) Finally the fair risk premium is estimated as the ratio of the expected
drought indemnity to the expected production value.

3.1 First Stage: Water availability

In Campo de Cartagena, which belongs to the Sistema Cuenca sub-basin, the water
authority allocates scant irrigation resources according to water availability in the
reservoirs and the annual runoff in the whole SRB. Consequently, water availability in
Campo de Cartagena is a function of the local rainfall and of annual runoff and water
stock in reservoirs in the basin. Local rainfall is scarce and has a negligible incidence
over runoff or water stock in the SRB due to the downstream location of Campo de
Cartagena. In addition, water stock not only depends on annual runoff, but also on the
runoff of precedent years. As a result, we treat rainfall, runoff and stock as
independent variables. In the following sections we obtain the probability density
function (PDF) of the three variables in order to determine the probability associated to
every level of water availability.
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3.1.1 Rainfall

Rainfall is a stochastic variable that can be adjusted to a PDF. This allows assigning a
probability (y = z(p)) to each rainfall level (p). This function is obtained as the best-fit
gamma function of the following type (Gémez and Pérez, 2012):

1 _ —_
y =z(pla,b) = o =p*exp(3) (1]

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. Data used
corresponds to the period 1941-2008 (MARM, 2011).

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

Variable Coefficient

a (scale) 16.3582
(2.821)

b (shape) 22.9964>
(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, 2011

Rainfall satisfies plants” water needs in Campo de Cartagena through the effective
rainfall directly captured by crops.

3.1.2 Runoff

Annual runoff is measured as a percentage over the storage capacity of the reservoirs
in the river basin. Following Gémez and Pérez (2012), we adjust the runoff to a gamma
PDF. This allows assigning a probability (q) to each runoff level (r). The Gamma
function can be represented as follows:

1 _ —_
q=f(rla,b) = —r""exp(;) [2]

Table 2 shows the best-fit parameters for the runoff function. Data used corresponds to
the period 1941-2008 (MARM, 2008).

3 Runoff values range from 0% to 225% over the river basin dam storage capacity.
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Table 2: Runoff gamma function. The dependent variable is the percentage of runoff over the
total surface water storage capacity.

Variable Coefficient

a (scale) 6.18132
(1.088)

b (shape) 0.11432
(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

3.1.3 Woater stock in reservoirs

Following Gomez and Pérez (2012) we adjust the PDF of the level of available stored
surface water by using the Weibull function. This function allows for assigning a
probability (w) to each amount of water stored (s), measured as a percentage of the
storage capacity. The Weibull function can be represented as follows:

w=sian =20 e (<))

Table 3 shows the MLEs of the parameters in the function above. Data used
corresponds to the period 1941-2008 (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) 0.34112
(0.063)

b (shape) 4.12862
(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.

///zzzzzzzz;;zzzzz’zizzz/zczdddtz
10



AWATER

3.2 Decision rules

At the onset of every irrigation season, the water authority estimates the amount of
water required for irrigation (TIR)* according to the crops available in the sub-basin
and their historical evapotranspiration data. Then, the water authority assesses annual
runoff and water availability in the reservoirs and determines the amount of water to
be delivered to agriculture.

Traditionally, the percentage of TIR effectively met followed discretional decision
rules. This situation changed with the approval of the DMPs, which clearly establish a
set of drought thresholds with specific restrictions associated. Nonetheless, DMPs still
offer the possibility to follow discretional criteria during exceptional junctures (e. g.,
during extreme droughts or after a lasting drought to speed up the recovery) (SRBA,
2008), so actually both decision rules are in force.

3.2.1 Traditional decision rules to determine water delivery for irrigation

Unlike 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 formalize these decisions, we
use the available data on the amount of water effectively delivered to farmers
measured as a percentage of TIR satisfied. Available data span a range of 15 years
(1992 to 2007) (SRBA, 2013). We found that the only relevant variable explaining the
percentage of TIR satisfied in the past has been the runoff (r)’. The relationship
between the percentage of TIR satisfied (h(r)) and runoff is linear (Gémez Ramos et al.,
2001). The parameters of the function are estimated using ordinary least squares®.

4 Spanish river basins estimate TIR as the amount of water required to cover the 80t percentile
of annual historical evapotranspiration with a global efficiency of the water provisioning
system of 60%.

5 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?) over average yearly water use (1,905 hm?) is
only 60% in the SRB, far lower than that of the drought-prone Guadalquivir River Basin (238%)
and the rainfall-abundant Ebro River Basin (90%).

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

///zzzzzzzz;;zzzzz’zizzz/zczdddtz
1"



AWATER

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

Variable Coefficient

r 1.3512
(.131)

R2 0.89

Adjusted R2 0.88

No. of observations 15

Estimated by maximum likelihood. Standard errors in parentheses.
a: significant at 1 the per cent level.
Source: Authors’ elaboration from SRBA (2010b)

3.2.2 DMP decision rules over water for irrigation

The recently approved DMP for the SRB quantifies the particular situation at hand and
the harshness of the problem by using an objective and publicly observable drought
index dependent on the values of the annual runoff and stock (I,(r,s)). The drought
index is calculated as follows (SRBA, 2008):

%(1+M),ifBizBmed

Bmax—Bmin

%(M),ifBi < Bped

Bmed—Bmin

I, = [4]

where B; is an indicator that is unique for each sub-basin. In Sistema Cuenca, which is
Campo de Cartagena’s corresponding sub-basin, B; is obtained as follows:

2+xDSC*r+DSC+s
By = ZESCTIDSCs 51
where r is the runoff as a percentage of the total dam storage capacity (DSC) and s is
the water stock in reservoirs as a percentage of the total DSC. Using r and s maximum,
minimum and average values during the reference period, we obtain By, Bnin and
Bea, respectively.

The DMP establishes the following four drought thresholds: i) when water stored
levels are regarded as normal (I, > 0.5), there are no explicit restrictions, and thus water
delivery is the same as in the baseline or traditional decision rules scenario; ii) water
for irrigation is reduced by 10% (h = 0.9) when available water falls below the pre-alert
threshold (0.35 < I, < 0.5); iii) if the alert limits are exceeded (0.2 < I, < 0.35), water
for irrigation is reduced by at least 25% (h = 0.75); and iv) in emergency situations
(Ie < 0.2), water for irrigation is halved (h = 0.5) (SRBA, 2013).
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3.2.3 Combined decision rules

We define [, ; as a discrete water restriction variable whose value depends on the
drought index (and thus on runoff and stock values):

min(h(r),0.5),if I, < 0.2
L imin(h(r),0.75), if0.2 <1, <035
rs —

min(h(r), 0.9), if 0.35 < [, < 0.5 L)
h(r),if I, > 0.5

Water delivered for irrigation is thus a function of runoff and water stock in reservoirs
(TIRr(r,s)):

TIRr(r,s) =1, *TIR [7]

3.3 Third stage: Evapotranspiration satisfaction, irrigation deficit
and illegal abstractions

We measure the expected crop evapotranspiration (ET) for every irrigated ligneous
crop in La Campifia according to the Spanish Ministry of the Environment (currently
Ministry of Agriculture, Food and the Environment) standard method, using data for
the period 1941 to 2009 (MARM, 2011)". The evapotranspiration thus obtained is
partially covered by effective rainfall. Effective rainfall (ER) is a function of stochastic
rainfall, whose PDF was obtained in [1], and a series of parameters that can be safely
assumed constant (Cuenca, 1989):

ER=g(p) [8]

The part of evapotranspiration (ET) that is not covered by effective rainfall is the
irrigation water requirement (WR):

WR=ET —g(p) [9]

WR can either be satisfied from irrigation or left uncovered, depending on the available
water resources and on the prevailing decision rules. The total amount of water
delivered for irrigation was estimated in the previous section (TI/Rr(r, s)). Nonetheless,

7 MARM methodology follows a combination of the Thornthwaite and Penman-Monteith
Methods (see, for example, Allen et al., 2006).

8 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 =g(p) =f (D) - [ 1,25 p082¢ —2,93] - 10 0000955 - ET
Y //////i//i////////iizi/ziyzizzzzz’zizuz”y>d?zzzzzzZ
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only a share of the TIRr(r,s) effectively contributes to satisfy evapotranspiration due
to water losses during the abstraction, transportation and irrigation stages. The
effective irrigation resources (EIR(r,s)), or the part of the irrigation resources that
effectively satisfy evapotranspiration, is a function of TIRr(r,s) and the overall
efficiency of the irrigation system (es,;), around 87% in Campo de Cartagena (SRBA,
2013):

EIR(r,s) = TIRr(r,s) * 5y [10]

The percentage of the evapotranspiration satisfied (%ET) can now be obtained from
the previous equations, as follows:

%ETr,s,p — 9(1’)+§T{R(T'S) [11]

Each %ET has an associated probability (u(r, s, p)), which depends on stock, (s), runoff
(r) and rainfall (p) values. Using expressions [1], [2] and [3] this probability can be
expressed as follows:

u(r,s,p) = f(r) *z(p) *j(s) [12]

The expected evapotranspiration satisfaction (Exr) and the resulting expected irrigation
deficit (ID) and potential groundwater depletion are defined as follows:

Eer = [0 [ 20 [2012(p) + ) + f(r)  j(s) * EIR(r,$)]  [13]

Potcw =2 [15]
egw
where ey, is the efficiency of illegal groundwater abstractions in the SRB, estimated at
25% (SRBA, 2008).

3.4 Fourth stage. Agronomic production functions and production
value

The agronomic production of a given crop largely depends on available water, either
from rainfall or irrigation. However, making the production function of a crop
dependent only on the evapotranspiration satisfied implies that other variables that
may affect the production function (soil type, fertilizers and pesticides, climatic
variables, etc.) are excluded. On 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; Pérez et al., 2011). Thus
we obtain the agronomic production in kg (Qps):

Qr,s,p = f(%ETr,s,pr k) [16]
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The reference agronomic production functions for the crops considered are obtained
after a comprehensive literature survey. 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 features
have fixed effects that shift the reference agronomic production functions but maintain
their elasticity and marginal productivity. Resulting production functions are
quadratic:

Qr,s,p =ax* %ETr,s,pZ + b * %ETr,s,p +c [17]

Then we obtain the value of output, which is the result of agronomic production (Q; ;)
times the updated average prices of the last 10 years (P) (MARM, 2007).

I/;‘,s,p = Qr,s,p P [19]

The reason to assume constant prices is that neither revenue insurance (price, yield and
costs) nor income insurance (price and yield) do exist in the European Union, where
yield insurance prevails (Bielza et al., 2008a and b). As a result price variability is not
considered in our model.

3.5 Fifth stage. Fair risk premium

The key element of any insurance market is the estimation of the fair risk premium
that, given the likelihood of a catastrophic event, does guarantee a certain level of
coverage for the insured with no losses for the insurer in the medium-long term. The
indemnity conceded by drought insurance in case of drought losses in the EU 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 expected production value (Bielsa et al., 2008b).

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 comes into play). 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., I, < 0.5). We generate a dichotomous
variable, a, ¢ , to include this condition in our model.

{a(r, s)y=1,if I, < 0.5 20
a(r,s) =0,if I, > 0.5 [20]
ii) Additionally, insurance systems only cover at most a percentage of the

expected production value in a normal hydrological year (V). This
threshold aims to reduce the moral hazard problem (Miranda, 1991) and in
Spain is 70% (Bielsa, 2008b). Indemnity in every possible scenario
(IND(r,s,p)) is then defined as follows:
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W*Visp if Visp <O
IND(r,s,p) ={H* Vexp - V;*,s,pr if0< V;‘,s,p < px* Vexp [21]
O:iflésp = W Voyp

As a result the expected Indemnity (/E) for each crop is obtained from the following
equation:

225 1300_f100

IE = | =0 [Z2®) * f(r) % j(s) * a(r,s) * IND(r,s,p)]  [22]

r=0 Jp=0
Finally the risk basic premium (BRP) is obtained as a percentage of expected value of
production in a normal hydrological year:

BRP = £

[23]

exp
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4. Research Task 4.2 Output 13 (Annex 4 to the final
report): EPI4Drought, an agent based model for
assessing water trading between Spanish Irrigation
Communities during a drought event

4.1 Introduction

Water scarcity is the most pressing environmental issue in many southern European
regions. This situation is to a great extent attributable to agriculture. Consequently,
policy makers in drought prone areas have called for measures in this sector to
alleviate water scarcity. These measures have consisted so far on supply oriented
policies, such as the construction of major infrastructures or the modernization of
irrigation devices, and on the enactment of restrictive laws, whereas water demand
policies have been excluded from the policy mix. Paradoxically, this scheme has ended
up increasing water demand, reducing water availability and undermining the
robustness and resiliency of the system and its ability to cope with future droughts
(Gomez and Pérez, 2012).

More recently the literature has encouraged the implementation of economic
instruments and in particular of water markets as an inexpensive and efficient way of
reallocating water among users (Ranjan and Shogren, 2006; Cave, 2009; Rey et al.,
2011). Actually, the economic and environmental outcomes of this instrument differ a
lot from one region to other: while the Australian and Chilean experiences indicate that
a market based on nominal rights and transfers may not be sustainable or equitable,
the principle of effective use characteristic of the US (and the EU) in which water remains
a public resource subject to forfeiture if not used may provide under certain
preconditions a Pareto improvement.

In the frame of the EPI-Water project, MU and IMDEA have designed an Agent Based
Model (ABM) to assess the potential of water markets to attain a better allocation in the
particular case of the Tagus and Segura interconnected river basins in Central and
South-Eastern Spain. Agent-based simulation aims at portraying social entities’,
behaviour and relationship in order to study the global behaviour of their population
and to simulate emerging organisations. It is based on a bottom-up rule-based
mechanism. A multi-agent system is typically composed of an environment (a space), a
set of situated objects, an assembly of agents (active entities), a number of relations
between different objects, a set of agents’ capacities (perceiving, communicating,
behaviour, interaction with other objects...) and a set of defined rules (universe laws)
(Ferber, 1997). ABM results from the convergence of two aspects. The first aspect is the
idea that the behaviour of large groups can be understood on the basis of very simple
interaction rules, so that individuals act essentially as automata responding to a few
key stimuli in their environment (Ball, 2004). The second aspect is the past
development in DIA (Distributed Intelligence Artificial), of which the objective is to
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reproduce the knowledge and reasoning of several heterogeneous agents that need to
coordinate to jointly solve planning problems (Bousquet and Le Page, 2004). ABM has
already been successfully used in various contexts from physical modelling, ecological
modelling and social behaviour modelling to more complex modelling such as CHAN
(Coupled Human And Natural systems) or environmental modelling (Tweedale et al.,
2007; An, 2001; Bithell et al.,2008).

In this research project the economic model, called EPI4Drought, (Figure 1) has been
developed on the netlogo platform (http://ccl.northwestern.edu/netlogo/). The software
is free of charge and open-source. This report presents the modelling context (i.e. the
Tagus-Segura Inter-basin water trading scheme), the model principles and rules and
the results obtained under different type of trading schemes.
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Interface | Info | Code
= 3 .
. o s ] | J e |
G2l normal speed continuous v
Ao I | | ’
- s 50000000
T wescenario | % weLcscenario |

!.gaﬂ e NbLeaseContacts

showpatchvalue UDAsvalue
|imigated v/ |num v

0 Volume 3,098

)
=
-
&
3
£
=)
2\E =

H.
Eﬁn

plotwBLC

u 10001000030001020§0000
00300 000 A0
000 000 A0

&

u.‘z:E‘

L) o 1001000
1 10078 1080 » v
|Command Center B T
‘abserver: “price0.2609710240334956" =
|observers v

Figure 1: The EPI4Drought ABM interface

4.2 The Tagus-Segura Inter-basin water trading scheme

Water demand in the Segura River Basin (SRB) amounts to 1 900 million m? per annum
while average renewable resources are estimated to be only 760 million cubic meters
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per annum, making the SRB the most overexploited river basin in Europe (EEA, 2009).
Shortage of renewable resources is partially compensated by an inter-basin water
transfer from the Tagus River Basin (TRB) (circa 330 million m®/year) that, nevertheless,
since its opening in 1985 has been always below the maximum capacity of the transfer
of 600 million m?/year®. The resulting deficit is mostly covered by the overexploitation
of aquifers and has resulted in a significant environmental deterioration (SRBA, 2008).

In contrast to that, water demand in the Tagus River Basin (TRB) amounts to 2 600
million m3 over an average resource availability of 12 000 million m3. The TRB is the
largest of the Iberian Peninsula (its Spanish section covers 55 750 km?), and despite
momentary local scarcity problems and the high variability in water resources, drought
vulnerability is still moderate in the river basin (TRBA, 2010).

Figure 2: Tagus (Orange) and Segura (Green) Interconnected River Basins

The informal nature of an increasing share of water abstractions in the SRB, especially
during drought events, is both the result of the water scarcity and the socioeconomic
relevance of irrigation for an area which has one of the most productive agricultural
sectors in Europe, on which the economy relies strongly (Pérez et al., 2011). The Segura
River Basin Authority has recognized the importance of this sector and the need to
guarantee its viability in the years to come, thus transforming the informal rights into
de facto rights (SRBA, 1998; SRBA, 2008; SRBA, 2010). Contrary to this, after the
approval of the EU Water Framework Directive (EC, 2000) a more prominent role has
been given to the environmental and urban uses to the detriment of other productive

*The actual capacity of the TSWT is 1 000 million cubic meters per year, but it has been limited to 600
million cubic meters per year by law (SRBA, 2013).
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uses, including agriculture, the basin’s most relevant water user (85% of total water
demand) (SRBA, 2008). For example, the recently approved Drought Management
Plans (DMPs) (SRBA, 2010; TRBA, 2007) introduce clear restrictions to water allocation
in agriculture during drought events. The new regulatory framework also makes
possible the implementation of economic policy instruments with the potential to meet
both the economic and environmental objectives at stake, such as water markets (EC,
2000; Water Act 29/1985, Act 46/1999, RD 1/2001, Water Act 63/2003).

In the new Water Law two main different procedures for inter-basin water trading
were allowed for, both requiring approval from the corresponding River Basin
Authority (Calatrava and Garrido, 2005):

1. Lease Contracts (“Contratos de cesion”): Direct trading among concession
holders who privately agree on the conditions for the temporary lease of public
water concessions;

2. Water Banks (“Centros de intercambio”) that are publicly-run water banks:
Aim to speed water transfers during periods of scarcity and to disseminate
information about volumes exchanged and prices paid.

Water use tradable rights in Spain are only granted when a set of prerequisites are met
(see Rey et al., 2011). In the case of inter-basin water markets using previously existing
infrastructures, such as the Tagus-Segura water transfer, a specific legal framework has
to be in place in the form of a Royal Decree (RD 15/2005).

The inter-regional conflicts arising from water transfers in Spain have been so far an
important limit for the development of these markets, with Royal Decrees being
approved only under emergency junctures. In spite of this barrier, inter-basin water
markets have been the most successful reallocation instrument in terms of volume
traded (Rey et al., 2011). For example, water trade from the TRB to the SRB only in 2006
surpassed that of all the water exchanges approved before within the SRB, when
farmers from the Upper Tagus Basin (Comunidad de Regantes de Estremera) agreed to
transfer 31.5 million cubic meters annually during three years to farmers in the Segura
Basin through a particular type of lease contract supervised by the authorities (though
this may be arguable, since illegal intra-basin water transfers are not accounted for in
the statistics; see for example Hernandez-Mora and De Stefano, 2013).

4.2.1 The Agricultural Demand Units

The model aims at representing the behaviour of the irrigation communities. But as no
information is available at such scale, the UDAs (Unidades de Demanda Agraria or
Agricultural Demand Units) have been used as representing of a group of irrigation
communities (Figure 3). Given the high complexity of the political framework
surrounding the Tagus-Segura water transfer, only the UDAs in the TRB headwaters (8
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UDASs) and the UDAs of the SRB (21 UDAs) which have formal water allocations over
the resources from the transfer are represented in the model.

For each UDA information may be obtained on the percentage of area for different
crops categories, the water requirement for each crop category and the irrigation
efficiency and price (TRBA, 2013; SRBA, 2013). The crops categories considered in the
model are: almond tree, winter cereals, spring cereals, summer cereals, citrus trees,
industrial crops, fruit tree (stone-pit), fruit tree (pip), horticulture (bulb), horticulture
(cauliflower, artichoke), horticulture (fruit), horticulture (leaf), horticulture (green
house), horticulture (root), horticulture (tubercular), leguminous plant, olive grove,
vineyard (fruit), vineyard (wine). However the database does not provide information
on the irrigated net marginal value and the rain fed net marginal value. Average values
were obtained from regional statistics (MARM, 2012) by averaging the associated
parameters of specific crops into UDAs group categories. The parameters considered
are the yield value, direct costs, machinery cost, labour cost, water costs and subsidies.
A white noise is also estimated to take into account any source of variability in the final
yield value (excluding droughts').

Figure 3: UDAs on the Segura catchment (http://www.chsegura.es)

' Therefore, this white noise was obtained from the years where no drought was declared.

//i/iiiiiiziiizziiizyzzzzzzz’lddz
2



AWATER

4.3 Model Principles

The aim of the model is to assess if irrigation communities from different catchments
may benefit from inter-basin water trading in a drought situation. The model has been
developed to fit the Tagus-Segura River Basin case study. However, the theoretical
framework of the model, the methodology and the expected outcomes could be used
on other catchments with similar information available.

4.3.1 The Environment: Drought Stochastic approach

The model simulates yearly events independently. Each early event represents the
same year but with different conditions. No learning process or no past experience is
therefore considered in the current model. The trigger effect in the model is the
announcement of a drought. In Drought Management Plans (DMPs), four levels of
severities are considered per catchment: normality, pre-alert, alert and emergency
(TRBA, 2007; SRBA, 2008). For each level of severity the level of water allocation is
reduced. In a normal situation it is considered that the agronomic water requirements
(i.e. evapotranspiration) are satisfied. The methodology used at this stage is based on
the work by Gomez and Pérez (2012).

The methodology adjusts a Probability Density Function (PDF) for the relevant
variables in the drought index of the sub-basins implied in inter-basin trade. This way
the probability of every possible drought event is obtained using two types of
functions: the Gamma function is used to adjust the rainfall, runoff and the piezometric
level PDFs (Gomez and Pérez, 2012; Pérez et al., 2011; Martin et al., 2001; McWorther et
al., 1966), while the Weibull function is used for the water stock in reservoirs (Gémez-
Ramos et al., 2002).

The Gamma PDF is a function of a scale (a) and a shape (b) parameters and ascribes a
probability p; (i = 1, ...,3) to every value of the variable x; (i = 1, ...,3):

a-1 —Xi
pi = 20l b) = - xexp(—0)

ber(a)™

where x; stands for the rainfall, x, for the piezometric levels and x5 for the runoff. p;,
p, and p3 are the corresponding probabilities.

The Weibull PDF is a function of a scale (c) and a shape (d) parameters. The Weibull
PDF ascribes a probability (p,) to every value of the water stock in reservoirs (x,):
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pr =i d) =£(5) e (- (%))

From the PDF’s estimated parameters, the value and the likelihood of every drought
index, as well as its associated water restrictions, can be estimated. Drought indexes
can be obtained from a single variable or from the combination of up to four of them,
weighted by a coefficient predetermined in the corresponding DMP, b;. The drought
index is thus obtained as follows:

with:

” — ],ifxiijimed
lmax lmed

where x; j is the observed value, and x;__,,, and x; . are the average, maximum

ximax
and minimum historic values, respectively.

Finally, the ascribed probability is obtained as:

Pe = ﬁh(pi)
i=1

where:

_ 1, lf bi = 0
h(pl) - {pi: lf bi >0

It is also possible to obtain the probability of every drought stage in both the Segura
and Tagus River Basins by aggregating the probability of all the drought indexes that
fall within each threshold. The following dummy variables are defined:

_(Lifl.> 1,
le — {0, ifl,<lI,,
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PI:

e

{1, iflog <l <1,
0, otherwise

. {1, if lop <Io < Ioq
le = 0,otherwise

_(Lifle <lee
le = {o, if Io > Ioe

where I, ,, I, , and I, are the pre-alert, alert and emergency thresholds, respectively.

The probability of every drought threshold (normality, qy; pre-alert, qp; alert, q4; and

emergency, qg) is obtained as follows:

MaXy, MaXy, MAXy; MAXy,
qr = Py, *
x1=0 x,=0 x3=0 X4=0
Maxy, rMaXy, rMAXx, MAXx,
qa = A, *
x1=0 x,=0 x3=0 X4=0
Mmaxy, rMaXy, rMaAXx; rMAXx,
dr = Ej, *
x1=0 xX5,=0 x3=0 X4=0

2
| “h(pi)>
i=1

2
| ﬁ(Pi))

[ o)

i=1

A
|| h(Pi))

i=1

where max,, is the value of the variable x; that makes the cumulative density function

equal to 1.

Finally, the relative water allocation (w;,) remains to be defined. During a normal

hydrological year, all the agronomic water requirements are satisfied (i.e., water

allocation equals the agronomic water requirements, w;, = W). In the event of a

drought, DMPs define the water constraints that will come into force for every drought

scenario (y). Therefore, the amount of water allocated (w,,) is obtained as follows:

w,ezy*W

For example, in the SRB, water availability during an emergency is reduced by 50%
(y = 0.5), by 25% in the case of an alert (y = 0.75) and by 10% in the case of a pre-alert

(y = 0.9) (SRBA, 2008).
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Table 1:Drought probability and associated water allocation rate

Segura Tagus
Level Probability Water allocation Probability Water allocation
(9) rate (y) (9) rate (y)

Emergency 0.18 0.5 0.19 0.5
(E)

Alert (A) 0.31 0.75 0.26 0.77
Pre-alert (P) 0.29 0.9 0.26 0.95
Normal (N) 0.21 1 0.29 1

4.3.2 The Agents

The model represents the behaviour of irrigation communities, the Unidades de
Demanda Agraria (Agricultural Demand Units or UDAs), which is the basic irrigation
unit with available data in Spain. The UDAs comprise exploitations sharing the source
of their water resources, administrative characteristics, hydrological characteristics
and/or a territory (SRBA, 1998; TRBA, 1998).

Each agent or UDA is in charge of allocating water to different types of crops in order
to maximize their revenues. In most agricultural models, the agents pay attention to
one of the following three variables: wealth, income and gain/loss (Hardaker et al.,
2004). It could be expected though that the agents incorporate indirectly all these
variables in their assessment, as gain/loss is a marginal change in wealth and wealth is
the capitalized value of all the present and future incomes. In this approach we use the
marginal change in wealth as the argument. Thus, the objective function of each UDA
is obtained as follows:

N
Max II = Z <Pi *T; — Z Cij) *5p % Q(w;) +u; + <Pi *TiRF — Z Cij,RF) *5p % (1= Q(wy)) + wipr

T T
i=1 j=1 j=1

Subject to:
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w2 Whnin * Sligneous

where i = 1...N are the different crops in the UDA, II is the revenue, P; is the price of
the crop in EUR per kg, r; and 7; gr are the average yield (in kg per hectare) for crop I
under irrigation and rainfed agriculture!!, respectively, ¢;; and c;jgr are the costs
involved in production (in EUR per hectare) under irrigation and rainfed agriculture,
respectively, s; is the surface allocated to crop i (in hectares), Q(w;) represents the
percentage of the surface of the crop i that can be irrigated (dependent on the total
water allocation for that crop, w;) and u; and u;zr are white noises that capture any
source of revenue variability apart from water scarcity, such as plagues, hail, floods,
price volatility, etc.!?, under irrigation and rainfed agriculture, respectively.

The UDA needs to consider that ligneous crops require a minimum amount of water
per hectare in order to secure their survival (w,,;,,); therefore, prior to the maximization
process each agent delivers that minimum amount of water (Wyin * Sjigneous)- Since the
irrigation of ligneous crops is given a high priority by the law (SRBA, 2008; TRBA,
2007), water resources available need to be at least equal to w = Wi, * Siigneous- In any
case, the amount of water applied (¥, w;) cannot exceed the amount of water
available (w), where w = w; + m is the total amount of water available, being w,, the
allocated water in the drought scenario (obtained in the previous section) and m the
water purchased in the water market (in this baseline scenario, m = 0).

During a drought event, agents will solve the problem above and irrigate those crops
that maximize the objective function. With no market, the remaining crops will be left
non-irrigated.

Agents under a water market

In the model one catchment is considered as a potential water seller (Tagus River
Basin) and the other one as a buyer (Segura River Basin). In no case the roles are
reversed (RD 1/2001).

“Traditionally rainfed crops receiving supplementary irrigation may still produce a yield
without being irrigated, and this has to be accounted for (e.g., olive groves, vineyard).

12This stochastic variable is obtained from the yield and price historic series (MARM, 2012) as
the standard deviation of the revenue, excluding the years with drought.
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The inter-basin market is activated when the drought index of the “buyer” catchment
falls below the emergency threshold and if the “seller” catchment is not in an
emergency. In this case, the agents may trade for water and modify their initial
irrigation plan to a certain extent in order to increase their revenue. Accordingly, the
new objective function of each UDA is defined as follows:

N T T
Max II = Z |:<Pi *Tp— Z Cij) * 5% Q(wy) +u; + <Pi *TiRF — Z Cij,RF) *sp% (1= Qwy))
i=1 j=1

j=1 J

+ujgp|+ P * (W,e - W)

Subject to:

N

ZwiSw

=1

~

w2 Winin * Sligneous
-m < wy
e

Im| < Myp,

Z m < Wyrs — Tturs
k

Where P is the market price of water and w = w;, + mis the total amount of water
available, being m the water purchased (m > 0, SRB) or sold (m <0, TRB) in the
water market and w;, the water allotment in the considered scenario (dependent on the
drought index of the previous section, I,).

Water resources available need to be at least equal to the amount of water resources
required by ligneous crops (W = Wpn * Siigneous-)- 1he amount of water available
(w = w,, + m) has to be at least equal to the total amount of water used by the UDA in
the different crops (XL, w;). Also, water markets are limited by water allocation, as no
UDA can sell an amount of water greater than its allocation (—w;, < w; ). In addition,
water markets are limited by the capacity of the primary and secondary water canals to
transport and distribute water (Myp,). Finally, water trade is also limited by the
capacity of the Tagus-Segura Water Transfer (W,rs) minus the water transfers outside
of the market (Tyrs). The maximum capacity of the water transfer equals 1 000 hm?® per
year, though it is limited by law to 600 hm?® per year. During a pre-alert event in the
TRB, this amount is reduced to 456 hm?® per year, to 276 hm?® per year during an alert
and to 0 hm?® per year during an emergency. The water transfers outside the market are
variable, though we use historical data to determine an average value (T7,rs) for every
drought event (SRBA, 2013).
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4.3.3 The water market

The potential buyers in our model are the UDAs in the SRB with a positive surface of
non-irrigated crops. Therefore, the willingness to pay for water depends on the water
productivity of these non-irrigated crops. On the other hand, the potential sellers are
those UDAs in the TRB with a positive water allocation. The willingness to accept for
water depends on the water productivity of the irrigated crops. Accordingly, first of all
we need to obtain the productivity of water for every crop (i) and UDA (k) in the
irrigated areas (i/Irr) of the TRB (Cj) and in the non-irrigated areas (i/RF)of the SRB

(Iix):
Iy = [(Pi/lrr,k *Ti/trrk — Z}T'=1 Ci/lrr,kj) — (P * Tigerr — 25’:1 Cijirr)] ! Wie)

Ci = [(Piyrr s * Ti/rr ke — Ly=1 Cisrr i) — (Pikc * Tire — 2j=1 Cijicrr)] / W)

where W, represents the agronomic water requirements in m*/ha of crop i in the UDA

k.

Agents in the model will trade until the marginal cost of water equals the marginal
productivity of water. In our unilateral market, the marginal productivity of water
equals that of the SRB, while the marginal cost equals the marginal productivity of
water in the TRB plus other variables including asymmetric information and
transportation and environmental costs. In the next sections we assess all these costs
and we obtain the theoretical solution to our model.

Basic model with no additional costs

Without asymmetric information and transportation and environmental costs, the
marginal cost of water would match the marginal productivity of water in the TRB. In
this case, agents would trade until the marginal productivity of water in the SRB
matches that of the TRB, i.e., until:

Py =TIy = Cy

where P; is the market price that equals the marginal productivity of water in both
basins.
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UDAs will sell or buy water up to the point where the marginal productivity of water
is lower or higher than the market price. Therefore, the amount of water traded (m,)
would be:

m; =S; * (1 — Q(Wi)), s.it. Iy, = Py

Or, alternatively:

m; =s; * Q(w;), s.t. Cj < P,

Asymmetric information

In the water exchange there may be some restrictions to access to information. These
restrictions may have significant impacts over the marginal productivity/cost as
perceived in the market. As a result, the observed price in the water market may not
match the “optimum” price obtained in the previous section. These costs are
endogenous of each water exchange, and therefore can be represented by a stochastic
variable (a white noise e with a standard deviation based on the water prices of
previous water markets) (Rey et al, 2011; Calatrava and Gémez-Ramos, 2009). In this
case, the water price would be:

P,=P te

And the amount of water traded in the market would be reduced as compared to the
previous section:

m, = min (Si * (1 - Q(Wl)), S.t. Iik > PZ; Si * Q(W[)P s.t. Cik < PZ)

However this asymmetric information has not yet been implemented in the current
model (e = 0).

Environmental costs

Water markets may have an impact over the environment, especially in the donor area.
In order to prevent environmental deterioration, water authorities may decide that a
percentage of the amount of water traded (env) must remain in the TRB in the form of
environmental flows. To achieve an environmentally neutral water market, these
restrictions should be at least enough to compensate for the return flows generated by
agricultural water use in the donor basin. Environmental costs increase the marginal
cost of water and the water price in the market, and therefore they reduce the amount
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of water bought. In addition, they reduce the quantity of water received in the SRB,
since part of the water bought will be used to satisfy the environmental flows.

P; = (P, +e)/(1 —env)

Of this price, farmers in the TRB will perceive only a fraction, since the remaining cost
corresponds to the environment:

Py rpp = (Py +€)
The amount of water traded will be:
my = s; * (1 - Q(wi)), s.t. I = Pg
Or alternatively:
ms = 5; * Q(w;), s.t. Cy < P,

However, the amount of water received by the farmers of the SRB, and therefore used
for agricultural production in the SRB will be:

M3 spp = M3 * (1 — env)

Transportation costs

The Tagus-Segura Water Transfer covers a distance of 242 km between the Bolarque
Dam in the TRB and the Talave Dam in the SRB. Therefore, there are significant
transportation costs in the form of transportation fees (frs) and losses (lrs). This
increases the marginal cost of water and the market price:

(P, +e)
p _1—env+fT5
), = =——CShy
1_lTS

And reduces the amount of water traded in the market:
m, = s; * (1 - Q(Wi)), s.t. Iy, = P,
Or alternatively:
my =s; *Q(w;), s.t. Cy < P,

Transportation costs further reduce the amount of water that reaches the SRB (my ggp)
as compared to the total amount of water traded (m,).

My srp = My * (1 — env) * (1 — lrg)
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4.4 Market scenarios

The inter-basin market is activated when the drought index of the “buyer” catchment
falls below the emergency threshold and if the “seller” catchment is not in an
emergency (RD 15/2005). So far water markets have worked through bilateral
agreements among agents (lease contracts), though in our model we assess the
potential outcome of two more scenarios.

4.4.1 Lease contract

Lease contracts have been the most common legal figure in inter-basin trade. In a lease
contract, the potential buyer UDA contacts a potential seller UDA on a bilateral basis.
Although water authorities can intervene in order to fix a price or to forbid the water
transfer (based on third party effects such as impoverished qualitative status of the
aquatic ecosystems or environmental flows reduction), in reality this is unlikely and
actually public authorities facilitate this type of contracts, for example by offering
public subsidies (such as the forfeiture of the transportation fees) (RD 1/2001).

In this scenario, bargaining is bilateral. Therefore, the market is small (only two UDAs
in each exchange, k = k; in the SRB andk = k;, in the TRB). Transportation costs are
included ({475 = 0.1; f4rs = 10 Eurocents/m?®) (SRBA, 2013), but environmental costs are
not (env = 0) (Rey et al., 2011; RD 1/2001).

4.4.2 Water banks

Water banks are public exchange centres from which no agent can be excluded. In
water banks, the river basin authority organizes the market and sets a fixed price (RD
1/2001). In addition, water banks need to take into account transportation costs (ly7s =
0.1; fars =10 Eurocents/m® and third party effects to prevent environmental
deterioration. This means that water banks must impose restrictions on the amount of
water that can be traded from the TRB to the SRB. These restrictions should be at least
enough to compensate for the return flows that would be otherwise lost in a market.
Return flows are estimated at 19% in the UDAs of the TRB with access to the water
transfer (env = 0.19) (SRBA, 2013).

4.4.3 Water banks and lease contracts

In this scenario an institution represents all the irrigation communities from the SRB
(buyer). This institution contacts a potential seller (the UDA,k = k;) and they negotiate
a price and a volume of water to be exchanged. There are also environmental
restrictions and transportation costs.
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a- Water bank scenario

Supply and demand curves in water bank scenario
considering no waterallocated for the Segura
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b- Lease contract scenario

Supply and demand curves lease contract scenario
considering no water allocated for the Segura
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c-  Water bank lease contract scenario

Supply and demand curves in water bank lease contract scenario
considering no water allocated for the Segura
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Figure 4: Opportunity for water trading in 3 different scenarios: water bank, lease contract,
water bank lease contract
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4.4.4 Outputs of the model

For each scenario if relevant the model assesses:

The revenues in Euros per each UDA and in total

The volume of water allocated to each UDA

The surface of crops irrigated and non-irrigated.

The price per contract

As each event is independent and results of a stochastic approach, expected revenues
can also be calculated for each scenario and compared.

4.5 Results

Hundred simulation steps were run with the model to obtain the following results, one
simulation step representing a single year with a different Tagus and Segura drought
levels obtained by the stochastic approach each time.

Table 2 shows the average revenue obtained in each catchment for the different levels
of drought. The revenues are for the baseline scenario, i.e. without any trading market
in place. Expected losses for the Segura catchment are higher than in the Tagus
catchment. Thus, during an emergency event, loss in revenues due to irrigated water
volume restriction are up to 42% of the average normal revenue in the Segura
catchment, but only 20% in the Tagus catchment. The differences between both
catchments may be explained by the difference in land uses and by the variability in
irrigated-rainfed net margins factors.

Table 2: Changes in revenues (€) under baseline scenarios

Segura Tagus
Drought Revenues € Drought Revenues €
Normal 490 643 602 | Normal 44 410 163
Pre-alert 473 516 114 | Pre-alert 43 973 262
Alert 417 062162 | Alert 41 365 707
Emergency 287 783 546 | Emergency 36 027 444
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Figure 5: Average changes in revenue for different scenarios in emergency situation

In Figure 5 the expected changes in revenue for the different scenarios (baseline and
trading markets) under an emergency event in the SRB are compared. Overall, any
type of contract increases total welfare (measured by total income) as compared to the
baseline scenario. Yet the reader needs to keep in mind that the consequences in terms
of local employment are not considered in the model. The “water bank” option is the
most effective one, yet very similar to the “water bank lease contract” option. In the
“water bank” scenario the Segura catchment is better off at the disadvantage of the
Tagus catchment. For these two scenarios it is important to consider that a hundred per
cent participation is assumed in the model. Therefore lower revenues may be expected.
For the lease contract 20 contacts were used as a basis. Further research is necessary to
explore the participation process and adjust the results of the model on this basis.

The drought level in the Tagus impacts on the increase of revenues in the Segura
catchment as less water is available for trading. In addition, the lack of water means
that only highly productive water is available for trading, thus increasing the selling
price. Interestingly, the Tagus catchment benefits slightly of the emergency situation in
the water bank scenario. This can be explained by the rise of the price value in an
emergency situation. Indeed for a “water bank” scenario price is set up at 0.49€/m?in a
normal situation, at 0.5€/m3 in a pre-alert situation and at 0.64€/m3 in an alert situation
(including transportation fee).

In the “lease contract water bank” scenario the variability of the price value is high
with a majority of values around 0.90 €/m3 (Figure 6). As illustrated on Figure 4c the
main reason is in the difference of demand and supply, as all Segura UDAs are
grouped and bargain with each Tagus UDA separately. In the lease contract approach
prices varies from less than 0.15 €/m? to 0.95 €/m® with a predominance of low price
values.
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In both types of contract however asymmetric information and an adaptive strategy
during the negotiation process may influence the final price. For instance the fact that
all the Segura UDAs are grouped under one institution may allow them to better
negotiate and to reduce the price. As stressed in 3.3.2 section adjusting a white noise
variable (e) may improve the model results.
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Figure 6: Water Bank Lease Contract Prices (fee included)
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Figure 7: Lease Contract Prices (fee included)

In Figure 8 and 9 the variation in the increase of revenues between UDAs are
represented. The opportunity for the UDAs to benefit of the market depends of the
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surface of crops with high water productivity for the Segura and low water
productivity for the Tagus. In the Segura some UDAs such as UDA number 6 cannot
participate in any transaction due to its low productivity crops. An UDA is composed
of different irrigation communities, modelling at the level of the UDAs may therefore
hide further disparity between communities.

ELC mWB mWBLC

ELC mWB mWBLC

104 105 106

Figure 9: Increase of revenue compared to the baseline per UDA in the Tagus
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4.6 Conclusions

The EPI4Drought agent based model has been developed by FHRC (MU) and IMDEA
to assess and to compare the potential of water markets to attain a better allocation in
the particular case of the Tagus and Segura interconnected river basins in Central and
South-Eastern Spain. The allocation of water to the different crops and the market price
are mainly ruled using the water productivity concept, defined in this project as the
irrigated productivity minus the rainfed productivity divided by the water
requirement for different groups of crops. The UDAs (agricultural demand units)
entities with available information on both catchments have been used as agents in the
model. The model simulates independently annual events, the main stimuli being a
change in the drought level defined stochastically on each catchment. The model
compares three different types of market to a baseline scenario: water lease contract,
water bank scenario and a water bank lease contract. Overall the three options increase
the welfare in both catchments as compared to the baseline. The water bank lease
contract scenarios and the water bank scenario provide similar total revenues. Defining
which of the two scenarios is the preferred option is more elusive as distributional
effects differs at inter and intra catchment level. The water prices are dependant of the
type of market. Not all the UDAs are benefiting of the market situation.

The model is still at an early stage and further research will aim at improving it
including:

e Collecting data at a lower level such as the irrigation communities
e Modelling the potential strategies in the bargaining process
e Indirect impacts of the market on the local economy

e Shorter duration in the model such as monthly steps to better represent the
crops water requirement and adaptive behaviour
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