THE ECONOMIC PRODUCTIVITY OF
WATER IN AGRICULTURE BASED ON
ORDERED WEIGHTED AVERAGE OPERATORS

José Manuel Brotons Martinez

Economic and Financial Department,
Miguel Hernandez University, Elche, Spain

ABSTRACT

Water productivity is one of the main indicators used in agriculture. Price of water change from
some regions where the price is free to other with a very high price. When water productivity is
measured in Euros, to make comparable the results of the regions where the price is free, we
need to obtain a correct measurement, which will require setting a market price for water in
areas where no price has yet been set. Therefore, the aim of this paper is to propose new
productivity indicators based on fuzzy logic, whereby experts’ opinions about the possible price
of the use of water as well as the annual variability of agricultural prices can be added.
Therefore, the fuzzy willingness to pay (FWTP) and fuzzy willingness to accept (FWTA)
methodology will be applied to create an artificial water market. The use of fuzzy logic will
allow the uncertainty inherent in the experts’ answers to be collected. Ordered Weighted
Averaging (OWA) operators and their different extensions will allow different aggregations
based on the sentiment or interests reflected by the experts. These same aggregators, applied to
the prices of the products at origin, will make it possible to create new indicators of the
economic productivity of water. Finally, through an empirical application for a pepper crop in
south-eastern Spain we can visualize the importance of the different indicators and their
influence on the final results.
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1. INTRODUCTION

Water is an essential resource for agriculture. However, there are regions where this resource is
scarce or practically non-existent, such as the Spanish southeast. Here, the water used comes
from other basins or even from desalination plants, which entails a significant increase in costs.
This situation contrasts with other regions where water exists in abundance and farmers do not
pay for it, or they pay minimal costs for the maintenance of traditional channels. For this reason,
it is essential to analyse the economic results of water exploitation [1].

Various indicators measure water productivity. Among these are production per cubic meter
consumed or income per cubic meter [2]; but the most representative indicator is the income
obtained per euro of water consumption by a farmer. However, it is evident that this information
is not always available, so it will be necessary to resort to the use of surveys where the high
subjectivity inherent in these estimates must be considered [3].
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The valuation of environmental assets has been carried out using the contingent valuation
method, travel costs methodology, or hedonic prices [4-5]. However, many of these studies do
not include the subjectivity contained in the answers of the respondents, since they often have an
interest in distorting prices based on their interests. For this reason, on the one hand, by using
fuzzy logic the uncertainty of this process can be included; and on the other, by using different
aggregators such as Ordered Weighting Aggregators (OWA) [6] and their different extensions
such as heavy OWA (HOWA) [7], induced OWA (IOWA) [8], probability OWA (POWA) [9] or
induced POWA (IPOWA) [10], the interests of the respondents can be adequately treated.

From these aggregators, new indicators of the economic productivity of water will be created.
Firstly, this allows us to collect information on water prices in areas where there is no market;
and secondly, it allows for an adequate aggregation of the prices of agricultural products in order
to reduce their annual variability [11].

Therefore, the aim of this paper is to propose a new methodology for estimating the economic
productivity of water in agricultural companies. To do this, first, the price of water will be
estimated using the willingness to pay or willingness to accept methodology by means of fuzzy
logic and different aggregators. Then, a reference price of production will be obtained using
these aggregators, which allows the economic productivity of water to be obtained. Finally, an
application of the economic productivity of water in a greenhouse pepper plantation will be
carried out.

2. MATERIAL AND METHODS

Definition 1. An OWA operator [6] of dimension n is a mapping of OWA:R" —R with an
associated weight vector W of dimension n such that Z'}zle =1 and w; €[0,1] according to the

following expression in which b; is the jth largest element of the collection a,

n

OWA(ai,aZ,_,_,an):ijlebj )

2.1. Water Demand Function

For a region where the price of water for agriculture is null or merely nominal, such as paying for
certain minimum infrastructure maintenance costs without energy consumption and with
minimum personnel cost, the application of a cost can lead to saving water. For this reason, a
group of experts (farmers or managers of agricultural companies) are asked to assess their
willingness to pay a series of prices. To do this, a series of prices will be provided
P={P,P,,..P.} inascending order, with P, <P.,i<i'. These prices must be valued according

to the following linguistic scale in which the membership function is indicated: “totally disagree”
(0.00), “strongly disagree” (0.20), “disagree” (0.40), “agree” (0.60), “strongly agree” (0.80) and
“totally agree” (1.00).

The expert will be presented with the first price, P,. If their assessment is “totally disagree”, the
price they would be willing to pay would be $0 m™. For any other feedback, price P, would be

offered, and the process would proceed in a similar way. If the answer is “totally disagree”, the
process stops, but if any other evaluation is given, then it continues with the following price, and
SO on.
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From this information, it is possible to obtain the price that the expert would be willing to pay to
have the water necessary for irrigation. It is important to bear in mind that this is about
determining the price they would be willing to pay for their current water needs. To do this, the
following algorithm is used.

Step 1. Determination of willingness to pay from expert j (WTP;) can be obtained as the sum of
the products of the price increases of each phase in relation to the previous one (AP =P, —-P_,),

and the membership function y; stated by expert j for phase i. It is assumed that AR, =P,.

)

As a result, the prices that each of the J experts will be willing to pay are obtained
WTP' = (WTR! WTFR},.. . WTP} |

Step 2. Obtaining the willingness to pay weights. They are assigned according to the different
aggregator operators. Each aggregator operator will generate a willingness to pay (WTP) price.

Step 3. Water demand function. The demand curve is obtained by combining the sum of the
experts’ weights, for which we have calculated a WTP equal to or higher than the price, P, for

each price presented to the experts ( P,), abscissa axis.
/Ul(Pi)ZZjﬂwj IWTP; > B ©)

2.2. Water Supply Function

The water supply function is obtained in a similar way to the water demand function. In this
case, the current owners of the water will be asked the price they require in exchange for giving
up their rights. The evaluation will start at higher prices, and they will be asked about their
willingness to accept each price in exchange for permitting the use of their water. In this case,
obtaining willingness to accept (WTA) will be obtained from the maximum price and subtracting
the membership function of each lower price by the price reduction that it implies in relation to
the previous one.

2.3. Equilibrium Price

One group of experts will have expressed their willingness to pay and the other their willingness
to accept a price. Membership functions of willingness to pay decrease with P and willingness to
accept increases with P. Therefore, the objective is to find a price for which both membership
functions are equal. To do this, the following algorithm is presented.

Step 1. Starting from the price series of the demand function with their corresponding
membership functions(H,MP),(PZ,;JZP),...,(Pn,yrf’) and from the supply prices

(Rt ). (Pui ) (Pl
Step 2. Search for the point of intersection, placed between two consecutive prices P, y P, ,

such that g > pf and 4l < i,
Step 3. Obtaining the intersection point by interpolation between the points indicated in step 2.
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It is evident that on many occasions, the experts' opinions are biased out of the fear that they may
imply a higher cost in the future (water users) or a lower income (water providers). The use of
OWA equilibrium prices will allow these circumstances to be properly incorporated.

2.4. Water Productivity

Water productivity is measured in different ways, such as productivity in Euros per cubic meter
of water consumed or income per cubic meter [12]. From an economic point of view, the income
from the cost of water is of more interest; that is to say, the quotient between a farm's income

(total production, V , multiplied by the average sale price P') and the cost of water (cubic
meters consumed, W , multiplied by its price P".

V x PY

EPW =——
W x PV

©)

The average sales price of each campaign is different, so to obtain a reference price, it is
necessary for an aggregation system to be established.

2.5. OWA Operators in Water Economic Productivity

Aggregation only with arithmetic means or weighted means prevents other aspects from being
considered. For example, subjective considerations on whether it is convenient for the
respondents to obtain high or low results regarding the price of water, which could favour their
interests. With respect to product sale price, the problem is that only historical prices are
available, so it is necessary to incorporate relevant information not included in said prices [13].
We propose the following operators:

Definition 2. An OWA-EPW operator of dimension n+m is a mapping of
OWA—-EPW :R™ — R with an associated weight vector W of dimension n+m such that

DLW =1, %" w; =1 and w; €[0,1] according to the expression:

OWA( i, B )
OWA( Py, P )

OWA—EPW (..., PJ, Pl Py ) = (6)

Definition 3. A HOWA-EPW operator is a mapping of OWA—EPW :R™™ — R associated with
a weighting vector W of dimension n+m, such that w; e[O,l], 1< Z';zle <n and

1< 7" w; <m such that:
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HOWA( py ..., B} )
HOWA(pj, ... B )

HOWA—EPW () ..., B, Py oo P ) = )

Definition 4. An IOWA-EPW operator of dimension n+m is a mapping of
IOWA—-EPW :R"™™ xR"™™ — R that has an associated weighting vector, W of dimension n+m

where Z?:le =1, > w, =1 and w, €[0,1] such that:

j=n+1 )

o))
o))
(8)

Definition 5. A POWA-EPW operator of dimension n+m is a mapping of
POWA-EPW :R™™ —R having an associated weighting vector P, where p,<[0,1],

>...py=land > " p, =1 suchthat:

IOWA((u5 B ),...,(u
|OWA(<u;N Bl oo (U

IOWA—EPW (U, i ),-o. (U5, B0 ), (U, Pl e (U B)) =

3|27

POWA(py, ;... V)
POWA( pj,, P --r B )

OWA—EPW (), ..oy DU Pl Pl s By ) = 9)

Definition 6. An IPOWA-EPW operator of dimension n+m is a mapping of
IPOWA:R™™ xR™ — R that has an associated weight vector W of dimension n+m, where

DoLw =1, 3" wy =1 and w; €[0,1] so that:

j=n+1 ")

IPOWA—EPW(<U;V SR p\')>,<u;N,p3\,>,...,<urSN,pw>):

Expressions (6) to (10) can have different combinations. In particular, the proposed definitions
can be used or simplified by assuming that the OWA and its extensions are only applied to water
prices or agricultural sales prices.

3. EMPIRICAL APPLICATION

The aim was to analyse the water productivity of one-hectare plantation of Lamuyo peppers
under greenhouse in 2021. Average production was 35,530 kg ha™ and water consumption was
estimated at 8,200 m. Since the plantation had unlimited access to water at practically zero cost,
we wanted to know the economic productivity of the water. To do this, experts were asked for
their willingness to pay and to accept.

Table I shows the weighting vectors for the OWAs and HOWAs, the induced variable (number of
cultivated hectares), expert number, and the probability assigned to each of the eight that act as
requestors and each of the six that act as bidders. The induced variable for bidders was their
responsibility in the firm they worked for, ranging from 1 to 10. In both cases, §=0.4 has been

considered.
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Table . Weighting vectors, experts (Exp), and probabilities (p).

Demand Supply

OWA | HOWA Induced | Exp p OWA | HOWA Induced | Exp p
0.25 0.30 15 1 0.02 0.26 10 9 1 0.15
0.20 0.25 10 2 0.25 0.22 8 7 2 0.20
0.18 0.20 8 3 0.10 0.17 6 4 3 0.12
0.15 0.15 7 4 0.20 0.15 4 3 4 0.21
0.08 0.10 4 5 0.18 0.12 3 6 5 0.13
0.07 0.10 6 6 0.12 0.08 2 10 6 0.19
0.05 0.05 5 7 0.08

0.02 0.05 3 8 0.05

Table 1l shows the opinions about each price. Expert 1 (consumer) was not willing to pay any
amount, but expert 2 totally agreed up to the price of €0.10 m™, and strongly agreed to the price
of €0.15 m?, etc. For the experts who acted as bidders, they started at higher prices, so they first
agreed to accept a price of up to €0.15 m™, but for €0.10 m™, they only totally agreed, and for
€0.05 m?, they agreed.

Table 1. Willingness to Pay (WTP) and Willingness to Accept (WTA)

Demand Price
Expert 0.05 0.1 0.15 0.2 0.25 0.3 0.35 WTP
1 0 0 0 0 0 0 0 0.00
2 1 1 0.8 0.6 0.2 0 0 0.18
3 1 0.8 0.8 0.2 0.2 0 0 0.15
4 1 1 1 1 1 1 0.4 0.32
5 1 1 0.8 0.6 0.4 0.2 0 0.20
6 0.8 0.4 0.2 0 0 0 0 0.07
7 1 1 0.4 0 0 0 0 0.12
8 1 1 1 0.8 0.6 0.6 0.2 0.26
Supply WTA
1 0 0.8 1 1 1 1 1 0.06
2 0 0 0 0 0.2 0.8 1 0.25
3 0 0 0 0 0.2 0.6 0.8 0.27
4 0.4 1 1 1 1 1 1 0.03
5 0 0 0 0 0 0 0.4 0.33
6 0.2 0.4 0.4 0.8 1 1 1 0.11

The demand and supply curves were obtained from these opinions. As can be seen, the
equilibrium points (which are analytically shown in Figure 1) differ greatly depending on the
aggregators used. The membership function corresponding to the demand aggregator IOWA is
systematically lower than the rest, being the highest those corresponding to the OWA and
HOWA aggregators. On the contrary, the supply function of the aggregators IPOWA and IOWA
present the highest values, being the lowest the HOWA operator. In addition to those described,
multiple combinations could be made between an aggregator for demand and another for supply.
In general, they range from €0.14 to €0.27 m?,
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Figure 1. Water demand (D) and supply (S) functions for Ordered Weighting Average (OWA), Heavy
OWA (HOWA), Induced OWA (IOWA), Probability OWA (POWA), and Induced POWA (IPOWA).

The historical prices of peppers are a known variable, and they are shown in Table 111 [14]. Their
variability makes the inference of future prices complex. In fact, prices have ranged from €0.56
kg™ in 2014 to €1.00 kg™ in 2021. Table 111 shows the weighting vectors for each aggregator and
the probabilities assigned to each expert. /£ =0.4 has been considered.

Table I1l. Annual Prices of Pepper and Weighting Vectors and Probabilities for Each Expert

Year Prices OWA HOWA Induced Expert Probability
2021 1.00 0.17 20 0.86 1 0.06
2020 0.86 0.15 15 0.87 2 0.14
2019 0.87 0.14 13 0.73 3 0.11
2018 0.73 0.12 12 0.69 4 0.07
2017 0.69 0.11 8 0.89 5 0.08
2016 0.89 0.10 6 0.82 6 0.16
2015 0.82 0.08 5 0.56 7 0.17
2014 0.56 0.06 4 0.78 8 0.08
2013 0.78 0.04 3 0.54 9 0.09
2012 0.54 0.03 3 0.68 10 0.04

Finally, the equilibrium prices of water, the average prices of peppers, and the economic
productivity of water are given (Table 1V). The results show a wide dispersion, which
demonstrates the importance of this study since the value of productivity is highly influenced by
the type of aggregator used.
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Table IVV. Water and Pepper Prices, and Productivity by Aggregators

Operator Water price (€ m*) Pepper price (€ kg?) Productivity
OWA-EPW 0.26 0.77 12.97
HOWA-EPW 0.26 0.84 13.67
IOWA-EPW 0.14 0.79 25.25
POWA-EPW 0.18 0.79 18.77
IPOWA-EPW 0.15 0.81 23.06

The use of different aggregators allows obtaining several values for water and pepper price. In
particular, water price ranges from €0.26 m™ for OWA-EPW and HOWA-EPW and €0.15 m?,
and pepper price from €0.77 to €0.84 kg™. As a result, and according to pepper production and
water consumption, productivity ranges from 12.97 to 23.06. The option for one or another
aggregator will depend, among others, on the optimism and pessimism degree. Anyway, this
methodology generalizes the productivity ratio, even for the case in which the water is free.

4. CONCLUSIONS

The aim of this paper is to introduce a new formulation in the traditional calculation of the
economic productivity of water, using OWA-EPW, HOWA-EPW, IOWA-EPW, POWA-EPW,
and IPOWA-EPW. The advantage of these operators is that they provide new ways of
aggregating prices and expert opinions. This makes it possible to visualise the potential risks of
certain crops not becoming profitable because it takes many years at exiguous prices. This form
of aggregation allows for simplifications if circumstances change. The results or the empirical
application show how productivity can almost double depending on the aggregator used. Results
of the empirical application show a range of productivity values from 12.97 to 23.06. The choice
for one or another will depend on the optimism or pessimism degree.

ACKNOWLEDGEMENTS

This work was financed by Ayudas a la Investigacion Vicerrectorado de Investigacion,
Universidad Miguel Hernandez, 2022.

REFERENCES

[1] J.M. Cémara-Zapata, J.M. Brotons-Martinez, S. Simén-Grao, J.J. Martinez-Nicolas & F. Garcia-
Sanchez, “Cost-benefit analysis of tomato in soilless culture systems with saline water under
greenhouse conditions,” J. Sci. Food Agr, vol. 99(13), pp. 5842-5851, 2019

[2] J. Lépez-Marin, M. Romero, A. Galvez, F. M. Del Amor & M.C. Pifiero & J. M. Brotons-
Martinez, “The Use of Hydromulching as an Alternative to Plastic Films in an Artichoke (Cynara
cardunculus cv. Symphony) Crop: A Study of the Economic Viability,” Sustainability, vol. 13(9), pp.
5313, 2021.

[3] J. Lépez-Marin, A. Géalvez, F.M. del Amor, M.C. Pifiero & J.M. Brotons-Martinez, “The cost-
benefits and risks of use raffia made of biodegradable polymer: the case of pepper and tomato crops
under green-houses,” Horticulturae, vol. 8(2), pp. 133, 2022.

[4] J.M. Brotons, R. Chdvez & G. Ruiz-Sevilla, “OWA aggregation to determine the water equilibrium
price in the tancitaro area,” IT in Industry, vol. 9(3), pp. 1-10, 2021

[5] R. Nallathiga & R. Paravasthu, “Economic value of conserving river water quality: Results from a
contingent valuation survey in Yamuna river basin, India,”. Water Policy, vol 12(2), pp. 2449, 2010.

[6] R.R. Yager, “On ordered weighted averaging aggregation operators in multicriteria decision
making,” IEEE Trans. Syst. Man Cybern, vol. 18(1), pp. 183-190, 1988.

[71 R.R. Yager, “Heavy OWA operators,” Fuzzy Optim. Decis. Mak, vol. 1(4), pp. 379-397, 2002.

[8] R.R. Yager, D.P. Filev, “Induced ordered weighted averaging operators,” IEEE Trans. Syst. Man
Cybern., Part B, Cybern, vol. 29(2), pp. 141-150, 1999.



Computer Science & Information Technology (CS & IT) 207

[9] J.M. Merigd, “Probabilities in the OWA operator,” Expert Syst. Appl, vol. 39(13), pp. 11456-
11467, 2012.

[10] J.M. Merigd, “Decision-making under risk and uncertainty and its application in strategic
management,” J. Bus. Econ. Manag, vol. 16(1), pp. 93-116, 2015

[11] E. Le6n-Castro, L.F. Espinoza-Audelo, J.M. Merigd, E. Herrera-Viedma & F. Herrera,
“Measuring volatility based on ordered weighted average operators: The case of agricultural product
prices” Fuzzy Sets and Systems, vol. 422, pp. 161-176, 2021.

[12] R. Salvador, A. Martinez-Cob, J. Cavero & E. Playan, “Seasonal On-Farm Irrigation Performance in
the Ebro Basin (Spain): Crops and Irrigation Systems,” Agric. Water Manag, vol. 98, pp. 577-587,
2011.

[13] M. Olazabal-Lugo, E. Leon-Castro, L.F. Espinoza-Audelo, J.M. Merigo & A.M. Gil Lafuente,
“Forgotten effects and heavy moving averages in exchange rate forecasting,” Econ. Comput. Econ.
Cybern. Stud. Res, vol. 53(4), 20109.

[14] CARM, 2021. https://caamext.carm.es/esamweb/faces/vista/seleccionPrecios.jsp

AUTHOR

José Manuel Brotons is Economist (1991, Alicante University) and PhD in Business
Administration (2003). From 1999 he is a member of the Economic and Financial Studies ﬁ
Department of Miguel Hernandez University in Elche (Spain). He has an 7 h-index (Web !
of Science), with 29 documents listed in Web of Science (10 in Q1 and 11 in Q2) and 168 ‘
citations (accessed on 18/6/2022). In the period 2012-2022, J.M. Brotons has contributed ig\ Ef;%
) Wi

1= &)

in 47 scientific publications (32 of them published in indexed journals in the Journal
Citations Report), 29 national and international congress communications, 11 books; he
has participated in 25 projects and 2 contracts; 6 end-of-degree projects. He has obtained two recognised
six-year research periods by CNAI and four five-years teaching periods. He is expert in financial valuation
and economic analysis applied to the agriculture. In 2003 he defended the thesis “Financing of the
Wastewater Treatment Company Sector. An Operational Approach”. One of his interest research is the
economic analysis of the agriculture production. Another interest research is the company financial
valuation as a result of the use of new methodologies such as the innovations in fuzzy logic and the
analysis of the quality system in the enterprises.

© 2022 By AIRCC Publishing Corporation. This article is published under the Creative Commons
Attribution (CC BY) license.


http://airccse.org/

	Abstract
	Keywords
	Water Economic Productivity, OWA, Fuzzy Willingness to Pay, Fuzzy Willingness to Accept.


