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ARTICLE INFO ABSTRACT

Handling Editor - Dr. B.E. Clothier Worldwide, farming practices directly impact the quality and quantity of both underground and surface water
resources. In Mejia, the leading milk-producing region of Ecuador, the adoption rate of conservation practices
among farmers is low despite price incentives established by the Agricultural Ministry. Our discrete choice
experiment documents stated preferences for water conservation practices of Mejia’s dairy farmers by facing
respondents to alternatives described in terms of water-efficient technologies, management of manure and solid
waste, and training to resolve conflicts over water use. Estimates derived from our preferred random parameter
logit specification imply that the average willingness to pay (WTP) for a solid rain irrigation system is US$147 ha
1. and US$212 ha™! for training to resolve conflicts. In addition, we report heterogeneity in WTP estimates. These
findings can assist in the resolution of current issues in Mejia, including inefficient water irrigation and weak
water governance system. Based on our results and the context of our study area, we suggest, first, the adoption
of a cost-sharing scheme (given that the WTP for these practices does not cover their implementation cost), and
second, the participation of academic institutions to help these water users resolve conflicts, establish their own
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rules, and improve water governance.

1. Introduction

Water is an essential component of global animal production (e.g.,
for feeding and drinking), which requires 2422 Gm® on an annual basis.’
Of this volume, 19% is used for dairy production (Mekonnen and
Hoekstra, 2012). Forage crops account for 50-86% of the total blue
water dedicated to milk production (Sultana et al., 2014). The water
consumption of a single cow is between 68 and 155 liters per day (see
Drastig et al., 2021), equivalent to 20-50 times the liquid demand of a
typical human. Thus, dairy production exerts pressure on stocks of
freshwater even in regions where water is relatively abundant such as
Latin America (Mekonnen et al., 2015).

A non-exhaustive list of issues that livestock farming must tackle to
improve water management includes i) inefficient use of water, ii)
deficient management of solid and animal waste, and iii) conflicts over
water (FAO, 2018; LEAD and FAO, 2006; Ostrom and Gardner, 1993;

* Corresponding author.

Zhang et al., 2022). In general, inefficient surface irrigation is the pri-
mary irrigation method used in South America, requiring the application
of strategies and innovations to achieve sustainable water use (de Oli-
veira et al., 2009). Dairy farm water pollution arises from animal and
solid waste mismanagement (FAO and IWMI, 2017; FAO and WHO,
2008; Xu et al., 2021), affecting the environment and animals alike.
Inadequate water provision and arbitrary water appropriation are two
constants in cow milk production zones, generating conflicts among
water users (Bardhan, 1993; Sheikh et al., 2006).

The Agricultural Ministry of Ecuador has established a minimum raw
milk price of $0.42 per liter, and a premium that rewards the adoption of
Best Management Practices (BMPs) (MAGAP, 2013). However, adoption
rate of conservation practices among farmers is low despite such price
incentives: only 29 livestock farms in the province of Pichincha hold a
BMP certification (MAG, 2020). The milk price including the premium
can at most be $0.44. In comparison, the average production cost is

E-mail addresses: cortizl @alumni.usfq.edu.ec (C.A. Ortiz), javilas@usfq.edu.ec (J.J. Avila-Santamaria), adan.martinez.cruz@slu.se (A.L. Martinez-Cruz).
1 To put this number into perspective, a typical Latin American family (e.g., four members) has a water endowment of 112,000 m® per year (United Nations, 2021),

which is equivalent to 1.12E-22 Gm®.
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$0.43 per liter (Cevallos Polanco et al., 2021). Thus, the premium from
adopting BMPs seems insufficient, as in other cases of agricultural
conservation program in Ecuador (see Barrowclough et al., 2016; Raes
et al., 2016).

The canton of Mejia is our case study because, in addition to being
the leading Ecuadorian milk-producing region, it suffers from inefficient
water management (Cachipuendo et al., 2017; GAD Provincia de
Pichincha, 2015; Nieto et al., 2018), water pollution by solid and animal
waste (Andrango and Sandoval, 2021; Bonifaz, 2018; Vinueza et al.,
2021), and conflicts among water users (GAD Provincia de Pichincha,
2015). For instance, the primary irrigation systems in Pichincha are
overhead sprinkler systems or flood irrigation techniques, resulting in
only 60% of the water being purposively used (GAD Provincia de
Pichincha, 2015). Case studies have also identified excess levels of E. coli
in various dairy farms’ drainage systems in Mejia (Andrango and San-
doval, 2021; Bonifaz, 2018). Similarly, livestock production produces
solid contaminants (e.g., vaccine syringes or chemical containers).
Mejia’s per-capita plastic waste is 33.22 kg a year (14% of total solid
rubbish), and only 0.73% of this waste is recovered for recycling.’
Finally, water conflicts result from appropriation and provision issues
due to growing water demand from urban and rural areas, inefficient
administration of water, lack of farmer organization, and other factors
(Chiriboga, 2015; Lloret, 2009).

We conducted a discrete choice experiment (DCE) to explore
whether Mejia’s farmers are willing to adopt cost-saving conservation
practices for both the quantity and the quality of their water resources.
We have examined the literature to identify research strategies and
lessons regarding the economic value of water and BMPs. We concluded
that few or no DCE studies have been performed to assess water con-
servation practices within the context of livestock or dairy production in
Latin America (see Olum et al., 2020).° Our DCE explores preferences for
four attributes. The first attribute refers to water efficient irrigation
practices—micro-sprinklers and solid rain. The second attribute in-
volves composting as a manure management. The third attribute refers
to the private or municipal management of plastics waste. The fourth
attribute describes the availability of training in water conflict resolu-
tion and cooperation. Finally, the monetary attribute has been described
as the percentage of costs that a respondent would pay him/herself. In
November 2020, our DCE presented 98 dairy farmers — i.e., 3.08% of
Meija’s dairy units— with water conservation practices in terms of the
above five attributed.

Our research contributes to the literature by documenting dairy
farmers’ preferences, decision-making processes, and potential transi-
tions toward incentivized water preservation practices, with an eye to-
wards achieving sustainable development goals. To the best of our
knowledge, the academic literature has largely overlooked preferences
of dairy farmers in Latin America. We estimate the economic value
Ecuadorian dairy farmers assign to production practices that preserve
water. Also, we illustrate how DCE can be used to gather policy-relevant
information when designing incentive-based interventions to encourage
movement toward a cleaner production regime in Latin American
countries.

2. Context, data, and methods
2.1. Study zone description

Mejia is a canton in the southeastern part of the province of
Pichincha, Ecuador (see Fig. 1). Mejia is surrounded by natural eleva-
tions such as Atacazo, La Viudita, El Corazon, Los Ilinizas, Pasochoa,
Ninahilca, Sincholagua, Ruminahui and Cotopaxi (GAD Municipio de

2 Data obtained from dataset INEC, 2020) to infer these numbers.
3 We mainly looked for published stated preference literature describing
(livestock or dairy) farmers’ WTP/WTA for water conservation practices.
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Mejia, 2015); this is why this canton is called “The Valley of the Nine
Volcanoes”. As this Andean zone enjoys a unique biodiversity within
their montane rain forests and paramos, it has a protected natural
reserve with more than 30,000 ha, where Los Ilinizas mountain is the
biggest protected area (63% of total protected area) (see GAD Municipio
de Mejia, 2020). Also, there exist 14 different types of terrestrial eco-
systems in Mejia, where the most prevailing is “herbazal del paramo,”
which is usually located between 2900-3900 m.a.s.l., consists of dense
vegetal formation, and faces high variability of humidity and
temperature.”

In terms of climate conditions, Mejia shows a great variability across
its territory, with an annual precipitation between 500 and 2000 mm in
some places and more than 2000 mm in others (GAD Municipio de
Mejia, 2020). Also, it presents an annual average temperature between
10 °C and 24 °C. Although this canton has “low probability of drought
events”, agriculture is the land use more exposed to this occurrence.’

Mejia benefits from the two main sub-basins in Pichincha, the
Guayallabamba and Blanco rivers, which generate approximately 384
rivers and streams. San Pedro and Pita rivers are also important water
bodies (GAD Municipio de Mejia, 2020), supplying water for both
human consumption and agricultural irrigation. Despite these abundant
water resources, Mejia suffers from water deficits, particularly during
the summer (GAD Provincia de Pichincha, 2015).

Thus, Mejia is suitable for agricultural activities. It has a total area of
1410.82 km?, of which 36,078.91 ha are used for livestock production
(GAD Municipio de Mejia, 2020). Around 21% of its labor force par-
ticipates in agricultural activities, specifically in dairy production.
Pichincha is the leading milk province in Ecuador, with 15.9% of the
national milk output. Mejia supplies 34% of Pichincha’s production,
with an average productivity of 13.5 liters per day per cow (Banco
Central del Ecuador, 2020; GAD Municipio de Mejia, 2020). This pro-
ductivity is above the national and Pichincha average of 6 and 11.27
liters, respectively (dataset INEC, 2022).

2.2. Data collection and discrete choice experiment

Our study was conducted primarily within the communities of
Machachi, Tambillo, Aloasi, and Uyumbicho. Sampled dairy farms were
located along the San Pedro River. Although dairy production is the
main farm activity in our study area, farmers also grow crops such as
potatoes, maize, broad beans, etc.

In November 2020, we implemented a face-to-face survey® on 98
dairy farmers. While this sample represents 3.08% of Mejia’s dairy units
(GAD Municipio de Mejia, 2015),” it falls short of 187 — the sample size
according to Orme (2010)’s rule of thumb.® Due to COVID-19-related
challenges, we have not been able to gather data from a larger sample
size. In this respect, we would like to highlight that previous DCE studies

4 See Teran et al. (2019) for more details of the definition of these forest
ecosystems in Ecuador.

5 In Ecuador, average annual precipitation is 2159.33 mm, and mean tem-
perature depends on the months, where from December to May is rainy season
with temperature between 25 °C and 26 °C, and from June to November is dry
season with temperature between 21 °C and 22 °C (see World Bank Group,
2021).

© Approval from Human Research Ethics Committee at the Universidad San
Francisco de Quito.

7 Data collection by Perspectiva Consultores Estrategicos CIA Ltd.—-Manage-
ment Consulting Services. Our budget was for 100 surveys initially, where two
of them were incomplete and excluded from our analysis. We do not have the
number of farmers who did not want to participate in this in-person survey.

& Orme (2010)’s rule of thumb states that n > 500c¢ /ta, where n is the number
of respondents; t is the number of choice tasks per respondent; a is the number
of alternatives in each choice set (excluding the status quo alternative); and c is
the largest number of levels for any one attribute when considering only main
effects —which is the case here. In our case, t is 4, a is 2, and c is 3.
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Fig. 1. Water resources, and locations of sampled farms in Mejia.

have analyzed samples of similar size (e.g., Ngoc et al., 2016; Sauthoff
etal., 2016; Schreiner and Latacz-Lohmann, 2015; Vassalos et al., 2015).

Two filter questions ensured that respondents were milk producers
and made decisions about their farms. At the farms, experienced enu-
merators carefully described the experiment, the practices, and the
average implementation cost of US$1144 to respondents —details on
how these costs are in Appendix D of Ortiz (2021) and in Dominguez
(2020).

The survey comprised eight sections (see Appendix A). Section 1
identifies the respondents. Section 2 collects agricultural production
information. Section 3 asks financial literacy questions. Section 4 in-
troduces our DCE. Section 5 collected demographic data. Section 6 asks
intrahousehold decision-making questions for married respondents.
Section 7 obtains respondents’ family information, including pre-
marriage information. Finally, section 8 asks about respondent’s
household composition.

DCE is one of the foremost stated preferences methods (Johnston
et al., 2017; Petrolia et al., 2021). DCE allows to estimate WTP for
different hypothetical alternatives. This is an advantage over contingent
valuation (CV), which only gives the economic value of a particular
scenario (Perman et al., 2003). In addition, DCE infers WTP to each
attribute level or characteristic of a prospective scenario, while CV
method estimates a global value. DCE welfare estimates also have
smaller variance than those from CV (Adamowicz et al., 1998). Finally,
DCE is preferred over Conjoint Analysis because it is based on the
Random Utility Theory (RUT) that is more consistent with the demand
theory (Louviere et al., 2010). One disadvantage of DCE is that it im-
poses a tedious mental exercise to respondents who are asked to select

different alternatives from different choice sets. This opens the doors for
choosing with no careful consideration (Perman et al., 2003). To reduce
this fatigue of respondents, we employ a blocking strategy on a frac-
tional factorial design with a D-efficiency of 1.° Our design contained 12
choice sets divided into three blocks. Each respondent answered one
block of four choice sets. Each set included two plans and the status quo
(see Appendix B).

We conducted interviews with local experts (agronomists, veteri-
narians, and biologists) and dairy farmers, and identified twenty water
conservation practices. Based on economic feasibility, we chose four
attributes related to improved irrigation systems, appropriate animal
manure and solid waste management, and strong water governance. In
Table 1, we describe the attributes and levels of our DCE.

Precision irrigation is an alternative to the widespread use of inef-
ficient flood irrigation (Brar et al., 2022). Thus, our first attribute has
two irrigation technology levels—micro-sprinkler systems, and the
superabsorbent polymers known as “solid rain.” Micro-sprinkler systems
distribute water to cultivated plants via a low-pressure piping system,
resulting in greater water efficiency, decreased irrigation time, and
deterrence of soil erosion (Chen et al., 2002; El-Hafez et al., 2020; FAO,
2008). In 2020, the estimated implementation cost for this irrigation
system is US$1200 ha™!, which includes the suction pump, sprinklers,
valves, and couplings for installation(see Riego Ecuador, 2020). Solid
rain is a polymer that retains water. It can be applied to the soil to
moisturize plant roots. Once the water held by the polymer is totally
absorbed, the polymer can be charged again, for up to 10 years. Polymer
application has resulted in increases in crop production, absorption of
agrochemicals (avoiding leaching and runoff), and prevention of soil

9 Our design was implemented with R-packages Idefix and Radiant (see Ortiz,
2021).
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Table 1
Description of attributes and levels.

Attributes Levels Description

Micro-
sprinklers

Irrigation system Water saving, soil erosion prevention,
suitable for uneven and sloped terrain.
Higher installation time and costs, demands
more (skilled) labor.

Estimated implementation costs: $1200 hal.
Water saving, lower frequency-time, and
easy to implement.

Demands more (skilled) labor.

Estimated implementation cost: $650 ha’.
Better soil texture and structure, favoring
fertility and permeability, and reduction of
fertilization cost. Water pollution
prevention.

Demands more labor and space for a compost
bin

Estimated implementation costs: $438 hal.
Water pollution prevention. Private
collection centers manage solid waste.
Farmers must transport and drop off the
waste at the collection centers.

Water pollution prevention. Municipality
manages solid waste.

Farmers must submit this proposal. Service
cost is 2% of the electricity bill.

No implementation cost.

An academic institution could provide this
training as part of the social involvement or
professional practices of final-year students.
Regular attendance during the year.

No implementation cost.

Based on government subsidies; for example,
the 30% subsidy within the cattle
repopulation and genetic improvement
program (MAG, 2016); the 80% subsidy for
certified seeds and fertilizers, among other
commodities (ElTelegrafo, 2017); or the
50%, 70%, or 90% subsidy for operating
costs in forest conservation (MAE, 2013).

Solid rain

Manure
management

Composting

Solid waste Private

management

Municipal

Water governance

Training

Cost-share 30%, 60%,
payment (%) 70%

Note: for details of estimated costs, see Ortiz (2021).
Source: own elaboration

erosion (Ai et al., 2021; Chang et al., 2021; Cisneros et al., 2020; Shock
and lida, 2009). Studies in Ecuador have experimented with this prac-
tice in potato, broccoli, and lettuce production (Caizapasto, 2019; Toc-
taguano, 2019; Valera, 2018), and the return per dollar invested
increased in all cases. Solid rain technology incurs in an initial cost of US
$650 ha', considering recommended amount per hectare along with the
cost of labor for the installation process (Cosecha de Lluvia Solida,
2015).

The second one-level attribute, manure composting, can help to
prevent water pollution caused by untreated manure and agrochemicals
(Bekchanov and Mirzabaev, 2018; Lim et al., 2016). Animal manure is a
valuable resource that, when properly managed, can i) increase income
from livestock, ii) improve animal nutrition, and iii) minimize financial
risk. Integrated manure management entails the storage, processing, and
subsequent application of the excreta on crops (Hristov et al., 2013;
Jiménez-Trujillo, 2007). Its estimated initial cost is US$438, which
implies the building of the concrete block, the metal structure, and the
plastic cover. This cost also includes the necessary piping to ensure
proper functioning (see Paredes, 2018).

The third attribute has two levels related to the management of
plastic solid waste generated by dairy production, in accordance with
guidelines on container disposal (FAO and WHO, 2008). The first level is
private management, where farmers themselves collect plastic waste
and transport it to private collection centers. Various reverse logistics
programs for the management of plastic containers exist in countries
such as Australia, Brazil, Canada, and Chile (FAO and WHO, 2008). The
second level is a public waste management system, where municipal
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dumpsters visit accessible areas. Farmers would not incur any imple-
mentation cost other than a monthly payment of 2% of the electricity bill
for two collections a month, as in Gualichicomin (2018).10

The fourth attribute aims to capture preferences for features that
strengthen water governance through conflict resolution and water user
cooperative training courses. These can be seen as instruments for the
promotion of cooperation and self-governance, aiming to decrease in
conflicts over water resources (Amirova et al., 2019; Bardhan, 1993;
Cardenas et al., 2011; Cox et al., 2010; McGinnis and Ostrom, 1992;
Mirzaei et al., 2019; Ostrom and Gardner, 1993). The Fondo para la
Proteccion del Agua (FONAG) develops similar initiatives in the north-
eastern part of Quito (FONAG, 2020)."" The idea of this attribute is to
have a constant community engagement between academic institutions
and water users. Last-year students (e.g., from law schools) can provide
these training sessions as part of their final examination (i.e., intern-
ships). Working with the irrigation board in each community, this
training may be a requirement for farmers to be irrigation beneficiaries.
The producer will incur no costs. Every training session will provide
communication strategies, negotiation skills, cooperation initiatives,
and free counsel to resolve problems related to water management.

The fifth attribute is the farmers’ implementation cost-share pay-
ments for irrigation systems and manure management. The other prac-
tices have no initial cost. We present three cost-share levels—30%, 60%,
and 70%—selected from a review of assistance and subsidies available
from various government agencies. Table 2 provides an example of one
of our choice sets.

2.3. Conceptual framework

The empirical design of discrete choice experiments relies on the idea
that utility is derived from the attributes of a good (Lancaster, 1966).
Also, DCE is based on RUT, in which conceptual and empirical proba-
bilistic models intersect based on the assumption of a utility function
containing deterministic and stochastic factors (Marschak, 1974;
McFadden, 1986). Thus, assume the following utility (Ujof agent i for
alternative j):

Uj=Vi+e; =p+ZPXy+P.Ci+ey €y

where Vj; and ¢jare the deterministic and random elements, respec-
tively. Xj; is an observable attribute “s” with its preference parameter j,.
Cj is a cost attribute with its coefficient f.. Lastly, f;is the alternative-
specific utility. We excluded agent’s characteristics for simplicity.
Using Eq. (1), we calculate WTP for attribute “s” —i.e., the Marginal

Table 2
Example of a choice set.
Attributes Plan A Plan B
Irrigation system Micro- Solid rain
sprinklers
Manure management None Manure Prefer status
composting quo
Solid waste management Private Municipal
Water governance Training None
Farmer’s cost-share 60% 30%
payment (%)
Preferred Plan: ul o u}

Source: own elaboration

10 Mejia’s government charges 10% of electricity bills (kWh/month) for
garbage collection services, where the average cost per kWh is US$0.1031 and
US$0.1041 for residential and commercial areas, respectively.

11 FONAG is a water conservation fund financed by public and private orga-
nizations to protect the water resources in Ecuador.
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Rate of Substitution, or the respondent’s subjective value of attribute “s”
in terms of the cost attribute— as follows:

o p
0Xijs Py
WITP, = w, = Be 2)

JCjj

2.4. Econometric strategy

Based on Eq. (1), an agent i will choose, among all possible alter-
nativesj =1, 2,...,J, the alternative j over k using the following criteria:

Uy > Up=e > Vi — Vyi¥iu 3)

where ¢ = g5 — €. As utility levels are not observable, the proba-
bility of choosing an alternative is computed as follows:

Prob(Chosej) = Prob(e > Vy — V), Viu C)]

Then, assuming ¢ is independent and identically distributed (IID) as a
Gumbel (a type 1 extreme value), Eq. (4) is mathematically specified as
follows (see Greene, 2008):

Vij eﬂﬂ’zx/}.\xt/r*ﬂ( Cij

e
Prob(Chosej) = = 5)
ST A

Eq. (5) is the Conditional Logit (CL) model, which holds two
important assumptions: i) independence of irrelevant alternative (IIA),
and ii) preference homogeneity. We relax these restrictive assumptions
by employing the Random Parameter Logit (RPL) model (see Train,
2009). Thus, the probability of choosing j is:

P EB X HBeCy
Prob(Chosej) = /Wf(ﬂ\ﬁ Q)dp (6)
=
where f(f|0,2) is a density function for a vector of the attribute’s
coefficients with expected value # and variance-covariance matrix Q.
This model abandons the IIA assumption and incorporates unobserved
preference heterogeneity (Boxall and Adamowicz, 2002).

3. Results
3.1. Descriptive statistics

Table 3 compares the descriptive statistics of our sample and official
data for Pichincha in 2021.'% Based on this comparison, we believe that
our sample closely approximates a representative sample of dairy
farmers in Mejia. Regarding the sampled respondents’ socioeconomic
characteristics, most farmers are male (74%), with an average age of
55.3 years, which is statistically similar to official statistics. Our re-
spondents, however, seem to be less educated than individuals from the
official data. While the official data report 68% of respondents holding
no higher qualification than a high school diploma, this number is 91%
in our sample.

Our sampled farmers hold 7.36 ha on average, statistically equal to
official numbers (11.17 ha). Our respondents on average own 5.50 head
of cattle ha’l, produce 101.37 liters of milk per day, and sell that milk for
a price of US$ 0.35 L'L. These numbers are statistically equal to their
equivalents in the official data. Only 23% of our respondents reported a
decrease in sales due to COVID-19 conditions, which is lower than the
official number (39%).

Of the sampled respondents, 35% do not irrigate, whereas 39% of
participants in the official data do not irrigate. Within irrigators, 97%
utilize sprinkler/surface system in our sample, similar to the official rate

12 Encuesta de Superficie y Produccion Agropercuaria Continua (dataset INEC,
2022). Official data are representative at province level; only farm size, head of
cattle ha!, milk price, and milk production are specific to dairy farms.
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Table 3
Descriptive statistics (Mean): Sample (N = 98) versus Pichincha’s official data
for 2021.

Variable Sample Official Differences
Farmers’ characteristics
Age (years) 55.30 (12.20) 56.54 -1.24
(14.85)
Male 0.74 (0.44) 0.74 (0.44) 0
High school diploma or less 0.91 (0.28) 0.68 (0.47) 0.23%%*
Dairy production
Farm size (ha) 7.36 (17.81) 11.17 -3.81
(67.36)
Head of cattle per ha 5.50 (10.78) 4.99 (8.47) 0.51
Milk price (US$ L) 0.35 (0.05) 0.40" -0.05
Milk production (L) 101.37 68.50 32.87
(207.91) (280.01)
Sales decreased due to COVID-19 0.29 (0.19) 0.39 (0.49)" -0.10%*
Monthly income between 0 and 0.83 (0.37) - -
1000 (US$)
Irrigation system'
None 0.35 (0.48) 0.39 (0.49) -0.04
Sprinkler/surface 0.97 (0.17) 0.98 (0.10) -0.01
Micro-sprinkler 0.03 (0.17) 0.01 (0.09) 0.02**
Other! 0.02 (0.12) 0.003 (0.05) 0.017%**
Fertilization
None 0.03 (0.17) 0.50 (0.50) -0.47%**
Organic 0.50 (0.50) 0.46 (0.50) 0.04
Chemical 0.86 (0.34) 0.71 (0.46) 0.15%**
Manure management
None 0.16 (0.37) 0.54 (0.50)° -0.36%**
Dispersion 0.94 (0.24) 0.86 (0.34)° 0.08**
Composting 0.07 (0.26) 0.12 (0.32)° -0.05
Solid waste management
Common trash/burn/bury 0.88 (0.33)

Note:

2 From Banco Central del Ecuador (2020).

b Specific question: were agricultural activities affected by COVID-19?

¢ Farmers can choose more than one option.

d Drip, manual, and unidentified systems.

¢ We used the fertilization section and expansion factors of ESPAC (2021) to
infer these numbers. * p < 0.10, * * p < 0.05, * ** p < 0.001.
Source: own elaboration.

of 98%, while only 2% employ micro-sprinkler systems, statistically
different from the official rate of 0.3%. In our sample, 86% of farmers
use chemical fertilizers for grassland cultivation and 50% use organic
fertilizers—this latter number is equal to the official statistic. Concern-
ing manure management, most farmers practice manure dispersion
(94% in our sample and 86% in the official data), while only a few
practice composting (7% in our sample and 12% in the official data).
Finally, 88% of our respondents burn, bury, or dump their solid waste
alongside common trash —there are no official data on solid waste
disposal methods.

3.2. Econometric models

Table 4 reports estimates from four RPL and one CL specifications.>
Panel A reports the mean point estimates of coefficients. The first and
second columns report RPL assuming normally distributed parameters,
including the price parameter, but show uncorrelated (RPL1) and
correlated RPL (RPL2), respectively. The third and fourth columns
report RPL assuming fixed price parameter and normal distribution of
the rest of the parameters: uncorrelated (RPL3) and correlated (RPL4)
RPL, respectively. The fifth column displays CL estimate.

Regarding sign direction and the statistical significance of mean es-
timates, Table 4 shows that the utility parameter associated with the
status quo is negative in all four RPLs, but statistically significant for

13 Find our dataset in Ortiz et al. (2022). We used Stata Statistical Software to
estimate our models.
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Table 4 Table 5
RPL and CL specifications. Elements of the lower-triangular covariance matrix of random coefficients.
Attribute (RPL1) (RPL2) (RPL3) (RPL4) (CL) (RPL2) (RPL4)
Panel A: Mean estimates Status quo -13.931%** -2.929%**
Status quo -1.320%* -8.813%** -0.369 -0.959 0.057 (3.894) (0.753)
(0.653) (2.727) (0.551) (0.661) (0.315) Solid rain — status quo -2.447%** 0.863
Solid rain 0.864** 4.479%** 0.684** 0.646* 0.657*** (0.874) (0.651)
(0.280) (1.480) (0.254) (0.378) (0.178) Manure composting — status quo 0.451 0.102
Manure -0.335 -2.671%* -0.389 -0.546 -0.192 (0.696) (0.449)
composting Municipal management — status quo -0.683 -1.469%**
(0.274) (1.248) (0.257) (0.355) (0.161) (0.751) (0.499)
Municipal -0.315 -2.459***%  -0.343 0.170 -0.245 Training — status quo -3.345%** 1.234**
management (1.217) (0.569)
(0.249) (0.919) (0.233) (0.351) (0.160) Solid rain -14.770%** -0.975%**
Training 1.245%** 1.690* 0.983*** 0.628* 0.779%** (4.037) (0.359)
(0.296) (0.952) (0.249) (0.364) (0.173) Manure composting — solid rain 2.462%* 1.151%**
Farmer’s cost- -0.006*** -0.032%** -0.004%** -0.005%** -0.002%** (1.204) (0.372)
share (0.001) (0.008) (0.001) (0.001) (0.000) Municipal management - solid rain 6.231%** 0.726%*
payment (US (1.879) (0.369)
$ hal)? Training — solid rain -7.771%%* 0.354
Panel B: Standard deviation of parameters (2.198) (0.345)
Status quo 3.697%** 3.242%** Manure composting 0.052 0.0354
(0.740) (0.567) (0.771) (0.587)
Solid rain 1.118** 1.123** Municipal management — manure composting 8.870%*** -0.293
(0.374) (0.455) (2.463) (0.429)
Manure 0.869** 0.985** Training — manure composting 1.198 -0.714
composting (0.773) (0.621)
(0.383) (0.435) Municipal management -2.993%%* -0.458
Municipal 0.647 0.103 (1.070] (0.439)
management Training — municipal management -3.769%** 0.0213
(0.409) (0.930) (1.188) (0.437)
Training 0.879%* 0.531 Continued.
(0.419) (0.382) (RPL2) (RPL4)
Farmer’s cost- 0.005%** Training -10.237%** 0.461
share (0.001) (2.798) (0.473)
payment (US Cost-share payment — status quo -0.028%**
$ha™) (0.007)
Panel C: Total observations and goodness of fit. Cost-share payment — solid rain 0.003
Observations 1176 1176 1176 1176 1176 (0.002)
Log-Likelihood -295.2 -285.2 -302.4 -291.7 -367.1 Cost-share payment — manure composting -0.019%**
AIC 614.5 624.5 626.8 625.5 746.3 (0.005)
BIC 675.3 761.25 682.6 732 776.7 Cost-share payment — municipal management -0.006**
Note: Standard errors in parentheses. * p < 0.10, * * p < 0.05, * ** p < 0.001. Cost-share payment — training (88852”
Ignore signs on the standard deviation coefficients. (0.003)
@ Using the average plan’s implementation cost. Cost-share payment 20.011%%*
Source: own elaboration. (0.003)

RPL1 and RPL2. The CL specification yields a positive but insignificant
estimate for the status quo. In addition, all four RPLs and the CL yield
positive and statistically significant preferences for solid rain and
training. Preferences for manure composting are negative in all five
models but statistically significant only in RPL2, and a similar pattern is
evident for municipal management. Consistent with economic theory,
the price coefficient is negative and statistically significant at 99%
confidence across all models.

In Table 4, panel B reports the standard deviation of utility param-
eters for RLP1 and RPL3. The statistical significance and the magnitude
of the standard deviation coefficients of status quo, solid rain, and
manure composting indicate the presence of high levels of unobserved
preference heterogeneity. Table 5 reports the elements of the lower-
triangular covariance matrix of utility parameters for RPL2 and RPL4.
The significance of these Cholesky elements confirms unobserved pref-
erence heterogeneity. We do not compute correlations directly, but the
signs of these elements indicate the direction of these correlations. For
instance, using RPL2 specification, we observe that status quo has a
negative correlation with solid rain, training, and cost-share payment.
While solid rain is positively correlated with manure composting and
municipal plastic waste management. Finally, we also see that cost-
share payment has a negative correlation with manure composting,
municipal and training.

Given the magnitude and statistical significance of variance and
Cholesky parameters documenting unobserved heterogeneity in

Note: Standard errors in parentheses. * p < 0.10, * * p < 0.05, * ** p < 0.001.
Ignore signs on the standard deviation coefficients.
Source: own elaboration.

preferences, it is not surprising that all four RPLs outperform CL, as
reflected by both AIC and BIC (see panel C in Table 4). Among the four
RPLs, RPL1 has the highest performance concerning AIC and BIC. Of the
two empirical models that align with economic theory by keeping the
price parameter fixed (i.e., RPL3 and RPL4), RPL3 outperforms RPL4
regarding BIC, and performs only slightly worse than RPL4 in terms of
AIC. Comparison of the statistical fitness of the RPLs thus suggests that a
lack of correlation among the parameters is empirically preferred in our
data, as assumed in RPL1 and RPL3.

3.3. Willingness to pay estimates

Table 6 displays estimates of WTP arising from the five specifications
reported in Table 4. We mostly focus on WTP arising from RPL1 and
RPL3. Statistically significant and positive WTPs for solid rain adoption
and training for conflict resolution and cooperation are consistent across
models. For instance, findings from RPL3 indicate that farmers are
willing to pay US$170 ha'! for the adoption of solid rain, which repre-
sents 26.15% of its implementation cost (or, 14.86% of average imple-
mentation cost), and US$244 ha™! for training.

Table 7 reports WTP by subsamples based on heads of cattle (<10,
and >=10) and farm size (<4 ha, and >=4 ha) that reflect the size of
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Table 6
WTP estimates and 95% confidence interval (US$ ha™).

WTP (RPL1) (RPL2) (RPL3) (RPL4) (CL)

Status quo -224.36  -273.42  -91.88 -194.62  22.69
Mean

Lower -392.85  -337.55 -344.65 -417.57  -230.40

Upper -55.86 -209.28  160.89 28.32 275.79

Solid rain

Mean 146.90 138.97 169.86 131.00 263.68
Lower 46.53 80.41 33.87 -24.11 103.82

Upper 247.26 197.53 305.85 286.10 423.54

Manure composting

Mean -56.99 -82.86 -96.69 -110.71 -77.22
Lower -147.91 -143.57  -215.73  -248.87  -201.52

Upper 33.91 -22.15 22.35 27.46 47.09

Municipal management

Mean -53.49 -76.28 -85.31 34.45 -98.39
Lower -138.69  -117.51  -197.13  -106.10  -232.24

Upper 31.70 -35.05 26.52 175.00 35.47

Training

Mean 211.61 52.43 244.22 127.42 312.3
Lower 110.83 -2.37 121.47 -14.83 152.02

Upper 312.39 107.23 366.97 269.66 472.58

Source: own elaboration.

Table 7
WTP and 95% confidence interval (US$ ha™) from RPL1, by size of production
unit.

Head of cattle Farm size
WTP <10 > =10 < 4ha > =4ha
Status quo
Mean -199.278 -223.638 -226.358 -230.668
Lower -546.661 -349.528 -452.804 -275.170
Upper 148.106 -97.748 0.087 -186.166
Solid rain
Mean 115.891 137.015 151.530 98.040
Lower -42.420 38.239 -0.430 62.784
Upper 274.202 235.790 303.490 133.297
Manure composting
Mean -17.957 -83.763 -134.651 -24.507
Lower -163.629 -170.011 -265.432 -56.480
Upper 127.715 2.484 -3.870 7.466
Municipal management
Mean 21.916 -116.959 -16.955 -103.454
Lower -114.876 -208.531 -141.418 -126.608
Upper 158.708 -25.387 107.508 -80.301
Training
Mean 195.198 161.671 188.966 138.195
Lower 30.667 74.366 63.911 109.852
Upper 359.728 248.976 314.021 166.537

Source: own elaboration.

each production unit. We chose RPL1 following goodness-of-fit tests (see
Ghosh et al., 2013). The findings are consistent across both subsamples.
While smaller farmers have an insignificant negative WTP for the status
quo, larger farmers have a significantly negative WTP for the status
quo—ranging from US$230 to US$224 hal. This finding reflects a
greater disutility among the larger farmers. Similarly, while a positive
WTP for solid rain exits for all subsamples, it is only among bigger
farmers that this WTP is statistically significant, ranging from US$98 to
US$137 ha'l. In contrast, the results demonstrate a significant and
positive WTP for training in all subsamples.

Finally, farmers have provided their preferences for which financial
institutions should share the cost of implementation. Public financial
institutions such as BanEcuador (57.14%) and CFN (12.25%) are the
most preferred, followed by private banks (14.29%), and other entities
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such as saving and credit cooperative (19.39%).'*
4. Discussion

Our findings illustrate that the status quo —-low adoption rate of water
conservation practices— does not necessarily imply disutility, particu-
larly among smaller farmers. We offer two reasons for this finding: 1)
given financial barriers and uncertainties, exacerbated by the current
pandemic, producers may be avoiding the addition of new practices and
costs to their production process; and 2) some of the practices are not
well known, and farmers may not have completely understood our
explanation of these hypothetical alternatives. In this case, the status
quo would become the best option. This second reason will lead to
forthcoming research in which we will attempt to empirically measure
the relationship between farmers’ choices and financial literacy. We use
financial literacy as a proxy of farmers’ understanding of complex
scenarios.

Our findings strongly suggest that farmers are interested in two
practices: solid rain and training courses for water governance
improvement. First, given the inefficient use of water in Mejia, farmers
demand improved irrigation systems. Although solid rain is not yet well
known in our study area, farmers, especially larger farmers, showed
strong interest in experimenting with this technique. In fact, the litera-
ture discusses how farmers assign intrinsic values to water that exceed
irrigation water prices (Alcon et al., 2014; Mu et al., 2019; Rigby et al.,
2010; Salman and Al-Karablieh, 2004), providing insights into the po-
tential for incentive-based mechanisms to increase farmers’ adoption of
efficient irrigation technologies.'®

Second, water governance is weak in our study area, which opens the
door to water conflicts. Thus, our producers seem to be interested in
strategies that would help them establish rules and form cooperation
initiatives. The existing literature supports preferences over cooperative
behavior among farmers. For example, this behavior occurs in a
collaborative insurance scheme in Central Mexico (Colin-Castillo et al.,
2022), in collective participation in an agri-environmental scheme in
Spain (Villanueva et al., 2015), or in the local management of an irri-
gation system in South Africa (Saldias et al., 2016). In addition, local
communities are willing to associate with external agencies to improve
governance, for instance, in the implementation of climate change
adaptation schemes (Nthambi et al., 2021). This also supports our pro-
posal that external agencies could offer training courses.

In this context —i.e. given that our respondents are interested in
efficient irrigation technologies and open to improve their water gov-
ernance—, we see an opportunity to build a water governance that
prevents the undesirable rebound effect. This effect refers to the po-
tential that adoption of efficient technologies does not necessarily bring
lower use of resources because adopters may end up using such efficient
technologies at higher rates to the point that efficiency is over-
compensated and resources en up used at higher rates than before
adoption of efficient technologies. In this respect, Sainz-Santamaria and
Martinez-Cruz (2019) document that experts in agronomy and hydrol-
ogy do not expect that widespread adoption of efficient irrigation
(sprinkler or drip technologies) would substantially reduce aquifer
overdraft in Aguascalientes, Mexico. The authors point out that these
expectations are coherent with previous economic studies documenting
that adopters increase irrigated area after technology adoption, and
switch to crops that use water more intensively. Thus, findings in this
paper open the possibility of further researcher aiming to take

14 Shares of agricultural loans are 49.36% for public institutions and 50.64%
for private banks (MAG, 2020).

15 prior research also reports preferences for improved irrigation technologies
such as drip, gravity, soil moisture monitoring, drainage management, among
others (Abebe et al., 2020; Aydogdu and Bilgic, 2016; Houessionon et al., 2017;
Khachatryan et al., 2019; Ogonna Olive and Kingsley David, 2021).
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advantage of dairy farmers’ interest on improvement of water gover-
nance to foresee mechanisms preventing rebound effects from adoption
of efficient technologies —this topic deserves further exploration both for
academic purposes and for public policy relevance.

Two practices were not preferred, and farmers would even demand
payment for their adoption. The first, manure composting, implies
additional costs and the construction of a composting site, which re-
duces space for other farming activities (some of these farms cover less
than 1 ha). Potential increases in labor cost, and low prices for fertilizers
such as urea and diammonium phosphate in previous years (Baffes and
Chian Koh, 2019), may provoke farmers’ unwillingness to adopt manure
composting even when it yields monthly savings. Our finding differs
from the conclusion drawn by Tur-Cardona et al. (2018) that livestock
producers in seven EU countries are willing to pay prices for manure
composting of up to 41.3% more than the cost of chemical fertilization.

The second non-preferred practice, municipal management, does not
involve an implementation cost, but Mejia’s municipality would charge
an additional fee for managing solid waste. One reason for a negative
preference is that as bigger electricity consumers, larger farmers might
observe a higher increase in their bill than smaller farmers. Another
reason is an option not explored in our DCE, the public-private man-
agement. For instance, study cases show farmers’ willingness to pay for a
public-private management between US$1,68 and US$4.22 per month
(see Omotesho et al., 2016; Rahji and Oloruntoba, 2009). Thus, our
sampled farmers did not see this option as an attribute level and then,
status quo became their desired alternative. Indeed, we may need more
research on other levels of this attribute.

Differences between our findings and previous findings may reflect
context-specific preferences —e.g., preferences of farmers in developed
countries versus preferences of farmers in a developing country. How-
ever, we cannot exclude the possibility that the lack of attribute’s sta-
tistical significance that we are interpreting as lack of farmers’
preferences is due to the size of our sample. Orme (2010)’s rule of thumb
has suggested a sample size of 187 but we have collected data from 98
respondents due to COVID-19-related challenges. Thus, it is plausible
that an increase in data yields statistically significant parameters for the
attributes that we are documented as of no interest for our respondents.

Indeed, WTP estimates in this paper have been obtained amid the
COVID-19 pandemic. Whether and by how much these estimates may
differ from those obtained in post-pandemic times become relevant
research questions —relevant from a public policy perspective but also
from a purely scientific perspective. In this respect, we plan to explore
potential differences in the near future. In addition, we wish to direct the
reader’s attention to previous evidence suggesting that estimates of
stated WTP remain stable in context of economic recessions —which is
how the pandemic can be translated into a macroeconomic event
(Krugman, 2020). Keeping in mind that goods under valuation and
contexts are different in comparison to our study, Martinez-Cruz and
Ntnez (2021) have reported that stated WTP for renewable energies
have change only slightly once an economic recession has occurred in
developed countries —research on this issue has yet to be carried out in
developing countries.

5. Conclusions

Our findings are relevant for policymakers and researchers interested
in promoting water conservation practices among dairy farmers in
Ecuador and other developing countries, particularly in Latin America.
The first finding that we highlight is the disutility that Mejia’s larger
farmers report for the status quo. This result implies that a change in
current management practices would deliver an increase in utility
among larger farmers. In this sense, solid rain and training courses for
conflict resolution and cooperation would deliver an improvement in
the welfare of larger producers. It is also consistent in our case study that
manure composting is not in demand among our farmers.

The story is less straightforward in the case of solid rain and
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municipal waste management. While smaller farmers seem to have zero
WTP for municipal management, larger farmers report disutility, a result
which holds across all sizes of production units. Overall, WTP for solid
rain is positive and significant across model specifications, but smaller
farmers are not interested in this irrigation technique, while larger
farmers report positive preferences. Thus, field experimentation is
required for the adoption of this improved irrigation system.

Such heterogeneity in preference is intuitive. Larger farmers would
likely benefit more from solid rain than smaller farmers, which trans-
lates into a higher WTP. Simultaneously, the relatively homogeneous
preferences for the status quo and training on conflict resolution and
cooperation are informative. Farmers—of all farm sizes-demanding a
change in status quo conditions is consistent with their demand for
assistance in handling likely conflicts in the current context. These re-
sults are expected, given the inefficient water use in our study area and
the risk of water conflict due to weak water administration. Local uni-
versities or NGOs through community engagement programs can play an
essential role in helping water users develop cooperative behaviors and
resolve conflicts (Handayani et al., 2022; McKinney and Thorson, 2015;
Wingfield et al., 2021). In fact, Ecuadorian universities require intern-
ships in some of their academic programs. For instance, last-year law
school students, supervised by their professors, can impart training
courses or legal advice on cooperation and conflict resolution strategies.
For this policy action, we can learn from FONAG’s projects that address
legal framework, technical assistances, governance, conflict resolution,
and son on (FONAG, 2020, 2007). Finally, environmental law clinics
would allow students to offer counsel to facilitate the resolution of
problems between water users.

Our results show that farmers are interested in solid rain. However,
their WTP only covers a portion of its implementation cost. Conse-
quently, cost-sharing schemes could facilitate the adoption of this
technology or other conservation practices that satisfy the Ecuadorian
government’s guidelines for livestock BMPs (Agrocalidad, 2012). In fact,
there are different cases of cost-sharing programs in Ecuador such as
30% subsidy within the cattle repopulation and genetic improvement
program (MAG, 2016), the 80% subsidy for certified seeds and fertil-
izers, among other commodities (ElTelegrafo, 2017), or the 50%, 70%,
or 90% subsidy for operating costs in forest conservation (MAE, 2013).
Farmers with financial aid could overcome implementation risks and
current financial barriers, and where cost-sharing schemes can have
long-lasting effects on farmers’ livelihood (Hossain et al., 2022). Poli-
cymakers should devise cost-sharing plans, based primarily on the
farmers’ profiles and needs, to reduce high implementation costs. DCE is
a tool that can provide ex-ante information about farmers’ preferences
for different sustainable practices, and thus help agricultural authorities
make informed decisions when implementing agricultural adoption
programs.
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