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Abstract. On a climate change scenario, a discrete choice experiment was applied to 
elicit the trade-off values for three environmental impacts of current viticultural man-
agement practices in vineyards of Mendoza, Argentina. Water availability for other 
uses was found to be the most concerning topic for the population, followed by use 
of chemical fertilizers and then by use and conservation of biodiversity. An increase of 
one percentage point in water availability was estimated to add each citizen on aver-
age 13.05 Argentinean pesos – 0.74 US dollars – per year in terms of increased wel-
fare, a figure equivalent to the welfare drop a citizen would experience after an increase 
of 1.45 percentage points in the use of chemical fertilizers annually per hectare, or a 
decrease of 2.69 percentage points in the use and conservation of biodiversity. These 
trade-off values may help policy makers, planners, regional managers, and ecologists to 
take social preferences into account in setting resource allocation priorities intended to 
support viticulture. This study approach provides a framework that could guide similar 
assessments in other regions.

Keywords: viticultural management practices, climate change, discrete choice experi-
ment, human welfare effects of environmental-impact choices.

1. INTRODUCTION

Viticulture is one of the most important agricultural activities in the 
central west region of Argentina. At the foot of the Central Andes, the 
Mendocinian vineyards cover a total crop area of 155,900 ha, the largest 
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in Argentina (INV, 2018).1 In Mendoza, viticulture has 
been developed, like in many other viticultural zones 
of the region, since the end of the XIX Century, initi-
ated by European immigrants (Lacoste, 2003). Its green 
and vast vineyards are well known not only because of 
its productive economic value, but also because of its 
cultural and identifying values (Montaña, 2007).

The region is characterized by its arid and semi-
arid climate, with an annual average rainfall of 220 
mm. Due to the dry weather, water availability in Men-
doza is a determining factor, most of the Mendocinian 
agricultural and urban areas are reduced to small por-
tions of its territory (Figure 1. a: Oases and non-irrigated 
land). These oases were built upon an irrigation system 
of ditches and canals which strictly takes into account 
the topography of the place. This system makes the most 
of the water coming from the mountain rivers, whose 

1 One hectare contains approximately 2.47 acres.

streamflow is a result of the fusion between the snow 
and the Andean glaciers (Morábito et al., 2007).

Vineyards, on average, use 45% of the water avail-
able in the oases of the province. About 53% is available 
for industrial use, public use –green spaces and urban 
trees– and watering of crops other than vineyards. The 
percentage of water supply for the population, cur-
rently estimated at 2%, completes 100% of the water 
availability in the oases.2 The exploitation of irrigation 
water depends mainly on the irrigation system adopted. 
Almost 90% of the Mendocinian vineyards use the tra-
ditional surface irrigation system with an estimated irri-
gation efficiency of 39% for a furrow system with drain 
and 67% for a furrow system without drain. Whilst in 

2 However, to the effects of the empirical application developed below, 
the percentage of water supply for the population is not contemplated 
within the 53% of water available in the oases after using it for the vine-
yards, given that Mendoza Water Law 1884, still applicable, prioritizes 
population´s supply against any other uses (DGI, 2016).

Figure 1. Farm units with grape cultivation (a) in the oases of Mendoza province and (b) in the Mendocinian Northern Oasis (source: Own 
elaboration based on data obtained from National Sanitary Registry  of Agricultural Products (RENSPA) and cartography of the Territorial 
Environmental Information System (SIAT) and National Geographic Institute (IGN)). The darkened areas are farm units with grape cultivation.
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the rest of the vineyards, the estimated efficiency varies 
between 82% and 90% as a result of the implementation 
of water-saving technologies such as the drip irrigation 
system (Morábito et al., 2007; Schilardi et al., 2015).

In the last seven years, there has been a substantial 
deficit in the water balance of the mountain rivers in 
Mendoza (Castex et al., 2015). This hydrological deficit is 
the result of a decrease in the snowfall and the retreat 
of the glaciers caused by an average global warming 
between 0.6 and 0.7°C (IPCC, 2013; Boninsegna, 2014; 
Poblete and Minetti, 2017). In the upcoming decades, 
this phenomenon is expected to aggravate as a conse-
quence of a predictable increase in the average tem-
peratures of the Central Andes (Cabré et al., 2016). This 
increase in temperature will drastically raise the regional 
evapotranspiration, it will alter the relations between 
rainfall and snowfall and it will modify the seasonal dis-
tribution of the runoff of the mountain rivers (Villalba, 
2009; Lauro et al., 2019). Global warming and the cur-
rent and future hydrological deficit will, undoubtedly, 
have important consequences on the availability of this 
resource unless there is a more efficient use of the water 
coming from the mountain rivers (Castex et al., 2015). 
A decrease in the availability of water will probably lead 
to an increased competition in the oases, compromising 
the current vineyard surface. That is, unless vineyards 
can make use of the water destined for other purposes 
(industrial use, public use – green spaces and urban 
trees – and the watering of crops other than vineyards; 
hereinafter, water availability for other uses).

In line with global warming, weather simulations 
indicate that by the end of the present century there will 
be changes in the rainfall patterns on the plains located 
at the foot of the Andes (Boninsegna, 2014; Deis et al., 
2015). An important increase in the frequency of sum-
mer precipitations is expected, mostly associated with 
severe convective storms (Castex et al., 2015; Cabré et 
al., 2016). The effect of rainfall is complex since crops 
respond differently depending on the type of precipita-
tion and the soil management practices. Practices like 
applying manure and compost and the use of cover 
crops provide nutrients and organic matter, improv-
ing the structure and fertility of the soil (Miglécz et al., 
2015). Experimental studies in the vineyards of Mendoza 
have reported benefits in the conservation of the soil as 
a result of cover crops used as green manure (Uliarte 
et al., 2013; Martínez et al., 2018; among others). How-
ever, the vast majority of the vineyards in Mendoza 
keeps their soils without vegetation cover throughout 
most of the year. More intense rainfall, as predicted for 
the upcoming years, can contribute to soil loss, reduc-
ing its nutrient content and organic matter. This reduc-

tion decreases the size and stability of the soil aggregates 
and, together with the lack of vegetation cover, reduces 
water infiltration and increases superficial runoff (Powl-
son et al., 2011). All of this leads to soil erosion and an 
increase use of fertilizers in an attempt to keep the same 
crop yield (Pérez Vázquez and Landeros Sánchez, 2009). 
Currently in Mendoza, it is estimated that per year per 
hectare, an average of 80% of nutrients replenishment in 
the vineyards is achieved with the use of chemical fer-
tilizers (van den Bosch, 2017). In the upcoming years, 
an increase in the use of chemical fertilizers in order to 
avoid a decrease in crop yield is expected as a result of 
the current soil management practices and the predicta-
ble changes in the frequency and intensity of the precipi-
tations on the plains. However, the overuse of fertilizers 
can cause groundwater contamination from infiltration 
of fertilizers or carry-over contamination of fertilizers 
to surface water course (Meier et al., 2015). There have 
been reports of cases of water contamination caused by 
nitrates associated with excessive use of fertilizers in 
crops on the Central Oasis (Morábito et al., 2011; Sala-
tino et al., 2017; among others).

Field studies show that global warming and glob-
al CO2 concentration have an effect on the popula-
tion dynamics of the organisms that attack the crops as 
well as on their natural enemies (Hamada and Ghini, 
2011; Karuppaiah and Sujayanad, 2012; among others). 
Vázquez (2011) has reported an alteration on the popu-
lation dynamics of common pests as well as changes in 
their period of emergence, appearance of new pests and 
a reduction of natural enemies. This shows that global 
warming together with concentration of CO2 can cause 
phytosanitary problems and reduce the efficiency of the 
chemical control methods. In Mendoza, this phenom-
enon can be aggravated as a consequence of a raise in 
summer precipitations. Traditional crops such as vine-
yards can be affected by a higher occurrence of crypto-
gamic diseases (Villalba, 2009; Deis et al., 2015).

The use and conservation of biodiversity in crops 
not only make them less vulnerable to weather vari-
ations, but also can contribute to an effective control 
of pests and diseases through its natural or biological 
management (Nicholls Estrada, 2008). A diverse and 
complex crop system facilitates the necessary environ-
mental conditions for the development of pests’ natural 
enemies, making the agroecosystem generate its own 
natural protection (Rolando et al., 2017). It is estimated 
that, in Mendoza, only 2% of vineyards cultivated area 
utilizes and conserves biodiversity with cover crops 
and patches of native vegetation, which are maintained 
to provide habitat for natural enemies and local fauna 
(SENASA, 2017). This indicates that pesticides employed 
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for the control of pests and diseases are more widely 
used than biological management practices. It is fore-
seen that in the next few years there will not be any 
significant changes in the use and conservation of bio-
diversity on the vineyards cultivated area of Mendoza, 
despite being widely well documented in the literature 
that the massive use of pesticides may reduce environ-
mental quality (Turgut, 2007; Di Lorenzo et al., 2018; 
among others) and decrease the species diversity in the 
agroecosystems, modifying their stability and resilience 
(see, among others, Moonen and Bàrberi, 2008; Kremen 
and Miles, 2012).

Consequently, and in line with the above-mentioned 
literature, viticulture in the region faces new challenges 
due to global warming that must be considered in the 
design of its agricultural practices. Lower water avail-
ability for other uses, increased use of chemical fertiliz-
ers, and a non-significant change in the use and conser-
vation of biodiversity are three of the most pronounced 
and environmentally concerning consequences of non-
adaptive management practices to climate change in the 
vineyards of Mendoza.

According to the aforementioned results conduct-
ed on the vineyards of Mendoza (Uliarte et al., 2013; 
Castex et al., 2015; Martinez et al., 2018) and the cur-
rent knowledge on the efficiency of the irrigation meth-
ods (Morábito et al., 2007; Schilardi, 2015), on changes 
in the precipitation patterns (Boninsegna, 2014; Deis 
et al., 2015), and on population dynamics of pests, dis-
eases and natural enemies (Hamada and Ghini, 2011; 
Vázquez, 2011; Deis et al., 2015), we hypothesised a pos-
sible temperature-change scenario by 2050, which we 
will refer to as the ‘‘do-nothing’’ or ‘‘business-as-usual’’ 
(BAU) situation. Considering the three mentioned vari-
ables – water availability for other uses, use of chemi-
cal fertilizers, and use and conservation of biodiversity 
– the changes from current average values to new val-
ues in 30 years’ time were estimated subject to: (i) an 
increase in annual mean temperature by 2°C, (ii) a rise 
in precipitations on the plains from 200mm to 250mm 
per year, and (iii) a 10% decrease in snow accumulation 
in the Andes per year –figures in the medium range of 
the predicted change reported by multiple general cir-
culation models for the region over the period of 2071-
2100 (IPCC 2013; Boninsegna, 2014; Cabré et al., 2016; 
Poblete and Minetti, 2017).

Based on moderate interpretation of the above-men-
tioned literature and on expert opinions on viticulture 
and agricultural economics, the BAU situation assumed 
the following changes: the percentage of water avail-
ability for other uses, currently averaging about 53% in 
the Mendocinian oases, will drop to approximately 41%; 

chemical fertilizers, currently representing every year 
on average 80% of nutrients replenishment per hectare 
of vineyard, will raise to 95%; and finally the percentage 
of vineyards cultivated area that utilizes and conserves 
biodiversity, currently estimated on 2%, will not register 
any significant changes, only reaching 3%.3 

Nowadays, however, the human-welfare effects of 
these possible environmental changes are unknown. The 
information on the social significance of these possible 
changes can be useful for those involved in making deci-
sions and may be considered in setting resource alloca-
tion priorities intended to support viticultural practices 
for climate change adaptation. In order to explore this, 
a discrete choice experiment valuation exercise was con-
ducted to elicit the trade-offs perceived by Mendocinian 
citizens for changes in water availability for other uses, 
use of chemical fertilizers, use and conservation of bio-
diversity, and the willingness to pay for the adaptation 
of viticultural management practices to climate change. 
With this method the importance of these environmen-
tal changes can be expressed in monetary units and 
the extent to which citizens are willing to consent one 
change for another can be elicited (Hanley et al., 2002; 
Hensher et al., 2005; among others).

2. DISCRETE CHOICE EXPERIMENT

The label “discrete choice experiment” concerns to 
a survey-based valuation method consistent with welfare 
economic theory (Jones and Pease, 1997; Bennett and 
Blamey, 2001). This method, which belongs to the fam-
ily of stated preference methods, describes a hypothetical 
market with details of the good to be considered (Carson 
and Louviere, 2011). The good details encompass some 
of its characteristics, known as attributes. Depending 
on the proposed action, the attributes can differ in their 
quantity or quality level. Different level combinations of 
attributes, alongside with a suggested payment, set up an 
alternative. In a discrete choice experiment, respondents 
are presented with a series of alternatives –usually called 
choice set, comprising BAU and two or more alternatives. 
Then they are asked to choose their most preferred alter-

3 The decrease in the availability of water for other uses was estimated 
by considering that both current cultivated vineyard area and actual 
average percentage of irrigation efficiency will not register any signifi-
cant changes during the next 30 years (Morábito et al., 2007; Schilardi et 
al., 2015; DGI, 2016). The increase in chemical fertilizers was estimated 
according to experts’ opinions based on grape production models gen-
erated by the National Institute of Agricultural Technology (van den 
Bosch, 2017). The change in the use and conservation of biodiversity 
was estimated using the local trend in organic viticulture certification in 
Mendoza (SENASA, 2017).
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native (Hanley et al., 2002). A respondent can confront 
several successive choice sets throughout interview. In 
order to interpret the results in welfare economics terms, 
the BAU alternative must be included in each choice sets. 

The discrete choice experiment is based on Ran-
dom Utility Maximization (RUM) models (McFadden, 
1973). A succinct methodological description is provided 
below, whilst a more comprehensive one can be found in 
Farreras et al. (2017).

Under the RUM framework, the utility function for 
each respondent has the form:

Uij=Vij+εij (1)

Where Uij is individual i’s utility from choosing 
alternative j, Vij is the deterministic component of util-
ity, and εij is a stochastic element that denotes unobserv-
able motivates on individual choice (Manski, 1977). Usu-
ally, ε is assumed to be independent and identically dis-
tributed (iid) across alternatives and individuals.

The condition for individual i choosing a given 
alternative j over any alternative option k belonging to 
the set of alternatives A, can be expressed in probability 
terms, P, as:

Pij=P{Vij+εij>Vik+εik; ∀k≠j∈A} (2)

The choice probabilities can be predicted using dif-
ferent models. Most often, choice probabilities are esti-
mated using the Mixed Logit (ML) model. The most 
straightforward derivation, and most widely used in 

recent applications, is based on random coefficients 
(Train, 2009). Given that choice probabilities cannot be 
calculated accurately, they are approximated through 
simulation (Hensher and Greene, 2003).

3. EMPIRICAL APPLICATION

3.1 Choice Sets

Alternatives were defined by three non-monetary 
attributes – water availability for other uses, use of 
chemical fertilizers, and use and conservation of bio-
diversity –, and a monetary attribute in the form of an 
annuity to finance the adaptation of viticultural man-
agement practices to climate change.

Each attribute displayed four levels as shown on 
Table 1. The levels of water availability for other uses 
were described as an average percentage of water avail-
able in the oases for industrial use, public use – green 
spaces and urban trees – and the watering of crops other 
than vineyards. Likewise, the levels of use and conser-
vation of biodiversity were also expressed in percentages 
and were defined as the average percentage of the vine-
yards cultivated area with native vegetation strips and 
cover crops that promote the biological control of pests 
and diseases. The levels of both attributes were distrib-
uted between the expected values in the BAU situation 
and the values above the BAU levels. The levels of use of 
chemical fertilizers were also expressed in percentages 
and were defined as the average percentage of nutrients 

Table 1. Attributes and levels used in the choice questionnaire.

Attribute Description Levels

Water availability for other uses
The average percentage of water that is available in oases for 

industrial use, public use –green spaces and urban trees– and other 
irrigated crops other than vineyards in 30 years’ time.

· 41% (business-as-usual) 
· 53% (current level) 
· 65% 
· 76% 

Use of chemical fertilizers The average percentage of nutrients replaced with chemical 
fertilizers in the vineyards, per year per hectare in 30 years’ time.

· 95% (business-as-usual)
· 80% (current level) 
· 50% 
· 25% 

Use and conservation of biodiversity
The average percentage of vineyards cultivated area with native 

vegetation strips and cover crops that promote the biological control 
of pests and diseases in 30 years’ time.

· 3% (business-as-usual) 
· 10% 
· 25% 
· 50% 

Annual payment subject to 
adjustment for inflation†

The annual payment required per household over the next 30 years 
to finance the adaptation of viticultural management practices to 

climate change.

· 600 Argentinean pesos
· 400 Argentinean pesos
· 200 Argentinean pesos
· 0 Argentinean pesos (business-

as-usual and current level)

†Average exchange rate in spring 2017: 1 US dollar equals 17.54 Argentinean pesos.
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that are replenished in the vineyards, each year per hec-
tare, with chemical fertilizers. The levels of use of chemi-
cal fertilizers for scenarios different to BAU were defined 
below 95%. The levels of BAU for the non-monetary 
attributes reflected the estimated situation in 30 years’ 
time as a result of the use of non-adaptive management 
practices to climate change in Mendocinian vineyards, 
whilst the rest of the levels could be reached through the 
adaptation of viticultural practices to climate change. 
Focus groups confirmed that the temporal horizon of 30 
years was perceived as reasonable and did not show any 
credibility problems.

The levels of payment were determined based on dif-
ferent focus groups in which the participants stated the 
maximum quantity of money they would be willing to 
pay for the different scenarios. The extra cost for “do-
nothing” was zero. The monetary levels were expressed in 
Argentinean pesos subject to adjustment for inflation, to 
be paid per household each year, during the next 30 years. 

There were 81 (34) possible combinations of attrib-
ute levels or different alternatives, excluding the BAU 
levels, given that this situation does not vary. Since this 
universe was large, a statistically efficient choice design 
combining the attribute levels into alternatives and 
choice sets was constructed using NGENE (ChoiceM-
etrics, 2014), (Table 1). A D-optimal fractional facto-
rial design consisting of 27 alternatives was identified. 
The alternatives were randomly grouped into 9 blocks 
of three alternatives plus BAU. Each block of four alter-
natives corresponds to a choice set. The efficiency for 
the final design expressed as the Bayesian D-error was 
0.00148. A pilot exercise, used to complete the design 
process, confirmed that random combinations of the 
attribute levels posed no problems to participants and 
ensured the choice task adequacy.

The final version of the questionnaire included three 
different choice sets, which were randomly presented to 
each individual. Respondents were asked to pick within 
the choice set the alternative they preferred the most. 
Figure 2 reproduces a typical choice set.4

3.2 Questionnaire

The first part of the questionnaire focused on the 
presentation of the attributes. It described the current 
average level of each non-monetary attribute –water 
availability for other uses, use of chemical fertilizers, 
and use and conservation of biodiversity– in the Men-
docinian oases and the most reliable prediction of the 
average levels of each attribute in 30 years’ time (based 
on the working hypothesis that predicts a raise in tem-
perature and annual precipitations of 2°C and 50mm, 
respectively and a 10% snowfall reduction) (Table 1). 
Hence, the questionnaire showed, in the first place, the 
expected change in the three non-monetary attributes 
under the “do-nothing” or BAU situation.

Afterwards, respondents were explained that with 
the adaptation of viticultural practices to climate 
change, the BAU situation could be modified. These 
practices included the sustainable agricultural manage-
ment of water, soil and biodiversity such as the imple-
mentation of water-saving technologies, the substitution 
of chemical fertilizers for organic manure and cover 
crops used as green manure that additionally would 
allow, together with the conservation of native vegeta-
tion strips, the vineyards to generate its own protection 
against pests and diseases. Three alternative levels to 
BAU levels were presented for each non-monetary attrib-
ute indicating that the level each one of them would 
finally reach would depend on the quantity of money 
destined to finance the adaptation of the viticultural 
practices to climate change. In order to further familiar-
ize individuals with possible levels of change, and check 
for satiation within the levels segment, participants 
were then asked to indicate the preferred attribute level, 
regardless of the cost.

After the introduction of non-monetary attributes, 
the monetary compensation was described. It was stated 
that the local government was considering the possibil-
ity of financing the adaptation of viticulture to climate 
change. It was explained that the degree of adaptation 
would depend on the quantity of resources allocated to 
this end, which in turn would depend on the answers 
to the questionnaire. If, on average, the answers indi-

4 Given the sample size, each alternative was seen by an average of 70 
respondents in the whole survey.

Figure 2. Example of a choice set presented to respondents.
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cated that people were willing to pay some money for 
the adaptation of the viticultural practices to climate 
change, then the payments would be obligatory and 
would be charged annually to the citizens through a 
council tax. Some possible alternatives on the payment 
vehicles were tested on different focus groups. It was 
confirmed that the obligatory payment gathered by the 
council city through its tax was reasonable, credible and 
easily accepted by the interviewees; whilst other alterna-
tives on payment vehicles such as direct payment to an 
organization created to this end caused rejection for its 
lack of credibility.

The central part of the questionnaire focused on the 
choice tasks and a set of debriefing questions. The third 
and last part of the questionnaire was designed to gather 
socioeconomic data, such as income, gender, age, and 
level of formal education, among others. 

The survey was carried out in spring 2017. A repre-
sentative sample of the residents of the Northern Men-
docinian Oasis – which concentrates 58.20% of the total 
Mendocinian farm units with grape cultivation and in 
which more than half the total population of the prov-
ince lives – was interviewed face to face in the respond-
ents’ households (Figure 1. b). According to the National 
Institute of Statistics and Censuses (INDEC, 2010), the 
Northern Oasis has a population close to one million 
people. The total number of interviewees between the 
age of 24 and 80 was 226. The sample included residents 
in cities of more than 10,000 people randomly drawn – 
after weighting cities according to their population size 
– and were interviewed in blocks of 6. The selection of 
individuals within a block was conducted through a 
random-route procedure to find a household and then, 
within the household, a particular individual to fulfil 
a specific quota for age and gender. Around 90% of the 
people chosen accepted to be interviewed. All of them 
completed the choice tasks, which resulted in 678 valid 
observations –three sets of choice per person. From a 
social economic point of view, the sample and composi-
tion of the population were relatively similar (Table 2). 

The questionnaire was handed out in paper format 
and read by the interviewer. Each questionnaire came 
along with a set of coloured cards, which showed the 
attributes being valued. Each interview took approxi-
mately 30 minutes and no signs of fatigue or other obvi-
ous problems were detected. 

4. RESULTS

An ML model was determined to detect the relation 
between the levels of the attributes and the probability of 

the interviewees choosing certain alternatives. The speci-
fication of the ML model requires certain characteristics 
such as the selection of the parameters –attributes– that 
are going to be considered random and the distribution 
supposed to them. In this way, it was considered, in the 
first place, that the preferences of the interviewees for the 
three non-monetary attributes were heterogeneous and 
followed a triangular distribution whilst the preferences 
for the monetary attribute were considered homogene-
ous.5 However, the standard deviations of the non-mon-
etary attribute distributions were not statistically signifi-
cant, which shows that the preferences for these variables 
were homogeneous among the individuals of the sample 
(Table 3). The three non-monetary and monetary vari-
ables entered the regression expressed in the units of the 
respective attributes as they were described in Table 1.

The coefficient signs were as expected and most of 
the variables were statistically significant with a 95% lev-

5 Due to the higher probability of occurrence that some of the levels 
showed in relation to others considered. For the attributes water avail-
ability for other uses and use and conservation of biodiversity, the 
higher levels were the most selected ones within the range considered. 
Whilst for the attribute use of chemical fertilizers, the lower levels were 
the most chosen ones.

Table 2. Sample and population composition in the Northern Oasis.

Gender and age 
groups

Northern Oasis † 

(%)
Sample 

(%)

Women
Age 52.63% 54.21%

24–35 16.59% 16.82%
36–49 14.71% 13.55%
50–65 13.85% 14.49%
66–75 5.47% 6.54%
76–80 2.01% 2.80%

Men
Age 47.37% 45.79%

24–35 16.34% 18.22%
36–49 13.54% 10.75%
50–65 11.99% 12.15%
66–75 4.18% 2.34%
76–80 1.32% 2.34%

Income ‡ Argentinean pesos (at 
2017 prices)

Argentinean pesos
(at 2017 prices)

27,019 § 24,030

† INDEC 2010
‡ Brackets were used in the survey, making the comparison less 
accurate between the average monthly income of the Argentinean 
urban agglomerations and that of the sample.
§ Average monthly household income in the fourth quarter of 2017, 
according to INDEC 2017.
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el of confidence. The positive sign of the coefficients of 
water availability for other uses and of use and conser-
vation of biodiversity shows that Mendocinian citizens 
tend to prefer higher levels of these attributes to lower 
levels. This implies that the alternatives with higher per-
centages of water availability for other uses and of use 
and conservation of biodiversity are more likely to be 
chosen. On the contrary, the coefficient signs of use of 
chemical fertilizers and of payment were negative, which 
shows that higher levels of these attributes decrease the 
population welfare. 

Since the socioeconomic variables of the respond-
ent do not vary over alternatives, they can only enter the 
model if they are specified in ways that create differences 
in utility over alternatives (Train, 2009). With 4 alterna-
tives per choice set, one alternative-specific coefficient 
of income, gender and age variables entered the model, 
where three of the coefficients were normalized to zero 
(i.e., the three non-BAU alternatives were left out). The 
income data were collected in the survey using nine cat-
egories: no direct income; <8,060 Argentinean pesos; 
8,060–12,000; 12,001–17,000; 17,001–22,000; 22,001–
30,000; 30,001–40,000; 40,001–50,000, and >50,001 
Argentinean pesos. Thus, income entered the regression 
as a categorical variable reflecting the monthly earnings 
of the respondent’s household, with A being the alterna-
tive-specific. While, the gender entered the regression as 
a dummy variable, we coded females to be 0 and males 
to be 1; with A being the specific alternative. Finally, 
the age entered the regression as a continuous vari-
able reflecting the age in years of the individual, with A 
being the alternative-specific.

The negative sign of the coefficient of the vari-
able income indicates that the interviewees with higher 
incomes are less likely of choosing option BAU, i.e., they 
are more likely to pay for the adaptation of the viticul-
tural practices to climate change. On the other hand, 
the negative sign of the coefficient of the variable gen-
der indicates that women are more prone to choose an 
alternative other than BAU. Conversely, the positive 
sign of the coefficient of the variable age denotes that 
the older the interviewees, the more likely they would 
choose option BAU. This suggests that, on average, wom-
en, younger respondents, and respondents with higher 
income obtain greater utility from the adaptation of viti-
culture to climate change. 

Once estimated the parameters, the marginal val-
ues for each attribute can be inferred from the follow-
ing relation of regression coefficient, –βn/ βm, where βn is 
the coefficient of the attribute to be considered and βm 
represents the coefficient of the attribute in which units 
one wishes to express the value of the attribute of inter-
est (Hensher et al., 2005). These values show the mean of 
the marginal values of the population, in the units of the 
variable in which change wants to be expressed – per-
centage points or Argentinian pesos at 2017 price subject 
to adjustment for inflation. The marginal values for each 
attribute are illustrated in Figure 3. 

According to the respondents’ perception, for exam-
ple, in order to obtain an increase of one percentage 
point in the water availability for other uses, a represent-
ative Mendocinian citizen would, on average, be willing 
to consent (at most) an increase of 1.45 percentage points 

Table 3. Results of the mixed logit regression analysis.† 

Variable Coefficient
(Standard Error)

Random parameters in utility functions

Water availability for other uses
0.02062496***
(0.00586975)

Use of chemical fertilizers
–0.01422602***

(0.00289968)
Use and conservation of 
biodiversity

0.00767425*
(0.00451211)

Non-random parameters in utility functions

Annual payment
–0.00158077***

(0.00042721)

Income A
–0.50662382**
(0.23111555)

Gender A
–0.48969585**
(0.24946993)

Age A
0.02142159***
(0.00694294)

Derived standard deviations of parameter distributions

Water availability for other uses
0.06695391

(0.04430034)

Use of chemical fertilizers
0.620393D-04
(0.02512014)

Use and conservation of 
biodiversity

0.00016680
(0.03114923)

Log likelihood function –798.5422
Pseudo-R2 .131664
Observation 642

NB: 6% of respondents chose the BAU situation (annual payment of 
0 pesos) quoting reasons other than lack of value for the adaptation 
of viticulture to climate change, which could be considered as pro-
tests. After removing those observations, the quantitative analysis 
was performed on a subset of 214 respondents.
† Estimates were obtained using 1,000 random draws to simulate 
the sample likelihood.
***Significant at 1% level. 
**Significant at 5% level. 
*Significant at 10% level.
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in the use of chemical fertilizers, or a decrease of 2.69 
percentage points in the use and conservation of biodi-
versity, or to pay per household (at most) 13.05 Argen-
tinean pesos – 0.74 US dollars – annually during the next 
30 years. The confidence intervals for the marginal value 
of each attribute were calculated using the Krinsky and 
Robb procedure (1986) with 3,000 repetitions.

Likewise, these marginal values can also be use-
ful to elicit the trade-offs, as perceived by Mendocinian 

citizens, for expected changes if none or only some viti-
cultural practices are adapted to climate change. Assum-
ing a unitary price elasticity of demand, for example, 
the increased welfare that a citizen would experience, on 
average, as a result of an increase from 3% to 25% in the 
use and conservation of biodiversity is equivalent to the 
welfare drop he or she would experience after an increase 
from 80% to 91.85% in the use of chemical fertilizers. 
These social-welfare changes are inferred from Figure 3.

Figure 3. Marginal values for each non-monetary attribute (equiv-
alent to a one percentage point change). Values in relative units 
of attributes with their respective confidence intervals for (a) an 
increase of one percentage point in the water availability for other 
uses, (b) a decrease of one percentage point in the use of chemi-
cal fertilizers, and (c) an increase of one percentage point in the 
use and conservation of biodiversity. Non-monetary attributes are 
expressed as percentage points on the left-hand vertical axis, while 
the monetary attribute is expressed in Argentinean pesos (at 2017 
prices subject to adjustment for inflation) on the right-hand vertical 
axis. (a) An increase in the water availability for other uses of one 
percentage point– e.g., from 41% to 42% – offsets (1) an increase, 
on average, in the use of chemical fertilizers of 1.45 (0.55, 3.02 ) 
percentage points, the figures in parentheses denoting the limits 
of the 95% CI; (2) a decrease, on average, in the use and conser-
vation of biodiversity of 2.69 (1.05, 10.05) percentage points, the 
figures in parentheses denoting the limits of the 90% CI; and (3) 
the equivalent, in terms of welfare, of an annual expenditure per 
household, on average, of 13.05 (6.24, 27.28) Argentinean pesos 
[0.74 (0.35, 1.55) US dollars] over the next 30 years, the figures in 
parentheses denoting the limits of the 95% CI. (b) A decrease in the 
use of chemical fertilizers of one percentage point  – e.g., from 95% 
to 94% – offsets (1) a decrease, on average, in the water availability 
for other uses of 0.68 (0.33, 1.80 ) percentage points, the figures in 
parentheses denoting the limits of the 95% CI; (2) a decrease, on 
average, in the use and conservation of biodiversity of 1.85 (0.55, 
9.07) percentage points, the figures in parentheses denoting the 
limits of the 90% CI; and (3) the equivalent, in terms of welfare, 
of an annual expenditure per household, on average, of 9.00 (4.22, 
22.09) Argentinean pesos [0.51 (0.24, 1.26) US dollars] over the 
next 30 years, the figures in parentheses denoting the limits of the 
95% CI. (c) An increase in the use and conservation of biodiver-
sity of one percentage point  – e.g., from 3% to 4% – offsets (1) a 
decrease, on average, in the water availability for other uses of 0.37 
(0.03, 0.73) percentage points, the figures in parentheses denoting 
the limits of the 90% CI; (2) an increase, on average, in the use of 
chemical fertilizers of 0.54 (0.03, 1.30) percentage points, the fig-
ures in parentheses denoting the limits of the 90% CI; and (3) the 
equivalent, in terms of welfare, of an annual expenditure per house-
hold, on average, of 4.85 (0.39, 8.27) Argentinean pesos [0.28 (0.02, 
0.47) US dollars] over the next 30 years, figures in parentheses 
denoting the limits of the 90% CI.

** 95% confidence interval.
 * 90% confidence interval.
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5. DISCUSSION AND CONCLUSIONS

This research intends to contribute to a deeper and 
further discussion on the way of managing the relation 
between agriculture and the conservation of the environ-
ment and natural resources. On a climate change scenar-
io, the monetary value of sustainable agricultural manage-
ment practices in Mendocinian vineyards was estimated.

The valuation exercise results show that Mendocin-
ian citizens are willing to pay for the adaptation of viti-
cultural management practices to climate change. This 
result is in line with the findings of Riera et al. (2007), a 
study that elicited the trade-off values for three climate-
sensitive attributes – plant cover, fire risk, and soil ero-
sion – of Mediterranean shrubland. They found that 
Catalan citizens were willing to finance programs that 
might mitigate climate-change impacts on shrublands. 
Arora et al. (2017) also reached similar findings for rice 
cultivation in India. Using the discrete choice experi-
ment, they found that farmers were willing to pay a sig-
nificant premium for reducing the abiotic stresses, such 
as droughts and flood, induced by climate change. Simi-
lar conclusions from climate change adaptation in cul-
tivated areas were found by Waldman and Richardson 
(2018). They looked into the Malian farmers’ valuation of 
hybrid-perennial sorghum technologies that might facili-
tate adaptation to climate change. Although not specifi-
cally dealing with climate change adaptation, Sellers-
Rubio and Nicolau Gonzalbez (2016) and Lanfranchi et 
al. (2019) found that individuals were willing to pay for 
implementation of sustainable wine production meth-
ods. Using a contingent valuation method, Sellers-Rubio 
and Nicolau Gonzalbez (2016) looked at the non-market 
value of these production methods in Spain, while Lan-
franchi et al. (2019) estimated the willingness to pay of 
Sicilian consumers for a sustainable wine.

Our findings also suggest that, on average, wom-
en, younger respondents, and respondents with higher 
income are more prone to choose an alternative other 
than BAU. That is, they are more likely to be willing to 
pay for the viticultural adaptation to climate change, a 
result consistent with welfare economic theory and expec-
tations. These findings have also been reported in several 
other studies which show consumer’s general interest 
towards environmental-friendly wine production methods 
(see, among others, Sellers-Rubio and Nicolau Gonzalbez, 
2016; Pomarici et al., 2018; Lanfranchi et al., 2019). 

As well, our research provides results not only in 
monetary units, but also in the units of the other attrib-
utes considered (Figure 3). These trade-off values provide 
useful information for both private sector and policy 
makers. For instance, those involved in making deci-

sions may wish to set resource allocation destined to 
finance viticultural practices prioritizing the balance 
among water availability for other uses, use of chemi-
cal fertilizers, and use and conservation of biodiversity, 
as expressed by citizens. Moreover, these social values 
expressed in monetary units can be useful for planners 
and regional managements to evaluate whether the ben-
efits of a given policy outweigh its costs. Likewise, the 
results suggest that citizens are prepared to invest on 
sustainable agricultural management on private land, 
a result also found in Yao and Kaval (2010). Thus, the 
estimated values of the environmental impact reduction 
of viticulture may be useful not only for future govern-
ment policy decision making, but also to be incorpo-
rated in the market goods price. For instance, the esti-
mated value of an additional percentage point in the 
water availability for other uses could indicate the price 
premium that a citizen would, on average, be willing to 
pay (at most) for each wine glass produced with water-
saving technologies. In this context indeed, an analy-
sis of young consumers’ preferences for wines labelled 
with a water saving claim was conducted by Pomarici et 
al. (2018). This study revealed that on average consum-
ers are willing to pay an extra of half a dollar or more 
for water saving labelled wines. Others studies have also 
shown that consumers are willing to pay a premium 
price for wines with sustainable production character-
istics (Barreiro-Hurlé et al., 2008; Mueller and Remaud, 
2010; Schäufele and Hamm, 2017; among others). 

Water availability for other uses was found to be the 
most concerning attribute for the population considering 
the expected changes under the “do-nothing” situation. 
This finding is consistent with the answers to an explic-
it question on the relative significance of the attributes. 
As show in Table 4, water availability for other uses was 
the attribute that three quarters of all respondents had 
in mind when deciding on the contingent choices. This 
information denotes a certain consistency with the results 
followed from marginal rate of substitution (Figure 3).

Even though there was not an explicit question that 
discloses the reason of this preference, the province of 
Mendoza has been on hydrological emergency for the 
last seven years. Hydrological emergency is an issue 
frequently mentioned on the news and the population 
is constantly being asked to make a rational and care-
ful use of water. This result is also in line with the find-
ings of Farreras and Lauro (2016), a study that dealt with 
the valuation of possible environmental waste landfills 
impacts in Mendoza. They used a discrete choice experi-
ment to value different attributes – water quality, air 
quality, and vector-borne diseases –. Water quality was 
defined as the resource aptitude to be used in the fol-
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lowing possible uses: (i) domestic, (ii) agricultural, (iii) 
industrial, and (iv) recreational. An attribute in common 
between their paper and ours is that related to water 
availability, which was found to be the most valuable 
attribute. 

Concerning biodiversity valuation, there is some 
disconcert reflected in the relatively modest statistical 
significance of this attribute. This seems to reflect a lack 
of a priori well-formed preferences of some respond-
ents. Whereas some people were sure about the impli-
cations of changes in biodiversity to themselves, other 
respondents were not so sure. A similar conclusion has 
been reached by Lienhoop and MacMillan (2007), Szabó 
(2011), among others, who have reported the prevalence 
of unformed or ill-formed preferences for non-marketed 
public goods, such as biodiversity which is often complex 
and unfamiliar.

In short, this study displays that the welfare of Men-
docinian citizens is expected to drop in line with the 
environmental impacts predicted to occur as a result 
of the non-adaptive viticultural management prac-
tices to climate change. The most socially concerning 
topic is water availability for other uses, followed by 
use of chemical fertilizers and then by use and conser-
vation of biodiversity. From a social point of view, this 
result implies that agricultural practices that are more 
focused on sustainable water management are the ones 
that increase welfare to citizens the most. This informa-
tion can be useful for policy makers, planners, regional 
managers, and ecologists in order to take social prefer-
ences into account in setting resource allocation priori-
ties intended to support viticulture. Finally, this study 
approach provides a framework that could guide similar 
assessments in other regions.
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