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Choice Experiment Approach on Evaluation of
Non-Market Farming System Outputs: First Results
from Lithuanian Case Study

A. Novikova, L. Rocchi, G. Startiene

Abstract—Market and non-market outputs are produced jointly
in agriculture. Their supply depends on the intensity and type of
production. The role of agriculture as an economic activity and its
effects are important for the Lithuanian case study, as agricultural
land covers more than a half of country. Positive and negative
externalities, created in agriculture are not considered in the market.
Therefore, specific techniques such as stated preferences methods, in
particular choice experiments (CE) are used for evaluation of non-
market outputs in agriculture. The main aim of this paper is to present
construction of the research path for evaluation of non-market
farming system outputs in Lithuania. The conventional and organic
farming, covering crops (including both cereal and industrial crops)
and livestock (including dairy and cattle) production has been
selected. The CE method and nested logit (NL) model were selected
as appropriate for evaluation of non-market outputs of different
farming systems in Lithuania. A pilot survey was implemented
between October—November 2018, in order to test and improve the
CE questionnaire. The results of the survey showed that the
questionnaire is accepted and well understood by the respondents.
The econometric modelling showed that the selected NL model could
be used for the main survey. The understanding of the differences
between organic and conventional farming by residents was
identified. It was revealed that they are more willing to choose
organic farming in comparison to conventional farming.

Keywords—Choice experiments, farming system, Lithuania
market outputs, non-market outputs.

I. INTRODUCTION

GRICULTURAL activity beyond supply of food and

fibre, provides natural resources, shapes the landscape
and preserves biodiversity. It also has an important role in the
contribution to the viability of rural areas and their
development, food security, and preservation of cultural
heritage. Positive externalities of farming activities assert in
the form of environmental and social public goods, whereas
intensive agricultural activity causes damage to the
environment and human well-being. All these outputs are
especially important for Lithuania, which is designated as a
rural country. Globally, more than 80% of its area is classified
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as rural and more than 50% as agricultural: its largest part
(47%) is covered by arable land [18]. Conventional farming is
the main type of farming in Lithuania; however, organic
farming is steadily expanding as well [24]. The market crop
production comprises the major share of the agricultural
output. In the period 2013-2017, crop output accounted for
about 60—-65% of all agricultural output, the remaining share is
livestock production [24]. However, the country’s official
statistics do not cover the data about of non-market
agricultural outputs [19]. Therefore, specific valuation
methods should be employed for this kind of evaluation.
Specific techniques such as stated preferences methods, in
particular CE are used for evaluation of non-market outputs in
agriculture. Researchers have been applying CE widely to
evaluate different farming system outputs as valuation of
livestock/dairy non-market effects [3], crops [6], [20], olives
[2], pastures [4] or focusing on the effects of low input
farming system as organic farming [1], [11]. However, the
analysis of the relation between farming systems and non-
market output is still rare. Therefore, this paper focuses on
evaluation of the main non-market farming system outputs in
Lithuania (scenic views and their aesthetic value, water
quality, soil erosion, diversity of flora and fauna species and
agrobiodiversity, and climate change) for Lithuanian residents,
and, in particular, on development of the framework for
estimation of consumers’ willingness to pay for different non-
market outputs from conventional and organic farming. The
main aim of this paper is to present construction of the
framework for estimation of consumers’ willingness to pay for
different non-market farming outputs through CEs in
Lithuania; then, to show the results of the framework pre-test
and identify applicability of the framework designed.

The paper is structured as follows: First, the main aspects of
the chosen CE method and NL for econometric modelling are
presented; second, the survey and questionnaire design,
revealing the goals of CE survey and selection of the attributes
are shown; the results and discussion part present the
empirical research findings revealing suitability of the
framework designed. Conclusions are drawn in the last section
of the paper, providing the main points for the improvement of
the methodology created and future research.

II. MATERIALS AND METHODS

A. Framework Modelling
The CE method is a stated preference technique widely
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applied to estimate non-market goods from farming systems
[11], [12], [1], [3], [4].- Hypothetical choice scenarios are used
for eliciting the willingness to pay of the respondents for the
goods analysed. The CE are based on Lancaster’s Theory of
Value [15] and the Random Utility Theory (RUT) [21].
According to Lancaster’s Theory of Value, the utilities for
goods can be decomposed into individual utilities by their
characteristics or attributes, while RUT explains the diversity
of the opinions choosing the offered combinations. Following
Lancaster, consumers gain their utility not from goods, but
rather from the attributes these goods render. According to
RUT, the subject chooses the alternative that gives the highest
utility. Within this theoretical framework, respondents choose
among alternatives according to a utility function with two
components: a systematic (i.e. observable) component plus a
random term (non-observable by the researcher) [17].
Mathematically:

Uin = Vin(Zi, Sp) + €in (1)
where, U, is the utility provided by alternative i to subject #,
Vi, 1s the systematic component of the utility, Z; is the vector
of attributes of alternative i, S, is the vector of socio-economic
characteristics of the respondent n, and ¢ is the random term
[5].

Different models such as multinomial logit, conditional
logit, and mixed logit, etc., are used for the analysis of
consumers’ choices. Among them is the NL model [23], which
is used in the current research because of its ability to
accommodate differential degrees of interdependence between
subsets of alternatives in a choice set. It is one of the most
attractive characteristics of NL models [9]. Moreover, they are
relatively easy to estimate and computationally
straightforward.

In NL model, the observed utility associated to the kth
alternative is defined by four parameters associated with the
explanatory variables £, an alternative-specific constant, ak, a
scale parameter, 0, and the explanatory variables, x [9].
Therefore, adding the random component (&) the utility of
alternative k for individual t is:

Uik = gr(ag, B'%eir k) = G Vero €k) = Qe + B'Xer + €k (2)

3)

The scale parameter (0), is proportional to inverse of the
standard deviation (o) of the random component in the utility
expression, and is critical input into the setup of the NL model
[9]. The aim of this research is to assess the non-market
outputs of different farming systems, conventional and
organic, using CE and applying NL specification (Fig. 1). In
this context, the probability of choice among Conventional
alternatives is given by:

Var[eg] = 9% = k/6?

eVi
eVeropt oViiver

P(@ilC) = 4)

where i= cropl, crop2. Then, it is possible to calculate I, the
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inclusive value, which is the expected utility from given
branch choice:

IC — ]n(chropl + eVlivel) (5)
At the same time for organic:
i eVi
PUIO) = oo Ve ©)
]0 — ]n(chropz + eVlivez) (7)

Then, the model of the choice between farming systems on
the basis of the produced ecosystem services is:

eH(B ¢+ eBcHuic
P(O) = B cHIO) yorlp — ePctilcyeilo ®)
eMF eMF
P(0) = )

e#(ﬁ’c+lc)+eulo T eBctilcyetlo

where, Ic and I, are attributes of the nest conventional and
organic, respectively; f.=ufy and pu are unknown
parameters which are to be estimated.

o<u<i

Farming system

Organic (O)

chps | |

Livestock ~ Crops Livestock

Conventional (C)

cropl  crop2

livel live2 cropl  crop2 livel live2

Fig. 1 Alternatives scheme (C= conventional; O= organic)

B. Survey and Questionnaire Design

This research reports on the use of a survey-based CE
method, where repetitive choice situations about alternatives
of different farming non-market outputs are created. This will
help to reveal how the inhabitants of Lithuania value public
goods created in agroecosystems, where different farming
practices are explored. The survey is also focused of
determining consumers’ attitudes and demand towards the
public goods created in conventional and organic farming
systems, considering crop and livestock production. This
paper is focused on the presentations of the pre-test results and
the suitability of the chosen model for the application in the
main survey.

Following the analysis of recent studies on the application
of CE in the evaluation of non-market outputs of agriculture
[13], [10], [14], [7], [2]-[4], [8], [20], and the analysis of
Lithuanian agriculture (more in [19]), five attributes were
selected, with the levels representing different farming types:

—  scenic views, aesthetic value of the landscape,
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—  water quality,

—  soil erosion,

— diversity of flora and fauna species and agrobiodiversity,

—  climate change.

The CE survey has been designed to contain multiple
choice  questions (choice cards) about alternative
(conventional and organic) non-market farming outputs, which
are received from crop and livestock production in Lithuanian.
The questionnaire consists of three parts.

The first part presents the aim of the survey and contains
three questions regarding respondents' opinions and their
awareness of environmental impacts caused by farming
systems.

—  The first question is dedicated to reveal how respondents
rank the impact of different farming types on the natural
environment/human wellbeing. The second is aimed at
identifying the respondents’ worries about environmental
aspects in Lithuania caused by agriculture. The third
question is dedicated to identification of the respondents’
opinion about the impact of different farming types/styles
on environment’/human welfare.

The second part of the survey presents the impact of
different farming systems on the environment and human
wellbeing and contains the choice cards with different
combinations of farming system attributes. Thereby, this part
of the questionnaire has been aimed at determining the public
view on the role conventional and organic farming, covering
crops (including both cereal and industrial crops) and
livestock (including dairy and cattle) production in terms of
affecting the scenic views and aesthetic value of agricultural
landscapes, the quality of drinking water, soil erosion,
diversity of flora and fauna species for crop production and
agrobiodiversity for livestock production, and climate change.
These attributes are mostly impacted by different farming
systems positively or negatively and have also been presented
to the respondents:

—  Scenic views and their aesthetic value. Sustainable
agricultural activity could improve the aesthetic value of
landscape. Under good practice farming (depending on
the land wuse, crop structure, intensiveness of the
agricultural activity, greening and implementation of
other agri-environmental measures), open and different
mosaic landscape could be created. A colourful and
variable landscape such as rapeseed could be very
attractive, giving an aesthetic value for the visitors to rural
areas.

—  Water quality and Nitrate Leaching. Pesticide, nitrate,
phosphate, organic waste pollution could have an impact
on human health and damage water safety due to its
presence in drinking water. The main source of drinking
water is underground water, and only in exceptional
cases, the surface water could be used for preparation of
drinking water.

—  Soil erosion. The effects of soil erosion go beyond the
loss of fertile land. It has led to increased pollution and
sedimentation in streams and rivers, causing declines in
fish and other species. And degraded lands are also often
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less able to hold onto water, which can worsen flooding.
Sustainable land use and increasing perennial grasslands
areas can help to reduce the impacts of agriculture and
livestock, preventing soil degradation and erosion and the
loss of valuable land to desertification.

—  Diversity of flora and fauna species and agrobiodiversity.
Extensive farming could play a significant role in
preserving and improving biodiversity. Due to intensive
farming, the areas of natural grasslands, pastures, and
swamps are decreasing, and the landscape becomes
monotonous due to the small diversity of crops. The use
of pesticides and fertilizers, as well as livestock urine
leaching result in the decline of rare and important plant
species. These changes in agroecosystems, mostly
through food chain relations, have a negative impact on
other animals like birds and other mammals.

—  Climate change. Agriculture contributes to climate change
through generation of greenhouse-gas emissions, for
example, considerable amounts of methane are released
by animal urine, while most of the nitrous oxide gases are
released from fertilized soil. Lithuania needs to reduce its
greenhouse-gas emissions from agriculture and adapt its
food-production system in order to cope with climate
change. Therefore, creation of environmentally-friendly
farming areas by increasing dry pulses area or reducing
the total amount of polygrastic herd could contribute to
climate change mitigation.

In the choice cards, respondents have been asked to select
the combination they favour the most out of the four
alternatives (two for organic farming and two for conventional
farming) and the status quo (expressed as no choice) provided.
Each option contains different combinations and levels of the
attributes as well as the personal contribution in EUR. The no
choice situation meant that the same situation remains and
results in no cost to the respondent. Each respondent is given
six cards with choice situations (three cards dedicated to
livestock production and three cards for crop production),
where he/she had to choose one of five alternatives. After each
card, the follow up question is provided, which asks the
respondents about their motivation for their choices in the case
of selection of non-choice options. In order to verify that the
respondents made choices honestly, the cards are followed by
a question about the importance that the respondents attributed
to their choices and to each of the factors of choice.

The third part contains questions about the economic and
social status of the respondents. It is designed to gather the
socio-economic data of respondents such as age, gender,
education, profession and income. These data are important
for the analysis of respondents’ choices, as the differences in
the socio-economic characteristics of respondents influence
their willingness to pay for non-market outputs [22]. After a
review of recent studies [14], [7], [8], [1]-[4], [16], [20], the
following socio-economic characteristics have been selected:
gender, age, area of residence, involvement to agricultural
activities, preferences to organic products, status of the
household, education, monthly net income of household
members. Questions related to the appeal and difficulty of the
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questionnaire have also been included in the last part of the
survey in order to understand the interest and importance of
the current topic for the respondents.

III. RESULTS AND DISCUSSION

The pilot survey of CE was carried out in September—
October, 2018. Five attributes of non-market farming outputs,
such as Landscape, Soil erosion, Climate change, Water
quality and Wild life, and the cost attribute expressed as
Payment for five years in the future were included during the
pre-test. These covered 500 combinations (5°x 4') in the full
factorial design, resulting in excessive numbers of
combinations to be presented to the respondents. Therefore,
D-efficient experimental design of the survey has been
developed using the SAS Studio program. As a result, 30

choice cards have been developed and divided randomly into
five blocks, each consisting of six sets. These contain five
attributes delivered at three levels and the cost attribute
delivered at four levels. In all, 56 questionnaires were
distributed, 37 questionnaires were filled in, and three
questionnaires were eliminated due to the incorrect completion
of the survey. The data from 34 valid questionnaires have been
analysed. The questionnaire delivered 102 choice observations
for livestock production and the same number of observations
for crop production. All respondents agreed to answer fairly
the questions of the survey. The survey was implemented
randomly by selecting respondents during seminars and other
events. The examples of the choice card in the livestock and
crop questionnaires are shown in Tables I and II.

TABLE I
EXAMPLE OF A CHOICE CARD IN THE QUESTIONNAIRE FOR LIVESTOCK

ORGANIC-1 ORGANIC-2

CONVENTIONAL-1 CONVENTIONAL-2

10% more scenic views
like trees, plantations on

30% more scenic views like

Landscape trees, plantations on pastoral

No variety on pastoral farms ~ No variety on pastoral farms

farms pastoral farms
. . 30% increase in perennial 10% increase in perennial ~ 30% increase in perennial 10% increase in perennial
Soil erosion
grasslands grasslands area grasslands grasslands area
. Reducing by 20% the total Reducing by 10% the total
Climate change 0ot of polygrastic herd No changes No changes amount of polygrastic herd ~ NO CHOICE
20% reduction in the maximum Current ground water Current ground water 10% reduction of the
Water quality ~ amount of fertilizer permitted ~ pollution due to nitrates  pollution due to nitrates and ~maximum amount of fertilizer
(included manure) and urea urea permitted (included manure)
Wild life Using only 1 race in each farm  Using only 1 race in each ~ Using only 3 races in each Using only 2 races in each
for type of output farm for type of output farm for type of output farm for type of output
Paym@nt for 5 43 12 6 24
years in future
Your choice O O | O O
TABLE I
EXAMPLE OF A CHOICE CARD IN THE QUESTIONNAIRE FOR CROPS
ORGANIC-1 ORGANIC-2 CONVENTIONAL-1 CONVENTIONAL-2
2 different crops at the same time 2 different crops at the same 2 different crops at the 4 different crops at the same
Landscape . . .
every 10 ha time every 10 ha same time every 10 ha time every 10 ha
o) . . o) : . .
Soil erosion 30% increase in perennial No changes 10% increase in perennial No changes
grasslands area grasslands area
o) . o) s .
Climate change  30% increasing dry pulses area 30% increasing dry pulses  30% increasing dry pulses 20% increasing dry pulses area
area area NO
0, 1 0, 1
Water quality No changes 20% reduction ot.' ground 20% reduction of ground No changes CHOICE
water pollution water pollution
Enhancing of flora and fauna Ergf]z:;ﬁg gf f}g;i?;d t;?ll;na Enhancing of flora and fauna
Wild life diversity by reducing the actual actual le\yel z £ pes ticiges b No changes diversity by reducing the actual
level of pesticides by 20% 1 O"B Y level of pesticides by 10%
0
Paymc;nt for 5 6 6 12 24
years in future
Your choice O O O O O

The pre-test of the questionnaire showed the feasibility and
interest of the current topic for the respondents, as more than
60% of them stated that the topic is interesting or very
interesting for them, while about 65% highlighted that the
questionnaire was clear or absolutely clear.

Approximately about 60% of the respondents are women;
mean age of the respondents is approximately 36 years old.
About 60% of the respondents live in urban areas. The
majority of households are comprised of two members, and
about half of the respondents had children. Respondents are
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earning about 650 EUR monthly net income per person on
average.

More than 95% of the respondents think that organic
farming, including livestock and crop production, has a
positive impact on the natural environment and human
wellbeing. Respondents’ opinions concerning conventional
farming is slightly different; about 60% of them think that
crop production, and about half of them - livestock production,
has a positive impact on the natural environment and human
wellbeing. Respondents stated that they are mostly worried or
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are thinking about water quality (about 80%), climate change
(about 55%) and landscape formation (45%).

In order to check applicability of the framework created for
the analysis of consumer preferences towards different non-
market farming outputs from conventional and organic
farming systems, the MNL model and NL were run with
NLOGIT 6 separately for livestock and crop production
systems. The first model, named MNL model, showed the
importance of the choice attributes in explaining consumer
preferences towards different options of non-market farming
outputs (i.e. Landscape, Soil erosion, Climate change, Water

quality and Wild life). Here, the utility was determined by the
levels of five attributes (Landscape, Soil erosion, Climate
change, Water quality and Wild life, personal contribution) in
the choice sets. The second model, named NL model, in
addition to consumer preferences towards the attributes
analysed, demonstrates the possibility to analyse the
respondents’ opinion in making choices toward an organic or
conventional farming system. Results obtained from the MNL
and NL models for livestock and crops are shown in Tables III
and IV, respectively.

TABLE III
RESULTS OBTAINED FROM MNL AND NL MODELS: LIVESTOCK
. MNL model NL model
Variables - -
Coefficients S.E. p-Value Coefficients S.E. p-Value
LANDSCAPE 0.02768%** 0.00992 0.0053 0.01846%* 0.00787 0.0190
SOIL EROSION 0.01237 0.01493 0.4075 0.00808 0.01205 0.5023
CLIMATE CHANGE -0.00890 0.01287 0.4892 -0.00584 0.00905 0.5188
WATER QUALITY -0.06523%** 0.01305 0.0000 -0.04053%** 0.01294 0.0017
PRICE -0.03233%*** 0.00941 0.0006 -0.01888** 0.00826 0.0222
CONVENTIONAL 1.50396** 0.65261 0.0212
ORGANIC 1.92981%** 0.69728 0.0056
NONE 2.65663* 1.41945 0.0613
Model fit statistics
Log-likelihood -158.84203 -156.34872
Inf. Cr. AIC 350.0 328.7
AIC/N 3.125 2.935
McFadden Pseudo R? 0.0493635 0.1308293
Observations 102 102
Note: *** ** * ==> Sjonificance at 1%, 5%, 10% level.
TABLE IV
RESULTS OBTAINED FROM MNL AND NL MODELS: CROPS
. MNL NL
Variables - -
Coefficients S.E. p-Value Coefficients S.E. p-Value
LANDSCAPE 0.23562%** 0.08531 0.0057 0.42274%%* 0.15207 0.0054
SOIL EROSION -0.01579 0.01337 0.2377 -0.00817 0.02686 0.7610
CLIMATE CHANGE 0.02745%* 0.01276 0.0314 0.02810 0.01897 0.1385
WATER QUALITY -0.05060%*** 0.01440 0.0004 -0.07549%* 0.02992 0.0116
PRICE -0.02093* 0.01200 0.0812 -0.05704%** 0.02412 0.0180
CONVENTIONAL 0.35156 0.22298 0.1149
ORGANIC 0.57948%** 0.21040 0.0059
NONE -0.36692 0.40783 0.3683
Model fit statistics
Log-likelihood -130.82205 -125.87384
Inf. Cr. AIC 271.6 267.7
AIC/N 2.953 2910
McFadden Pseudo R? 0.0558 0.1849907
Observations 102 102

Note: *** ** * ==> Sjonificance at 1%, 5%, 10% level.

First, the MNL model was run including five variables
(Landscape, Soil erosion, Climate change, Water quality, Wild
life and Payment) separately for livestock and crop production
with the aim to explain consumers’ choices. However, it did
not show any information concerning the choices towards
conventional and organic farming. Therefore, the second NL
model was run in order to see the difference between
respondents’ choices for organic and conventional farming.
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The results reveal that the people understand the differences
between organic and conventional farming and are more
willing to choose organic farming in comparison to
conventional farming.

Comparison of the Log-likelihood of the NL model with
that of the MNL model suggests that the NL model is more
statistically significant, because its likelihood value is closer to
zero (-156.3 for livestock and -125.9 for crops). Due to the
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small number of observations, not all variables are statistically
significant at 0.05 level for both models. The price coefficient
is negative in both models, suggesting that people are likely to
accept different non-market outputs from farming with lower
personal monetary contribution. Also, it shows a good fit of
the models. In addition, it should be noted that the NL model
could be used for modelling of data generated by main survey
and estimation of respondents’ willingness to pay for different
non-market outputs of farming systems. Moreover, it will
reveal the differences of choices not only for crop and
livestock production, but for organic and conventional farming
as well. At this stage, inclusion of respondents’ socio-
economics characteristics into the modelling process and
estimation of willingness to pay for different non-market
outputs of farming systems would be unreasonable due to
scarce data. It will be estimated after the implementation of
the main survey.

IV. CONCLUSIONS

The main finding of this study is testing and improvement
of the CE framework for evaluation of different non-market
outputs of farming systems in Lithuania for the main research.
The results of the pilot survey have demonstrated the
relevance and significance of the topic selected, which is
substantiated by respondents’ answers that it was interesting
and understandable. The results revealed that all attributes are
suitable for selection for further research, and differences in
consumer choice among conventional versus organic farming
were identified as well. In particular, they are more inclined to
favour organic farming as opposed to the conventional, which
supports an important point of the present research.

Although the results of modelling including all attributes
(Landscape, Soil erosion, Climate change, Water quality, Wild
life and Payment) have not demonstrated a good model fit due
to the small number of the respondents, the tested NL still
could be claimed to be selected as an appropriate model for
further research.
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