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Chapter I: General Introduction 1

I. General Introduction

1 Introduction

Globally, decision makers are faced with an ongoing uncertainty within the economic
environment in which entrepreneurial decisions must be made (Dixit and Pindyck 1994).
Specifically, that means that the factors relevant for success are random variables, which
can have various future values. Due to the uncertainty of these factors, even the success of
an entrepreneurial action becomes a random variable and it is not possible to predict the
outcome of this variable with certainty. In the agricultural sector, almost every
entrepreneurial decision is constrained by uncertainty, such as uncertainty over changes in
the climate, uncertainty over future product prices and operating costs that determine cash
flows or uncertainty over price fluctuations due to the increasing liberalization on domestic
agricultural markets (Fafchamps and Hill 2008; Hill 2010a; Hill and Viceisza 2012;
Ragasa et al. 2013). Therefore, it is of great relevance in the field of agricultural economics
research to analyze and assess decision problems under uncertainty in the context of both
developed and developing countries. In this regard, elaborate research is required to better
understand what exactly drives individuals’ decision making under uncertainty and to
predict this behavior in the future for a meaningful policy impact assessment. The
consideration of decision problems of individuals in developed and developing countries
may also allow identifying potential differences in the decision behavior of individuals,
which might be valuable in order to tailor policy instruments in the agricultural sector in
the respective countries. This doctoral thesis consists of three papers, which specifically
focus on decision making under uncertainty of farmers in developed and developing
countries and applying experimental approaches in order to investigate farmers’ risk
attitude, investment and disinvestment behavior. In the following section, the topics are

briefly described.
2  Problem statement and objectives of the study

2.1 Analysis of the investment and disinvestment behavior

Investment and disinvestment, in the sense of long-term acquisition and abandonment of
assets, usually represent fundamental decisions, which often involve uncertainty regarding
future returns and tradeoffs between current and future realization of the investment or

disinvestment for both decision makers in developed and developing countries (Hill 2010b;
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Sandri et al. 2010). The classical investment theory that is based on the net present value
(NPV) criterion implies that a decision maker undertakes an investment if its expected
present value exceeds the expected costs and if its NPV is positive (Jorgenson 1963; Tobin
1969). However, the weakness of the NPV criterion is that it often is not suitable for
analyzing agro-economic investment and disinvestment decisions, which are regularly
characterized by uncertainty, temporal flexibility, and irreversibility (Dixit and Pindyck
1994; Trigeorgis 1996). The real options approach (ROA), also referred to as the new
investment theory, extends the classical NPV approach to explicitly account for
uncertainty, flexibility, and irreversibility in investment decision making (Dixit and
Pindyck 1994). Specifically, the ROA asserts that an investor may increase its profits by
postponing an irreversible investment decision, even if the expected net present value of
the returns exceeds the investment costs. Similarly, it may be optimal to postpone an
irreversible disinvestment decision, even if the expected present value of the returns falls
below the salvage value. According to the ROA, the value of an investment is referred to
as ‘options value’ and consists of the intrinsic value, which is equal to the NPV, and the
value of waiting (Trigeorgis 1996, p. 124). The idea of the ‘options value’ has been widely
accepted in the investment literature since the seminal work of Dixit and Pindyck (1994).
That is, deferring the decision to invest and disinvest has a positive value because new
information about the expected present value of the returns arrives in subsequent periods.
In contrast to the NPV criterion, the optimal investment trigger is shifted upwards and the
optimal disinvestment trigger is shifted downwards in the case of the ROA. The reason is
that the opportunity to postpone the investment and disinvestment decision causes
opportunity costs that have to be covered by the expected returns. Hence, the ROA has
been discussed as a possible alternative or an additional explanation for economic inertia
(Abel and Eberly 1994; Dixit and Pindyck 1994). In this context, the ROA also has been
examined with regard to the effect of policy interventions, in particular the effect of a price
floor policy, which is often used to stimulate investment, on the investment behavior (Dixit
and Pindyck 1994).

A rich literature exists on normative and econometric analyses of investment and
disinvestment problems in an agricultural context using the ROA. Some normative
applications include Purvis et al. (1995), Winter-Nelson and Amegbeto (1998), and Luong
and Tauer (2006), but these applications merely indicate the explanatory potential of the

ROA for observed economic inertia. Some studies provide empirical evidence for the
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validity of the ROA using econometric approaches based on field data (e.g., Richards and
Green 2003; Wossink and Gardebroek 2006; Hill 2010b). However, an empirical
validation of real options models explaining investment and disinvestment behavior is
difficult for several reasons. For example, predictions of the ROA usually refer to
investment and disinvestment triggers, which are not directly observable (Odening et al.
2005). Furthermore, besides options effects, multiple investment options may coexist or
financial constraints and risk aversion may affect the decision behavior (Huettel et al.
2010). In regard to these difficulties, it seems reasonable to use experimental methods for
the validation of the ROA. The advantage of using experiments is that it allows observing
individuals’ actual decision behavior in a controlled environment and the elicitation of
otherwise unobservable variables, which improves the internal validity (Harrison and List
2004; Roe and Just 2009). The experimental investigation of the ROA is still in its early
stages. There are few studies that use experimental methods in examining the ROA in the
field of economics, which have been conducted with convenience samples of students or
entrepreneurs in developed countries (Rauchs and Willinger 1996; Yavas and Sirmans
2005; Oprea et al. 2009; Sandri et al. 2010). However, there are only few experimental
studies on the ROA in the field of agricultural economics, which have been conducted with
agricultural entrepreneurs in a developed country (Maart-Noelck and Musshoff 2013;
Musshoff et al. 2013). These studies often come to different conclusions regarding the
explanatory power of the ROA and thus, require further investigation. Furthermore, to the
best of our knowledge, there are no experimental studies examining the ROA and the
effect of policy measures, such as price floors on the investment behavior of decision
makers in developing countries. A few attempts have been made to examine the impact of
price support systems on investment in theoretical and empirical applications, but these
studies provide conflicting results (Chavas 1994; Dixit and Pindyck 1994; Chavas and Kim
2004; Sckokai and Moro 2009; Patlolla et al. 2012). Thus, it is crucial to investigate if or

under which conditions price support systems have an effect on the investment behavior.

In the light of the above, the first paper titled ‘Does Timing Matters? A Real Options
Experiment to Farmers’ Investment and Disinvestment Behaviours’ and the second paper
titled ‘Investment Behavior of Ugandan Smallholder Farmers: An Experimental Analysis’
of the dissertation seek to analyze the predictive potential of the ROA and the NPV
approach to account for farmers’ investment and disinvestment behavior. In both papers,

the experimental setting simulates a problem of optimal stopping, stylizing an option to
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invest and disinvest in a project. The observed investment and disinvestment decisions
during the incentive-compatible experiments are contrasted with normative benchmarks
from the ROA and the NPV. The analysis of the two papers is similar, which may allow
for a comparison of the studies. The two papers specifically differ in the framing of the
experiment, the pool of subjects and sample size, the design and implementation of the
experiment, as well as in the selected parameter values. For example, the first paper
focuses on investment and disinvestment decisions in an agricultural context, whereas the
second paper deals with investment decisions in a non-agricultural context with and
without the presence of a price floor. Furthermore, in the first paper, the experiment was
computer-based and conducted with a sample of German farmers, while in the second
paper, the experiment was paper-based and conducted with a sample of Ugandan

smallholder farmers.

2.2 Elicitation of the individual risk attitude

Risk is ubiquitous in entrepreneurial decision making, particularly for smallholder farmers
in developing countries. Almost every important economic decision, such as crop selection
(Price and Wetzstein 1999), technology adoption (Purvis et al. 1995), conservation
intervention (Winter-Nelson and Amegbeto 1998), and crop insurance markets (Hill and
Viceisza 2012), is associated with risk. Consequently, it is crucial that individual risk
attitudes, their influencing factors, and different risk elicitation methods are assessed and
better understood in order to design effective policy instruments in the agricultural sector
as well as to offer an adequate single-farm decision support (Harrison et al. 2010; Nielsen
et al. 2013).

A variety of methods has evolved to elicit and asses individual risk attitudes, which can be
broadly divided into econometric and experimental approaches. Some researchers have
applied econometric approaches for the estimation of individual risk attitudes (Just 1974;
Antle 1989; Chavas and Holt 1996; Gardebroek 2006), whereas other researchers have
used experimental approaches to elicit risk attitudes (Binswanger 1980; Holt and Laury
2002; Harrison et al. 2010; Tanaka et al. 2010; Liu 2013). One advantage of experimental
to econometrical approaches is that they allow for data collection under controlled
conditions and the elicitation of otherwise unobservable characteristics such as preferences

and beliefs.
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However, previous investigations eliciting individual risk attitudes using different
experimental methods show that results may lead to diverging measures of risk attitudes
(Isaac and James 2000; Andersen et al. 2006; Dave et al. 2010; Reynaud and Couture
2012). Furthermore, the problem of inconsistent response behavior has been noted in many
studies, especially in a developing country context (Galarza 2009; Jacobson and Petrie
2009; Doerr et al. 2011; Engle-Warnick et al. 2011). These problems show that there is a
danger that risk attitudes are not estimated correctly. Although the existing literature
suggests various methods to elicit risk attitudes, a research gap persists in the comparison
of different elicitation methods and in the assessment of the relative effectiveness in
reducing inconsistent response behavior, in particular for data collected in developing

countries among smallholder farmers.

With this in mind, the third paper of the dissertation titled ‘Do Changing Probabilities or
Payoffs in Lottery-Choice Experiments Affect the Results? Evidence from Rural Uganda’
analyzes two different methods for eliciting the individual risk attitude regarding the
consistency of risk measures and inconsistency rates in the response behavior to answer the
question of how the choice of method affects the results. Furthermore, the effect of specific
socio-demographic and socio-economic factors on farmers’ risk attitudes across the two

elicitation methods is examined and compared with each other.

3 Outline of the dissertation

The dissertation is structured as follows: Following this introductory part, Chapter Il
presents the paper titled ‘Does Timing Matters? A Real Options Experiment to Farmers’
Investment and Disinvestment Behaviours’, which was published in the Australian Journal
of Agricultural and Resource Economics. The main focus of this paper is the experimental
investigation of the investment and disinvestment behavior of German farmers using an

investment situation in an agricultural context.

Chapter 11l presents the paper titled ‘Investment Behavior of Ugandan Smallholder
Farmers: An Experimental Analysis’, which was published in the GlobalFood Discussion
Paper Series and, which is currently under review. This paper experimentally analyzes the
investment behavior of Ugandan smallholder farmers using an investment situation in a

non-agricultural framing with and without the presence of a price floor.

Chapter 1V presents the paper titled ‘Do Changing Probabilities or Payoffs in Lottery-

Choice Experiments Affect the Results? Evidence from Rural Uganda’, which was
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published in the GlobalFood Discussion Paper Series and, which is currently under review
as well. In this paper, two different methods for eliciting the individual risk attitude are
compared regarding the consistency of risk measures and inconsistency rates in the

response behavior to answer the question of how the choice of method affects the results.

Finally, Chapter V contains a summary as well as a discussion of the validity of theoretical
investment models and prospects for future research on the issue of experimental

investigation of investment behavior.
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Abstract

In this article, we analyse the (dis)investment behaviour of farmers in a within-subject
designed experiment. We ascertain whether, and to what extent, the real options approach
and the classical investment theory can predict farmers’ (dis)investment behaviour. We
consider a problem of optimal stopping, stylizing an option to (dis)invest in agricultural
technology. Our results show that both theories do not explain exactly the observed
(dis)investment behaviour. However, some evidence was found that the real options
approach predicted the decision behaviour of farmers better than the classical investment
theory. Moreover, we found that farmers learn from repeated investment decisions and
consider the value of waiting over time. Socio-demographic and farm-specific variables

also affect the (dis)investment behaviour of farmers.
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1 Introduction

Globally, farmers are faced with an ever-changing environment, including changes in the
climate or market prices, as well as institutional changes, leading to the need for farmers to
implement strategies in order to remain viable. However, farmers’ adaptations to a
dynamic environment are often characterized by some kind of inertia in which farmers
respond surprisingly slow to changes. Examples of such inertia have been reported in
(dis)adoption studies that focused on a range of agricultural technologies, such as irrigation
technology (Carey and Zilberman 2002; Seo et al. 2008), conservation intervention
(Winter-Nelson and Amegbeto 1998), investment in new perennial crop varieties (Richards
and Green 2003), and land conversion (Frey et al. 2013). Several reasons have been
offered to explain farmers’ slow response, including economic and sociological factors,
such as financial constraints (Huettel et al. 2010), risk aversion (Knight et al. 2003), and
non-monetary goals of the decision maker (Musshoff and Hirschauer 2008). In this
context, the real options approach (ROA) — also known as the new investment theory — has
been discussed as a possible alternative or an additional explanation for economic inertia
(Abel and Eberly 1994; Dixit and Pindyck 1994).

The ROA evaluates uncertainty, temporal flexibility, and irreversibility in (dis)investment
decision-making and generates results that can be different from the classical investment
theory. The ROA states that an investor may increase profits by deferring an irreversible
(dis)investment decision rather than realizing the (dis)investment immediately, even if the
expected net present value (NPV) is positive. The option to postpone a decision in order to
adapt to changing conditions may become quite valuable for an investor, especially when
future returns of the (dis)investment are uncertain. The value of a (dis)investment is called
‘options value’ and consists of the intrinsic value and the value of waiting (Trigeorgis

1996, p. 124).

From the policymaker’s perspective, it is imperative to understand farmers’
(dis)investment behaviour in order to gain insight into the dynamics of how uncertainty
affects their decision behaviour and to predict this behaviour in the future. Such
understanding can contribute to an environment in which the (dis)adoption of specific
agricultural technology is encouraged. Specifically, this study focuses on irrigation
technology, since investment in new irrigation systems and water-saving technologies has

gained increasing importance over the past decade (Brennan 2007; Seo et al. 2008).
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This study is inspired by previous and current research on normative and econometric
analyses of (dis)investment problems using the ROA based on field data (e.g., Luong and
Tauer 2006; Hill 2010). Unfortunately, an econometric validation of the ROA is difficult
for several reasons. For instance, the results of the ROA usually refer to (dis)investment
triggers, which are not directly observable. Furthermore, risk aversion or financial

constraints may cause farmers’ reluctance to (dis)invest.

Experimental methods are a natural way to overcome these difficulties. A fundamental
difference of experimental methods to econometrical analyses is that investigators can
observe the decision behaviour of individuals in a controlled environment. Experimental
methods allow them to study the question of interest more precisely by controlling
extraneous factors which may affect individual behaviour, and thus improves internal
validity (Roe and Just 2009). Studies that use experimental methods in examining the ROA
to (dis)investment decisions include Yavas and Sirmans (2005), Oprea et al. (2009), Sandri
et al. (2010), Musshoff et al. (2013), and Maart-Noelck and Musshoff (2013). However,
these studies come to different conclusions regarding the explanatory power of the ROA.
Different findings observed in (dis)investment experiments might result from the
involvement of different groups of participants, in particular, as the number of participants
is relatively small in each of these experiments. The question arises whether the different
decision behaviour observed in previous experiments can be validated in a within-subject
design. In contrast to a between-subject design, where each participant is engaged in only
one treatment, in a within-subject design, each participant is exposed to more than one
treatment. Thus, we obtain observations from each participant that facilitate the
comparison of the different behaviour an individual shows in the different treatments and
therefore results in a stronger statistical power of the research findings (Charness et al.
2012).

The main objective of this paper is to investigate the (dis)investment behaviour of farmers
in a within-subject designed experiment. We ascertain whether, and to what extent, the
ROA and the NPV criterion can predict farmers’ (dis)investment behaviour. Moreover, we
examine the effect of personal experience during the experiment and specific socio-
demographic and farm-specific variables on farmers’ decision behaviour. In addition, we
carry out a lottery-choice experiment based on Holt and Laury (2002) to elicit farmers’ risk
attitudes, since risk aversion has been recognized as a major influencing factor of

(dis)investment behaviour (Koundouri et al. 2006).
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Our paper contributes to the extant literature by addressing the following two aspects:
First, we combine investment and disinvestment decisions in one experiment using a
within-subject design. (Dis)Investments represent fundamental decisions in agricultural
businesses and individuals are likely to face both types of decisions, thus, a within-subject
design might have more external validity. Second, to our knowledge, this is the first
experimental contribution incorporating an optimal stopping framework in analyzing the
timing of (dis)investment in agricultural technology and irrigation technology, in
particular. This allows us to observe the effects of uncertainty and irreversibility, as well as
the option to wait on an individual’s (dis)investment strategy under controlled conditions
compared to an econometric analysis of field data. Moreover, our paper differs from the
papers by Yavas and Sirmans (2005), Oprea et al. (2009), and Sandri et al. (2010) in that a
convenience sample of farmers was chosen as participants instead of students.
Furthermore, their individual risk propensity was measured to determine the normative

benchmark for the (dis)investment decision.

The paper is structured as follows: In section 2, the research hypotheses from the relevant
literature are derived. In section 3, the design of the experiment is presented. The section 4
briefly describes the calculation of the normative benchmarks. The main experimental
results are presented and discussed in section 5. The paper ends with conclusions in

section 6.

2  Theory and hypotheses

The ROA considers the value of timing of the investment, while the NPV decision rule
rather implies an ‘either now-0r-never’ investment decision. According to the ROA, the
expected investment returns not only have to cover the investment costs but also the
opportunity costs or the profit that could be realized if the investment is postponed; that is,
the investment trigger is shifted upwards (Abel and Eberly 1994; Dixit and Pindyck 1994).
Similarly, the salvage value not only has to cover the project’s returns, but also the
opportunity costs or the profit that could be realized if the disinvestment is postponed; that
is the disinvestment trigger is shifted downwards. Figure 1 stylizes (dis)investment choices

derived from experimental results of various studies in relation to normative benchmarks.
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Trigger

ROA investment benchmark

ERUS! O A I 8 S _'I} _ Observed investment trigger
Yavas and Sirmans (2005). Opreacet al. (2009),
Maart-Noelck and Musshoff (2013)

NPV investment benchmark

NPV disinvestment benchmark

ROA disinvestment benchmark
D\ N | Observed disinvestment trigger
Sandri et al. (2010), Musshoffet al. (2013)

Figure 1 Stylized representation of (dis)investment choices in other experimental (dis)investment
studies in relation to normative benchmarks.

Yavas and Sirmans (2005) carried out an investment experiment with 114 students and
found that participants invested earlier than predicted by the ROA and thus failed to
recognize the benefit of the option to wait. However, their willingness to pay for an
investment included an options value when they had to compete with other investors.
Another real options laboratory investment experiment with 69 students was conducted by
Oprea et al. (2009) and focused on learning effects of participants. Their research revealed
that participants can learn from personal experience to closely approximate optimal
exercise of wait options. Maart-Noelck and Musshoff (2013) carried out an experiment
with 106 farmers on the decision behaviour in a (non)-agricultural investment situation.
They found that the timing of investments was not exactly predictable with the ROA or
with the NPV but lied between both benchmarks. Sandri et al. (2010) experimentally
compared the disinvestment behaviour of 15 high-tech entrepreneurs and 84 non-
entrepreneurs (mainly students) and showed that both groups of decision makers postponed
irreversible decisions, such as project termination, even if the present value of the project
cash flow fell below the liquidation value and therefore rejected the NPV criterion.
Decision makers tended to wait even longer than indicated by the ROA. In a recent study,
Musshoff et al. (2013) experimentally analyzed the exit decision of 63 farmers using the
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ROA. Their results showed that the ROA predicted the actual disinvestment decisions
better than the classical investment theory. Nevertheless, the reluctance to disinvest

observed in the experiment was even more pronounced than it was predicted by the theory.

These studies show that participants seem to intuitively understand the value of waiting.
The actual behaviour of individuals may not be fully consistent with the predictions of
investment theory, but this does not imply that theoretical investment models do not have
any explanatory power to predict the decision behaviour. It is therefore pertinent to assess
the performance of the ROA compared to the NPV criterion that is addressed in the

following hypothesis:

HI ‘ROA superiority to NPV for (dis)investment decisions’: The ROA outperforms the

NPV in explaining the (dis)investment behaviour of farmers.

In reality, decision makers are repeatedly faced with similar decision situations. Moreover,
previous decisions can influence the decision-making process and potential future
decisions. Essentially, this means that the decision behaviour is influenced by previous
experiences. It stands to reason that a decision maker tends to avoid repeating past
mistakes, and in the case that something positive results from a decision, the individual is
more likely to reach their decision in a comparable way, given a similar situation (Camerer
2003). This phenomenon is referred to as the ‘learning effect’. A series of studies using
econometric approaches based on field data showed that learning can affect the behaviour
of decision makers in technology adoption decisions (Cameron 1999; Baerenklau 2005).
Oprea et al. (2009) carried out a laboratory experiment with students who faced multiple
investment opportunities and found that subjects responded to ex-post errors. They tended
to exercise the wait option prematurely, but over time their average investment behaviour
converged close to optimum. Loewenstein (1999) pointed out that ‘stationary replication’
in an experiment is a useful tool to observe how people learn in repetitive situations.
Furthermore, people usually face several opportunities for learning in real life. These
opportunities are then recreated, to some extent, in laboratories, with replications of the
task. We expect that with each repetition farmers better understand the dynamic of the

development of (dis)investment returns. Thus, we formulate the following hypothesis:

H?2 ‘learning effect for (dis)investment decisions’: Farmers approximate optimal exercise
of the ROA if they are given a chance to learn from personal experience in (dis)investment

decisions.
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Socio-demographic and farm-specific variables might also have an impact on the
(dis)investment timing. We focus on specific socio-demographic variables (risk attitude,
age, gender, university degree, economic background in education, and household size)
and farm-specific variables (farm size, farm income type, farm type, use of irrigation, and
farm performance). The selected variables are known in the literature to possibly have an
influence on the (dis)investment time and are therefore considered in our analysis. Table 1
provides a summary of the variables and their impact on the (dis)investment time derived

from other econometric and experimental studies.
Therefore, our last hypothesis is:

H3 ‘farmer-specific effects for (dis)investment decisions’: Socio-demographic and farm-

specific variables have a significant effect on the (dis)investment behaviour of farmers.
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Table 1 Overview of socio-demographic and farm-specific variables and their impact on
(dis)investment time

Variable Study Impact
Socio-demographic variables
Risk attitude Viscusi et al. (2011) + Higher level of risk aversion

Sandri et al. (2010) -

will lead to later investment
Higher level of risk aversion
will lead to earlier
disinvestment

Age Gardebroek and Oude Lansink (2004) + Older farmers will invest later
Pushkarskaya and VVedenov (2009) - Older farmers will disinvest
earlier
Gender Jianakoplos 