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Abstract
This paper focuses on risk taking of Ethiopian farmers. We combine a survey with an experimental study in order to elicit sociodemographic data, agricultural production patterns, risk preferences and overconfidence of farmers. Our main result shows that risk taking of farmers – measured by standard deviation of yields and diversification between difference income sources – seems to be unrelated to risk preferences but highly correlated to overconfidence measures. In particular, more positive self-evaluations lead very robustly to higher risk taking. 
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1 Introduction
Compared to industrialized countries, consumers and producers in developing countries face extraordinarily high risks, as e.g. health services are insufficient, steady wage employment is rare, and financial institutions are absent or inefficient (see Fafchamps, 2004). Consequently, welfare evaluations have to take into account risk aversion of individuals and their adopted risk-coping strategies. In the present paper we study the behavioral determinants of risk management decisions taken by Ethiopian farmers. In particular, we consider overconfidence measures and elicit risk preferences. Our study combines a survey in which we assess, besides sociodemographic characteristics, overconfidence measures and risk mitigation strategies adopted by farmers with an experimental approach focusing on risk preferences. 

Starting with Binswanger (1980, 1981, 1982) many experimental studies were devoted to risk attitudes in developing countries, see e.g. Henrich and McElreath (2002), Barr (2003), Barr and Packard (2002, 2005), Humphrey and Verschoor (2004a, b), Botelho et al. (2005), Harrison et al. (2010), Akay et al. (2010), and Hardeweg et al. (2011). Assessing risk attitudes of farmers can help to understand traditional production patterns and also the uptake of new production technologies or financial products like microinsurance. Experimental research of choice under risk has detected several violations of expected utility theory. A rather comprehensive study of these deviations for farmers in Uganda has been performed by Humphrey and Verschoor (2004a). Besides the well known Allais paradox (common consequence effect), they analyze preference reversals, violations of transitivity, choice errors, reference points and probability weighting. Altogether, their results are similar to what has been observed in experiments with students in industrialized countries. Like Humphrey and Verschoor (2004b) and Harrison et al. (2010) one main conclusion is that in contrast to expected utility theory, non-linear weighting of probabilities has to be considered in order to organize the data. The experimental part of our study has a somewhat different focus and is based on a design similar to that of Menkhoff and Schmidt (2011) . Besides a standard risk test following Holt and Laury (2002) and a different version of the Allais paradox (common ratio effect), we run two tests of consistency with stochastic dominance, one with a transparent dominant relation and a second one with an intransparent dominance relation. In contrast to Humphrey and Verschoor the main goal of our experiment is to analyze whether elicited risk preferences can explain the risk mitigation strategies adopted by farmers and whether they are related to overconfidence measures. 

Overconfidence is a robust phenomenon in the psychology of judgment which has received increasing attention in the behavioral economics literature. Although the phenomenon is rather general, substantial differences depending on the type of questions (Lichtenstein and Fischhoff, 1977, Klayman et al., 1999, Soll, 1996) and respondents (Yates et al., 1997, 1998) have been observed. In the context of financial markets overconfident investors tend to overestimate their abilities or the precision of their knowledge. As a consequence, they usually hold riskier portfolios and trade more than maximizing expected utility would suggest (e.g. Odean, 1998). There exist numerous theoretical and empirical studies analyzing the impact of overconfidence on investment decisions and financial market outcomes (e.g. Barber and Odean, 2001, Biais et al., 2005). Also in agricultural economics some studies exist assessing the degree of overconfidence of farmers, see e.g. Eales et al. (1990), Pease et al. (1993), Buzby et al. (1994), Smith and Mandac (1995), Umarov and Sherrick (2005), Engelkraut et al. (2006). However, we are not aware of any studies which relate overconfidence measures to risk mitigation strategies by farmers or patterns of risk preferences like the Allais Paradox or violations of stochastic dominance. Given the evidence for financial markets, one could expect that higher overconfidence and/or lower degrees of risk aversion reduce the adoption of risk mitigation strategies. Additionally, our combination of survey and experiment enables us to analyze how overconfidence and risk preferences are related to sociodemographic characteristics. Several previous studies already analyzed the demographics of overconfidence related to general knowledge questions or financial decision making but such studies in the context of agricultural economics seem to be missing. The demographics of degrees risk aversion are well studied (see Andersen et al. ????) while only very few studies exist analyzing the impact of sociodemographic characteristics on the Allais paradox or on violations of stochastic dominance.

The paper is organized as follows. 

2 The Empirical Study
2.1 Overview
Our research purpose is to empirically investigate the relationship between overconfidence and risk-taking behavior of farm households in rural Ethiopia. We combine primary data on risk management, income generating activities, risk preferences and other personal attributes with secondary data on historic yields and current prices of different crops. Data on yields of various crops comes from the Ethiopian Agricultural Sample Survey (AGSS) for the years 1995, 1996, 1999 and 2004 and crop prices from the 2010 survey on Retail Prices of Goods and Services (RPGS). 
We collected the primary data in Ethiopia’s Oromia region from March to April 2011 using a household questionnaire and a series of choice games to study the farmers’ risk behavior under high monetary incentives. Our questionnaire includes the demographic characteristics of the household as well as a very detailed record of all income generating activities in particular crop cultivation. Besides the standard Holt-Laury elicitation of risk attitude of the household head, our experimental design involves a common consequence effect (Allais paradox) and tests of consistency with transparent and non-transparent first-order stochastic dominance. Respondents were selected based on a multistage random sampling procedure. Interviews were conducted face to face by trained and experienced enumerators in the local language Oromifa. 

2.2 Experiments
In order to continuously draw the respondents’ attention and to make the interview diversified and enjoyable for participants we conducted the experiments at two different points of time in the course of the interview. The Holt-Laury elicitation of risk attitude was conducted after the introductory sections on the household demographics and dwelling characteristics. When performing the Holt-Laury experiment, subjects were not aware of the fact that additional paid experiments were performed at later stages. After a subject made all ten choices in the Holt-Laury study (see details below) one choice was randomly chosen and played out for real before the interview continued. The common ratio effect and the dominance experiments were run almost at the end of the interview. When making the two choices of the common ratio effect, subjects again did not know that other paid experiments would follow. We applied a standard random lottery incentive system, i.e. one of the two choice problems of the common ratio effect was randomly selected to be played out for real. After that the two dominance questions followed which were both played out for real. Payouts were disbursed in cash immediately after completion of the interview. The range of possible total payouts was 5-70 ETB with an average total payout of 50 ETB, which amounts to approximately 2 €. This corresponds to slightly more than a daily wage of an unskilled farm laborer in the area of the study.
(i) Elicitation of Risk Attitudes
The elicitation of risk attitudes followed the standard procedure of Holt and Laury (2002) which is explained in Table 1. There are ten choices, each between a safe alternative A and a risky alternative B. In the first choice the risky alternative is very unattractive as the probability of winning the high amount (25 ETB) is very low. This probability increases from choice to choice until it amounts to one in the last choice such that B dominates A here. The point at which a subject switches from choosing the safe lottery A to choosing the risky lottery B allows to infer her coefficient of relative risk aversion. Obviously, a higher degree of risk aversion corresponds to a higher number of safe choices, for details see Holt and Laury (2002). All gambles were explained in terms of urns containing ten marbles where the color of a marble determines the payoff.
	
	 
	A
	B

	Choice
	p(x1)
	x1
	x2
	x1
	x2

	1
	0.1
	13
	11
	25
	1

	2
	0.2
	13
	11
	25
	1

	3
	0.3
	13
	11
	25
	1

	4
	0.4
	13
	11
	25
	1

	5
	0.5
	13
	11
	25
	1

	6
	0.6
	13
	11
	25
	1

	7
	0.7
	13
	11
	25
	1

	8
	0.8
	13
	11
	25
	1

	9
	0.9
	13
	11
	25
	1

	10
	1
	13
	11
	25
	1



Table 1: Elicitation of Risk Attitudes

(ii) Common Ratio Effect
The common ratio effect is a well known experimental design testing for consistency of preferences with expected utility theory. It has been developed by Allais (1953) and consists of two choice problems in each of which you have the choice between a safe and a risky lottery. The variant we employed follows Kahneman and Tversky (1979) and is depicted in Figure 1. In each choice problem there were two urns containing 100 marbles. Again the color of the marble determined the payoff. If we normalize the utility function u such that u(0) = 0, an expected utility maximizer chooses the safe lottery in the first choice problem if u(15) > 0.8u(20). Dividing both sides of the inequality by four immediately shows that in this case also in the second choice problem the safe lottery has to be chosen, i.e. expected utility implies that a subject either chooses the safe lottery both times or the risky lottery both times. The typically observed pattern of choosing safe in the first problem and risky in the second one is, however, incompatible with expected utility theory. 

Figure 1: The Common Ratio Effect
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)
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(iii) Transparent Stochastic Dominance
In order to find out whether subjects are attentive (which can readily be expected given the size of payoffs) and have a basic understanding of the gambles presented to them, we offered them a choice between two lotteries with a transparent stochastic dominance relation. The employed gambles both involve an urn containing ten balls and are depicted in Figure 2. It is easy to see that the left gamble dominates the right one as the probability and the size of the better prize are higher.  

Figure 2: Transparent Stochastic Dominance





(iv) Intransparent Stochastic Dominance
Violations of stochastic dominance in cases where the dominance relation is not transparent are investigated following the design of Birnbaum and Navarrete (1998). If you consider a lottery A in which you win 20 with a probability of 90% and 3 with a probability of 10%, it is easy to verify that the left lottery in Figure 3 dominates A while the right lottery is dominated by A. Therefore, choosing the right lottery constitutes a violation of stochastic dominance. 

Figure 3: Intransparent Stochastic Dominance




2.3 Overconfidence Measurement
Overconfidence is a rather robust phenomenon in the psychology of judgment (see Odean, 1998, Klayman et al., 1999, and, more recently, Glaser et al., 2004 for a broad overview over the relevant literature). In the finance literature, overconfidence is usually regarded as a systematic overestimation of the precision of own knowledge and implies an underestimation of the variance of random variables. This type of overconfidence is often referred to as miscalibration (Lichtenstein et al., 1982). Experimental research usually analyzes miscalibration by asking for confidence intervals of random variables or for knowledge questions, e.g. subjects should state an upper and a lower bound of the length of the river Nile such that they are 90% sure that the true value will fall inside this range (see Lichtenstein et al., 1982, Russo and Schoemaker, 1992, and Klayman et al., 1999). An additional concept of overconfidence is given by unrealistically positive self-evaluations (Greenwald, 1980). A popular example is the study of Svenson (1981) who asked a sample of students to assess their own driving safety: 82% of the students judged themselves to be in the top 30% of the group. A third stream of literature regards overconfidence as illusion of control (Langer, 1975) and unrealistic optimism which means that people overestimate personal success probabilities. In our study we try to address all three facets of overconfidence. All measures we employ are normalized such that a higher score corresponds to a higher degree of overconfidence.

To address unrealistic positive self-evaluation, we asked the respondents to rank themselves relative to other farmers from their community on four attributes, namely their i) agricultural skills, ii) profitability of decision-making in view of the various risks involved in farming, iii) average yields and iv) stability of yields. For each of these four questions, farmers had to respond on a five-point scale from 1: much worse (much less stable) to 5: much better (much more stable). 

Unrealistic optimism is captured by an indicator referring to individual expectations about the arrival of adverse future events. Based on a list of seven agricultural shocks we asked respondents how likely they think it is that they will be affected by each of the shock in the next 12 months (on a four-point scale from 1: very likely to 4: very unlikely). The list of shocks comprised harvest failure for various reasons like drought, storm, flood, other weather-related problems or crop disease, rise in input prices and fall in output prices.
Our indicator of unrealistic optimism sums up the seven indicated likeliness levels and is then normalized to the [0, 1] interval by subtracting 7 and dividing it by 21. Thus, a one of our measure corresponds to a very optimistic person that states the event of all shocks to be very unlikely for him.

In order to analyze miscalibration, we assessed the respondent’s confidence in their knowledge about future prices of white teff, Ethiopia’s most important cereal crop. We inquired the expected maximum and minimum prices by asking the following question:

“If you were to buy white teff at the local market after the next Meher harvest, how many Birr per quintal do you expect to pay at least/most?”

We refrained from asking for a 90%-confidence interval as this may have been too complicated for many respondents. For miscalibration we calculated the price spread for each respondent, as well as the maximal and minimal stated spreads and use the measure (maximal spread – spread of respondent i)/(maximal spread – minimal spread). Therefore our measure is between zero and one and the higher, the lower the spread of respondent i, i.e. the higher the degree of overconfidence.


2.4 Risk Taking Behavior

Risk-taking behavior is captured by two measures that describe the riskiness of the household’s income portfolio i) the hypothetical standard deviation of returns for the current crop cultivation portfolio and ii) the Herfindahl index of income concentration for the overall income portfolio.

We suppose that the fluctuation of crop returns, measured by its standard deviation, reflects the riskiness of a crop cultivation portfolio, where a portfolio is characterized by the area allocated to the different crops. As our cross-sectional primary data does not allow tracking returns over time, we calculate hypothetical returns for each portfolio using secondary data. In a first step, we calculate yields for different crops produced by an average farmer based on four waves of the AGSS (in quintal per hectare; separately for fertilizer and no fertilizer usage). Second, we multiply the area the respondents allocate to each crop with the corresponding yields in the four years. Then, we value the hypothetical yields for the four years with 2010 crop prices from the RPGS. Finally, we calculate the standard deviation of these hypothetical returns over time for each crop cultivation portfolio which thus nicely reflects the riskiness of the portfolio.
 
While this measure exclusively refers to income from crop cultivation, our second measure, the Herfindahl index, describes the degree to which a household concentrates or diversifies its income portfolio across activities. Six different sources of income are thereby distinguished, namely crop income, livestock income, enterprise income, income from dependent employment, remittances and other income including renting tools, vehicles, oxen, houses or land and selling wood. The Herfindahl index is calculated as the sum of the squared shares of the six income sources in total income and ranges from 1/N to 1 where N is the number of income sources, here. The larger the Herfindahl index, the more concentrated is the income portfolio. It equals one if a household exclusively relies on one income source which can generally be expected to be more risky than diversified income sources.

2.5 Sociodemographic Variables
Our regression models additionally contain a vector of individual and household specific control variables. These include the age of the respondent, a dummy variable that equals one if the respondent is able to write and his degree of risk aversion as elicited by the experiment described above. On the household level, we control for the household size, the size of land holdings in hectare as well as the location.

3 Results
3.1 Descriptive Statistics
Tables 2, 3, and 4 give some descriptive statistics for our three experiments. Comparing our elicitation of risk attitudes in Table 2 with that of Holt and Laury (2002), seems to indicate that the degree of risk aversion is somewhat lower in our sample. In particular there are many highly risk loving subjects (15.6% with less than three safe choices). For high real incentives Holt and Laury observed altogether only 2% of subjects in these two categories which moreover corresponds to a larger range (-∞  r < -0.49) in their study. Also the median number of safe choices (5) and the fraction of risk loving or risk neutral subjects (39.45%) document the low degree of risk aversion in our study. Corresponding numbers reported by Holt and Laury are a median of 6 safe choices and only 19% of risk loving or risk neutral subjects. The share of nearly 40% of risk loving or risk neutral subjects seems also high compared to other studies in developing countries (e.g. Hardeweg et al., 2009) and in particular to the study of Yesuf and Bluffstone (2009) which as our study elicits risk aversion in rural Ethiopia. 

	Number of safe choices
	n
	%
	Range of relative risk 
aversion for
U(x)=x1-r/(1-r)

	0-1
	25
	7.65
	r
	<
	-1.05
	
	

	2
	26
	7.95
	-1.05
	<
	r
	<
	-0.55

	3
	35
	10.7
	-0.55
	<
	r
	<
	-0.18

	4
	43
	13.15
	-0.18
	<
	r
	<
	0.14

	5
	81
	24.77
	0.14
	<
	r
	<
	0.43

	6
	60
	18.35
	0.43
	<
	r
	<
	0.72

	7
	36
	11.01
	0.72
	<
	r
	<
	1.05

	8
	19
	5.81
	1.05
	<
	r
	<
	1.50

	9-10
	2
	0.61
	 
	 
	1.50
	<
	r

	 
	327
	100
	 
	 
	 
	 
	 



Table 2: Risk Aversion

Table 3 shows the experimental results for the common ratio effect. About 61% of subjects behave in accordance with expected utility by choosing either both times A or both times B, while we have violation rate of about 39%. These numbers are in line with previous research in both developed countries (see e.g. Starmer, 1992) and African countries (Humphrey and Verschoor, 2004; Menkhoff and Schmidt, 2011). As expected, the pattern AB is observed more frequently than the opposite pattern BA. According to the test statistic of Conlisk (1989), this asymmetry violation is highly significant (z = 4.09, p < 0.01). 
	
	
	

	 
	n
	%

	AA
	87
	26.69

	BB
	112
	34.36

	AB
	86
	26.38

	BA
	41
	12.58

	 
	326
	100

	
	
	


Table 3:  The Common Ratio Effect

Our results for the tests of stochastic dominance are presented in Table 4. We observe a violation rate of transparent dominance amounting to 6.44%. This rate is only slightly higher than the one usually observed with students in developed countries. Birnbaum and Navarrete (1998, p. 62), for instance, report a violation rate of 4.7%. Therefore, we are inclined to conclude that subjects understood the tasks in our experiments sufficiently well. The violation rate (56.44%) of non-transparent dominance looks high but is also in line with previous studies in developed countries. Birnbaum (1999, 2004a,b) observed that significantly more than 50% of subjects violate non-transparent stochastic dominance. He also reports that the violation rate is decreasing with education: while 70% of undergraduates violate dominance in amounts to about 50% for doctorates. 

	 
	Non-transparent first order stochastic dominance
	Transparent first order stochastic dominance

	 
	n
	%
	n
	%

	Dominated
	184
	56.44
	21
	6.44

	Dominant
	142
	43.56
	305
	93.56

	 
	326
	100
	326
	100



Table 4:  Stochastic Dominance

Further descriptive statistics are presented in the appendix (Table A1). Noteworthy seem to be the results for unrealistic positive self-evaluation. Apart from the item “stability of yields”, the mean responses to all other items (i.e. agricultural skills, profitability of decision-making and average yields) are significantly greater than 3 which is the value if a farmer perceives himself as equally good as other farmers in his neighborhood. Consequently and as expected, our sample is on average overconfident. 

3.2 Correlation Analyses
In this section we analyze the correlation of our experimental results overconfidence and risk-taking measures with each other and with some sociodemographic variables. Experiments on the degree of risk aversion have been performed with representative samples of the general public (see e.g. Harrison et al., 2007) indicating a higher degree of risk aversion for younger and better educated subjects. There exists also one study which investigates the impact of sociodemographic characteristics on violations of expected utility with a representative sample (Huck and Müller, 2007). This study finds that better education, employment, higher income, and financial asset holdings all lead to lower violation rates. 

Table 5 presents a correlation analysis of our experimental outcomes. First, apart from a marginally significant positive correlation between risk aversion and consistency with stochastic dominance, our experimental outcomes seem to be unrelated. Concerning consistency with EU the most noteworthy result seems to be the negative correlation with the dummy “ability to write”. This negative correlation seems in contrast to the result of Huck and Müller (2007) that higher education increases consistency with EU. A similar observation holds for risk aversion: while in our sample ability to write leads to a lower degree of risk aversion, Harrison et al. (2007) report a positive correlation of education and risk aversion. All this indicates that some basic education in developing countries may have different effects than a higher education level in developed countries. Somewhat surprising is also the fact that higher land holdings lead to increased risk aversion. Concerning the overconfidence measures we see that more optimistic individuals are, as expected, less risk averse but also less consistent with stochastic dominance. Positive self evaluation in turn increases consistency with stochastic dominance whereas the effect on risk aversion is unclear. Noteworthy is finally the positive correlation between miscalibration and risk aversion.
	
	
	
	
	
	
	

	 
	EU
	Stochastic Dominance
	Risk Aversion

	EU
	1
	
	
	
	 
	

	Stochastic Dominance
	0.006
	
	1
	
	
	

	Risk Aversion
	-0.038
	
	0.102
	*
	1
	

	Standard deviation
	0.101
	*
	-0.002
	 
	-0.029
	 

	Herfindahl Index
	0.033
	
	-0.084
	 
	-0.090
	 

	Unrealistic positive self-evaluation
	 
	 
	 
	 
	 
	 

	Agricultural skills
	0.073
	
	0.059
	
	-0.068
	

	Profitability of decision-making
	0.052
	
	0.138
	**
	-0.098
	*

	Average yields
	0.044
	
	0.057
	
	-0.024
	

	Stability of yields
	0.020
	 
	0.109
	**
	0.125
	**

	Unrealistic optimism
	0.113
	**
	-0.114
	**
	-0.128
	**

	Miscalibration
	-0.039
	
	0.046
	 
	0.184
	***

	Age
	0.006
	 
	-0.045
	 
	-0.012
	 

	Ability to write
	-0.116
	**
	0.033
	
	-0.126
	**

	Household size
	0.033
	
	0.102
	*
	0.013
	

	Land holdings
	0.038
	 
	-0.035
	 
	0.146
	***



Table 5: Correlation of Experimental Results


A comprehensive correlation analysis of our overconfidence measures can be found in Table 6. As a first result, the table shows that there is a substantial positive correlation between the different facets of positive self-evaluation.  There is a negative relation between unrealistic optimism and positive self-evaluation which is however relatively low and only in one case significant at the 5%-level. This seems to be broadly in line with the results of Glaser and Weber (2007) and Régner et al. (2004) who report partly negative partly no significant relation between both concepts. Also miscalibration is negatively correlated to positive self-evaluation, but again coefficients are low and only marginally significant. This result supports previous studies which conclude that miscalibration and positive self-evaluation are unrelated or even mildly negative correlated (Oberlechner and Osler, 2003; Menkhoff et al., 2006; Glaser and Weber, 2007; Deaves et al., 2009; Glaser et al., 2010). An exception in our study is the positive correlation between miscalibration and stability of yields, an item not analyzed in previous studies. This positive relation is rather plausible since a person who underestimates the variance of a price can also be expected to underestimate the variance of own yields. 

With respect to the influence of sociodemographic characteristics, Table 6 demonstrates a clear negative correlation between positive self-evaluation and age. This relationship has also been observed in previous studies (Menkhoff et al., 2010). There is also a clear positive correlation of positive self-evaluation with ability to write and with land holdings. The latter relation also carries over to miscalibration which is also positively correlated with risk aversion. 

Altogether, the correlation analysis supports the view that the single facets of overconfidence should be clearly distinguished. This view has already been put forward in several previous studies mentioned above. Consequently, it seems interesting, if any, which facets of overconfidence influence risk-taking of farmers.
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	Unrealistic positive self-evaluation
	Unrealistic optimism
	Miscalibration

	 
	Agricultural skills
	Profitability of decision-making
	Average yields
	Stability of yields
	 
	 
	 
	 

	Unrealistic positive self-evaluation
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Agricultural skills
	1
	
	
	
	
	
	
	
	
	
	
	

	Profitability of decision-making
	0.569
	***
	1
	
	
	
	
	
	
	
	
	

	Average yields
	0.413
	***
	0.563
	***
	1
	
	
	
	
	
	
	

	Stability of yields
	0.087
	 
	0.173
	***
	0.319
	***
	1
	 
	 
	 
	 
	 

	Unrealistic optimism
	-0.138
	**
	-0.104
	*
	-0.090
	 
	-0.013
	 
	1
	 
	 
	 

	Miscalibration
	-0.123
	**
	-0.086
	 
	-0.107
	*
	0.179
	***
	0.145
	***
	1
	 

	Age
	-0.170
	***
	-0.227
	***
	-0.197
	***
	-0.089
	
	-0.059
	
	0.041
	

	Ability to write
	0.122
	**
	0.216
	***
	0.180
	***
	0.144
	***
	0.044
	
	-0.029
	

	Risk aversion
	-0.068
	
	-0.099
	*
	-0.025
	
	0.125
	**
	-0.128
	**
	0.184
	***

	Household size
	0.119
	**
	0.148
	***
	0.205
	***
	0.104
	*
	-0.053
	
	-0.101
	*

	Land holdings
	0.097
	*
	0.060
	 
	0.154
	***
	0.117
	**
	-0.041
	 
	0.165
	***



Table 6: Correlation of Overconfidence Measures










	 
	Standard deviation of returns
	Herfindahl Index

	Unrealistic positive self-evaluation
	 
	 
	 
	 

	Agricultural skills
	0.121
	**
	0.031
	

	Profitability of decision-making
	0.155
	***
	0.096
	*

	Average yields
	0.209
	***
	0.211
	***

	Stability of yields
	0.195
	***
	0.115
	**

	Unrealistic optimism
	0.033
	 
	0.162
	***

	Miscalibration
	0.042
	 
	0.029
	 

	Age
	-0.010
	
	-0.100
	*

	Ability to write
	0.050
	
	0.132
	**

	Risk aversion
	-0.029
	
	-0.090
	

	Household size
	0.032
	
	-0.094
	*

	Land holdings
	0.123
	**
	0.008
	 



Table 7: Correlation of Risk-Taking Measures 

The relation of risk-taking measures with other variables is tackled in Table 7. This table shows that positive self-evaluation leads very robustly to higher risk-taking for both risk-taking measures. In contrast, unrealistic optimism only leads to a significantly higher Herfindahl Index and miscalibration is unrelated to risk-taking for both measures. These results are compatible with empirical analyses of overconfidence on financial markets: here miscalibration – in contrast to the predictions of theoretical studies (e.g. Odean, 1998) – has also been reported to be unrelated to risk-taking (usually measured in terms of trading volume) whereas a significantly positive relation between positive self-evaluation and risk-taking is commonly observed (Biais et al., 2005; Glaser and Weber, 2007). 

3.3 Regression Analyses
A comprehensive multivariate analysis about the determinants of risk-taking in our sample is presented in Tables 8 and 9. These tables state the results of OLS regressions with standard deviation of returns (Table 8) and Herfindahl Index (Table 9) as dependent variables.  

Table 8 confirms broadly what has already been observed in the correlation analysis. Measures of positive self-evaluation lead very robustly to a higher standard deviation of returns whereas miscalibration and unrealistic optimism have no significant influence. Moreover, and somewhat surprisingly all our control variables are insignificant. 

From Table 9 we can infer that the impact of positive self-evaluation is less robust for the Herfindahl Index as only average yields have a highly significant impact. Also unrealistic optimism has a positive impact on risk-taking here whereas miscalibration is again insignificant. There are also some sociodemographic characteristics which have a robust and expected influence on the Herfindahl index, namely household size and land holdings. The larger the land holdings, the more dominant is the share of agricultural income on total income so the positive effect is not surprising. The same holds for the negative impact of household size since a household with more members can more easily focus on various income sources.


	Unrealistic positive self-evaluation
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Agricultural skills
	3183.430
	**
	
	
	
	
	
	
	
	
	
	

	
	(1334.384)
	
	
	
	
	
	
	
	
	
	
	

	Profitability of decision-making
	
	
	4969.132
	***
	
	
	
	
	
	
	
	

	
	
	
	(1645.546)
	
	
	
	
	
	
	
	
	

	Average yields
	
	
	
	
	6173.100
	***
	
	
	
	
	
	

	
	
	
	
	
	(2080.305)
	
	
	
	
	
	
	

	Stability of yields
	
	
	
	
	
	
	3917.973
	**
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	(1915.769)
	 
	 
	 
	 
	 

	Unrealistic optimism
	 
	 
	 
	 
	 
	 
	 
	 
	1878.377
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	(5789.737)
	 
	 
	 

	Miscalibration
	
	
	
	
	
	
	
	
	
	
	5405.999
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	(6692.240)
	 

	Age
	-32.497
	 
	-13.557
	 
	2.032
	 
	-58.506
	 
	-64.682
	 
	-65.624
	 

	
	(99.771)
	
	(99.955)
	
	(102.642)
	
	(93.562)
	
	(94.129)
	
	(94.800)
	

	Ability to write
	1564.791
	
	1041.224
	
	999.181
	
	820.258
	
	1811.777
	
	1833.624
	

	
	(1887.908)
	
	(1780.169)
	
	(1766.894)
	
	(1654.260)
	
	(1968.113)
	
	(2017.629)
	

	Degree of risk aversion
	-267.975
	
	-193.445
	
	-244.921
	
	-600.184
	
	-362.751
	
	-465.796
	

	
	(558.632)
	
	(549.079)
	
	(547.328)
	
	(643.500)
	
	(587.238)
	
	(653.247)
	

	Household size
	356.275
	
	301.814
	
	212.093
	
	313.961
	
	418.804
	
	476.309
	

	
	(561.444)
	
	(551.380)
	
	(524.080)
	
	(538.737)
	
	(583.078)
	
	(641.293)
	

	Size of household land holdings
	561.328
	
	498.875
	
	266.508
	
	561.692
	
	721.164
	
	628.890
	

	
	(779.550)
	
	(778.902)
	
	(839.731)
	
	(789.468)
	
	(748.450)
	
	(845.915)
	

	Constant
	153.489
	
	-5726.543
	
	-6868.282
	
	3238.415
	
	11034.448
	**
	8717.190
	

	
	(7020.792)
	
	(7489.187)
	
	(7896.206)
	
	(6600.892)
	
	(5051.310)
	
	(7363.898)
	

	Local fixed effects
	Yes
	 
	Yes
	 
	Yes
	 
	Yes
	 
	Yes
	 
	Yes
	 

	R squared
	0.249
	
	0.261
	
	0.279
	
	0.258
	
	0.236
	
	0.238
	

	Observations
	327
	 
	327
	 
	327
	 
	327
	 
	326
	 
	327
	 

	***/**/* denote significance at a 1/5/10 per cent level respectively. Robust standard errors in parentheses. 



Table 8: Regression for Standard Deviation of Returns

	Unrealistic positive self-evaluation
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Agricultural skills
	-0.001
	
	
	
	
	
	
	
	
	
	
	

	
	(0.016)
	
	
	
	
	
	
	
	
	
	
	

	Profitability of decision-making
	
	
	0.017
	
	
	
	
	
	
	
	
	

	
	
	
	(0.019)
	
	
	
	
	
	
	
	
	

	Average yields
	
	
	
	
	0.060
	***
	
	
	
	
	
	

	
	
	
	
	
	(0.017)
	
	
	
	
	
	
	

	Stability of yields
	
	
	
	
	
	
	0.027
	*
	
	
	
	

	
	
	
	
	
	
	
	(0.015)
	
	
	
	
	

	Unrealistic optimism
	 
	 
	 
	 
	 
	 
	 
	 
	0.208
	***
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	(0.077)
	 
	 
	 

	Miscalibration
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.006
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	(0.064)
	 

	Age
	-0.001
	
	-0.001
	
	0.000
	
	-0.001
	
	-0.001
	
	-0.001
	

	
	(0.001)
	
	(0.001)
	
	(0.001)
	
	(0.001)
	
	(0.001)
	
	(0.001)
	

	Ability to write
	0.021
	
	0.019
	
	0.013
	
	0.014
	
	0.022
	
	0.021
	

	
	(0.023)
	
	(0.023)
	
	(0.023)
	
	(0.023)
	
	(0.024)
	
	(0.023)
	

	Degree of risk aversion
	-0.008
	
	-0.007
	
	-0.006
	
	-0.009
	
	-0.005
	
	-0.008
	

	
	(0.005)
	
	(0.006)
	
	(0.005)
	
	(0.006)
	
	(0.006)
	
	(0.005)
	

	Household size
	-0.011
	**
	-0.011
	**
	-0.013
	***
	-0.011
	**
	-0.010
	**
	-0.011
	**

	
	(0.005)
	
	(0.005)
	
	(0.005)
	
	(0.005)
	
	(0.005)
	
	(0.005)
	

	Size of household land holdings
	0.022
	***
	0.021
	***
	0.018
	***
	0.021
	***
	0.021
	***
	0.022
	***

	
	(0.006)
	
	(0.006)
	
	(0.006)
	
	(0.006)
	
	(0.006)
	
	(0.006)
	

	Constant
	0.651
	***
	0.588
	***
	0.462
	***
	0.586
	***
	0.522
	***
	0.644
	***

	
	(0.100)
	
	(0.101)
	
	(0.092)
	
	(0.085)
	
	(0.092)
	
	(0.090)
	

	Local fixed effects
	Yes
	 
	Yes
	 
	Yes
	 
	Yes
	 
	Yes
	 
	Yes
	 

	R squared
	0.177
	
	0.179
	
	0.209
	
	0.186
	
	0.195
	
	0.177
	

	Observations
	325
	 
	325
	 
	325
	 
	325
	 
	324
	 
	325
	 

	***/**/* denote significance at a 1/5/10 per cent level respectively. Robust standard errors in parentheses. 



Table 9: Regression Results for Herfindahl Index

4 Conclusions

We empirically investigated the relationship between different facets of overconfidence and risk-taking behavior of Ethiopian farmers. To our knowledge, our approach of considering other psychological characteristics of farmers than their risk preferences in order to explain income portfolios is new in the development literature. We combined primarily collected survey data on overconfidence and income generation with experimentally elicited risk preferences and secondary data on crop yields and prices. 
Several findings of our analysis should be highlighted. First, the phenomenon of overconfidence carries over to a sample as distinct as poor Ethiopian farmers in rural areas and is thus not limited to subjects in industrialized countries. Second, the different facets of overconfidence - unrealistic positive self-evaluation, unrealistic optimism and miscalibration – are partly unrelated and partly negatively related and should therefore be clearly distinguished. Third and most importantly, overconfidence generally has a positive impact on the risk-taking behavior of farmers, but this does not necessarily apply for all facets. More precisely, we find that people who evaluate themselves unrealistically positive hold riskier crop cultivation portfolios, as measured by the standard deviation of portfolio returns. Their concentration of income sources, measured by the Herfindahl index, also tends to be higher, though this effect is weaker. Unrealistic optimism plays a positive role in the overall income diversification, but not for the crop cultivation portfolio. Miscalibration is not found to play any role for risk-taking behavior as captured by our measures. 
Overall, we conclude that overconfidence has in fact an impact on risks taken in the income generating process by people in developing countries. This implies that part of the observed risk exposure, income volatility and crop failure does not result from weather hazards and other adverse events, but also from psychological traits of the decision makers who overestimate their skills and abilities. Whether this additional risk-taking is good or bad needs to be evaluated in view of the optimality of the overall portfolio, a step that, of course, will need to take into account not only the volatility, but also absolute returns of the portfolios. 
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Appendix

	 
	Mean
	Std. Dev.

	Standard deviation of returns
	9365.570
	17727.120

	Herfindahl Index
	0.701
	0.201

	Unrealistic positive self-evaluation
	
	

	Agricultural skills
	3.456
	0.690

	Profitability of decision-making
	3.425
	0.621

	Average yields  
	3.193
	0.657

	Stability of yields 
	2.908
	0.721

	Unrealistic optimism
	0.544
	0.139

	Miscalibration
	0.709
	0.177

	Age
	49.893
	12.638

	Ability to write
	0.599
	0.491

	Risk aversion
	4.713
	1.916

	Household size
	7.187
	2.454

	Land holdings 
	3.439
	2.338

	
	
	


Table A1: Summary statistics for the regression sample (N=327)
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