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Abstract: Agriculture is a risky business that is subject to endogenous risks. Endogenous risks caused
by input utilization, input affordability and input availability may prove detrimental to the production
potential of farmers. The study was aimed at examining the risk perception, risk aversion and risk
management strategies of maize producers in Awi zone, which is found in the northwest part of
Ethiopia. The study involved 343 respondents who produced maize under risk. Descriptive statistics,
a seven-point Likert scale, the observed economic behaviour method, factor analysis and a seemingly
unrelated regression model were used to process the data. The results showed that farmers have
different perceptions of the endogenous risk associated with input availability and input affordability
which has a different probability of occurrence and severity of damage. The observed economic
behaviour method showed that farmers in the area also have different risk aversion behaviours: about
7.29% of the respondents in the study area have high risk aversion attitudes, while about 30.61%
have medium risk aversion attitudes and 62.10% of them have low risk aversion attitudes. The
seemingly unrelated regression model output showed that farmers’ economic, social, demographic
and institutional factors, as well as their risk behaviour, determine the risk management strategies
that they employ. Maize farmers in the area applied human risk management strategies, production
risk management strategies, diversification, financial risk management strategies and marketing
risk management strategies to tackle the endogenous risks in the area. It was deduced that maize
farmers have a risk averse behaviour even if their risk aversion levels differ based on the scope of the
management strategies that they employ to combat risk. Following the finding of the study, a holistic
approach to risk management that encompasses all actors, such as farmers, researchers, extension
services and financial institutions should be involved to make the appropriate interventions.

Keywords: risk aversion; risk perception; risk management; maize; Ethiopia

1. Introduction

Agricultural production is vulnerable to various types of risks that emanate from
the natural, economic and socio-political environment (Onumah 2018). Most agricultural
production risks are significantly more important for the farmers since they can cause large-
scale production losses (Kislingerova and Spicka 2022). Inadequate institutional support
(access to credit, research and extension), inappropriate production systems and inadequate
infrastructures and post-harvest management technology are the main contributors to the
production risk for the farmers (Yiadom-Boakye et al. 2013). However, most farmers in
the least developed countries do not utilize the appropriate risk management instruments
due to lack of awareness among the farming community and a lack of the scientifically
recommended skills for managing risk (Antonaci et al. 2014).

Risk considerations are necessary in the analysis of the agricultural sector as there
exist a number of possible cases where an intelligent policy formulation should consider
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not only the marginal contribution of input use to the mean of output, but also the marginal
reduction in the variance of output (Koundouri et al. 2006). The stochastic nature of
agricultural production is a major indicator of risk. Thus, variability in yield is not only
explained by factors outside of the control of the farmer, such as climate change, but also
by endogenously controllable factors such as varying levels of inputs (Just and Pope 1979).
Risk caused by such endogenous factors is called endogenous risk. An endogenous factor
is associated with the use of the factors of production. Over and under use of input relative
to the recommended rate leads to yield variability among farmers. Inputs have two effects
in the production process: the first is an effect on production; the second is an effect on
production risk. Inputs that increased the mean production did not necessarily have a risk
reducing effect (Ogundari and Akinbogun 2010). Improving farmers’ production skills and
capacities by providing frequent access to training and institutions has been shown to be
advantageous in reducing the level of the endogenous risk encountered by the farmers
(Chavas et al. 2019).

Among agricultural products, maize is the most in-demand product and plays a role
in ensuring the food security of consumers. It is the second most widely grown crop,
next to wheat, in the world. Maize contains about 72% starch, 10% protein, and 4% fat,
supplying an energy density of 365 Kcal/100 g, as compared to rice and wheat, but has a
lower protein content (Nuss and Tanumihardjo 2010). Maize is useful for food, livestock
feed and industrial processes in different countries globally. Different types of maize are
grown throughout the world, with one important difference being its colour, which ranges
from white to yellow to red to black (Ranum et al. 2014).

Ethiopia is one of the major maize producing countries. About 88% of the maize
produced in Ethiopia is used as food. The country has attained self-sufficiency in maize
production and even exports some to Sudan, Djibouti and Kenya. Important causes of
the improvement in yield include the increased availability and use of modern inputs,
the availability of better extension services and an increasing demand (Abate et al. 2015).
Despite this progress in the production and marketing of maize, there is still variation in
the yield levels and returns of maize in Ethiopia (Van Ittersum et al. 2016). The variation
in yield is caused by a technological gap, market imperfections, economic constraints,
allocative inefficiency and poor crop management practices. Tackling such factors will
require an improved extension service, good road infrastructure, liberalization of the input
and output markets and also good technological policies (Van Dijk et al. 2020). Production
variation, on the other hand, causes welfare loss and brings social unrest (Bellemare 2015),
and this in turn bring about rural to urban migration (Lee 2016).

Farmers’ perceptions about endogenous risk sources and risk management strategies
are different based on the context existing in the area. They are shaped based on informa-
tion obtained from various sources (Belaineh 2003). Risk perception is a prerequisite for
determining an effective coping strategy (OECD 2011). Farmers who have no awareness
of the risk could not implement an effective management strategy (Akcaoz et al. 2009).
An individual’s risk perception is influenced by three broad factors, namely, individual
characteristics, risk attributes (frequency and severity) and trust in the communicating
institutions (Siegrist and Hartmann 2020). Individual characteristics make paramount
contribution to the determination of individuals’ risk perception. For example, gender, age,
education and wealth, as well as other innate attributes, create the lens through which a
person assesses various risks and their attributes.

In addition to risk perception, the risk aversion behaviour of farmers contributes to
their state of mind with regard to uncertain activities (Hillson and Murray-Webster 2005).
Risk aversion behaviour involves the propensity to assess a risk situation in a positive or
adverse manner and to act accordingly (Guan and Dragon 2018). Individuals’ risk aversion
behaviours are divided into three categories: low risk averse, medium risk averse and
high risk averse. Those with a low risk averse attitude incline towards uncertain activities;
a medium risk averse attitude is indifferent towards risk and a high risk averse attitude
gravitates towards certain rather than uncertain events (Mitra and Sharmin 2019). The
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factors that induce farmers to hold certain risk attitudes are their experience as farmers,
self-enhancement, pleasure from being at risk, physical enjoyment, prestige-seeking, social
pressure, financial gain, lack of time or means and under-estimation of a hazard (Rohrmann
2008).

Farmers’ perceptions and attitudes about risk determine the types of risk management
strategies they employ in response to the risks they encounter (Crane et al. 2013). Risk is an
unstoppable phenomenon; however, it is possible to reduce any potential loss using risk
management tools (Fitch 2007). Risk management strategies involve different steps such
as risk identification, measurement, treatment and implementation. Risk identification
involves defining the potential risks. Risk measurement encompasses the quantification of
the identified risk. Risk treatment includes risk avoidance, risk reduction, risk acceptance
and risk transfer. Finally, risk implementation involves applying risk management strate-
gies. At the end, each risk management strategy should be evaluated. Implementation uses
people, statistical models and IT infrastructure to measure the underlying risk of current
and future investments. This step refers to checking whether or not the final risk-taking is
in line with the chosen strategy and applies it correctly (Wolke 2007).

From the theoretical point of view, in advanced agricultural science, the dominant
approach has been the stochastic production approach (Sarker et al. 2022).In this production
function, farm inputs are assumed to change the level of output variance in addition to the
level of output produced. Input use, such as the utilization of fertilizers, land and labour,
can change output levels and output variations or volatility. Therefore, producers can adjust
the level of input use to manage the production risks in agricultural production processes
(Guan and Dragon 2018). Just and Pope (1979) stated that the production variation caused
by input use, also known as endogenous risk, is the core issue in the agricultural production
process. Farmers’ endogenous risk is caused by (1) uncertainty in the quality of one or
more inputs, (2) uncertainty in the quantity of one or more inputs, (3) uncertainty in the
timing of one or more inputs and (4) uncertainty in the prices of one or more inputs.

Farmers in Ethiopia have experience in identifying risk sources, and they are able
to develop risk management strategies through experiential learning. However, such
strategies are less effective and have no long-term ability to reduce or avoid risk, as the
severity and frequency of risk persistence (Belaineh 2003). In Ethiopia, the existence
of weak institutions such as the financial, market information and extension advisory
services have made farmers’ risk management strategies less effective (Wondim et al. 2020).
Smallholder farmers do not receive pertinent information about their production and
marketing activities. Such a lack of reliable information deters farmers from making well-
informed decisions that could reduce the agricultural risks encountered in their agricultural
activities (Kahan 2008).

Some prior studies have been conducted in Ethiopia concerning farmers’ perceptions
about risk sources and about the management strategies they implement on their farms;
however, these studies focused on exogenous risk sources. This study fills a knowledge gap
by being geared towards endogenous risk sources in particular. Therefore, this study was
aimed at discovering the perceptions about endogenous risks, the risk aversion behaviour
and the risk management strategies of maize producers in Awi zone, Ethiopia.

The following research questions were designed to address the knowledge gap:

• Question 1: How do endogenous risks occur?
• Question 2: How do maize producers perceive the endogenous risk sources? What are

the probability of occurrence and the consequences of the perceived production risks?
• Question 3: What is the effect of production inputs on the production of maize?
• Question 4: What is the risk aversion behaviour of farmers? What determines the risk

aversion behaviour of the farmers?
• Question 5: What is the effect of the farmers’ risk perceptions, their risk aversion

behaviours and other factors on the input risk management practices of maize produc-
ers?
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This study makes a paramount contribution to the knowledge available to the farmers,
government and non-government institutions and researchers that could create awareness
about endogenous risk sources and the strategies for coping with them.

The remainder of this paper is structured as follows. In Section 2, a theoretical
framework is developed in which the theories that support this study are reviewed. In
Section 3, our research method is explained, including the data gathering strategy used.
Our major statistical analyses are presented in Section 4, which includes an analysis of the
relevant variables. Finally, in Section 5, our findings are discussed, and, in Section 6, the
conclusions of our research are drawn.

2. Theoretical Framework

In this study, two core concepts were included, namely, risk perception and risk
aversion behaviour. Therefore, two theories were included: protective motivation theory
and Roy’s safety first criterion. Protection motivation theory is applied to assess farmers’
perceptions related to input risks and their risk management strategies. Moreover, Roy’s
safety first criterion is applied to assess the risk aversion behaviour of the maize farmers.
Each theory is discussed in detail in the following section.

2.1. Theory of Risk Perceptions

Protection motivation theory (PMT) was originally developed by Rogers (1975). PMT
is crucial in describing how individuals are motivated to react towards perceived physical
threats. The objective of PMT is to recognise and assess the danger, and then counter this
assessment with effective and efficacious mitigation options.

Rogers listed four key elements of PMT:

1. The perceived severity of the hazard
2. The likelihood of the hazard occurring
3. The mitigation measures available
4. The individual’s ability to successfully enact those measures

According to PMT, individuals are more likely to protect themselves when they
anticipate negative consequences, have the desire to avoid them and are able to take
preventive measures. Thus, the motivation for risk management increases not only when
there is cause for concern but also when an individual has the tools and skills to take
preventive measures (Rogers 1983). In PMT, fear is appraised to predict and encourage
protective behaviours and explain the cognitive processes involved in threat and coping
appraisals (Rogers 1975). Two types of appraisals are conducted in PMT theory, namely,
threat appraisal and coping appraisal, which can lead to the adoption of the best response
strategies.

Threat appraisal depends on the following factors: (1) one’s belief in the severity
of the problem (perceived severity); (2) one’s estimation of the chance of being affected
by the disease (perceived vulnerability); and (3) one’s belief in the positive aspects of
unhealthy behaviours (perceived rewards). If the perceived severity and vulnerability are
high, and the perceived rewards are low, there is a stronger motivation for engagement in
health-promoting behaviours.

Coping appraisal involves: (1) one’s evaluation of the efficacy of the protective be-
haviour in coping with the threat (response efficacy); (2) one’s belief in one’s own capability
to manage protective behaviours (self-efficacy); and (3) one’s estimation of the costs (in-
cluding money, time and energy) and effort involved in performing protective behaviours
(perceived response cost). Overall, response efficacy and self-efficacy are expected to
reinforce the coping appraisal, while the response cost is expected to reduce it.

2.2. Theory of Risk Aversion Behaviour

The theoretical framework for studying the risk aversion behaviour of farmers was
the safety first criterion. The safety first criterion is an indirect approach which focuses on
minimizing the chances of possible unfavourable outcomes (Hardaker et al. 2004). This
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set of rules was first proposed by Roy (1952) and further developed by his contemporaries
(Pyle and Turnovsky 1970). Following Kataoka, maximize d subject to Pr(r <= d) <= a,
where d is the subsistence or disaster net income level, r is the random net income and a
is the accepted probability of disaster (presumably low). This last variable is postulated
to depend on a vector S of variables that represent the socio-economic characteristics of
the peasant household: a = a(S). Assuming the mean µ and standard deviation δ of r to be
known, a certainty equivalent to the above model can be derived by maximizing the upper
bound of the disaster level (Pyle and Turnovsky 1970).

The model then becomes max V(µ, δ) = µ − K δ for K = K(S), where K is the marginal
rate of substitution between the expected net income and the risk, i.e., the measure of risk
aversion suggested by Magnusson (1969). Like a, K is a function of the peasant household
characteristics Moscardi and de Janvry (1977) stated that the risk aversion behaviour of
maize producers could be determined by using the safety first approach based on the
conditions of the factor demand and output supply.

3. Material and Methods
3.1. Conceptual Framework

Endogenous risk is the core issue in determining the production potential of maize
producers. Endogenous risk is caused by problems in the utilization of inputs. Farmers
have two types of perceptions regarding endogenous risk: input availability and input af-
fordability risks are the two types of risks perceived by the farmers. High input availability
and high input affordability risks lower the production potential of maize producers and
boost the production risk in the area. Furthermore, farmers’ risk aversion behaviour em-
anates from their knowledge of production function. Knowledge of farmers’ risk aversion
behaviour is crucial in knowing the types of technologies they could adopt and also in
making interventions that encourage the wise use of farm inputs in the production process.
Farmers used DAP, UREA, seed, land, oxen and labour in the production of maize. Farmers’
perceptions about these inputs have an effect on the risk management strategies of maize
producers at large. The farmers applied different strategies to prevent endogenous risks.
Such risk management strategies were determined by the risk perceptions, risk aversion
behaviours and other characteristics of the farmers. The conceptual framework of the study
is shown in Figure 1 below.
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3.2. Study Area

The study was conducted in Awi zone of Ethiopia. Its agro-climatic conditions include
highland (72%), mid-land (17%) and lowland (11%). The topographic area of Awi zone
is relatively flat and productive, and its elevations vary from 1800 to 3100 m above sea
level, with an average altitude of about 2300 m. Moreover, the minimum and maximum
annual temperatures range between 5 ◦C and 25 ◦C. The daily temperature is very high
from March to May. The mean annual rainfall for the area is about 1700 mm. The soils in
the area are predominantly Nitosol and some are of Vertic properties (ANRS-BoFED 2006).
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Awi zone is characterized by mixed farming practices. The production of crops covers
around 90% of the cultivated area. Livestock production is also an integral part of the
production system of the area. The production of cattle, sheep, horses, mules and poultry is
a common practice. Furthermore, Awi zone is well known for its maize, finger millet, faba
bean, barley, wheat, fruits, pulse, oil seeds and vegetables production potential (IFPRI 2010).
Awi zone produced a total of 2,530,945 qt of cereals in 2019/2020 production year, and the
production of maize in particular covered a land area of 64,189 ha, with a productivity rate
of 2.94 qt/ha (AZAO 2022).

3.3. Sampling Technique and Sample Size

A three-stage sampling technique was employed to select sample respondents for
interviews. In the first stage, from the available nine rural woredas in Awi Zone, four woredas,
namely, Dangela, Ankesha, Guagusa and Fagta Locoma woredas were selected purposively
based on their risk situations, agro-ecological conditions and production potentials. In
the second stage, two Kebeles from each woreda fora total of eight Kebeles were selected
randomly. In the third stage, simple random sampling (lottery method) was employed to
select respondents for interviews. The study involved farmers who produced maize during
the 2021/2022 production season. The representative farmers were selected with the help of
the agricultural extension officers and development agents of each woreda and sample kebele.
Both probability and non-probability sampling methods were employed to choose sample
respondents for the study. Under probability sampling, the simple random sampling
method was employed to select 343 maize farmers in Awi zone, while non-probabilistic
sampling was used to select key informants.

A total of 343 maize producers were selected from eight target kebeles, which included
Dubi, Gumderi, Tulta, Denkusha, Wenjela, Shenkurta, Ashew Fenzit and Figla Bable Dawna.
Cochran’s (1963) formula for a finite population correction factor was used to determine
the sample size for the study. It was specified as

n0=
(z)2(p)(q)

e2

n =
n0

1 + n0−1
N

where
n0 = the sample size
N = population size
Z2 = the abscissa of the normal curve that cuts off an area α at the tails
e = the acceptable sampling error (5%)
p = the estimated proportion of an attribute that is present in the population (0.5), and
q = 1 − p.

3.4. Data Collection Methods

A semi-structured interview questionnaire was employed to collect data regarding
farmers’ input utilization and their perceptions related to input risk and its management
strategies. The questionnaire to measure the farmers’ input risk perception and manage-
ment strategies included self-assessment questions that were evaluated using a Likert
scale. A seven point Likert scale was applied to evaluate the farmers’ risk perceptions and
the risk management strategies of maize producers (Likert 1932). The seven point Likert
scale was chosen because it provides high reliability and high validity, is easy to use and
reflects respondents’ true subjective evaluations of a phenomenon as compared to other,
smaller rating scales (Taherdoost 2019). According to this study, a score above 3.5 showed a
high severity and occurrence of risk, and a score below 3.5 was designed to indicate a low
severity and occurrence of risk.
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Farm inputs such as DAP, UREA, seed, land, labour and oxen were the most important
inputs for maize production. Risks associated with the affordability and availability of these
inputs deterred maize producers in the study area. The decision maker in the household
ranked the occurrence and the impact of the two types of risk in the area. Risks associated
with inputs’ availability and affordability were evaluated under a seven point Likert scale,
separately, so as to summarize the farmers’ input risk perceptions. The seven point Likert
scale to assess the occurrence and severity of input risk was designed as (1) _“very rarely”
(2) _“rarely” (3) _“occasionally” (4) _“Neutral” (5) _“less frequently” (6) _“frequently” (7) _
“very frequent”.

While the perception of risks is individual, the management of risks is largely executed
at the farm level. Decision making processes in large households are complex, and all
household members have some influence (Michalscheck 2019). However, the majority of
decisions are made, or at least supported, by the decision maker (household head or head
of labour). Therefore, farm risk management strategies were assessed by interviewing
a single decision maker. Farmers in the study area utilized nineteen input risk manage-
ment strategies, which were evaluated by the decision makers, and farmers provided a
score based on the significance of each risk management strategy in the field. Farmers’
perceptions in relation to the application of each risk management strategy were assessed
under a seven point Likert scale as (1) _“strongly disagree” (2) _“disagree” (3) _“somewhat
disagree” (4) _“neither agree nor disagree” (5) _“somewhat agree” (6) _“strongly agree” (7)
_“very strongly agree”.

In addition to this, key informant interviews are qualitative in-depth interviews with
people who know what is going in the community (Kumar 1987). For the purpose of key
informant interviews, four social leaders, five agricultural officers, sixteen experienced
farmers and eight development agents have chosen. A total of thirty-three key informants
were selected purposively for this study and were interviewed using a well prepared
checklist.

4. Statistical Analysis
4.1. Overall Input Risk Perception of Farmers

Maize producers were interviewed about their perceptions on a seven point Liker-
scale. The most serious risk was given seven points, and the least risk was given one point.
For each risk, the points given by every respondent were summed, and a percentage out
of the maximum score (i.e., seven points times 343 respondents) was calculated. Based
on the Likert scale result, the farmers’ risk perception behaviours were classified as low
and high risk. The Likert type scores for the farmers’ concerns were analysed as ordinal
data to assess their perceptions of the risk related to each input risk. The input risks of
maize producers were divided into two sections; one is associated with input availability
risks and the other with input affordability risks. All statistical tests were conducted using
STATA version 14 software after the data were collected, entered, edited and well prepared.

4.2. Risk Aversion Behaviour of Farmers

In this study, the risk aversion behaviour of maize producers was determined using
the safety first model and applying the observed economic behaviour (OEB) elicitation
method. The OEB approach develops the risk aversion measure based on the conditions of
the factor demand and output supply (Moscardi and de Janvry 1977). The risk aversion
parameter is derived from knowledge of the production function. The OEB method is
an indirect method which makes inferences about the risk attitudes of the farmers based
on the behaviour predicted by an empirically predicted model. The advantages of OEB
include its ability to generate quantitative measures of risk aversion, its objectivity, and the
facts that it allows the analyst to handle a large amount of sample data, is less costly and
avoids measuring the risk attitude from hypothetical gaming situations (Robinson et al.
1984). To determine the risk aversion behaviour of the farmers using OEB, estimating the
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production function is crucial. In this study, a two-step procedure was used to determine
the risk aversion behaviour of maize producers.

Step 1: Estimation of the production function

The translog, Cobb- Douglas, generalized Leontief and constant elasticity of substitu-
tion production functions were equally likely candidates for use in this study; however,
for the ease of use in the subsequent section, it is better to differentiate the models. Model
functional form tests such as the log likelihood, akiake information criteria (AIC), goodness
of fit test and residual sum of square (RSS) value were undertaken to select the appropriate
functional forms for the study. Following these tests, the translog functional form with
non-linear regression model (NLS) was used in the study due to the high fitness of the
model with the data.

The translog production functional form was specified as

Ln Q = α0 + αi ∑6
i = 1 Lnxi+

1
2
αii ∑6

i = 1 Lnx2
i +αij ∑6

i = 1 Lnxi ∑6
j = 1 Lnxj + µi

where
Q = Maize output; X1 = Seed; X2 = DAP; X3 = UREA; X4 = Land; X5 = Oxen; X6 = Labor;

α0 = Constant term; αI coefficients for inputs; αii coefficients for the square of inputs; αij
coefficients for the interaction effect of inputs; µi = error term.

This production function was estimated using the NLS method. The NLS model was
chosen owing to the presence of a curvy-linear relationship between the dependent and
independent variables. Before commencing the NLS regression model, a test for multi-
collinearity was undertaken so as to protect the perfect collinearity between independent
variables and hence to produce unbiased estimates. The delta method was employed to
estimate the elasticity. Elasticity was used to show the percentage change effect of each
input on maize production.

Step 2: Identification of the most influential inputs

Following this, production estimates for the most influential inputs were selected and
used to determine the risk aversion behaviour of farmers. Following Moscardi and de
Janvry (1977), the risk aversion behaviour of farmers was formulated as

ks = 1
θ [1 −

PiXi
Pyβiµy

] in which the coefficient of variation of yield, θ is computed as θ =
σy
µy

where
ks is the risk index of farmers
Pi is the price ofmost influential input (UREA)
Py is the price of maize
Xi is the quantity of most influential input (UREA)
βi is the elasticity coefficient of output with respect to the chosen input
µy is the mean of maize product
σy is standard deviation of maize product
The hypothetical values for the risk parameter (ks) were specified as follows:
ks < 0.4 = low risk aversion
0.4 < ks < 1.2 = moderate risk aversion
1.2 < ks < 2 = high risk aversion

4.3. Risk Management Strategies of Maize Producers

Nineteen risk management strategies were applied by the farmers to cope with en-
dogenous risk in the study area. Farmers were interviewed about the importance of each
risk management strategy as rated on a seven point Likert scale. The data collected using
the Likert scale underwent factor analysis so as to reduce the risk management items into
smaller number of variables.
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Explanatory factor analysis was applied for this study to create a summary latent
variable (factor) fora large number of variables associated with input risk management
strategies. Factor analysis operates by reducing dimensionality. These un-observable
factors are not directly measured but are essentially hypothetical constructs that are used
to represent variables (Bartholomew et al. 2011).

Tabachnick and Fidell (2007) specified the factor analysis model as

Xj = αj1F1 + αj2F2 + . . . αjmFm + εj

where j = 1, 2, 3, 4 . . . p indicates number of variables.
Xj represents j-th variable.
αjm denotes factor loading of j-th variable on m-th factor.
Fm represents factor m.
εj indicates unique factor.
In conducting factor analysis, two methods are mostly commonly used, namely,

principal axis factoring and principal component analysis. In this study, principal axis
factoring with varimax rotation was employed. The justification for this was that principal
axis factoring does not assume that all of the variables (items) included in the study account
for 100% of the variance. Therefore, principal axis factoring categorizes the total variance
into common variance, unique variance and error variance; however, principal component
analysis assumes that there is no error variance, which means that the total variance of the
variable is accounted for by its components (Rietveld and Van Hout 1993).

In connection to this, factor loading indicates the contribution of the variable to each
factor. A factor loading of 0.30 or greater is considered statistically meaningful (Tabachnick
and Fidell 2007). The larger the factor loading, the more the variable has contributed to that
factor (Harman 1976). Finally, Factors with Eigen values greater than 1, Bartlett’s Test of
Sphericity (p < 0.05) and the Kaiser-Meyer-Olkin Measure (KMO) of Sampling Adequacy
(cut-off of above 0.50) were taken into consideration. If this requirement is not met, distinct
and reliable factors cannot be produced. However, if this problem occurs, it can be solved
by increasing the sample size (Yong and Pearce 2013).

The factor analysis produced factor score. A factor score, also known as a factor
loading, is a measurement that correlates a particular variable to a given factor. When
a factor score is high, this suggests that there is a notably strong connection between a
certain factor and a common variance in the observed data. The magnitude of the factor
score (loading) determines the number of factors to retain. The extracted number of factors
represented the input risk management strategies employed by the farmers. Therefore,
based on the above criteria, the main risk management strategies were identified and used
for further analysis.

The seemingly unrelated regression model (SUR) was selected to identify the determi-
nants of input risk management strategies since more than one risk management strategy
was continuous. The SUR model allowed correlations among the residuals of each depen-
dent variable. The SUR model is an extension of the multiple linear regression models and
is used to estimate several continuous dependent variables jointly (Gujarathi 2004).

According to Zellner (1962), the SUR model is specified as

Yim = B0 + BmXim + εim

where Yim (m = 1, 2, 3 . . . k) represents the dependent variables which indicate the factor
score for each risk management strategy chosen by the i-th farmer,

B0 represents the constant term,
Bm represents coefficients of explanatory variables,
Xim represents explanatory variables and
εim represents the error terms.
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The above equation can be interpreted for each risk management strategies (m) as

Y*i1 = γ + B1Xi1 + εi1

Y*i2 = δ + B2Xi2 + εi2

Y*im = φ + BmXim + εim

In this study, the factor scores obtained from the factor analysis output were used as the
dependent variables in SUR model. The SUR model is estimated by the usual ordinary least
square method (Cappellari and Jenkins 2003), and the model allows correlation between
residuals (Belderbos et al. 2004). The test for correlation between residuals was carried out
using the Breusch–Pagan test of independence.

Before commencing the SUR model, a test for multicollinearity was undertaken to pro-
tect the perfect collinearity between independent variables and hence to produce unbiased
estimates. To test multicollinearity, the variance inflation factor (VIF) was employed.

5. Results and Discussion
5.1. Risk Perception of Farmers

In this study, two risk sources were identified, namely, risks associated with the
affordability of input and risks associated with input availability. Therefore, based on their
intensity and probability of occurrence, the sources of risks that affect maize production
were identified as follows:

X Risks that have a high frequency of occurrence and high intensity, and
X Risks that have a high frequency of occurrence and low intensity.

5.1.1. Input Affordability Risk Perception

In connection to the input affordability risk perception, as shown in Figure 2 below,
farmers have different perceptions about the production inputs they use in the production
of maize. Land resources were crucial for the farming community in the study area. Land
affordability risk has a high frequency of occurrence (mean = 4.15) and a low expected
damage (mean = 2.77) in the area. The farmers were smallholders who have an average
land size of 0.69 ha, and farm land was not readily available for hire for maize production
purposes. Moreover, the non-affordability of labour has a high frequency of occurrence and
a high intensity of damage in the area. Maize farmers encountered labour shortages; how-
ever, most farmers lack the financial power to hire labour on their farm. The expensiveness
of labour prohibited farmers from hiring the required number of labourers.
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The non-affordability of high yielding varieties (HYV) has a high frequency of occur-
rence (mean = 4.21) and a high intensity (mean = 3.81) in the study area. High yielding
varieties were crucial to improving the production of maize producers. Most farmers used
local breeds; however, local breeds do not have high production potential and are not
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disease resistant. The farmers in the study area have financial problems and were unable to
purchase and use high yielding varieties; therefore, they opted to use their own local crop
varieties. The non-affordability of fertilizers was the other crucial problem that affected the
production potential of maize producers in the study area. The farm land in the study area
is fertilizer dependent, and the production potential of the soil will be reduced if there is
no fertilizer. Since the prices associated with DAP and UREA were high for the farmers in
the production season, the farmers were unable to afford to purchase the required amount
of fertilizer. This in turn negatively affected the production and market potential of the
farmers.

5.1.2. Input Availability Risk Perceptions

The availability of input has a great role in the production of maize. Figure 3 below
depicts that input availability risk perception which has a high probability of occurrence
and a high intensity of damage in the area. Figure 3 shows that the non-availability of
adequate land for maize production has a high probability of occurrence (mean = 4.56) and
a high severity of damage (mean = 5.05). Since mechanization was not available in the area,
the production potential of the farmers was constrained by land size. Some farmers in the
area hired land from other fellow farmers to produce a greater amount of maize.

Furthermore, labour shortage has a high probability of occurrence and a high intensity
of damage. In the area, farmers used family labour; however, family members did not
contribute adequate time for the production of maize. The available labour of the family
members was often deployed in other off-farm activities so as to earn income to meet
the family’s expenses. Moreover, the supply of labour in the market was not adequately
available.

HYV has a high probability of occurrence (mean = 3.99) and a high intensity (mean = 4.18).
Most farmers used local seeds since the HYV was not supplied regularly by the zonal
agricultural offices in the area. Fertilizer availability risk has a high probability of occurrence
and a high intensity in the study area. The availability of DAP and UREA in the area was
not adequate, and they were not supplied in a timely manner. An inadequate supply of
fertilizer from the cooperatives in the study area served as a detriment to the production
potential of farmers.
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Figure 3. Input availability risk perception.

5.2. Risk Aversion Behaviour of Maize Producers
5.2.1. Estimation of the Production Function

Table 1 below shows the comparison of different production functional forms using
the results from different criteria. Based on the test results, the translog functional form was
shown to be preferable for maize production analysis. The choice of the translog functional
form was based on the fact that it had the highest R2 value, a small RSS value, the best log
likelihood value and a good AIC value compared to the other three functional forms.
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Table 1. Comparison of functional forms.

Functional Forms Significant
Variables No

Log Likelihood
Values AIC Value BIC Value R2 RSS

Cobb–Douglas 5 −69.03269 152.0654 178.9295 59% 30.03
Translog 8 −21.42075 98.8415 206.2979 69% 22.75

Generalized Leontief 7 −25.37765 94.7553 179.1854 68% 23.28
CES 2 −97.18825 208.3765 235.2406 51% 35.39

Source: Author’s Computation based on 2022 data. Note: RSS denoted residual sum of square.

Moreover, the model specification test was conducted using the Ramsey RESET test
and linktest as shown in the Appendix A. The Ramsey RESET test showed that the model
has no omitted variable, and the linktest showed that the prediction squared does not have
explanatory power, so our specification is good.

Following the selection of the production functional form, the parameters of maize
production were estimated using the non-linear least square (NLS) model. NLS is pre-
ferred because there is a curvy-linear relationship between the explanatory variables and
dependent variable, as shown below in Figure 4. In the presence of non-linearity, the NLS
estimation method resulted in an unbiased and consistent parameter estimate.
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The NLS regression estimates in Table 2 below show a goodness of fit test result of
69%, which implies that the amount of variation was explained by the explanatory variable
included in the model. Moreover, the regression estimates show that UREA, land size, oxen,
human labour and human Labour Square have a significant effect on maize production.
Moreover, there interaction effects such as UREA and oxen, UREA and labour, and land
size and labour have a significant effect on the production of maize. The model result
showed that UREA was a very important input in the production of maize as compared
to the other factors. It had a positive effect and was significant at a 1% probability level.
The elasticity result portrayed that a 1% increase in the amount of UREA increases maize
output by 34.115%, ceteris paribus. The justification was that, in the study area, the soil
has a low fertility status, and this forced farmers to use UREA fertilizer. In the area, UREA
gives a paramount advantage by boosting maize production, and the application of UREA
at the recommended rate is crucial in increasing the maize yield. This finding was in line
with the study of Abdulai (2013); Weldegebriel (2014); Wana and Lemessa (2019).

The high elasticity of UREA as compared to the other inputs implied the proneness
of the farmers to utilize UREA to boost maize production and reduce yield variability.
Therefore, the risk aversion behaviour of maize producers was determined based on the
input UREA.
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Table 2. NLS estimate of the translog model.

NLS Estimates Delta Method

Lnmaize Coef. St.Err. t-Value ey/ex St.Err. z-Value

Constant −18.563 2.632 −7.05 ***
lnseed 1.132 0.945 1.20 11.793 9.853 1.200
lnDAP 0.33 0.937 0.35 3.579 10.158 0.350

LnUREA 3.221 0.775 4.16 *** 34.115 8.327 4.100 ***
Lnlandsize −1.029 0.429 −2.40 ** 1.752 0.734 2.390 **
lnoxenday 1.539 0.888 1.73 * 19.024 11.006 1.730 *
lnmanday 1.835 0.561 3.27 *** 26.837 8.276 3.240 **
lnseedsq −0.076 0.168 −0.45 −1.468 3.241 −0.450
lnDAPsq 0.184 0.253 0.73 3.845 5.279 0.730

lnUREAsq −0.151 0.208 −0.72 −3.023 4.180 −0.720
lnlandsizesq −0.066 0.086 −0.77 −0.064 0.083 −0.770
lnoxendaysq 0.194 0.193 1.01 5.279 5.239 1.010
lnmandaysq −0.212 0.106 −1.99 ** −8.018 4.034 −1.990 **
lnseedDAP −0.184 0.129 −1.43 −7.335 5.148 −1.420

lnseedUREA 0.069 0.103 0.67 2.697 4.037 0.670
lnseedLANDSIZE 0.045 0.079 0.57 −0.280 0.491 −0.570
lnseed.OXENDAY −0.047 0.104 −0.45 −2.138 4.742 −0.450
LnseedMANDAY −0.018 0.108 −0.16 −0.938 5.748 −0.160

lndapUREA 0.025 0.142 0.17 0.998 5.779 0.170
lndapLANDSIZE −0.083 0.094 −0.88 0.529 0.602 0.880
lndapOXENDAY −0.104 0.138 −0.75 −4.924 6.548 −0.750
lndapMANDAY 0.022 0.113 0.19 1.215 6.312 0.190

lnureaLANDSIZE −0.015 0.084 −0.17 0.091 0.526 0.170
LnureaOXENDAY −0.396 0.096 −4.12 *** −18.391 4.527 −4.060 ***
LnureaMANDAY −0.2 0.082 −2.44 ** −10.862 4.468 −2.430 **

lnlandsizeOXENDAY 0.087 0.078 1.12 −0.635 0.568 −1.120
lnlandsizeMANDAY 0.162 0.052 3.10*** −1.410 0.458 −3.080 ***
lnoxendayMANDAY 0.026 0.083 0.31 1.641 5.243 0.310

Mean dependent var. 0.351 SD dependent var. 0.463
R-squared 0.690 Number of obs. 343.000

Akaike crit. (AIC) 98.8415 Bayesian crit. (BIC) 206.2979

*** p < 0.01, ** p < 0.05, * p < 0.1. Source: Author computation based on 2022 survey data.

5.2.2. Determining the Risk Aversion Behaviour of Farmers Using the Most
Influential Inputs

As shown in Table 2 above, the relationship between inputs and output was estimated
using the NLS method, and the input UREA was the most influential input among the
other inputs.

Following Moscardi and de Janvry’s (1977) risk aversion classification method, the risk
aversion behaviour of maize producers was shown on the horizontal bar graph as shown in
Figure 5 below. It was shown that, in the study area, all farmers have a risk averse attitude
even if they have different risk aversion levels, which was portrayed in their response
strategy for the risk sources. Based on the farmers’ response levels, they were classified into
three distinct risk aversion categories. The results, as shown in Figure 5 below, revealed
that, of the total respondents, about 7.29% have high risk aversion attitudes, about 30.61%
have medium risk aversion attitudes and 62.10%have low risk aversion attitudes in the
study area. Based on that result, the majority of the respondents have low risk aversion
behaviours. This is inconsistent with the findings of Dadzie and Acquah (2012), Akinniran
et al. (2017), Senapati (2020) and Sadiq et al. (2018), which portrayed farmers as having risk
averse behaviour. However, their responsiveness to risk is not strong enough to avoid the
risk encountered in their agricultural business.
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5.3. Risk Management Strategies of Maize Producers

Table 3 below portrays the exploratory factor analysis results for maize producers’ risk
management strategies. The risk management strategies encompassed 19 items, but, after
the factor analysis was completed, these items were reduced to 5 factors.

Table 3. Factor analysis output for input risk management strategies.

Risk Management Strategies
Factors

Mean S.D. 1 2 3 4 5

Uses high yielding varieties 3.315 2.172 −0.129 0.542 −0.028 −0.177 −0.232
Use market information 3.192 1.980 0.238 −0.087 0.043 −0.038 0.430

Weeding 3.262 2.010 −0.131 0.393 0.018 0.043 0.363
Discusses with extension experts 3.857 2.119 −0.160 0.417 0.082 −0.004 0.140

Storage 6.219 1.441 0.053 −0.038 −0.026 0.067 0.428
Saving money 6.040 1.709 0.149 −0.118 0.145 −0.430 0.181

Create linkage with input dealers 5.230 2.149 0.009 0.121 −0.037 0.030 0.466
Fertilizer application 3.612 2.184 −0.089 0.389 −0.005 0.021 −0.246

Collaborates with farmers 3.912 2.124 0.401 −0.223 0.032 −0.009 −0.065
Labour hiring 3.367 2.055 0.454 −0.242 0.050 −0.065 0.232

Training 3.414 2.252 0.558 −0.227 −0.067 −0.015 −0.166
Spreading purchase across sellers 2.933 1.607 −0.137 0.177 0.571 −0.237 −0.258

Irrigation 3.000 1.904 0.053 −0.019 0.175 −0.065 0.031
Planting involvement 3.525 1.985 −0.009 0.024 0.107 −0.020 −0.107

Spread purchase across time 3.131 1.880 0.033 −0.014 0.356 −0.053 0.073
Purchase of farm inputs on credit 3.149 1.822 −0.075 −0.025 0.060 0.420 −0.120

Borrowing money 2.732 1.657 −0.064 0.025 −0.118 0.510 0.234
Off-farm activity involvement 2.880 1.732 −0.031 −0.059 0.348 0.074 0.067

Selling of assets 2.979 1.786 −0.004 −0.142 −0.008 0.615 0.063

Eigenvalues 4.323 2.368 1.679 1.422 1.149
Total variance explained 22.751 12.464 8.839 7.482 6.049

Cumulative percent of variance explained 22.751 35.214 44.053 51.536 57.58

Kaiser-Meyer-Olkin Measure of Sampling
Adequacy 0.808

Chi-square 1773.594
Df. 171
Sig. p< 0.000

Note: Factor 1indicates human risk management strategies, Factor 2 indicate production risk management
strategies, Factor 3 indicates diversification, Factor 4 indicates financial risk management strategies and Factor 5
indicates market risk management strategies. Moreover, the numbers in bold represents items with high factor
loading.

Based on Kaiser’s criterion, the 19 risk management items were reduced to 5 factors.
The sample adequacy test result showed a Kaiser-Meyer-Olkin (KMO) value of 0.808 and
a Bartlett’s test value (χ2 = 1773.594, p < 0.000), which implied that sufficient and reliable
factors were produced.
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The number from the varimax rotation result showed the factor loading. Factor loading
depicts the strengths of the relationships between the items and the factors. The magnitude
of the loading determines the number of factors to retain. In addition to this, the mean
associated with each item indicates the relative importance of the risk management strate-
gies in the study area. Five of the risk management strategies were named as human risk
management strategies, production risk management strategies, diversification, financial
risk management strategies and market risk management strategies, and the naming of
each factor was conducted based on the characteristics of the items included within that
factor.

5.3.1. Determinants of Risk Management Strategies

The result from the varimax rotation method yields five factors. These five factors were
regressed against the socio-economic, demographic and risk behavioural factors. To do
so, the SUR model was applied, since it contains five simultaneously regressed equations
which have correlated residuals.

The SUR model results in Table 4 revealed that the independent variables explain the
total variance of 34%, 23%, 16%, 20% and 20% for the human risk management strategy,
production risk management strategy, diversification, financial risk management strategy
and marketing risk management strategy, respectively. In addition to the R2 value, the χ2

statistics are significant for each dependent variable at a one percent probability level, which
shows the overall fitness of the model with the data used in the analysis process. The test
for the correlation between the residuals resulted in a significant χ2 value (χ2

(10) = 61.529,
p < 0.001), which implies that there is a significant relationship between residuals; therefore,
the SUR model best fit with the data.

Human Risk Management Strategy Determinants

Human risk management strategy was significantly affected by marital status, edu-
cation level, extension contact, farm size, market information access, non-farm income,
amount credited, distance, input affordability perception and risk aversion. The SUR
model results showed that marital status has a positive effect and a significant effect at a
1% probability level. It implied that marriage increases the willingness of the farmers to
use human risk management strategies. The result from key informants’ interview showed
that married respondents have highly needed training and could collaborate with fellow
farmers in the production process. Alexander et al. (2018) stated that procuring high
production is mandatory for married farmers to feed their family members, and that, to do
so, the farmers are always in need of training related to input use and other production
related technologies.

Education level has a positive and a significant effect at a 5% probability level. Edu-
cated farmers have good knowledge, understanding and skill and better apply human risk
management strategies so as to improve the efficiency and productivity of the labour force
in the area. The findings of Basrowi (2012) showed that utilization of information related to
risk management is easier for farmers with higher educational attainments. Moreover, edu-
cation is related to knowledge, which is an intellectual ability, and to memory in applying
concepts to solve problems in the field.

The frequency of extension contact has a positive effect and was significant at a 1%
probability level. The information obtained through the key informants interviews depicted
that extension services provide training through the farmers’ training centres (FTCs) for
the farmers. Increasing contact with extension professionals could improve the production
skills, performance and risk management capabilities of the farmers in the study area. In
the area, farmers’ labour use management on the farm mostly improved through advice
obtained from the extension agents. This finding was congruent with the studies of Kuru
(2010) and Temesgen et al. (2015), who found that farmers with frequent extension contact
had access to agricultural information, knowledge and risk reducing training program.
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Farm size has a positive effect and was significant at a 10% probability level for the
human risk management strategies of the farmers. As the size of the farm increases, the
human risk management strategies of the farmers improved. A plausible explanation for
this is that maize production in the area was labour intensive and the farmers with large
farms always need labour to deploy on their farm. Large farm holders in the area cooperate
in the production process, hire labour and obtain training about production process from
extension agents. This finding was in line with the study of Nahraeni (2012). Moreover,
Kislingerova and Spicka (2022) found that large farm size provides a greater management
capacity and greater economies of scale for the farmers and could lead them to apply
different risk management practices.

Non-farm income has a negative effect and was significant at a 5% probability level for
human risk management strategies. The result from the key informants interviews depicted
that the income obtained from non-farm activity was mostly used for daily consumption,
such as the purchase of food items and clothes. The role played by non-farm activity was
not strong enough to improve the human risk management strategies of farmers in the
area at large. Furthermore, the amount credited has a positive effect and was significant at
a 10% probability level for human risk management strategy. Credit was the alternative
source of income by which the farmers could finance their maize production process. In
the study area, farmers obtained credit from institutions and from their fellow farmers for
labour cost and other inputs. Van-Vugt et al. (2018) and Ngeno (2018) showed that credit is
crucial to improving the welfare of farmers since it enables farmers to purchase inputs such
as labour.

The SUR model results showed that input affordability risk perception has a positive
effect and was significant at a 1% probability level. High perception of the input afford-
ability risk encourages the farmers to employ human risk management strategies in the
study area. The justification was that high price of inputs enforced farmers to manage
the available production inputs efficiently. Such a problem increases the farmers’ need to
search for skilled labour that can operate with minimum cost of production.

Risk aversion behaviour of farmers has a negative effect and was significant at a
1% probability level. The SUR model results showed that medium risk aversion and
high risk aversion have a negative effect on the human risk management strategies of
maize producers. The justification for this was that, in the study area, farmers have low
competency skill, which means that they underestimated the risky situation and could
not properly take action to protect themselves against the situation. Furthermore, the
societal culture of anticipating and managing risk was poor, which prohibited farmers from
enacting sufficient human risk responses, such as collaborative activity, training and labour
hiring on their farm.

Production Risk Management Strategy Determinants

Production risk management strategy was significantly affected by education level,
experience, extension contact, farm size, farm income, TLU, social group membership,
input affordability perception and input availability perception. The model result showed
that, as compared to illiterate farmers, attaining primary and secondary education levels
has a positive and a significant effect at 10% and 5% probability levels, respectively, on
the production risk management strategies of maize producers. This is congruent with the
finding of Chandio and Yuansheng (2018), who stated that an educated farmer can under-
stand, identifies the risk sources and hence applies effective risk management strategies on
their farm. Vihi et al. (2018) found that education leads individuals to have better, more
privileged and more useful information on how to mitigate and manage any potential risks.

Experience has a positive effect and was significant at a 5% probability level for the
production risk management strategy of maize producers. Farmers are intelligent on
their farms due to the practical experience that they develop. The findings from the key
informants’ interviews portrayed that, in the study area, most farmers did not gain frequent
training from development agents in relation to production risk management techniques;
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therefore, it is through experience the farmers mitigate the risk. This was in line with the
findings of Adimassu and Kessler (2016) and Chikezie et al. (2019).

Furthermore, extension contact has a positive and a significant effect on the production
risk management strategies of maize producers. Extension services provided training and
advice to help the farmers to improve their production systems and mitigate the risks
encountered in their farm areas. Farmers who have frequent extension contact have know-
how about the proper utilization and management of inputs, which in turn is crucial to
applying the strategies in an efficient and effective manner. The result from KIIs supported
this finding, which stated that, since the extension approach is more production oriented,
it provides adequate information on the use of production inputs as risk management
strategies. Similar finding was procured from studies by Christoplos (2010) and Chikezie
et al. (2019).

Farm size has a negative and a significant effect at a 1% probability level for the
production risk management strategies. The justification is that farmers in the study area
are poor in terms of human capital and finance, and thus they have no capacity to manage
the risk encountered on their large sized farms. Moreover, Sulewski and Kłoczko-Gajewska
(2014) implied that farmers with large farms have low risk aversion behaviour and are not
eager to use risk management strategies since they have a high economic of size. On the
contrary, Vihi et al. (2018), Kislingerova and Spicka (2022) showed that large-scale farmers
are usually high capital base farmers and have the ability to use alternative strategies;
moreover, large-scale farmers can purchase and use improved inputs and practices more
easily than small-scale farmers.

Farm income was the other crucial resource for the farmers that supports the livelihood
of the maize producers. Farm income has a positive and a significant effect at a 5%
probability level on the dependent variable. Farmers got income from the selling of crops
and livestock, and the income obtained from farm activities was crucial to implementing
production risk management strategies such as purchasing fertilizer and high yielding
varieties and hiring labour. Hunnes (2015) and Ellis (2017) stated that wealthier households
are better able to act quickly to cope with production variability.

Total livestock unit have a positive and a significant effect at a 1% probability level for
the production risk management strategies of farmers. Farmers sold their livestock when
they encounter financial problems. The finding from the key informants’ interviews showed
that livestock are the liquid assets for the farmers, and that farmers sold their livestock to
purchase fertilizer, pesticides and high yielding varieties. Adimassu and Kessler (2016)
found that farmers with high number of livestock are risk averse because their livestock
could be used as insurance.

Membership in a social group has a positive and a significant effect at a 1% probability
level on the dependent variable. The result from the key informants interviews implied
that the farming activity in the area was conducted though cooperation with other farmers
found in the locality. Farmers cooperate with one another during land preparation, sowing,
weeding and post-harvest activities. James and Yunxian (2021) also found that social group
membership provided collective interventions to ensure good risk protection management
and optimization strategies. Bowles and Gintis (2002) found that households with better
social and cultural capitals invested more in land improvement activities.

Risk perception is important in determining the production risk management strate-
gies of maize producers. Farmers’ perceptions of the affordability and availability of inputs
came from the society they lived in and from the farmers’ specific situations. The regression
results implied that input affordability perception has a negative and a significant effect at
a 5% probability level on the dependent variable. The justification for this was that farmers
are reluctant to purchase expensive inputs due to financial problems. The expensiveness of
inputs prohibited farmers from implementing production risk management strategies, and
hence this forced them to take risks.

Furthermore, input availability risk perception has a positive and a significant effect
at a 1% probability level. The unavailability of production inputs forced farmers to use
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other alternative strategies such as changing to cost efficient production techniques, using
organic fertilizer and increasing their contact with the extension personnel so as to obtain
advice and training regarding production methods. Scarcity/unavailability of production
inputs made farmers look into other alternative strategies to sustain their livelihood. This
finding was congruent with the studies of Birkholz et al. (2014) and Sulewski and Kłoczko-
Gajewska (2014) who stated that a high risk perception induces farmers to take measures
to secure themselves against loss.

Diversification Strategy Determinants

The diversification strategies of maize producers were affected by family size, ed-
ucation level, experience, farm size, off-farm income and input affordability perception
significantly. The SUR model results showed that family size has a positive effect and was
significant at a 5% probability level. Family members within the household were a source
of labour for the farming community that enabled them to diversify sales across time and
to engage in off-farm activities. Osondu et al. (2013) found out that increase in household
size leads to an increase in the use of risk management because there is a division of labour
within the household which make the use of risk management practices easier and less
time consuming for the farmers.

Secondary education level has a positive effect and was significant at a 10% probability
level. The justification was that educated households better know and understand the
benefits of diversifying activities in reducing the risk associated with farming activities.
Educated farmers could select the type of input sellers and the time to purchase inputs
and deploy different income diversification activities. Through these activities, the farmers
alleviate financial problems and manage input risks at large. This is congruent with the
findings of Ullah et al. (2015). However, it contradicts with finding of Mesfin et al. (2011),
who found that more schooling discourages farmers from adopting diversification measures
such as off-farm income to manage farm income variability.

The experience of farmers in production of maize has a positive effect and was sig-
nificant at a 1% probability level for the diversification strategies of maize producers. The
justification was that most farmers in the area were illiterate; therefore, they implemented
risk management strategies based on the experience they had rather than applying sys-
tematic risk management strategies. Experienced farmers have better know-how to avoid
production problems by participating on different activities. Akhtar et al. (2019) depicted
that experienced farmers have good awareness about the risk and have good societal
contact.

Furthermore, farm size has a negative effect and was significant at a 5% probability
level on the diversification strategy. A large farm size means wealth for the farmers. Large
farm holders did little to diversify their income since wealth by itself is a disincentive to
consider risk. Farmers with large farm holdings did not worry about the time to purchase
their farm input and did not involve themselves in off-farm activities since they had a
sufficient financial capacity. This finding is in line with the studies of Mesfin et al. (2011),
Ullah et al. (2015) and Kislingerova and Spicka (2022), in which large-scale farmers have
a high capacity to bear risk and less need for risk management tools. Dabkiene (2020)
signified that agricultural production on small farms was not sufficient to support the
families; therefore, they were involved in diversification activities.

Off-farm income has a positive effect and was significant at a 1% probability level for
the diversification strategies of maize producers. An off-farm activity such as casual labour
is a source of income for the farmers in the area, allowing the farmers to withstand the high
cost of inputs such as UREA and to hire labour on their farm. The results from the key
informants interviews strengthen this finding, stating that off-farm income enables farmers
to purchase farm inputs such as UREA and high yielding varieties and to hire labour and
oxen.

Input risk perceptions have a significant effect on the dependent variable. The SUR
model result showed that input affordability risk has a positive effect and was significant
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at a 1% probability level. A high input price incentivized farmers to engage in diversified
activities to boost their financial capability. The result from the key informants interviews
portrayed that, due to the non-affordability of input prices, farmers in the study area were
inclined to engage in other activities such as diversifying the purchase of inputs across time
and across traders.

Financial Risk Management Strategy Determinants

The financial risk management strategy of the maize producers was significantly
determined by their family size, education level, experience, off-farm income, non-farm
income, amount of credit, TLU, distance and input affordability risk perception. The model
result showed that family size has a negative effect and was significant at a 1% probability
level. The justification was that large family means high consumption, which decreased the
financial capacity of farmers. On the contrary, Asravor (2018) found that family members
can supply more labour both on and off-farm in order to supplement the income from the
farm.

Furthermore, the secondary education level has a positive effect and was significant at
a 5% probability level for the financial risk management strategies of maize producers. The
results from the key informants interviews implied that educated farmers have knowledge
and awareness in managing the farm business and in administering the cost and revenue
on the farm. Moreover, educated farmers in the area employed strategies such as saving
and the borrowing and selling of assets when they encountered financial difficulties. This
finding was in line with the study of Saqib et al. (2016) and James and Yunxian (2021).

The experience of farmers, on the other hand, has a positive effect and was significant
at a 5% probability level for financial risk management strategies. Experience plays a
great role in managing the farms in the area. Farmers sold crops and livestock to purchase
fertilizer, borrowed seeds and money from their fellow farmers and also saved seeds for
the next production season using their own experiential learning from the farm. Ellis (2017)
portrayed past experience as being helpful in choosing the best risk management strategies.
On the contrary, Akaakohol and Aye (2014) found that more experienced farmers have less
ability to participate in financial response strategies such as off-farm activities since they
spend more time on their own farm.

Off-farm income has a positive effect and was significant at a 1% probability level for
the financial risk management strategies. Off-farm income was a supplementary income
source for the farmers. In the area, farmers were involved in the marketing of agricultural
commodities and in casual labour to solve their financial problems. In connection to this,
non-farm income has a positive effect and was significant at a 10% probability level for
the financial risk management strategies of farmers. Petty trade, charcoal production and
handcrafts were the main non-farm activities in the study area. Therefore, alternative
income sources were essential to support the livelihood of farmers and helped them to
purchase production inputs easily. El-Osta and Morehart (2008) and Akinrinde et al. (2018)
showed that off-farm activity is crucial to stabilizing farm income and safeguarding farmers
from production risks.

The amount credited has a positive effect and was significant at a 5% probability
level for the financial risk management strategies of farmers. Farmers in the study area
borrowed from formal and informal institutions to purchase farm inputs as well as for
family consumption. The key informants interview results showed that credit strengthens
the financial capacity of maize producers and improves the purchasing power of farmers
even if there are collateral problems in obtaining financing from formal institutions. Solano
and Rooks (2018) and Adjognon et al. (2017) showed that credit enables farmers to have
access to inputs such as improved seeds, fertilizers and chemicals and to hire labour when
needed.

The total livestock holding has a positive effect and was significant at a 10% probability
level for the financial risk management strategy. The justification for this was that livestock
were a source of income for the farmers and farmers got income from the sale of their
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livestock. Income obtained from sale of livestock was dedicated to the purchase of farm
inputs and goods for household consumption. Asravor (2018) and Adimassu and Kessler
(2016) stated that households with larger livestock holdings could easily convert their
livestock to cash and could withstand production variability.

Distance from the road has a negative effect and was significant at a 1% probability
level on the dependent variable. Distance from the road imposed additional costs for the
farmers to reach to institutions, such as markets and financial institutions. Moreover, farm-
ers in distant locations were far from pertinent information and did not gain much formal
training. Therefore, they have low awareness and knowledge and few opportunities to
implement solutions when they encountered risks. Therefore, they were weak in applying
strong financial response strategies. Adimassu and Kessler (2016) also showed that farmers
near to the paved roads and markets have better access to the credit and could engage in
off/non-farm activities.

Input affordability risk perception has a negative and a significant effect at a 1%
probability level for the financial risk management strategies of maize producers. As inputs
became non-affordable, farmers’ purchasing power diminishes. In the study area, farmers
were poor, had few valuable assets to sell and had little capacity to save or borrow from
banks during risky situations. The expensiveness of inputs weakens maize producers’
abilities to follow financial risk management strategies since they cannot withstand the
price increase. Ping et al. (2016) stated that, due to the high price of inputs, farmers do
nothing, forcing them to tolerate the risk. In contrast, Zulfiqar et al. (2016) and Saqib et al.
(2016) found that farmers with high risk perception used credit and off-farm activities as
risk management tools.

Market Risk Management Strategy Determinants

Market risk management strategies were significantly determined by education level,
experience, information access, TLU, input risk perceptions and risk aversion behaviour.
The model result showed that reading and writing have a negative and significant effect at a
1% probability level. The justification for this was that farmers with less education have less
know-how to use market risk management strategies. Farmers who were far from formal
education could not understand well the benefit of market information access, did not used
cooperatives and were unable to create market linkages. Ahaneku et al. (2019) and Velandia
et al. (2009) stated that less education is related to weak adoption rates for market risk
management strategies. Mishra and El-Osta (2002) also stated that more educated farmers
have high risk aversion behaviour and are more prone to use market risk management
practices.

Experience has a positive and a significant effect at a 1% probability level on the
dependent variable. Experienced farmers have the skill to use alternative market risk
management strategies. Farmers employed marketing risk responses such as storage and
creating linkage with the input dealers by considering the status of risk situation in the
area. Ellis (2017) and Osondu et al. (2013) found that more experienced farmers were more
likely to opt for different marketing strategies, since with more experience they are better
able to be aware of marketing channels and agents in the community.

Access to market information has a positive effect and was significant at a 5% probabil-
ity level for the market risk management strategies of maize producers. The key informants’
interview results showed that pertinent market information is crucial for the farmers to
make well-informed decisions. Based on this information, farmers select an input purchas-
ing season, choose among input sellers and output buyers, store input or output for the next
production season, make forward contracts with the traders and use different profitable
production technologies. James and Yunxian (2021); Mishra and El-Osta (2002) stated
that household marketing decisions are based on price, supply and demand information.
Poorly informed farmers may not be able to adopt risk protection mechanisms, leading to
inefficient marketing decisions.
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Table 4. SUR model result for predictors of input risk management strategies.

Explanatory Variables
Risk Management Strategies

Human Risk
Management

Production Risk
Management Diversification Financial Risk

Management
Market Risk
Management

Gender
−0.102 0.034 −0.021 0.038 −0.128
(0.111) (0.126) (0.127) (0.137) (0.137)

Family size 0.005 0.064 0.101 ** −0.156 *** −0.008
(0.035) (0.039) (0.040) (0.044) (0.044)

Marital status
0.414*** 0.152 −0.143 0.116 0.015
(0.124) (0.140) (0.142) (0.153) (0.153)

Education level
0.365 ** −0.051 0.216 0.190 −0.474 **

Read and write (0.154) (0.174) (0.176) (0.191) (0.191)
0.323 ** 0.305 * 0.227 0.188 −0.167

Primary education (0.147) (0.167) (0.169) (0.183) (0.183)
0.305 ** 0.337 ** 0.271 * 0.347 ** 0.212

Secondary education (0.141) (0.160) (0.162) (0.175) (0.175)

Experience 0.004 0.047 ** 0.055 *** 0.044 ** 0.062 ***
(0.017) (0.019) (0.020) (0.022) (0.022)

Extension contact
0.043 *** 0.024 * 0.020 −0.012 0.003
(0.013) (0.014) (0.014) (0.016) (0.016)

Farm size
0.259 * −0.512 *** −0.393 ** 0.089 0.218
(0.138) (0.156) (0.158) (0.171) (0.171)

Information access
0.164 −0.103 0.008 0.160 0.278**

(0.106) (0.120) (0.122) (0.132) (0.132)

Farm income
−0.002 0.003 ** 0.000 −0.002 0.002
(0.001) (0.002) (0.002) (0.002) (0.002)

Off-farm income
−0.004 −0.002 0.009 *** 0.009 *** −0.001
(0.003) (0.003) (0.003) (0.003) (0.003)

Non-farm income
−0.009 ** −0.003 0.002 0.009 * −0.006

(0.004) (0.005) (0.005) (0.006) (0.006)

Amount Credited
0.063 * 0.035 −0.033 0.091 ** −0.042
(0.035) (0.039) (0.039) (0.043) (0.043)

TLU
0.006 0.021 * −0.015 0.021 * 0.025**

(0.010) (0.012) (0.012) (0.013) (0.013)

Social group membership −0.017 0.357 *** −0.084 0.126 −0.008
(0.106) (0.120) (0.122) (0.132) (0.132)

Distance
−0.020 ** −0.009 −0.000 −0.034 *** 0.016

(0.009) (0.010) (0.010) (0.011) (0.011)

Land ownership 0.114 0.121 −0.108 0.087 −0.106
(0.126) (0.143) (0.144) (0.156) (0.156)

Input affordability perception 0.092 *** −0.068 ** 0.075 *** −0.126 *** 0.084 ***
(0.025) (0.029) (0.029) (0.031) (0.031)

Input availability perception −0.001 0.122 *** −0.052 −0.013 0.071 **
(0.029) (0.032) (0.033) (0.035) (0.035)

Risk aversion
−0.676 *** −0.100 −0.039 0.089 0.665 ***

Medium risk averse (0.118) (0.133) (0.135) (0.146) (0.146)
−0.740 *** 0.084 0.322 −0.049 0.501*

High risk averse (0.211) (0.239) (0.242) (0.262) (0.262)

R2 0.3426 0.2297 0.1607 0.2057 0.2031
Chi2-value 178.78 *** 102.31 *** 65.66 *** 88.82 *** 87.41 ***

*** p < 0.01, ** p < 0.05, * p < 0.1. Source: Author computation based on 2022 survey data.

Total livestock holding has a positive effect and was significant at a 5% probability
level on the market risk management strategies of maize producers. Livestock served
as a liquid asset for the farmers since they could sell the livestock when production risk
occurred in the area. Farmers having more livestock at their farms are more likely to adopt
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market responses such as storage as a risk management tool. This finding was in line with
the study of Akhtar et al. (2019).

Input affordability risk perception has a positive effect and was significant at a 1%
probability level. Expensiveness of inputs forced farmers to make a choice such as to
make contract with traders. Moreover, farmers in the area made share cropping with other
farmers so as to produce maize on their own farms and share the products equally. In doing
so, farmers got a labour force and maize product at the same time. During the presence
of high input prices, farmers found a win-win strategy for sharing the risk with the other
actors.

Input availability risk perception has a positive effect and was significant at a 5%
probability level on the dependent variable. The key informants’ interview results showed
that farmers made purchases of inputs such as seed and fertilizer when inputs were
available widely. The farmers store the inputs to be used in the production of maize when
the price of inputs increased. Therefore, the availability of inputs allowed the farmers
to easily access and utilize the inputs and hence it was helpful to apply market risk
management strategies. The same find was obtained by Kisaka-Lwayo and Obi (2012).

Risk aversion behaviour has a positive and a significant effect on the market risk
management strategies of maize producers in the study area. The model result showed that
medium risk aversion behaviour has a positive effect and was significant at 1% probability
level on the dependent variable. Moreover, higher risk aversion behaviour has a positive
effect and was significant at a 10% probability level. The justification for this was that risk
averse farmers were reluctant to take risks and hence apply risk management strategies.
Kouamé (2010) and Saqib et al. (2016) found out that risk averse farmers were eager to use
market information and apply different marketing strategies to mitigate the adverse effect
of risk.

6. Conclusions and Recommendations

The agricultural sector is susceptible to various types of risk in Ethiopia. Such risks in
agriculture are interconnected and sometimes offset each other. Endogenous risk which was
caused by factors of production was the dominant risk affecting the production performance
of farmers. Farmers strived to cope with these risks; however, the effort they made was not
strong enough to control the risk. Risk is the potential deviation between expected and real
outcomes. While this deviation may be positive or negative, a negative outcome has greater
importance from a practical point of view and is usually the focus of decision makers.

This study was aimed at examining farmers’ endogenous risk perception, risk aversion
behaviour and coping strategies in managing the risk. Regarding the production input
use, farmers in the study area did not use the recommended amount of seed, DAP, UREA,
labour and oxen per a given hectare of land. Such unscientific use of inputs was the cause
for maize production variability in the study area. Endogenous risk was perceived by the
farmers in two ways; the first was connected with input availability risk and the second
with input affordability risk. Input availability risk perception has high probability of
occurrence and high intensity of damage among maize farmers in the area. Moreover, with
regard to input affordability risk, farmers have different perceptions about the production
inputs they used in the production of maize. High perception of endogenous risk signi-
fied the presence of severe risk which could harm farmers’ production potential at large.
Farmers’ perception of risk sources and risk management strategies were determined by
different farm specific and systematic issues in the area. Risk perception is a prerequisite for
determining effective coping strategies (OECD 2011). Farmers could encounter high input
risk if they did not provide appropriate management strategies. In the study area, human
risk management, production risk management, diversification, financial and market risk
management strategies were mechanisms that farmers followed to protect against endoge-
nous risk. The input risk management strategies of maize producers were determined
by various factors, such as risk perception, demographic factors, socio-economic and risk
aversion behaviour of farmers.
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One of the crucial factors that determine risk management strategies was the risk per-
ception of the farmers. Risk perception is a mental interpretation of an individual produced
by external stimuli (Wachinger et al. 2013). An individual’s risk perception is influenced
by three broad factors, namely, individual characteristics, risk attributes (frequency and
severity) and trust in the communicating institutions (Siegrist and Hartmann 2020). High
risk perception among farmers regarding input affordability and input availability enforced
the farmers to use different risk management strategies. Input affordability risk perception
had a negative impact on the financial capacity of farmers, and farmers did not have the
willingness to use production risk management strategies. In response to occurrences of
input affordability risks, farmers in the area were more prone to use other management
activities, such as human management strategies, diversification of income and marketing
strategies. In addition to this, when the occurrence and severity of input unavailability
is high, farmers engage in risk reduction behaviours, such as changing to cost efficient
production techniques, using organic fertilizer and increasing contact with the extension
personnel so as to receive advice and training about production methods.

Farmers who have no awareness about the risk could not bring effective management
strategy. The awareness of farmers could be improved through education, experience,
extension contact and information access from different sources. Mishra and El-Osta (2002)
strengthened this idea, finding that farmers with higher levels of education and more
experience have ahigh inclination to use risk management strategies. Most farmers have
low education attainment; therefore, they developed risk management strategies through
experiential learning. Moreover, farmers got information from development agent, formal
and informal information sources which were crucial to improve the cognizance of the
farmers about agricultural risk prevailed on the farm.

The economic characteristics of the farmers, such as farm size, off-farm income, on-
farm income, farm income, livestock holdings and amount credited make significant
contributions the financial power of farmers and to their application of efficient manage-
ment strategies on the farm. Farmers with large farms were less prone to apply production
and diversification risk management strategies. Large farm size brought a high economic of
scale for the farmers, and they were not willing to use risk management strategies. Palinkas
and Székely (2008) found out that, with smaller farm sizes, the incentives to use produc-
tion risk management strategy and to participate in diversification activities decreases.
Moreover, a large farm size increased application of human risk management strategies
such as training requirements and collaborative activity at large. Sherrick et al. (2004);
Kislingerova and Spicka (2022) depicted that large farm size provided greater power for
applying various types of risk management strategies. Participation in alternative income
source activities and availability of livestock were also crucial for the application of risk
management practices by the farmers. Livestock and cash income are liquid assets and
hence they are helpful in managing risk effectively. Mishra and El-Osta (2002) stated that
farmers who participate off the farm, use credit, and sell their commodities across time are
more likely to participate in risk management strategies.

The risk aversion behaviour of farmers signified the behavioural tendency of farmers
directed to the risk in the area. UREA was determined to be the most important input in the
production of maize. Using the amount of UREA as a basis, it was shown that farmers in the
area do have risk aversion behaviours; however, the levels of risk aversion behaviour differ
among the farmers. The majority of farmers in the area has a low risk aversion attitude,
which implies that farmers have a low tendency to counteract the risk. Determining the
risk aversion behaviour of farmers has implications for the government and other agents
who wish to make important interventions among the farmers. The farmers’ risk aversion
behaviour is an indicator of farmers’ tendency or willingness to take risk. Risk averse
farmers with high level of competency and risk anticipation skill have better know-how to
manage risk.

The following recommendations are put forward by the researchers:
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The zonal agricultural office should develop plans to link farmers with the market.
To do so, contract farming schemes should be developed well in the area to farmers to
protect themselves from production risks and from price instability. Through contract
farming schemes, farmers have reliable access to input and output markets. Therefore,
farmer-to-industries and farmers-with-traders linkages should be strengthened to reduce
the risk of maize producers. Moreover, extension workers should better understand the
risks that farmers face in the study area. Based on this information, they should provide
capacity building training for farmers and assist farmers in developing risk management
strategies. Extension workers should educate farmers about production risks and link
farmers with research information so as to reduce risk through farmers’ training centres
(FTCs) in each rural kebeles in the zone.

Farmers should engage in farm planning, which means the farmers should better
understand exactly what and how much input is needed at various times during the
production season. To develop farmers’ planning skills, it is essential to strengthen farmers-
to-extensions and also farmers-to-research-centres linkages. This helps the farmers to
follow scientifically recommended practices

Strengthening traditional social bonds is also crucial for the farmers, so that they have
mutual assistance. Farmers should understand well the benefits of working together to
reduce the risks encountered in the area. Through social bonds, the farmers could commu-
nicate information about production practices, purchasing prices of inputs, selling prices of
outputs, types of buyers and the locations of marketplaces where they can purchase/sell
their input/output. Social bonds also provide security for the farmers and are helpful in
supporting the most vulnerable groups in the society.

With regard to governmental institutions, financial institutions make a significant
contribution toward reducing both production and market risks in the study area. Financial
institutions should design mechanisms to provide loans without collateral for the farmers.
Moreover, financial institutions should provide awareness about cash utilization for the
farmers and should improve farmers’ ability to raise cash to use during unfavourable times.
Farmers should develop assets that could be easily convert to cash since the risks associated
with input affordability could be reduced by selling liquid assets.

The majority of farmers were illiterate and have no scientific know-how about maize
production, and they carry out their farming activities based on experience. The provision
of adult education for illiterate farmers offers them the advantage of improved awareness
and powers of information analysis. Continual training for farmers is also crucial in order
to improve the labour productivity and risk management ability of farmers. In addition
to this, establishment of agricultural information centre is mandatory in the area since it
enables farmers to receive timely and accurate information with regard to production and
marketing. Therefore the risk associated with input and output risk would be reduced at
large.

Rural infrastructure development should be widely expanded in the area. Infrastruc-
tures such as roads, telecom and electricity are crucial so that the farmers have easy access
to different institutions, such as market and financial institutions. Good infrastructure
has the potential to lessen transaction costs for maize producers, such as transportation
costs, information searching costs, bargaining costs and enforcement costs. Furthermore,
cooperatives should be strengthened in the zone since they provide the opportunity for
maize producers to benefit from an increased volume of sales, bulk purchases of inputs
and supplies and the mobilization of credit. Cooperatives are instrumental for the farmers
to reduce the transaction costs associated with search for a market.

Diversification should be used to minimize the financial risks for farmers. Involvement
in off-farm and non-farm activities is crucial to make farmers financially strong. Income
obtained from alternative income generating activities is important for purchasing farm
inputs and enables farmers to follow mechanized agriculture. Mechanized production is
essential for improving the maize yield and reducing production risks for farmers.
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The limitation of the study is that this study focused only on endogenous risk. In this
study, farmers’ risk aversion behaviours, perceptions and management strategies were
designed in relation to input utilization. Therefore, future research should focus farmers’
risk behaviour in relation to financial and marketing phenomena. Moreover, the impact of
exogenous risk on production risk should be studied in future research.
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Appendix A

Table A1. Ramsey RESET test using powers of the fitted values of lne.

Ho: Model has no omitted variables
F(3, 312) = 1.15
Prob > F = 0.3307

Source: Author computation based on survey data.

Table A2. Linktest result.

Lne Coef. Std.Err. T p > t [95%Conf. Interval]

_hat 0.648 0.311 2.090 0.038 0.037 1.259
_hatsq −0.038 0.032 −1.170 0.243 −0.101 0.026
_cons −0.744 0.760 −0.980 0.328 −2.239 0.751

Source: Author computation based on survey data.
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