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Abstract  

Background: This study aims at assessing the factors influencing households’ crop production risks due to hail 

or heavy rainfall in Jimma Rare District. Methods: The data was generated from primary source and 196 

households were selected from Jimma Rare District using Multistage sampling techniques. Both descriptive 

statistics and econometric model (Poisson or Negative Binomial regression) were applied in this study to analyze 

the data collected from the selected sample households. Results: The survey result shows that, the average number 

of crop production risks due to hail or heavy rainfall was 1.62 with variance equal to 2.04. The result of Negative 

binomial regression model shows that, age of household heads and total land size have positively and significantly 

influenced the number of crop production risks due to hail or heavy rainfall faced by households, but negatively 

affected by livestock size, access to extension service, and access to training. Conclusion: This study revealed that 

rural households are affected by different demographic and socio-economic factors, farm characteristics, 

institutional factors, and environmental factors. Specifically, the finding revealed that, an increase in age of 

household heads and total land size increases number of crop production risks faced by farmers due to hail or 

heavy rainfall in the area whereas an increase in livestock size, access to extension service, and access to training 

decreases the number of crop production risks due to hail or heavy rainfall by farmers in the study area. Therefore, 

the study recommends that, improving access to training, availability of agricultural inputs at planting time, and 

preparing experience sharing among farmers should be promoted to decrease number of crop production risks due 

to hail or heavy rainfall and increase the productivity of farmers by appropriate decision of crop production in the 

study area. 
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Backgrounds 

Agriculture production is often characterized by high variability of production outcomes, that is, by production 

risks. Production risks derives from the uncertain natural growth processes of crops and livestock which affect 

both the quantity and quality of commodities produced. Households cannot predict with certainty the amount of 

output their production process will yield due to external factors such as weather conditions, pests and diseases 

(ARD, 2005). 

Crop production risks will cause households to be less willing to undertake activities and crop production 

decision that have higher expected outcomes since it depends up on the uncontrollable environmental factors 

(Nigist, 2007). Production risks are generally an unavoidable part and managing these risks is an important aspect 

of protecting livelihoods and opening up opportunities to enhance productivity and income growth. 

Ethiopian agriculture is heavily dependent on natural rainfall. The amount of rainfall and other climatic 

factors during the growing season are critical to crop yields and food security problems. Ethiopia has a variety of 

grain crops growing in different agro-ecological zones which are produced as a source of income and food by 

smallholder farmers in different regions. The production of crops varies across regions depending on the size and 

agro-ecological difference. For example, the highest proportion of crop production and rearing of livestock 

production is from Oromiya Region because of relatively abundant rainfall, suitable soils and other agricultural 

potentialities (CSA, 2012). 

The objectives of the study is to identify major factors affecting households’ crop production risks due to hail 

or heavy rainfall in the study area 

 

Methods 

Study Area: The study was carried out in Jimma Rare Woreda which is one of the districts in Horro Guduru 

Wollega Zone of Oromiya Regional State in Ethiopia. The district is bounded on the west by Jimma Horro, on the 

north by Guduru, on the east and south by the Guder River which separates it from the West Shewa Zone. The 

administrative center of the district is Wayu; other towns in Jimma Rare include Goben (JRWOA, 2014). It is 
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located at 245 km from the capital city of the country, Addis Ababa. A survey of the land in this district shows 

that 73.8% is cultivable or arable, 16% is grassland, 4.6% is forest, and the remaining 5.6% is considered swampy, 

mountainous or otherwise unusable (CSA, 2007). The district is classified as mid- altitude which is about 78% of 

the area, and the rest 22% is high altitude agro ecological zones. The annual rainfall ranges 900-1400 mm per year 

with annual temperature ranging from 18-250C during the year. The total population for this district was 71552 

people of whom 35244 (49.26%) are men and the remaining are women. Out of 71552 total populations in the 

study area, 7710 are household heads that live in rural areas and 86.25% are men headed households and the 

remaining are women headed. The primary source of income is crop production. The secondary source of 

livelihood for the rural people in the area is livestock production. (JRWOA, 2014). 

 

Data Types, Source and Method of Data Collection 

Both primary and secondary sources of data were used in this study. The primary data (both qualitative and 

quantitative) were collected (in January to February 2015) for the study includes the socio-economic characteristics 

of the households, farm characteristics, and crop production choices of households. Secondary data was collected 

by reviewing documents of the administration office such as list of kebeles and number of households in each 

kebele in Jimma Rare district. A semi-structured questionnaire was developed for the collection of necessary 

primary information. This questionnaire was prepared in English and translated into local language (Afan Oromo) 

to make the communication easier during the primary data collection from the households. In order to select a 

representative sample of farm households, two- stage sampling techniques were employed. In the first stage, four 

kebeles were selected using simple random sampling techniques (lottery method) from 18 kebeles. In the second 

stage, sample of households were drawn from the selected kebeles for the interview based on simple random 

sampling. 

In the determination of sample size where there is large population, but we do not know the variability in the 

proportion about the households’ crop production risk due to hail or heavy rainfall , p = 0.5 is considered as 

suggested by Kothari (2004). To determine the required sample size out of 7710, 95% confidence level, and 7% 

acceptable error rate during sampling were used. Based on this information, the sample size was determined by 

using the statistical formula given below: 
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on = the initial sample size, p is the estimated proportion of households whose crop production affected due to hail 

or heavy rainfall, pq 1 , and 2Z  is the value of standard normal distribution for a given level of significance. 

The sample size from each kebele is determined as: 
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Where, N - is the total number of households in all selected sample kebeles, Nh- is the number of households in 

hth strata (kebele), and
hn - is the sample size selected from hth strata. 

Table 1: Sampling frame of the selected kebeles 

Kebeles         No of households            Sample size  

BeddaWorke 630 79 

Ibsa Illamu 338 42 

Gemada 232 29 

Keku Qallo 365 46 

Total 1565 196 

Source: Kebele administration office, 2015 

 

Method of Data Analysis 

Two types of data analysis were employed, namely descriptive statistics and inferential statistics (Econometric 

models). Descriptive statistics include mean, standard deviation, percentages and frequency, student’s t-tests and 

chi square test were run using SPSS version 20 and STATA 11 software packages were used to describe, compare, 

and contrast the data with respect to the desired characteristics. Inferential statistics (Econometric model) such as 

Poisson or Negative binomial model was used to identify factors influencing crop production risks due to hail or 
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heavy rainfall of households.  

Negative Binomial Regression Model 

The Negative Binomial regression model is a direct extension to the Poisson model that allows for overdispersion. 

It is characterized by two parameters   and �, where � is typically termed the negative binomial dispersion 

parameter. The probability mass function for the negative binomial distribution with parameters (λ, �) for a random 

variable iY  is given by: 
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and characterizes the degree of over-dispersion in count data and (.)  is a gamma function. 

 

The likelihood function of negative binomial model is given by: 
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and the log-likelihood function is 
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As for the Poisson model, the estimation of the model parameters can be done by differentiating the log likelihood 

function with respect to the parameters α and β. 

Over-dispersion: Under negative binomial regression model, if the estimated alpha coefficient is zero, then the 

conditional mean is equal to the conditional variance ( )()( iiii xyVarxyE  ) and the Negative binomial 

model reduces to the Poisson model. If the estimated alpha coefficient is significantly greater than zero, then the 

conditional variance exceed the conditional mean ( )()( iiii xyExyVar  ) and over-dispersion is present in 

the data. Under such circumstance, the Poisson model is inappropriate and Negative binomial regression model is 

preferred. 

Testing for Over-dispersion 

If over-dispersion is present, then estimates are inefficient and standard errors are biased downward. It is therefore 

important to test for overdispersion. There are various ways to do this: 

1. H0: α = 0 against H1: α > 0 (The test is one-tailed, because α cannot be less than zero.) 

This is to test for the significance of the over-dispersion parameter (�). The presence of the over-dispersion 

parameter alpha in the negative binomial regression model is justified when the null hypothesis is rejected. 

For a general Negative binomial model, the likelihood ratio test for alpha is given by:  

                
))ˆ,ˆ()ˆ((2  llLRT                                                                                           6 

Where, )ˆ(l and )ˆ,ˆ( l
 
are respectively, the maximized log-likelihood under the Poisson regression and 

negative binomial regression models. Likelihood ratio test is compared with the probability mass of one half 

at zero and one half chi-square distribution with one degree of freedom. 

2. Wald test of ln(alpha) = 1 (which corresponds to a test of alpha = 0): Using the asymptotic normal Wald 

type "�" statistic defined as the ratio of the estimate of � to its standard error. In other words, the Wald test 

statistic has the form 
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which follows chi-square distribution with one degree of freedom. 

 

Results and Discussion 

Descriptive Statistics: Descriptive statistics such as mean, standard deviation, and percentage were used to 

describe the major factors that explain household’s crop production risks due to heavy rainfall or hail. 
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Table 2: Demographic and resource holding by sample households (Continuous variables) 

Variables  Min  Max  Mean  Std. Dev  

Age of households (Year) 24 66 42.77 9.037 

Total land size (hectare ) 0 7.00 2.96 1.46 

Livestock size (TLU) 1.44 19.25 8.04 4.42 

Source: Computed from own survey data, 2015 

The survey results showed that the average age of the sample households was 42.77 years with standard 

deviation of 9.04 and the age of sample households range between 24 and 66 years. The average suggests that 

farmers are within the productive age group. According to land holding of the households the average total land 

holding of the sample households was 2.96 hectare with standard deviation of 1.46 and ranges from zero to seven 

hectare. This shows that the households with large land size have a chance to get access to agricultural extension 

services and new agricultural inputs.  Similarly, the average tropical livestock holding of sample household was 

8.04TLU with standard deviation of 4.42 and range from 1.44 to 19.25 TLU (Table 2). 

Table 3: Access to and Utilization of services 

Variables  Category  Number of observation  Percent 

Extension services Not access 18 9.2 

 Access  178 90.8 

Access to training Not participated  61 31.1 

 Participated  135 68.9 

Source: Computed from own survey, 2015 

The survey result shows that, 135 (68.9%) of the respondents had access to training about the use of fertilizers, 

compost and chemicals but not on the production decisions of different crops and how to escape from crop 

production risks that faced by the households and 61 (31.1%) had no access to training. Similarly, according to 

access to agricultural extension services, 178 (90.8%) of the respondents had access to agricultural extension 

services and 18 (9.2%) of the respondents were not participated to access to agricultural extension services (Table 

3). 

Table 4: Number of production risks faced by households due to hail or heavy rainfall 

No Frequency Percent Cum. Percent 

0 49 25.0 25.0 

1 54 27.6 52.6 

2 47 24.0 76.5 

3 27 13.8 90.3 

4 12 6.1 96.4 

5 4 2.0 98.5 

6 1 0.5 99.0 

7 2 1.0 100.0 

Total 196 100.0  

Source: Computed from own survey, 2015 

The pattern and amount of rainfall directly affect yields and the level of production of crops. The survey result 

shows that, the average number of production risks due to hail or heavy rainfall was 1.62 with variance equal to 

2.04 (Table 4).  

Econometrics Model: This section deals with inferential statistics of Negative binomial regression for count data 

on households’ crop production risk due to hail or heavy rainfall in the study area. Negative binomial regression 

model were estimated to analyze factors influencing crop production risks due to hail or heavy rainfall faced by 

the sample households. The estimated Poisson model was tested below for overdispersion since the model has 

been criticized because of its implicit assumption that the variance of the dependent variable equals its mean 

Over-dispersion Test: The adequacy of the Negative binomial model could be tested by likelihood ratio test. The 

null hypothesis is that the estimated dispersion parameter is equal to zero. The likelihood ratio test of alpha as 

indicated by chi-square (17.8) is statistically significant (p = 0.0033), suggesting that alpha is significantly different 

from zero (Table 5). One can conclude that there is over-dispersion problem in the data which leads the conditional 

variance of the number of production risks greater than its conditional mean. Thus, the Poisson model was rejected, 

and therefore a Negative binomial model was preferred since it allows for over-dispersion (Cameron and Trivedi, 

2005). 

Goodness of Fit Tests: The overall goodness of fit for negative binomial regression model was tested using log-

likelihood ratio test. The likelihood ratio test is calculated as twice the difference between the log-likelihood with 

all predictors in the model and the log-likelihood without any predictor in the model (the intercept only model). 

This test is distributed as chi-squares with five degrees of freedom. The log likelihood as indicated by chi-square 

statistic (17.72) is highly statistically significant (p = 0.0000) at 1% level of significance, suggesting that all the 
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estimated coefficients except the constant are equal to zero was rejected (Table 5). One can conclude that the full 

model statistically significantly predicts the response variable better than the constant only model. This is 

indicating that the existence of a relationship between the combination of explanatory variables and the response 

variable was supported. 

Table 5: Estimated parameters of NB regression model for production risks 

Negative binomial regression                                   Number of obs   =   196 

LR chi2(5)      =      17.72 

Dispersion     = mean                             

Log likelihood = -314.87833                        

Prob > chi2     =     0.0000 

Pseudo R2       =     0.0274 

HailorHRain    Coef. Std. Err.    z P>z     [95% Conf. Interval] 

AGE .0160196 .0081098  1.98 0.048 .0001247 .0319144 

TLND .1102291 .0497389  2.22 0.027 .0127428 .2077155 

TLU -.0344245 .0148514 -2.32 0.020 -.0053163 .0635327 

AEXT -.5529186 .2539144 -2.18 0.029 -.0552555 1.050582 

TRAIN -.3555321 .1449788 -2.45 0.014 -.6396853 -.0713789 

_cons .2718867 .376749  0.72 0.471 -.4665278 1.010301 

/lnalpha -1.617023 0.561744 
  

-2.718020 -0.516025 

alpha 0.480587 0.405711 
  

0.091873 2.513950 

Likelihood-ratio test of alpha = 0:  chibar2 (01) = 17.8, Prob > = chibar2 = 0.0033 

Discussions for significant Variables 

Age of Households Head (AGE): Age of the household heads positively and significantly influenced production 

risks due to hail or heavy rainfall and the result is contradictory with the expected hypothesis. The survey result 

shows that, holding all other variables in the model constant, an increase in age of household heads by one year 

increases the log expected number of production risks due to hail or heavy rainfall by 0.016 (Table 5). The possible 

reason is that, older household heads have less labor to manage production risks and are rigid to accept modern 

agricultural technologies than younger household heads.  

Total Land Size (TLNDS): Total land size of households positively and significantly affected the number of 

production risks due to hail or heavy rainfall faced by households. The sign of the parameter estimate is 

contradictory with the hypothesized one. The survey result shows that, an increase in total land size of households 

by one unit increases the log expected number of production risks due to hail or heavy rainfall by 0.110, keeping 

all other variables in the model constant (Table 5). The implication is that households with large land size are 

affected by uncontrollable factors such as low level of crop management practices, weeds, pest and diseases, floods 

(heavy rainfall), and post-harvest crop losses compared to households with less or small total land size.  

Livestock Size (TLU): Livestock size in terms of tropical livestock unit negatively and significantly influenced 

the number of production risks due to hail or heavy rainfall faced by the households. The sign of the parameter 

estimate confirms with the expected hypothesis. The survey result shows that, an increase in livestock size by one 

TLU decreases the log expected number of production risks due to hail or heavy rainfall by 0.034, holding all other 

variables constant (Table 5). The farmers with large livestock size have better chance to manage production risks 

by selling their livestock and could invest on stable crop production to reduce their crop failures.  

Access to Extension Service (AEXT): Extension agents give advice to farmers on better farming practices. 

However, not all households often have access to these services. The survey reveals that extension service 

negatively and significantly influenced the number of production risks due to hail or heavy rainfall. Holding all 

other variables in the model constant, households with access to extension decreases the log expected number of 

production risks by 0.553 relative to those without access (Table 5). The implication is that household’s access to 

extension service increases the ability of households’ to acquire important information as well as other related 

agricultural technology which in turn increases households ability to reduce production risks due to hail or heavy 

rainfall in the study area.  

Access to Training (TRAIN): Access to agricultural training is an important step in increasing the knowledge 

and experience of farmers to reduce their production risks. The survey reveals that, access to training negatively 

and significantly influenced the number of production risks. The farmers with access to training decreases the log 

expected number of production risks by 0.356 compared to those without access to training, holding all other 

variables constant (Table 5). The possible explanation is that participated households in agricultural training most 

likely increase the likelihood of reducing the production risks due to hail or heavy rainfall causes of floods. The 

probable reason is that agricultural training given by extension workers to households enhances agricultural crop 

production skills, knowledge and experience of row planting crops and planting trees. This situation helps 

households to get better crop production and this leads to reduce crop production risks of households.  

Limitation of the study 

The study would not include sources of other risks like market risk, human or personal risk, institutional risk and 
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financial risk of households and it would not include production decisions to use livestock’s. Furthermore, since 

Oromia has wide range of diverse agro-ecologies, institutional capacities, organizations and environmental 

conditions, the result of the study may have limitations to make generalizations and make them applicable to the 

country as a whole. However, it may be useful for areas with similar context with the study area.  

Conclusions: Farmers are knowingly or unknowingly affected by different demographic and socio-economic 

factors, farm characteristics, institutional factors, and environmental factors. The empirical results of Negative 

binomial regression model showed age of household heads, total land size, livestock size, access to extension 

service, and access to training were significantly influenced crop production risks due to hail or heavy rainfall. 

Specifically, the finding revealed that, an increase in age of household heads and total land size increases number 

of crop production risks faced by farmers due to hail or heavy rainfall in the area whereas an increase in livestock 

size, access to extension service, and access to training decreases the number of crop production risks due to hail 

or heavy rainfall by farmers in the study area.  

Recommendations: The recommendations or policy implications were drawn based on the significant variables 

from the analysis of present study. 

The number of crop production risks due to hail or heavy rainfall was statistically influenced by the use of 

extension service and access to training. Agricultural extension services should be strengthened through training 

and upgrading the educational level of extension workers which increases the interaction between farmers and 

extension officers in the area. In addition to this, agricultural extension workers should prepare experience sharing 

forums among farmers on the choices of crop production and how to escape crop failure due to risk factors. 

Empirical results showed that total land size is significant for both crop production risks due to hail or heavy 

rainfall and crop production choices. Land is an important resource for farmers. Therefore, the concerned body 

should be able to increase the awareness of farmers on the proper application on land use and how to manage land 

to give high agricultural production and productivity for farmers.  
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