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Impact Assessment of Agricultural Commercialization on Food Security among Smallholder 

Farmers in Kenya: An Application of Correlated Random Effects 

Abstract 

Welfare implication of agricultural commercialization in developing countries is not clear. 

Particularly not clear is its effect on household food security. Using panel data collected from 

smallholder farmers in Kenya, we analyze the impact of agricultural commercialization on 

household food security by fitting endogenous switching regression model in a correlated random 

effects framework. The results show that agricultural commercialization significantly improves 

household food security. Food security probability of commercialized and non-commercialized 

households was 62% and 32%, respectively. This 30% food security gap between the two groups 

of households could be reduced by 39 percentage points (12% gap) if non-commercialized 

households could be as efficient as commercialized household in their resource use. The other 61% 

percentage points (18% gap) emanated from differences in resource amounts between 

commercialized and non-commercialized households. The implication of these findings is that 

policies that stimulate and enhance agricultural commercialization are critical in improving 

household food security. 

Key Words: Smallholder; Agricultural Commercialization; Food Security; Kenya; Switching 

Regression; Correlated Random Effects 
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1. Introduction 

Global economic and demographic changes in terms of rising incomes and increasing urbanization, 

respectively, have provided smallholder farmers in developing countries with immense 

opportunity to commercialize their agricultural activities. This opportunity has further been fueled 

by recent increasing demand for non-staple western dietary habits of the growing urban population, 

rising household incomes, foreign investment in food markets, emergence of supermarkets and 

vertical integration of agricultural production and retail activities (Sharma et al., 2012). 

Considering these changes, many sub-Saharan Africa (SSA) countries like Kenya have identified 

agricultural commercialization as one of the crucial pillars of their economic growth and 

development agenda (Republic of Kenya, 2004; Republic of Kenya, 2007; Republic of Kenya, 

2010). This commercialization process is expected to reduce food insecurity and poverty among 

rural smallholder farmers who mainly depend on agriculture to earn their livelihood. Food security 

is of importance to rural households because existing empirical evidence shows that about 47% 

and 50% of the national and rural populations in Kenya, respectively, are food insecure compared 

to 40% of the urban population (World Bank, 2009). These disappointing statistics have been 

attributed to rapid population growth and declining agricultural productivity. To address the 

declining agricultural productivity problem, agricultural commercialization has been promoted for 

many years in the country. However, to date, empirical evidence to show that agricultural 

commercialization process can indeed reduce or eradicate rural food insecurity is minimal despite 

doubts cast on the transformation process earlier on (Republic of Kenya, 1981). 

Conceptually, markets provide increased incomes to participating households who in turn can 

enhance their overall consumption than it could have been under subsistence orientation (Pingali, 

1997; Timmer 1997). However, agricultural commercialization might also compromise food 
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security as farmers divert most of their production resources toward pure cash cropping at the 

expense of food crops (Strasberg et al., 1999). These two competing schools of thought on 

smallholder agricultural commercialization invited several empirical studies in developing 

countries (von Braun 1995; Govereh et al., 1999; Strasberg et al., 1999; Govereh and Jayne, 2003). 

However, these past studies were either based on a single crop or just a few selected crops. This 

kind of analysis is bound to give partial and inconclusive information on the impact of agricultural 

commercialization compared to a study that is based on a comprehensive commercialization index 

constructed from all crop enterprises on the farm. Again, most of the studies were based on cross 

sectional data that is limited in generating information on intra and inter household differences as 

it could have been with panel data. Methodologically, these past studies were also based on pooled 

regression models to analyze the impact of agricultural commercialization. Pooled regressions 

assume that sampled households are similar in all aspects except that some are commercialized, 

and others are not – with the difference in the outcome variable being solely attributed to the 

treatment effect. This latter assumption might not be right if the commercialized and non-

commercialized households have systematic differences that could be correlated with the outcome 

variable. 

Also, in the literature, there is no consensus on the definition of agricultural commercialization 

(von Braun et al., 1994; Pingali and Rosegrant 1995; Pingali 1997; Gebremedhin and Jaleta 2010). 

In this study we adopt the definition by Gebremedhin and Jaleta, (2010), that is, produce offered 

for sale and use of purchased inputs in the production process. However, the later component of 

this definition (use of purchased inputs) is beyond the scope of this study due to data limitations. 

Based on this adopted definition, a comprehensive household commercialization index (HCI) that 

incorporates all crop enterprises on the farm is developed and used in this study. On the other hand, 
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there is also no consensus on the definition of “welfare”. However, according to the World Bank 

(2000), there are three aspects of welfare i.e. poverty, inequality and vulnerability. The current 

study focuses on poverty which is defined as whether households or individuals have enough 

resources or abilities to meet their needs (Coudouel et al., 2002; Haughton and Khandker, 2009). 

Although this poverty concept has numerous measures, this study focuses on food security whose 

widely used working definition provided by FAO (2003) states that “food security exists when 

people at all times have physical, social and economic access to sufficient, safe and nutritious food 

which meets their dietary needs and food preferences for an active and healthy life”. To capture 

this subjective food security aspect of “preferred food” in the definition, a subjective assessment 

of household food security following Mallick and Rafi (2010) and Kassie et al., (2014a) is adopted 

in this study. 

Therefore, this paper contributes to the existing literature of agricultural commercialization by 

empirically analyzing the impact of agricultural commercialization on household food security 

using a more comprehensive HCI based on all crop enterprises found on the farm. Also, unlike 

past studies that used descriptive statistics or pooled regressions, the current study uses a more 

robust analytical framework by fitting a switching regression model on panel data in correlated 

random effects (CRE) framework. This CRE approach computes fixed effects estimators while at 

the same time allowing time invariant variables to be used as explanatory variables (Wooldridge, 

2010).  The rest of the paper is organized as follows: - Section 2 presents the methods and data 

used in this paper. The results are presented in section 3 starting with descriptive statistics and then 

the econometric regression before delving into the treatment effects of agricultural 

commercialization on household food security. In section 4, we present the summary, conclusions 

and policy implications. 
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2. Methods and data 

Estimating the impact of agricultural commercialization on household food security outcome using 

non-experimental data is challenging because of lack of the counterfactual i.e. it is not possible to 

observe the food security outcome of a household that commercialized had it not commercialized 

and the vice versa. In experimental studies, this problem can be addressed by randomly enabling 

the treated households to be commercialized and the untreated group of households to be in the 

control status (non-commercialized). However, commercialization among the sampled households 

in this current study is not a randomly assigned treatment because households select themselves 

into commercialized and non-commercialized groups. This self-selection means that there could 

be systematic differences between these two groups of households. Therefore, evaluating the 

impact of agricultural commercialization on household food security by estimating a single 

outcome equation with a dummy variable of commercialization as one of the explanatory variable 

in a pooled regression might yield biased estimates. There could be an interaction between 

commercialization decision dummy variable and other explanatory variables (covariates). 

Therefore, if explanatory variables have different effects on household food security outcome of 

commercialized and non-commercialized households, then separate food security outcome 

functions for each group of households need to be specified. This approach accounts for 

endogeneity because commercialization decision is potentially endogenous to the household. An 

endogenous switching regression (ESR) model that accounts for both endogeneity and sample 

selection becomes the best option to handle these estimation problems. Also, ERS allows 

interactions between commercialization decision and other explanatory variables in outcome 

function. The ESR model captures such interactions by estimating two separate equations (one for 
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commercialized and another for non-commercialized households) along with the selection 

equation. 

2.1 Theoretical model 

Following de Janvry et al., (2011), household agricultural commercialization can be modeled in a 

random utility framework. The farm household maximizes its utility subject to both endogenous 

and exogenous constraints.  A farm household is expected to commercialize if commercialization 

is beneficial compared to otherwise. This means that the difference between utility derived from 

commercialization (𝑈1𝑖𝑡) and non-commercialization (𝑈0𝑖𝑡) denoted as  𝐺𝑖𝑡
∗ , is greater than non-

commercialization utility (see Eq. 1). 

Git
∗ = U1it − U0it > 0                                                                                               Eq. (1) 

Where: 

𝑈1𝑖𝑡 = Utility derived from commercialization: 𝑈1𝑖𝑡(𝑋𝑖𝑡, 𝐷𝑖𝑡, 𝐺𝑖𝑡
∗ = 1) 

 𝑈0𝑖𝑡= Utility derived from not commercializing in the market: 𝑁0𝑖𝑡(𝑋𝑖𝑡, 𝐷𝑖𝑡, 𝐺𝑖𝑡
∗ = 0) 

𝐺𝑖𝑡
∗  = Difference between utility derived from commercialization and that derived 

        from non - commercialization in the market. 

  Subscript i and t stands for the ith household at time t. 

The factors affecting the choice to commercialize or not to commercialize can then be estimated 

using several variants of selection models in which selection into the treatment 

(commercialization) is made based on expected utility (Bellemare and Barrett 2006; Alene et al., 

2008). The expected utility of commercialization for household i at time t is determined by two 

sets of variables, that is, those that are observable to the researcher (Xit) and those that are not (Dit). 
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Since these utilities are unobservable, then they can be expressed as a function of observable 

characteristics (Xit) and the error term (𝜂𝑖𝑡) in the following latent variable model (see Eq. 2): -  

Tit
∗ = α𝑖𝑡𝑋it + ηit;    With Hit = {

1 if   Tit
∗ > 0 

0 Otherwise
                                                                      Eq. (2) 

Where: 

Tit = Binary indicator variable for agricultural commercialization that equals to 1 if a 

          household is commercialized and 0 if otherwise  

 α𝑖𝑡 = Vector of parameters to be estimated 

 Xit  = Vector of observable explanatory variables 

 ηit  = Error term 

2.2 Empirical model 

The first-step of the two-step ESR involves modeling household’s binary decision to 

commercialize using the probit model that can structurally be represented as shown in Eq. 3.  

Tit = f(DCit; PFit; SCit; TCit)                                                                                                      Eq. (3) 

Where: 

 Subscript i and t indexes household and time, respectively 

 T = Binary indicator of commercialization i.e. 1 if commercialized and 0 if otherwise 

 DC = Demographic characteristics of the households 

 PF = Physical and financial endowments of the households 

 SC = Social capital proxies of the household 

 TC = Transaction costs variables of the household 
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The food security outcome functions conditional on commercialization decision is written in an 

endogenous switching regression regime model as follows: - 

Regime 1: Y1it = β1X1it + ε1it:       If T𝑖𝑡 = 1                                                                Eq. (4a) 

Regime 2: Y0it = β0X0it + ε0it:     If T𝑖𝑡 = 0                                                                 Eq. (4b) 

Where: 

𝑌1𝑖𝑡  = Outcome indicator variables of agricultural commercialization (food security) for  

 commercialized households 

𝑌0𝑖𝑡  = Outcome indicator variables of agricultural commercialization (food security) for  

 non–commercialized households 

𝑋1𝑖𝑡  = Observed vectors of covariates determining agricultural commercialization  

          outcome i.e. food security probability for commercialized households 

𝑋0𝑖𝑡  = Observed vectors of covariates determining agricultural commercialization  

          outcome i.e. food security probability for non–commercialized households 

𝛽1 and 𝛽0  = Vectors of parameters to be estimated 

휀1𝑖𝑡 and 휀0𝑖𝑡 = Error terms with zero mean and constant variance 

Following Kassie et al., (2014) and other impact evaluation literature, for ESR model to be 

identified, then Xit variables in Eq. 2 should contain a selection instrument, that is, variable/s that 

affect directly the endogenous selection variable (commercialization) but not the outcome 

variables (food security). In this study, all the transaction costs outlined in Eq. 3 were instrument 

candidates subject to verification to ascertain their suitability. The choice of transaction costs as 

instrument variables was informed by a combination of economic theory and findings of past 

empirical studies (Goetz 1992; Key et al., 2000). 
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Since 𝑌1𝑖𝑡 and  𝑌0𝑖𝑡 are not observed simultaneously, the covariance between 휀1𝑖 and 휀0𝑖 is not 

defined (Maddala, 1983). Important implication of this error structure is that because the error term 

of the selection model (Eq. 2) is correlated with the error terms of the welfare outcome models 

(Eq. 4a and Eq. 4b), the expected values of 휀1𝑖  and  휀0𝑖 conditional on the sample selection are 

non-zero. 

𝐸[휀𝑃𝑖𝑡\𝐻𝑖𝑡 = 1] = 𝛿𝜀𝑃𝜂𝑖𝑡

𝜙(𝛽𝑋𝑖𝑡)

Φ(𝛽𝑋𝑖𝑡)
= 𝛿𝜀𝑃𝜂𝑖𝑡

𝜆𝑃𝑖𝑡 − − − − − − − −𝐸𝑞. (5) 

and:- 

𝐸[휀𝑁𝑖𝑡\𝐻𝑖𝑡 = 0] = −𝛿𝜀𝑁𝜂𝑖𝑡

𝜙(𝛽𝑋𝑖𝑡)

1 − Φ(𝛽𝑋𝑖𝑡)
= 𝛿𝜀𝑁𝜂𝑖𝑡

𝜆𝑁𝑖𝑡 − − − − − − − −𝐸𝑞. (6)  

Where: 

 𝜙 (. ) = Standard normal probability density function 

 Φ (. ) = Standard cumulative density function 

  𝜆𝑃𝑖𝑡 =
𝜙(𝛽𝑋𝑖𝑡)

Φ(𝛽𝑋𝑖𝑡)
                

  𝜆𝑁𝑖𝑡 = −
𝜙(𝛽𝑋𝑖𝑡)

1−Φ(𝛽𝑋𝑖𝑡)
     

𝜆𝑃𝑖𝑡 and 𝜆𝑁𝑖𝑡 are the IMR computed from the selection equation 

The computed IMR is included in Eq. 4a and Eq. 4b to correct for selection bias in the two-step 

estimation procedure i.e. endogenous switching regression. If the estimated covariance δε1ηit
 and 

δε0ηit
 are statistically significant, then the decision to commercialize and the food security 

probability outcome variables are correlated, that is, there is evidence of endogenous switching 

and the null hypothesis of absence of sample selectivity bias will be rejected. 
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Therefore, Eq. 4a and Eq. 4b are used to estimate the average counterfactual food security 

probability distribution i.e. what could have been the food security probability outcome of the 

commercialized households had they not commercialized and the vice versa. Following the wage 

decomposition literature pioneered by Oaxaca (1973), this analytical framework is also used to 

decompose the food security probability gap between commercialized and non-commercialized 

households into the portion that is caused by differences in the amount of resources held by the 

two groups of households (quantity or level effect) and that component due to differences in the 

resource use efficiency (efficiency or return effect). The actual expected food security probability 

outcomes for commercialized and non-commercialized households are computed using Eq. 7a and 

Eq. 7b, respectively. On the other hand, the counterfactual expected food security outcome 

probability outcomes are estimated using Eq. 8a and Eq. 8b for commercialized and non-

commercialized households, respectively. 

Actual scenarios (observed from the sample data): 

Commercialized: 𝐸(𝑌1𝑖𝑡\𝑇 = 1; 𝑋) = 𝛽1𝑋1𝑖𝑡 + 𝛾1𝜀𝜆1𝑖𝑡                                               𝐸𝑞. (7𝑎) 

Non-commercialized: 𝐸(𝑌0𝑖𝑡\𝑇 = 0; 𝑋) = 𝛽0𝑋0𝑖𝑡 + 𝛾0𝜀𝜆0𝑖𝑡                                      𝐸𝑞. (7𝑏) 

Counterfactual scenarios: 

Commercialized if didn’t commercialize: 𝐸(𝑌1𝑖𝑡\𝑇 = 0; 𝑋) = 𝛽1𝑋0𝑖𝑡 + 𝛾1𝜀𝜆0𝑖𝑡        𝐸𝑞. (8𝑎) 

Non-commercialized if commercialized: 𝐸(𝑌0𝑖𝑡\𝑇 = 1; 𝑋) = 𝛽0𝑋1𝑖𝑡 + 𝛾0𝜀𝜆1𝑖𝑡         𝐸𝑞. (8𝑏) 

Applying these conditional expectations and using agricultural commercialization as the treatment 

variable, decomposition of the observed food security gap between commercialized and non-

commercialized households (Eq. 7a less Eq. 7b) is computed as shown in Table 1. The difference 

in food security probability outcome of commercialized households emanating from their 



11 

 

differences in efficiency of use of their currently held resources compared to the efficiency of non-

commercialized households is obtained by subtracting Eq. 8a from Eq. 7a. Similarly, the difference 

in food security probability outcome of non-commercialized households emanating from their 

differences in efficiency of use of their currently held resources compared to the efficiency of 

commercialized households is obtained by subtracting Eq. 7b from Eq. 8a (Table 1). On the other 

hand, the difference in food security probability outcome of commercialized households as a result 

of their differences in the amount of resources held compared to the amount of resources held by 

non-commercialized households, holding efficiency constant, is obtained by subtracting Eq. 7b 

from Eq. 8a. Finally, the difference in food security probability outcome of non-commercialized 

households originating from their differences in the amount of resources held by commercialized 

household, holding their resource use efficiency constant, is obtained by subtracting Eq. 8b from 

Eq. 7a (Table 1). 

Table 1. Conditional expectations, treatment effects and heterogeneity effects 

Household type 

Market participating 

households’ response 

to characteristics 

Non-market 

participating 

households’ response 

to characteristics 

Returns effects 

(difference caused by 

difference in resource 

use efficiency) 

Commercialized 

households 

(8a) E(Y1i/T=1) (9a) E(Y0i/T=1) (8a) – (9a) 

Non-commercialized 

households  

(9b) E(Y1i/T=0) (8b) E(Y0i/T=0) (9b) – (8b) 
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Level effect 

(difference caused by 

differences in 

resource quantities) 

LE0 = (8a) – (9b) LE1 = (9a) – (8b) (8a) – (8b) 

The first-step of the two-step ESR based on Eq. 3 is estimated using a probit model. On the other 

hand, the second step of the ESR is based on Eq. 4a and Eq. 4b where, like in the first step, the 

dependent variable in both equations (household food security probability) is binary. The 

independent variables were grouped into four categories: - i) demographic characteristics; ii) 

physical and financial asset endowments; iii) social capital; and iv) transaction costs as shown in 

Table 2. As already mentioned, transaction costs explanatory variables were assessed for their 

suitability as instrument variables using a simple falsification test following Di Falco et al., (2011) 

and Kassie et al., (2014). Those transaction costs variables that passed the suitability test were 

used accordingly i.e. excluded in the second stage of estimating the treatment outcome equations. 

2.3 Estimation strategy for the endogenous switching regression (ESR) 

Given that this study is using a two wave panel data, a correlated random effects (CRE) approach 

is employed using the Mundlak–Chamberlain Device (Mundlak, 1978; Chamberlain 1982). One 

major advantage of panel data is its ability to control for time invariant unobserved heterogeneity. 

Traditional approaches of panel data (random and fixed effects) have some inherent weakness. On 

one hand, the random effects models assume no correlation between the unobserved 

heterogeneities and the observed explanatory variables in the model. If this random effect 

assumption holds, then across-sectional analysis employing OLS estimation would also 

consistently estimate the model parameters (Wooldridge, 2010). On the other hand, while fixed 

effects approach looks attractive as it assumes arbitrary correlation between the unobserved 
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heterogeneity and observed explanatory variables, it does not include the time invariant observed 

explanatory variables. Therefore, CRE approach that preserves the advantages of fixed approach 

while at the same time enabling the inclusion of time invariant explanatory variables (Wooldridge, 

2010) is more attractive and it is adopted in this study. 

Structurally, as demonstrated by Wooldridge (2010), the CRE approach allows for the correlation 

between unobserved heterogeneity (Ci) and the vector of explanatory variables across all time 

periods (Xit). In this framework, the assumption is that there is a linear relationship between the 

unobserved time varying individual heterogeneity and the observed explanatory variables that can 

be modeled as follows: - 

𝐶𝑖 =  𝜑 + 𝑋�̅�𝜆 + 𝑎𝑖 − − − − − − − − − − − − − − − − − − − − − − − − − − − −𝐸𝑞. (9) 

Where: - 

 𝜑 is a scalar 

�̅� is the averages of time varying explanatory variables 

𝜆  is a vector of coefficients to be estimated 

𝑎𝑖 is the error term assumed to have zero mean conditional on the entire history of the  

covariates (𝑋𝑖1,  𝑋𝑖2, ------, 𝑋𝑖𝑇) i.e. 𝑎𝑖 is uncorellated with 𝑋𝑖𝑡 for all t and therefore 𝑋𝑖 

The reduced form of the model in which 𝜑 is absorbed into the intercept term and y are added to 

the set of explanatory variables including time invariant variables is estimated as follows:- 

𝑌𝑖𝑡 = 𝑎𝑡
∗ + 𝑋𝑖𝑡𝛽 + 𝑋�̅�𝜆 + 𝑍𝑖𝛾 + 𝑎𝑖 + 휀𝑖𝑡 − − − − − − − − − − − − − − − − − − − 𝐸𝑞. (10) 

Where: 

 𝑌𝑖𝑡 is the outcome variable 

 𝑍𝑖 is a vector of time invariant explanatory variables  
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Following Schunck (2013) and Burke and Jayne (2014), 𝛽 are estimated parameters in the model 

that are interpreted as “within-household” cluster or household effect. It is important to note that 

these “within-household” estimates are similar to the FE estimates, that is, these coefficients are 

the effect of a given time varying variable’s effect of deviation from its overall average or 

“permanent” level. Therefore, logically, these coefficients can be interpreted as the effect of a 

deviation within a household (Burke and Jayne 2014).  On the other hand, 𝜆 and 𝛾 are estimated 

model parameters that are interpreted as “between” cluster or household effects. These variables 

are constant for each household across the panel period and therefore they only represent 

“between-household” effect. This means that time varying covariates (𝑋𝑖𝑡) can be decomposed 

into “within” and “between” cluster or household effects (Schunck 2013; Burke and Jayne 2014). 

Therefore, to construct the Mundlak-Chamberlain devise, panel average variables of selected time 

varying based on the two panel periods were added in the selection and food security outcome 

models as additional explanatory variables. 

The efficient method to estimate ESR models is by full information maximum likelihood (FIML) 

estimation (Lokshin and Sajaia, 2004). An alternative estimation method is fitting one equation at 

a time by either 2SLS or maximum likelihood estimation. However, these later methods are less 

efficient than FIML because they require some potentially cumbersome adjustments to derive 

consistent standard errors (Lokshin and Sajaia, 2004).  The 2SLS or maximum likelihood 

estimation also shows poor performance in case of high multicollinearity between covariates of 

the selection model (Maddala, 1983). The FIML approach relies on joint normality of error terms 

in the selection and outcome equations and thus more efficient (Lokshin and Sajaia, 2004). 
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2.4 Data 

The study is based on balanced two wave panel data collected from 457 rural farming households 

(914 observations). The first-round data was collected in January – April 2011 and the second 

round collected in August – November 2013. The surveyed households were randomly selected 

from villages in Bungoma and Siaya districts in western Kenya and Embu, Imenti South and Meru 

South districts in eastern Kenya.  A semi-structured questionnaire was used by trained enumerators 

to collect data on household socioeconomic characteristics, crop production and utilization 

including marketing, household own self-assessment of food security in the last twelve months 

preceding the survey, total household cash expenditure on food and non-food items and sources of 

other household incomes including credit and savings among many more variables. 

3. Results and discussion 

Descriptive and econometric results of ESR model using correlated random effects (CRE) 

approach are presented and discussed in this section. Also, results of the treatment 

(commercialization) under actual and counterfactual frameworks are presented and discussed in 

detail before conclusions and policy implications are drawn. 

3.1 Descriptive statistics 

About 75% of the surveyed households were commercialized and their average commercialization 

intensity was 37% though unconditional commercialization intensity was about 27% (Table 2). 

Food secure households were more commercialized than their food insecure counterparts. While 

no causality is implied, these descriptive statistics show positive correlation between household 

agricultural commercialization and food security. 
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Household demographic variables, physical and financial assets, social capital and transaction 

costs variables also showed some marked differences across food secure and food insecure 

households (Table 2). 
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Table 2. Descriptive statistics for the Endogenous Switching Regression Model: Food security 

Variable label 

Food secure (N=497) Food insecure (N=417) Total (N=914) 

Difference 

Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Commercialized households 0.8491 0.3583 0.6211 0.4857 0.7451 0.4361 0.2280*** 

Proportion of value of crop produced sold 0.3449 0.2711 0.1915 0.2352 0.2749 0.2664 0.1534*** 

Demographic characteristics:        

Household head sex 0.8632 0.3440 0.8106 0.3923 0.8392 0.3676 0.0526** 

Household head age 50.6519 13.9085 50.8561 13.5423 50.7451 13.7355 -0.2042 

Household head education 8.1362 3.7991 7.1583 3.7460 7.6900 3.8043 0.9779*** 

Household size 4.7801 2.1998 5.4062 2.3346 5.0658 2.2825 -0.6261*** 

Dependency ratio 0.8126 0.7005 1.0869 0.9060 0.9377 0.8119 -0.2742*** 

Physical and financial assets:        

Per capita owned farm size 0.2617 0.2395 0.2037 0.2056 0.2353 0.2264 0.0580*** 

Tropical livestock units (TLU) 1.7567 2.0382 1.5151 1.6229 1.6465 1.8632 0.2416* 

Mean soil fertility score 2.1808 0.5710 2.0024 0.6480 2.0994 0.6135 0.1784*** 

Total annual non-farm income (1000 KSh) 130.4707 272.6154 58.6484 106.1973 97.7027 216.3209 71.8222*** 
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Had contacts with extension staff 0.4930 0.5005 0.4988 0.5006 0.4956 0.5003 -0.0058 

Household got agricultural credit 0.1751 0.3804 0.0959 0.2948 0.1389 0.3461 0.0791*** 

Social capital:        

Household belongs to APN 0.5694 0.4957 0.4436 0.4974 0.5120 0.5001 0.1258*** 

Number of dependable relatives in village 5.9195 10.5353 6.0600 10.7790 5.9836 10.6416 -0.1404 

Trusts in grain traders 0.7545 0.4308 0.7170 0.4510 0.7374 0.4403 0.0375 

Transaction costs:        

Owns mobile phone 0.8873 0.3165 0.7722 0.4199 0.8348 0.3716 0.1151*** 

Transport cost to main market 47.7143 34.1472 52.2974 35.7174 49.8053 34.9279 -4.5831** 

Own local transport means 0.7243 0.4473 0.5707 0.4956 0.6543 0.4759 0.1536*** 

Regional dummy 0.6258 0.4844 0.3381 0.4736 0.4945 0.5002 0.2876*** 

Statistical significance: *** at 1%; ** at 5%; * at 10% 
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3.2 Econometric results 

Results from ESR model in correlated random effects framework were as presented in Table 3.  

Determination of the validity of instruments used was based on theory and empirical evidence. 

Theoretically, all transaction cost variables used in the model were assumed to affect agricultural 

commercialization more directly than food security outcomes. Empirically, Goetz (1992) and Key 

et al., (2000) have demonstrated that transaction costs determine agricultural market participation 

(commercialization). Therefore, following Lokshin and Glinskaya (2009), Di Falco et al., (2011) 

and Kassie et al., (2014b), this study tested the validity of the identified instrument variables (all 

transaction cost variables) using a simple falsification procedure. The results showed that only 

household ownership of cellphone met this criterion and was used as an instrument in the ESR 

model. 

Since this paper focuses on assessing the impact of agricultural commercialization on household 

food security outcome, only important policy variables from the selection model are discussed 

here. Policy variables that were significant in determining agricultural commercialization included 

farm size, soil fertility and credit access. Households with bigger farm sizes, more fertile soils and 

accessed agricultural input credit were likely to be commercialized (Table 3). Also, households 

that belonged to agricultural production networks/groups were likely to commercialize. Lastly, 

smallholder farmers who owned cellphones were likely to be commercialized while those that 

were in more remote areas (had higher transport costs to the nearest main market) were unlikely 

to commercialize (Table 4). 

Econometric results of the determinants of household food security probability showed that 

education level of the household head had a positive and significant “between-household” effect 

on food security of commercialized households (Table 3). This finding highlights the importance 
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of formal education in enabling commercialized households to access modern agricultural 

production technologies and market information needed to produce surplus and participate in 

markets. Secondly, dependence ratio had a negative and significant “between-household” effect 

on food security of non-commercialized households (Table 3). Non-commercialized households 

with higher dependency ratio were likely to be food insecure because of increased burden on active 

working members to provide food for non-productive members. 

Econometric results from physical and financial asset variables showed that the “within-

household” effects were more important in explaining food security probability of non-

commercialized than commercialized households (Table 3). These “within-household” effects 

were mainly positive thus highlighting the importance of household wealth in explaining food 

security among non-commercialized households. For example, the tropical livestock units (TLU) 

had a positive and significant “within-household” effect on food security probability among non-

commercialized households implying that non-commercialized households might be depending on 

selling off some of their livestock to buy food. On the other hand, household soil fertility score for 

all operated plots had a positive and significant “within-household” effect on food security 

probability among non-commercialized households (Table 3). This means that non-

commercialized households are more dependent on own produced foods and therefore increasing 

fertility of their plots is likely to increase productivity of their own foods (Govereh and Jayne 2003, 

Mather et al., 2011). 
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Table 3. Endogenous Switching Regression: Impact of agricultural commercialization on 

household food security outcome 

Variable label 

Selection model: 

Determinants of 

household agricultural 

commercialization 

Outcome models: Determinants of household 

food security outcome 

Commercialized 

households 

Non-commercialized 

households 

Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. 

Demographic characteristics:       

Household head sex -0.0903 0.1546 0.0874 0.1693 -0.1211 0.3126 

Household head age 0.0089 0.0144 0.0054 0.0148 0.0143 0.0275 

Household head education 0.0342** 0.0167 0.0414** 0.0169 0.0385 0.0318 

Household size 0.0265 0.0627 -0.0305 0.0704 -0.0397 0.1169 

Dependence ratio -0.0539 0.1280 -0.0719 0.1334 0.4422 0.2858 

Physical and financial capital:       

Owned livestock size 0.0147* 0.0080 -0.0021 0.0087 0.0264* 0.0161 

Per capita owned land 3.8204** 1.6995 -1.2190 1.7845 -1.0003 3.7695 

Per capita owned land squared -1.7225** 0.8657 1.3666 1.1780 0.0909 1.7762 

Soil fertility score -0.1511 0.1283 0.1275 0.1400 0.6040** 0.2441 

Annual non-farm income -0.0093* 0.0049 0.0073 0.0046 0.0166* 0.0102 

Got agricultural input credit 0.0569 0.2492 0.2192 0.2232 -0.5613 0.5707 

Contacts with extension 0.2137 0.1554 -0.2202 0.1593 -0.0324 0.3129 

Ox-plough ownership na na -0.2410 0.3156 -0.1811 0.6678 

Social capital:       
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Membership to APNs 0.5515*** 0.1153 0.2838** 0.1198 0.5145** 0.2334 

Dependable relatives in village 0.0010 0.0051 -0.0088* 0.0050 -0.0098 0.0150 

Trust grain traders 0.1804 0.1203 0.2764** 0.1251 0.3372 0.2413 

Transaction costs:       

Own mobile phone 0.8913*** 0.2171 na na na na 

Transport to nearest main market -0.0156** 0.0078 -0.0111* 0.0067 -0.0300 0.0194 

Own transport means 0.1327 0.1125 0.3787*** 0.1173 0.6914*** 0.2263 

Regional dummy 0.9400*** 0.1405 0.7489*** 0.1393 -0.4514 0.3329 

Mundlak - Chamberlain device:       

Household head age -0.0116 0.0151 -0.0064 0.0156 -0.0152 0.0294 

Household size -0.0342 0.0692 -0.0333 0.0776 0.0403 0.1320 

Dependence ratio 0.1346 0.1500 -0.2047 0.1603 -0.9026** 0.3542 

Owned livestock size -0.0063 0.0107 0.0080 0.0115 -0.0100 0.0205 

Per capita owned land -1.6208 1.7661 1.5496 1.7241 0.2693 3.9939 

Per capita owned land squared 0.3784 0.9639 -1.0921 1.0211 0.5232 2.2847 

Soil fertility score 0.4152** 0.1753 0.1460 0.1776 -0.4520 0.3642 

Annual non-farm income 0.0078 0.0064 -0.0035 0.0060 -0.0204 0.0139 

Got agricultural input credit 0.7084** 0.3317 -0.0402 0.3091 2.0555*** 0.7076 

Contacts with extension -0.1432 0.2137 0.5442** 0.2200 -0.2803 0.4359 

Own mobile phone -0.2894 0.2895 na na na na 

Ox-plough ownership na na 0.1337 0.3972 0.0328 0.7307 

Constant -1.7167*** 0.4261 -1.2708*** 0.4695 -0.9832 0.6994 

Statistical significance: *** at 1%; ** at 5%; * at 10% 



23 

 

 

Model description:    

Descriptor Selection model Commercialized households Non-commercialized households 

Number of obs 914 681 233 

LR chi2(30) 244.8800 141.2900 58.8000 

Prob>chi2 0.0000 0.0000 0.0013 

Pseudo R2 0.2360 0.1562 0.2008 

Log likelihood -396.4215 -381.6888 -116.9893 

Non-farm annual household income had a positive and significant “within-household” effect on 

food security of non-commercialized households (Table 3). This relationship could be because of 

non-commercialized households using their non-farm income to buy food to make up for the 

shortfall in own produced food staples. This might be contrary to commercialized households who 

are more likely to produce surplus (Govereh and Jayne (2003).  

Access to agricultural credit had a positive and significant “between-household” effect on food 

security of non-commercialized households (Table 3). This finding confirms that all crop 

enterprises on the farms of non-commercialized households are food crops and accessing this input 

credit goes directly to boost their food crop production. On the other hand, contacts with extension 

staff had a positive and significant “between-household” effect on food security of commercialized 

households (Table 3). Therefore, extension information is important in enabling commercialized 

households to produce more food crops beyond their subsistence levels. 

While physical and financial assets were significant in explaining food security mainly among 

non-commercialized households, social capital and transaction costs were more important in 
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explaining food security among commercialized households (Table 3). These empirical findings 

support the new institutional economics theory which postulates that social capital type of 

institutions and transaction costs variables are important in reducing the costs incurred by 

commercialized households in concluding their market transactions (North, 1990).  

3.3 Treatment effects of agricultural commercialization on household food security 

To disentangle the impacts of agricultural commercialization on household food security stemming 

from observed and unobserved heterogeneities between commercialized and non-commercialized 

households, a counterfactual analysis was built from ESR estimates using post estimation 

procedures (Lokshin and Sajaia, 2004).  In Table 4, cell (a) and cell (b) represent the actual 

(observed) expected household probability of being food secure among commercialized and non-

commercialized households, respectively. This means that, among commercialized households, 

the observed expected probability of a household being food secure was about 62% compared to 

32% among non-commercialized households (Table 4). These results compare very well with 

descriptive statistics generated directly from the data as presented in Figure 1. These descriptive 

statistics in Figure 1 were found to be statistically different at 1% level of significance. A quick 

and direct comparison of these statistics could imply that agricultural commercialization helped 

commercialized households to have food security probability advantage of almost 30 percentage 

points. However, such simple and direct comparison could be misleading without taking into 

consideration the observed and unobserved characteristics of commercialized and non-

commercialized households that could be correlated with respective food security outcome. This 

calls for building counterfactual scenarios of expected values for the two groups of households, 

that is, cell (c) and cell (d) in Table 4 to decompose the sources of this 30% difference in food 

security probability between commercialized and non-commercialized households. 
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Figure 1. Proportion of households that are food secure 

The counterfactual analysis and decomposing the 30% food security gap followed the Oaxaca 

(1973) wage decomposition. This food security gap decomposition revealed that food security 

probability outcome of commercialized households would be reduced significantly by almost 23% 

if efficiency of their currently held resources was to be the same like that of the non-

commercialized households, that is, cell (a) less cell (d) in Table 4. This is what is commonly 

referred to as “returns effect” in recent literature (Kassie et al., 2015).  Similarly, the food security 

probability outcome for commercialized households could be reduced by about 7%, that is, cell 

(d) less cell (b) in Table 4, if this group of households had the same amount of resources like the 

ones held currently by the non-commercialized households. This is what is now commonly called 

the “level effect” (Kassie et al., 2015). Therefore, the 30% food security probability outcome 

advantage that commercialized households have over non-commercialized households stems from 

commercialized households’ superiority in resource use efficiency (21%) and advantage in 

resource amount (9%). These results mean that for commercialized households food security 

probability to come down from 32% level of non-commercialized households from their 62%, then 
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commercialized households’ resource use efficiency have to come down and at the same time their 

resource level or amount have to be reduced too. However, no policy maker will be interested in 

pursuing interventions that could result in such a scenario. 

Table 4. Average expected household food security probability outcomes 

Type of household 

Household food security probability outcome 

Commercialized 

characteristics 

Non-commercialized 

characteristics 

Returns 

effects 

Commercialized (N=681) 0.6195 (a) 0.3906 (d) 0.2289*** 

Non-commercialized (N=233) 0.4377 (c) 0.3218 (b) 0.1158*** 

Level effects 0.1818*** 0.0687*** 0.2976 

Statistical significance: *** at 1%; ** at 5%; * at 10% 

On the other hand, the food security probability outcome for non-commercialized households 

could significantly be improved by almost 12% if their resource use efficiency could be improved 

to that of commercialized households. This means that if non-commercialized households were as 

efficient as commercialized households in the use of their currently held resources, the 30% food 

security gap will be reduced by about 12% points to 18% due to what is commonly called the 

“returns” effect, that is, cell (c) less cell (b) in Table 4. The remaining 18% food security gap can 

be closed by improving the amount of resources held by the non-commercialized households. In 

other words, if the resources held by the non-commercialized households can be increased to the 

level of the amount of resources held by commercialized households while holding else constant 

(ceteris paribus), then their food security probability outcome will increase by 18% as a result of 

what is usually referred to as the “level” effect. Basically, these counterfactual results for non-

commercialized households implies that the main source of the observed food security gap 
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between commercialized and non-commercialized households (30%) is the differences in the 

amount of resources held by the two groups of households. The low amount of resources held by 

the non-commercialized households compared to commercialized households contributes to about 

61% of the food security gap. The remaining 39% of the food security gap is due to poor efficiency 

in use of the resources by non-commercialized households compared to commercialized 

households. 

3.4 Summary and conclusion 

Global economic and demographic changes in terms of rising incomes and increasing urbanization, 

respectively, have provided smallholder farmers in developing countries with immense 

opportunity to commercialize their agricultural activities. However, the implication of this 

agricultural transformation process on the welfare of rural farming households is not clear. 

Particularly not clear in theoretical and empirical literature is the effect of agricultural 

commercialization on household food security. Most of the previous empirical studies that that 

analyzed the welfare impact of agricultural commercialization were based on either cross-sectional 

data and/or pooled regression models. However, panel data and use of more rigorous and robust 

models like switching regression could are more informative. 

In this study, two wave balanced panel data collected from smallholder farmers in western and 

eastern parts of Kenya were used. The study applied endogenous switching regression using 

correlated random effects framework to analyze the impact of smallholder agricultural 

commercialization on household food security. The results showed that physical and financial 

assets were positively and significantly related to food security outcome among non-

commercialized households. On the other hand, social capital and transaction costs were more 

important in determining the food security outcome of commercialized households. Therefore, 
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while non-commercialized households were more dependent on physical and financial assets to be 

food secure, commercialized households were more dependent on the efficient working of 

markets. 

Impact assessment analyzes showed that agricultural commercialization has a positive and 

significant effect on household food security outcome. The counterfactual analysis revealed that 

commercialized households could have significantly lowered their food security if they were not 

commercialized. On the other hand, non-commercialized households could have improved their 

food security significantly if they had commercialized. The observed probability of a 

commercialized household being food secure was about 62% while that of a non-commercialized 

household was 32%. This 30% food security gap was decomposed into two main sources, that is, 

that emanating from differences in resource use efficiency between the two groups and amount of 

resources held by each group. The food security of non-commercialized households would 

improve significantly by almost 12% if they were as efficient in using their currently held resources 

as commercialized household are. This difference in resource use efficiency accounted for about 

39% of the observed food security gap. The other 18% gap (i.e. 61% of the gap) was due to 

differences in the amount of resources held by the two groups of households. This means that the 

food security gap between commercialized and non-commercialized households can only be fully 

closed if both efficiency of resource use and the amount of resources held by non-commercialized 

households can be improved. 
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