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Abstract 

Conservation practices such as sustainable soil management (SSM) and no-tillage may increase production and productivity, which may help 

reduce food insecurity in household levels. Koirala et al. (2014) showed that the SSM practices have a high positive impact on food security 

and income in Ramechhap, Nepal. However, the impact of the SSM practices on food security and income were highly overestimated. 

Further, they did not explain how the impact of other factors on household food security and income are held constant to evaluate the impact 

of the SSM practices. This paper argues that the estimate of the impact of SSM practices on food security by Koirala et al. (2014) is highly 

upward biased due to the same unobserved factors affecting participation on the SSM practices and food security. This study shows an 

alternative method: an endogenous treatment effects model, which correctly estimates the impact of the SSM practices on food security. In 

addition, some issues that may affect food security and income measures associating with data collection are discussed.  

Keywords: food security; sustainable soil conservation management; endogeneity 

Introduction 

Food security is one of the primary objectives of 

Millennium Development Goals (MDGs) (UNDP, 2005), 

which is a growing concern worldwide, particularly in 

developing countries like Nepal. The World Food Summit 

of 1996 defines food security as a situation “when all 

people at all times have access to sufficient, safe, and 

nutritious food to maintain a healthy and active life.” This 

definition emphasizes on physical and economic access to 

food that meet people’s dietary needs and their food 

preferences. The three pillars of food security are food 

availability, food access, and food utilization (FAO, 1996). 

Food availability refers to sufficient amount of food is 

available on a regular basis whereas food access refers to 

having sufficient resources to receive appropriate food for 

a nutritious diet. Similarly, utilization refers to the proper 

use of food for a healthy diet on accessed food. Utilization 

primarily focuses on dietary quality associated with 

inadequate intake of necessary vitamins and minerals for a 

healthy life (Barrett, 2010). Food insecurity affects food 

intake in quantity and quality, and eventually affects 

nutritional status and health of households (Mwaniki, 

2006).
1
  

                                                           

1Note that adequate availability of food is necessary, but it does not 
ensure access to sufficient, safe, and nutritional food. For further 

explanation see Barrett (2010); UNDP (2005).  

In Nepal, farmers practice subsistence agriculture with low 

soil productivity due to the lack of external inputs such as 

advanced seeds, chemical fertilizer or inappropriate use of 

these inputs and the development of the agricultural sector 

is impacted due to the lack of credit markets, poor physical 

infrastructure, lack of irrigation, and so forth. These 

factors affect the ability of subsistence farmers to have 

enough food, which increases the problem of food 

insecurity. Approximately 80% of the total population of 

Nepal involve in agriculture and the agriculture sector 

accounts for about 35% of GDP in 2009/2010 (CBS, 

2010). Moreover, malnutrition rates are among the highest 

in the world and approximately 25% people in 38 districts 

suffer from hunger (WFP, 2007).
2
  

Many conservation practices such as sustainable soil 

conservation practices and agricultural intensification 

practices are implemented to decrease natural resource 

degradation, increase crop yields, and income (Dalton et 

al., 2014). The rural households in Nepal use the 

sustainable soil management (SSM) practices, which 

employ different technologies including, the use of farm 

yard manure and urine, legumes, and bio-pesticides.  

Koirala et al. (2014) examined the impact of SSM 

practices on household food security in Ramechhap, 

                                                           

2Hunger is defined as the physical discomfort or weakness caused by the 

lack of food and can be measured at the individual level (WFP, 2007).  
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Nepal. The authors found that SSM practices have positive 

impacts on food security, income, and so forth. To be 

specific, the results showed that the food sufficient month 

increased from 3.97 months to 7.67 months; an 

approximately 30% increase in food sufficiency from own 

production and income increased from Rs 25,758 to Rs 

51,675, which is a roughly 100% increase. The estimates 

for food sufficiency and income are highly overestimated. 

One of the reasons for high estimate could be the lack of 

consideration of the endogeneity (when the same factors 

affect outcome (food security) and participation in the 

SSM practices) problem they may occur on the project 

evaluation. Without accounting for endogeneity, the 

impact would be upward biased (Greene, 2002). The 

second reason could be biased responses for sensitive 

questions such as income. Similar explanation would work 

for the expenditure estimates as well.   

The purpose of this study is to discuss statistical methods 

for examining the impact of a new project focusing on the 

conservation practices on food security and show that the 

approach of Koirala et al. (2014) grossly overestimated the 

impact of the SSM practices on food security and income 

levels of the participated households (treatment). This 

study is useful to farmers, policy makers, and researchers 

to understand the dimensions of food security particularly 

in developing countries.  

Conceptual Framework for Food Security 

Food security is a multidimensional issue related to 

individual, households, community etc. and many factors 

such as income, price of food items, and government 

support programs through which people obtain food may 

affect food security. In other words, food security is an 

outcome of livelihood strategies, which depends on 

available assets such human, social, and physical capitals 

to households (WFP, 2007). The main livelihood strategies 

for rural households in Nepal are livestock and crop 

productions. The conceptual framework for food security 

can be shown as in Fig. 1. 

Measuring food security has been a big challenge for 

applied researchers due to its relation to a variety of 

factors. Researchers have used proxy methods for 

estimating the different aspects of food security such as 

coping strategies index, food expenditure index, dietary 

diversity measures (Maxwell, 1996; Barrett, 2010). Over 

the past five decades, the measure of food access accounts 

for most food insecurity. The food access method 

emphasizes on issues such as specific hunger and 

underweight data, which focuses on poverty reduction, 

food price, and social protection policies. 

 

 

  

 

Fig. 1: Food and nutrition security conceptual framework 

Source: Adopted from WFP (2012) 
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Research has shown that different methods may give 

different estimates for food security. For example, the 

estimates for food insecurity obtained from individual or 

household data would be higher than the estimates 

obtained from aggregate level data due to the differences 

of distribution of nutrient and nutritional availability on 

intra- and inter households (Coates et al., 2007; Barrett, 

2010). Similarly, other methods such as caloric adequacy 

to examine household food access is data intensive and 

difficult (Coates  et al., 2007) and the use of the caloric 

adequacy method may be worse in developing countries 

due to a respondent’s knowledge on particular concepts of 

food security.  

Pyakuryal et al. (2010) estimated the impact of trade 

liberalization on food security in Nepal and found that per 

capital food availability was improved based on 

aggregated economic measures. Similarly, Yahaha and 

Pokharel (2015) evaluated the impact of sustainable 

agricultural intensification practices on food security in 

north-west Ghana using the household food insecurity 

access scale (HFIAS) indicator developed by the FANTA 

Project, USAID (Coates  et al., 2007). The results showed 

that the HFIAS score is decreased roughly by 10% 

implying the participated households became relatively 

food secure after the implementation of sustainable 

agriculture practices.  

Koirala et al. (2014) used paired t-test to examine the 

impact of the SSM practices on household food 

sufficiency. The results indicated that the food sufficiency 

increased from 3.97 months to 7.67 months; approximately 

a 30% increase in food sufficiency from own production. 

This is a highly overestimated impact of the SSM 

practices. Similarly, results indicated that income 

increased from Rs 25,758.33 to Rs 51,675, which is 

roughly a 100% increase in income. The impact of the 

SSM practices on income is also highly overestimated.  

I argue that the authors did not properly account for other 

factors that affect income.  Since the income is the product 

of price and quantity, in general, price has an upward 

trend. Instead of reporting a nominal value, the real 

monetary value could give a relatively real effect. The 

respondents might not have properly distinguished the 

income from different sources. In other words, farmers 

receive income from other sources except the crop 

production from the SSM practices land. For instance, the 

sources of income in rural areas of Nepal are the sales of 

agricultural products and livestock, wages, and 

remittances, which account for 30, 27, and 19%, 

respectively in 2014, which significantly contributed to 

improving food security (MoAD, 2015). For instance, 

farmers keep a variety of livestock including cattle, yak, 

chaunri, buffalo, goats, sheep, poultry, and pigs in 

Ramechhap (CBS, 2013) and the sales of livestock could 

be the source of income. Moreover, since these are small 

farm holders (subsistence farmers), they may not able to 

sell their agricultural products so that it is hard to measure 

in monetary value, which may create hypothetical bias 

(Choi and Pak, 2005). Thus, it is important to separate the 

impact of other factors on measuring the change in income 

from a project. In addition, in Nepal, many adults have 

been going to other countries for employment and sending 

money to their family increasing the income of the 

participating households, which may increase family food 

security. These are important factors that should be 

accounted for when examining the impacts of the project 

implementation, itself on income and food security and an 

author should explicitly mention these possible factors.  

Koirala et al. (2014) used the paired t-test to show the 

increase in income from SSM practices. However, there is 

no standard method that can directly link the SSM 

practices to income growth. Moreover, the test may 

incorrectly estimate when the same unobserved factors 

affect both participation and food security. This is a big 

challenge for economic or social research. Without 

accounting for endogeneity, the impact would have an 

upward bias. Koirala et al. (2014) also argued that the 

SSM practices affected food availability, accessibility, 

stability, and use. 

The impact of the SSM practices on food availability and 

food accessibility probably can be measured by using 

perception questions. However, the concept of food use is 

not straightforward. The standard definition of food use 

(utilization) refers to dietary quality, focusing on 

deficiencies of essential nutrients or inadequate intake of 

essential minerals and vitamins. Perception data may not 

sufficiently measure food use problems including 

micronutrient deficiencies so that the lack of micronutrient 

cannot be known precisely (Barrett, 2010). A question I 

pose to the authors is how the measurement of food 

utilization in rural areas of Ramechhap taken, where 

roughly 34% people of total population and 43% female 

cannot read and write, respectively (CBS, 2013)? This 

situation creates more challenges in measuring food 

utilization.  

The second reason of bias could be to survey design (not 

accounting for bias responses, which would give bias 

estimates). The responses may also be affected by 

wording, types of survey questionnaire, and ignorance of 

the respondent about the subject. Analysts should be aware 

of a self-reporting bias, responsiveness to sensitive 

questions. Specifically, in a self-reporting response bias, a 

respondent may be willing to suppress or give false 

information such that they may report they have high 

income and food sufficiency. A well-known problem in 

survey design is that respondents systematically alter 

responses in a direction they perceive to be desired by 
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interviewers (Choi and Pak, 2005). In other words, an 

interviewee responds in a way that looks good to an 

investigator.  For example, farmers who adopted SSM 

practices, they might think the investigator wants more 

positive impacts of the program on food security and 

income. These factors may also give upward biased 

results.  

Does a biased estimate have impact? If the estimated result 

is used for policy analysis, inference, prediction etc., it 

assumed that the results are correctly estimated. If the 

estimated result is not reliable, then it has strong negative 

implications for policy analysis and prediction weakening 

the work of applied economists and social scientists 

(Tomek, 1993).  Thus, it is important to note that analysts 

should inform readers about possible factors that may 

cause for biased (either upward or downward) results and 

should point out the limitation of the study.  

A standard survey design helps to remove or decrease bias 

results on food security. Many methods are available to 

examine the severity of food security. For example, during 

the 1990s Africare developed Months of Adequate 

Household Food Provisioning (MAHFP) to identify the 

vulnerable groups and the guidance was revised in 2004 to 

standardize the methods to examine the impact of the 

funded program on outcome variables (Africare, 2005). 

Other methods are the Global Food Security Index (GFSI), 

the Poverty and Hunger Index (PHI) among others 

(Pangaribowo et al., 2013). Recently the USAID FANTA 

project developed the Household Food Insecurity Access 

Scale (HFIAS) indicator to estimate the prevalence of food 

insecurity annually in the United States and this indicator 

can be used to examine the impact of a project (e.g. the 

SSM practices) on outcome (household food insecurity) 

(Coates  et al., 2007).  

Before explaining in detail about the HFIAS indicator, I 

discuss how perceptions of household on nutritional 

requirements may also affect the response, especially in 

the hilly and mountainous regions of Nepal. For example, 

rice is a main cereal for meal such that households may 

perceive that the consumption of corn or oat decreases the 

quality though nutrition has been relatively remained 

constant, but it may change the response of the household 

(Coates et al., 2007). This is a very sensitive issue and 

usually happens in the western region of Nepal. Each year, 

there is a lack of food in the western regions of Nepal like 

Mugu, Dolpa, Humla and other neighboring districts. 

People from the region spend one to two days on the way 

to receive a small amount of rice from the offices of the 

Nepal Food Corporation (Nepal Khadya Sansthan). This 

indicates that researchers should design questionnaires to 

avoid perception biases.  

The HFIAS indicator is relatively simple, but 

methodologically rigorous (Coates et al., 2007). The 

HFIAS indicator has been widely used to survey 

participant households for examining the food insecurity 

(access) in both developed and developing countries. The 

HFIAS indicator includes behaviors and attribute domains 

that relate to various aspects of food insecurity. To 

examine the impact of a project (e.g. the SSM practices) 

on food security from the perspective of food access, the 

household food insecurity access scale (HFIAS) indicator 

can be used, which includes occurrence and frequency of 

occurrence questions. The HFIAS indicator is a scale 

measure spanning from 0 to 27. The scale of 0 indicates 

high food access and 27 refers low food access (Coates et 

al., 2007). After obtaining the HFIAS score, the 

endogenous treatment effects model can be used to 

examine the impact of a project (e.g. SSM practices) on an 

outcome variable (e.g. food access). The endogenous 

treatment effect model is widely used in measuring 

program effectiveness such as on the examination of 

college education on earnings (Greene, 2002).  Angrist et 

al. (2001) provides detailed explanations on the treatment 

effect model.  

The Endogenous Treatment Effects Model  

This section briefly explains the endogenous treatment-

effects (ETE) model that can be used to examine the 

impact of a new project on outcome. The ETE model 

allows for correlation between unobserved factors 

affecting the household participation decisions and those 

affecting the household food insecurity access.
3
 The ETE 

model to examine the impact of household participation on 

food insecurity access scale measure (HFIAS) can be 

expressed as follows similar to (Greene, 2002): 

                                                                 (1) 

Where, Parti refers to participation, which is a binary 

variable (participate or do not participate on the SSM 

program). The coefficient of participation ( ) cannot 

capture the impact of participation on        because this 

is the case of whether household   participates in the SSM 

practices or not. This problem is known as the case of self-

selection in statistics. If a researcher ignores the potential 

endogeneity of participation, it would highly overestimate 

the effect of participation on household food security 

access scale. The household participation decisions 

(treatment) are based on the household, individual and 

farm characteristics   , which can be written as: 

     
    

                                                                    (2) 

     
   

            
   

               
  

                                                           

3For the endogenous treatment effect model explanation, for convenience, 

I use the SSM practices as a new project for which the impact should be 
evaluated on household food access. Instead of HIFAS, other indictors 

can also be used in (Eqn. 1). 
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Where    and    are covariates that are unrelated to the 

error terms. The assumption is that    and    are jointly 

normally distributed with mean zero and variance 

covariance matrix   given as: 

   
  
    

    
                                                              (3) 

The above model can be estimated using a two-step 

estimator as a participation decision model as in (Eqn. 2) 

and the outcome model as in (Eqn. 1).  This model will 

provide consistent estimates of household participation 

decision on the food insecurity access accounting for the 

endogenous participation. The use of the dummy variable 

model as given by (Eqn. 2) for analyzing treatment effects 

and participation has been widely used in applied 

economics and social sciences. There are many variations 

of the model in estimating the project impacts including 

from the analysis of education (Willis and Rosen, 1979) 

and with different forms. Maddala (1993) provides a long 

list for the use of the model in different areas.  

Conclusion 

Food security is a growing concern in developing 

countries, especially in Nepal where the majority of 

population depends on subsistence agriculture. Different 

projects have been adopted to increase yield and income of 

subsistence farmers in rural areas of Nepal. For example, 

sustainable soil conservation practices, no-tillage have 

positive impacts on production and productivity. These 

kind of practices may increase food security of households 

as well. However, the findings from a very small size and 

short period of time weaken the generalization of the 

results. The sample size of Koirala et al. (2014) was 120 

households and the results cannot be generalized to 

population and their method may not estimate the impact. 

Therefore, investigations with large sample and long 

periods are required to examine the impact of the 

sustainable soil conservation practices on food security in 

Nepal. In addition, questionnaire should be properly 

designed to avoid possible biases due to wording or 

sensitive issues such as age, income. In a social science 

study, researchers cannot control the factors as in a natural 

science experiment. Thus, extra caution should be taken to 

analyze data and interpret the results.  

The proper use of statistical models with quality data may 

help to increase the quality and the reliability of a study. 

Even if researchers have high quality data, but if the data 

are not analyzed using proper statistical tools, it may 

provide the inaccurate estimates (Shrivastava, 2015).  

Moreover, the estimated result is used for different 

purposes (e.g. policy analysis, prediction, and inference), 

if the estimated result is not reliable, then it has strong 

negative implications for policy analysis, inference, 

prediction, which weaken the work of applied researchers 

(Tomek, 1993). Thus, the proper use of statistical tools 

with an appropriate sample size would be a minimum 

requirement for a social science empirical research even in 

developing countries.  
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