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Summary 

 

Investments in agricultural modernization have resulted in remarkable progress in food 

production over the last century. As a consequence, the global number and the proportion of 

undernourished people has fallen significantly.  Despite this progress, providing sufficient and 

nutritiously diverse food for all remains a complex global challenge. The scale of global 

hunger and malnutrition remains staggering: one in nine people continues to be 

undernourished, and nearly 30% of the world population is classified as malnourished in 

terms of specific nutrient deficiencies. Meanwhile, the global number of overweight and 

obese people is also rising dramatically, including in developing countries where 

undernutrition is still widespread. Nutritional deficiencies and food insecurity are not only the 

result of low food quantities consumed, but also of poor dietary quality and diversity. In Asia 

and sub-Saharan Africa, smallholder farmers are the main providers of the food supply. 

Paradoxically, smallholders are also the most undernourished group of people, suffering from 

various nutrition related problems. Nutritional deficiencies cause a large health burden and 

lead to significant economic losses. Given the magnitude and severity of malnutrition in many 

developing countries, the question how to make agriculture and food systems more nutrition-

sensitive is of high relevance for research and policy. 

This dissertation attempts to contribute in this direction. It contains three essays. As many of 

the poor and undernourished people are smallholder farmers in developing countries, it is 

often argued that diversifying production on these smallholder farms could be a useful 

approach to improve dietary diversity. Yet, empirical evidence to support this argument is 

scarce. In the first essay, we address this issue using household-level data from Indonesia, 

Kenya, Ethiopia, and Malawi. The data from Indonesia and Kenya refer to specific regions 

within these countries, where smallholder farmers grow cash crops for the market. The data 

from Ethiopia and Malawi are nationally representative. These four countries cover different 

situations in terms of farm structures, market access, culture and levels of poverty and 

malnutrition, so the information may provide broader conceptual and empirical lessons that 

go beyond case-study evidence. We calculate the number of crop and livestock species 
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produced on a farm and dietary diversity scores as indicators of production and consumption 

diversities, respectively. Both measures are suitable and meaningful for international 

comparisons. Regression models show that on-farm production diversity is positively 

associated with dietary diversity in some situations, but not in all. When production diversity 

is already high, the association is not significant or even turns negative, because of foregone 

income benefits from specialization. Analysis of other factors reveals that market access has 

positive effects on dietary diversity, which are larger than those of increased production 

diversity. Market transactions also tend to reduce the role of farm diversity for household 

nutrition. 

The first essay contributes to an emerging literature that analyzes whether higher levels of 

farm production diversity contribute to improved dietary quality in smallholder households. 

Most of this work uses relatively simple indicators for production diversity and dietary 

quality. In the second essay, we use and compare different indicators, thus testing the 

robustness of earlier findings and helping to further understand the underlying linkages. The 

analysis builds on household survey data from Indonesia, Kenya, and Uganda. We estimate 

Poisson and linear regression models to analyze the relationship between production diversity 

and dietary quality. Farm diversity measured through a simple species count has a small 

positive effect on dietary quality, either expressed in terms of dietary diversity scores or 

micronutrient consumption levels. However, when measuring production diversity in terms of 

the number of food groups produced, the effect turns insignificant in most cases. Further 

analysis suggests that diverse subsistence production contributes less to dietary quality than 

cash income generated through market sales. Much of the food diversity consumed in farm 

households is purchased from the market. If farm diversification responds to market 

incentives and builds on comparative advantage, it can contribute to improved income and 

nutrition. This may also involve cash crop production. On the other hand, increasing the 

number of food groups produced on the farm independent of market incentives will foster 

subsistence, reduce cash incomes, and thus rather worsen dietary quality.  

In the third essay, we investigate the relative contribution of market purchases and home 

production to food availability in farm household across agricultural seasons. Issues of 

seasonality have hardly been addressed in previous work. We use nationally representative 
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survey data from Ethiopia. Estimated daily per capita calorie consumption and household 

dietary diversity scores are used as indicators of food availability for each month over a full 

calendar year. We find that the farm households extensively engage in selling and buying 

farm products. We also find that farmers cannot secure their food needs only from what they 

produce on their farm; most of them are net buyers of food commodities. Although there is a 

tendency to shift away from purchased foods during the harvesting season, off-farm income 

clearly stands out as the primary economic activity to secure food in Ethiopian farm 

households across the different seasons. Interestingly, households with insufficient food 

availability rely more on own farm production as a source of food, while households with 

enough food rely more on market purchases. The analysis shows that the contribution of 

market purchases and own production varies across agroecological and geographical zones. 

For farmers with better infrastructure conditions, off-farm income plays a larger role to meet 

their food needs.  

Putting the findings from the three essays together, we draw important conclusions. 

Increasing people’s dietary quality and diversity is an important strategy to improve nutrition 

and health. How exactly to ensure that smallholder farmers have access to sufficient and 

diverse food will vary from one place to another, depending on the particular conditions. 

However, unlike sometimes assumed, increasing on-farm diversity does not always seem to 

be the most effective way to improve dietary quality in smallholder households. From a 

nutrition perspective, improving market access is more important than farm diversification as 

such. The results underline that – in most situations – home production cannot be the main or 

only source of food for sufficiently diverse diets, and especially not outside of the main 

agricultural seasons. Hence, policies should be steered towards strengthening markets and 

enhancing off-farm income sources for the rural poor. Additional research is needed to better 

understand how agriculture and food systems can be made more nutrition-sensitive and 

sustainable. Production diversity also has an environmental dimension, which was not 

analyzed here. 
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CHAPTER 1 

Introduction 

 

1.1. Background 

Investments in agricultural modernization over the last century have led to more production of 

food. The resulting production increases have contributed considerably to reducing hunger 

and improving peoples’ access to calorie-dense staple foods (Pingali, 2015; Khoury et al., 

2014; Godfray et al., 2010) and reducing protein shortages (Schneeman, 2000). It is estimated 

that the total number of undernourished people has fallen by 17 percent in the last few 

decades (FAO, 2013). In spite of this progress, eradicating several forms of malnutrition and 

providing sufficiently diverse food for all continues to be one of the big global challenges 

(Foley et al., 2011). Close to 800 million people are still classified as chronically hungry, 

meaning that they do not have sufficient access to calories, and an estimated 2 billion people 

suffer from micronutrient malnutrition mostly due to low intakes of vitamins and minerals 

such as iron and zinc from their diet (IFPRI, 2016; FAO et al., 2015). The prevalence of 

undernutrition remains high, especially in Africa and rural Asia (IFPRI, 2016; FAO et al., 

2015; Dubé et al., 2012; Godfray et al., 2010). 

Hunger and malnutrition continue to be big and complex global problems, particularly in 

developing countries. Macro- and micronutrient deficiencies impose a large health burden in 

terms of lost productivity, impaired physical and mental human development, susceptibility to 

various diseases, and premature deaths (Lim et al., 2012). Therefore, securing food and 

nutrition is an essential investment in human capital that leads to higher returns and 

productive lives in the long run. Well-nourished mothers are more likely to give birth to 

healthy children that can effectively attend school and live healthy and productive lives 

(IFPRI, 2015). While the concern of malnutrition has existed throughout human history, in 

the post-modern perspective it goes beyond hunger and undernourishment. Overnutrition and 

obesity are also on the rise. Overweight and obesity are causing serious health risks, 

especially in terms of chronic diseases. These problems are also of growing concern in poor 

countries, where undernutrition is still widespread (Popkin and Slining, 2013). This double 
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burden of malnutrition has made food and nutrition policies even more complex (FAO, 2013). 

Eradicating malnutrition in all its forms is a fundamental part of the post-2015 United Nations 

Sustainable Development Goals (SDGs) (United Nations, 2015).  

Smallholder farmers
1
 lie at the heart of agriculture and the rural economy in the developing 

world, both in terms of food production and the number of people involved. Across the world, 

nearly two billion people live in about 500 million smallholder farm households. Smallholder 

farmers in Asia and sub-Saharan Africa provide up to 80 percent of the food supply (FAO, 

2014; IFAD, 2013; FAO, 2012). Paradoxically, many of the very poorest and world’s 

undernourished people live in smallholder farm households (FAO, 2014, IFAD, 2013; Barrett, 

2010; Herrero et al., 2010; Muller, 2009; Pinstrup-Andersen, 2007). Therefore, addressing the 

problems in the smallholder sector and making small farm agriculture more nutrition-sensitive 

should have high policy priority.  

Generally, several challenges have to be faced. First, increasing agricultural production and 

productivity on small farms is needed, which can help poor households to generate additional 

income and escape from poverty (Godfray et al., 2010). Second, increasing food production is 

needed to feed the unacceptably high number of undernourished people and to face further 

population growth (Godfray et al., 2010; World Economic Forum, 2013). Third, continued 

effort is needed to produce and deliver sufficiently diverse and healthy foods. Diversity is 

particularly needed to reduce widespread micronutrient deficiencies. Fourth, diets are shifting, 

especially among the urban middle classes in developing countries. Demand for meat, dairy, 

and other animal products is growing rapidly, which means additional challenges in terms of 

feed supply, resource scarcity, and environmental sustainability (Qaim, 2016a). Fifth, the 

demand for agricultural products used for non-food and non-feed uses is also rising. Biofuels 

as well as plant-produced fibers and substances for industrial purposes are gaining in 

importance. Given these challenges, it is important to investigate the underlying linkages 

                                                 

1
 There is no clear consensus on the definition of smallholder (small-scale) farmers. The Food and Agriculture 

Organization of the United Nations (FAO) use farm size to scale farmers into small and large. According to 

FAO, smallholder farmers are marginal or sub-marginal farm households who own or manage farms with land 

areas less than 10 hectares (FAO, 2012). However, the land sizes that smallholder farmers work on vary widely 

from one location to another. Smallholder farmers are also characterized by extensive use of family labor for 

production and by consuming part of their farm produce at home.  
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between agriculture and dietary quality, as well as how to sustainably provide sufficient and 

nutritious foods, particularly to the very poorest people living in remote and environmentally 

fragile rural areas of the developing world. 

This dissertation contributes to the literature by analyzing the relationship between farm 

production diversity and dietary quality and the underlying mechanisms. It also analyzes the 

relative contribution of home production and market purchases to seasonal food availability in 

smallholder farm households. 

 

1.2. Conceptualizing farm production and dietary diversity 

Farm production diversity is a key component of agrobiodiversity. It is used to refer to the 

variety of crop and livestock species produced on a farm. A wider deployment of farm 

diversity is considered as an essential component of sustainable and secure food supply 

because every food item from a given farm species could provide unique nutritional 

importance (Deckelbaum et al., 2006). In some regions of the developing world, particularly 

in Africa, polyculture is a tradition; the number of different species produced is often high.  

In the empirical literature, a commonly used indicator of production diversity on a farm is a 

simple count of the different crop and livestock species produced. This indicator has been 

adopted from the fields of biodiversity and agroecology to measure the diversity of 

multispecies on a farm (Herforth, 2010; Di Falco and Chavas, 2009). The simple species 

count indicator is used to detect differences between farms, regions and dominant farm types 

(Last et al., 2014). Another species richness indicator often used and simple to calculate and 

interpret is a modified Margalef species richness index (Di Falco and Chavas, 2009; Meng et 

al., 1998; Smale et al., 1998; Margalef, 1958). The Margalef index considers the area under 

the different crop species through weighting. A recent body of literature has also developed 

new diversity scores trying to account for the nutritional functions of different types of food 

crops produced (Luckett et al., 2015, Remans et al., 2014; DeClerck et al., 2011). The 

nutritional functional diversity score proposed by Luckett et al. (2015) counts a farm species 

only as additional when its nutritional profile is sufficiently different from the other species 
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that were already counted on the same farm. Otherwise, the species is considered nutritionally 

redundant. When livestock production is involved, which is a typical characteristic of 

smallholder farmers in developing countries, it might be difficult to apply both the Margalef 

index and the nutritional functional diversity score, as these are more useful in a crop context. 

In terms of consumption, food diversity is considered a key element of a balanced diet. It is 

assumed that the intake of nutrients and foods are related with many interlinkages, as people 

do not consume nutrients or single foods, but combinations of food items (Waijers et al., 

2007). Diets among the poor in developing countries are often characterized by insufficient 

diversity. Poor households mainly consume starchy staple foods and too low quantities of 

vegetables, fruits and animal products. Starchy staples are rich in carbohydrate, but low in 

micronutrients. There are several reasons why dietary diversity is a good indicator of dietary 

quality, particularly in the context of developing countries. First, higher dietary diversity 

ensures intake of adequate nutrients (Frison et al., 2006; Steyn et al., 2006; Kennedy et al., 

2007; Arimond and Ruel, 2004). Second, dietary diversity was shown to be associated with 

better nutritional outcomes such as improved child anthropometrics (Ruel, 2003; Arimond 

and Ruel, 2004), as well as with higher concentration of hemoglobin in human blood (Keding 

et al., 2012). Third, collecting data on food items is easy in survey studies and can be applied 

at individual or household levels (FANTA, 2006). The individual level is of particular 

importance when the focus is on specific age and gender groups. 

In empirical studies, food variety scores and dietary diversity scores are frequently used to 

measure dietary quality (Jones et al., 2014; Swindale and Bilinsky, 2006; Ruel, 2003; 

Drewnowski et al., 1997; Kant et al., 1993). The food variety score is a simple count of 

unique food items consumed over a specific reference period (Drewnowski et al., 1997), 

while the dietary diversity score is the number of food groups consumed over a given recall 

period (Kennedy et al., 2007), often 24 hours or 7 days. Due to the differences in dietary 

habits as well as the methodology used for data collection by different researchers, food 

variety scores are less useful for an inter-country comparison. Against this background, the 

household dietary diversity score (HDDS) has become a widely used measure (Pellegrini and 

Tosciotti, 2014). At an individual level, the dietary diversity score indicates nutritional 

adequacy, whilst at the household level it is more a reflection of general economic status and 
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access to a variety of foods (FAO, 2011; Kennedy et al., 2007; Steyn et al., 2006). However, 

in spite of its usefulness for a first general assessment of dietary quality, HDDS also has a few 

drawbacks (Hirvonen et al., 2015; Maxwell et al., 2014; Coates, 2013). Not all food groups 

considered in the calculation contribute to the supply of essential nutrients in the same way. 

Moreover, food groups are counted regardless of the actual quantities consumed; very small 

quantities of certain food types may not add much to healthy nutrition. To address these 

shortcomings, more comprehensive data about the food quantities and nutrients consumed are 

required (de Haen et al., 2011). Recent studies have used calorie and micronutrient 

consumption levels to assess nutritional impacts of innovations in African food supply chains 

(Chiputwa and Qaim, 2016; Chege et al., 2015).  

Food and nutrition security requires a sufficient degree of dietary diversity to ensure adequate 

macro- and micronutrients intakes (United Nations, 2015; Bouis and Hunt, 1999). Several 

studies have shown that the level of dietary diversity is a good indicator of people’s broader 

nutritional status in many situations (Headey and Ecker, 2013; Arimond et al., 2010; Moursi 

et al., 2008; Savy et al., 2006; Steyn et al., 2006; Savy et al., 2005; Arimond and Ruel, 2004; 

Torheim et al., 2004; Ruel, 2003; Kant et al., 1993). Studies also show that dietary diversity 

can be used as a proxy for general socio-economic performance at the household level 

(Hoddinott and Yohanness, 2002; Hatløy et al., 2000). More diverse diets rich in fruits and 

vegetables also tend to be associated with lower rates of overweight and obesity (Popkin and 

Slining, 2013). Increasing dietary diversity is therefore an important strategy to improve 

nutrition and health. As smallholder farm households consume a significant portion of what 

they produce, their agricultural production also needs to be nutrition-sensitive via on-farm 

diversification, so that a wide range of different types of foods are available and accessible 

(Pingali, 2015). 

A positive relationship between farm production diversity and dietary diversity is plausible. 

However, counting the total number of crop species on a farm may not reflect the nutritional 

contribution of the farm species. Different species have different nutritional functions, so that 

the type of farm diversification can matter for effects on household diets (Berti, 2015; 

Remans et al., 2014; De Clerck et al., 2011). For instance, the dietary quality effect of 

growing sorghum in addition to maize may be smaller than that of adding a pulse or vegetable 
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crop to a cereal-dominated production system. In another way, nutritional functional 

composition of some species might be redundant. Further, assuming smallholder farmers are 

pure subsistence farmers without selling and buying food is too simplistic. Beyond farming, 

most smallholder households in developing countries have off-farm sources of income as well 

(Frelat et al., 2016). They are indeed net buyers of food items (World Bank, 2007b), further 

adding to complexity. When relying on markets, nutrition effects in farm households will also 

depend on how well the markets function and who within the household controls the income 

from commercial farm sales and off-farm employment. It is known that gender aspects can 

play important roles in determining household food and nutrition security (Olney et al., 2009). 

Hence, the direction and strength of the production-consumption diversity relationship will be 

situation-specific. 

Taking into account that own production is not the only source of food to smallholder farmers 

and considering possible similarities/differences in the nutritional functions of the different 

commodities produced on a farm, the relationship between production and consumption 

becomes more complex. Instead of producing everything at home, households can buy 

diverse foods in the market when they generate sufficient income. Farm diversification may 

contribute to income growth and income stability up to a certain point, but beyond that point, 

further diversification may also reduce household income, because benefits from 

specialization cannot be realized. 

 

1.3. Research Problem and Objectives 

As stated above, in Africa and Asia the majority of the undernourished people live in rural 

areas. Many of them are smallholder farmers. Against this background, further diversifying 

production on these smallholder farms is often perceived as a useful approach to improve 

dietary diversity and nutrition (Jones et al., 2014; Pellegrini and Tasciotti, 2014; Remans et 

al., 2011; Powell et al., 2015). This stems from the notion that production diversity could 

enhance households’ food diversity and availability from own production as smallholder 

farmers consume some portion of their produce at home (FAO, 2014). Several recent 

development initiatives have promoted smallholder diversification through introducing 
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additional crop and livestock species with the intention to improve household nutrition 

(Powell et al., 2015; Fanzo et al., 2013; Burlingame and Dernini, 2012). As farm diversity can 

help to increase agrobiodiversity too, the strategy is welcome from an environmental 

perspective (Burlingame and Dernini, 2012; Frison et al., 2006; Deckelbaum et al., 2006). 

However, is there really such a clear link between production diversity on the farm and 

consumption diversity in the farm household? And what are other factors influencing this 

relationship and dietary diversity in smallholder farm households? Does the way consumption 

and production is measured affect the relationship between production diversity and dietary 

diversity in an important way? These are under-researched questions of relevance for 

improving agriculture and nutrition in the small farm sector (Jones et al., 2014; Pinstrup-

Andersen, 2013; Gómez et al., 2013). Here, we aim to address these questions using data 

from several developing countries. 

In addition, how is the relative contribution of own production and market purchases to food 

availability across agricultural seasons in developing countries? Recent findings suggest that 

several factors such as off-farm income and improved market access are essential for food 

availability in farm households in sub-Saharan African countries (Frelat et al., 2016). But this 

existing research does not take seasonality into account. Availability of food is not uniform 

across time in farm households; it varies across agricultural seasons (Hassen et al., 2016; 

Hirvonen et al., 2015; Kearney, 2010). Hirvonen et al. (2015) have shown that dietary 

diversity and calorie consumption vary across seasons in Ethiopia. There is also some 

evidence suggesting that food purchases in the market play an important role for household 

food provisioning (Luckett et al., 2015). To the best of our knowledge, there is no study that 

has disaggregated food sources into own production, purchases from farm income, and 

purchases from off-farm income, to assess variation and contribution to seasonal food 

availability in farm households. This research gap is also addressed here. 

The general objective of this dissertation is to understand the relationship between production 

diversity and dietary quality and the underlying mechanisms, as well us the relative 

contribution of market purchases and home production to seasonal food availability in 

smallholder farm households. Specifically, we seek to: 
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1. investigate the link between on-farm production diversity and dietary diversity in 

smallholder farm households,  

2. assess what other factors, particularly market access, determine the linkage between on-

farm production diversity and dietary diversity, 

3. examine if the way consumption and production diversity are measured affects the 

relationship between production diversity and dietary diversity,  

4. test the robustness of the findings of previous studies to further understand the underlying 

linkage between production diversity and dietary diversity, and 

5. examine the relative contribution of market purchases and on-farm production of foods to 

food availability and food security in smallholder farm households across agricultural 

seasons. 

The dissertation includes three essays. The first two research objectives are pursued in the 

first essay, objectives three and four are dealt with in the second essay, and objective five is at 

the core of the third essay. The findings of this research may contribute to policymaking 

aimed at improving food and nutrition security in smallholder farm households.  

 

1.4. Data Sources 

The farm household datasets, on which the empirical analysis of this dissertation is built, 

comes from five countries and three groups of surveys. Across the three essays, we use about 

14 thousand observations. The surveys were carried out by different research teams and for 

different purposes. The first group that includes datasets from Indonesia, Kenya, and Uganda 

is from the Chair of International Food Economics and Rural Development at the University 

of Goettingen, Germany. Staff of the Chair collected the datasets for different research 

projects in 2012. Cash crop producers in specific regions in each of the three countries were 

sampled. The second group is from the World Bank Living Standards Measurement Study – 

Integrated Surveys on Agriculture (LSMS-ISA) (World Bank, 2013). The first round of the 

LSMS-ISA data (2010-11) from Ethiopia and the third round of the LSMS-ISA (2010-11) 

from Malawi are used. These datasets are nationally representative samples of farm 

households (World Bank, 2013; CSA and World Bank; 2013). The third household survey 
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group is from the 2010/11 Household Consumption and Expenditure Survey (HCES) in 

Ethiopia collected by the country’s Central Statistical Agency (CSA, 2012). The HCES is 

representative at national level and was carried out between July 2010 and June 2011. 

Overall, the datasets used in this study include different kinds of farmers, data collected in 

different seasons, and from different agro-climatic environments in Africa and Asia. All 

surveys used structured questionnaires with the same format for the production and 

consumption related aspects, except for the HCES, which concentrates on consumption and 

does not include details of agricultural production. Further descriptions of the different 

surveys are provided in the methodology sections of each essay. 

 

1.5. Dissertation Outline 

This dissertation comprises three essays and is organized as follows. Chapter Two presents 

the first essay. The linkages between on-farm production diversity and dietary diversity and 

factors that influence this relationship are analyzed. Chapter Three presents the second essay. 

The focus is on further examining linkages and measurement issues relating to production 

diversity and dietary quality. Chapter Four presents the third essay. The relative contribution 

of home production and market purchases across agricultural seasons is examined. Chapter 

Five provides the overall conclusions and discusses implications and limitations of the 

research.  
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CHAPTER 2 

Production Diversity and Dietary Diversity in Smallholder Farm 
Households2 

 

Abstract 

Undernutrition and micronutrient malnutrition remain problems of significant magnitude in 

large parts of the developing world. Improved nutrition requires not only better access to food 

for poor population segments, but also higher dietary quality and diversity. As many of the 

poor and undernourished people are smallholder farmers, diversifying production on these 

smallholder farms is widely perceived as a useful approach to improve dietary diversity. Yet, 

empirical evidence on the link between production and consumption diversity is scarce. Here, 

this issue is addressed with household-level data from Indonesia, Kenya, Ethiopia, and 

Malawi. Regression models show that on-farm production diversity is positively associated 

with dietary diversity in some situations, but not in all. When production diversity is already 

high, the association is not significant or even turns negative, because of foregone income 

benefits from specialization. Analysis of other factors reveals that market access has positive 

effects on dietary diversity, which are larger than those of increased production diversity. 

Market transactions also tend to reduce the role of farm diversity for household nutrition. 

These results suggest that increasing on-farm diversity is not always the most effective way to 

improve dietary diversity in smallholder households and should not be considered a goal in 

itself. Additional research is needed to better understand how agriculture and food systems 

can be made more nutrition-sensitive in particular situations. 

 

                                                 

2
 This chapter was published as: Sibhatu, K.T., Krishna, V.V., Qaim, M. (2015). Production diversity and dietary 

diversity in smallholder farm households. Proceedings of the National Academy of Sciences of the United States 

of America 112: 10657-10662. 
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2.1. Introduction 

Hunger and malnutrition are complex global problems. In spite of improvements in food and 

nutrition security over the last few decades, the prevalence of undernutrition remains high, 

especially in Africa and Asia (IFPRI, 2014; Dubé et al., 2012; Godfray et al., 2010). Close to 

800 million people are still classified as chronically hungry, meaning that they do not have 

sufficient access to calories (FAO et al., 2015). An estimated 2 billion people suffer from 

micronutrient malnutrition, mostly due to low intakes of vitamins and minerals such as iron 

and zinc (Godfray et al., 2010). Nutritional deficiencies are responsible for a large health 

burden in terms of lost productivity, impaired physical and mental human development, 

susceptibility to various diseases, and premature deaths (Lim et al., 2012). Nutritional 

deficiencies are not only the result of low food quantities consumed, but also of poor dietary 

quality and diversity. In fact, the level of dietary diversity was shown to be a good indicator 

of people’s broader nutritional status in many situations (Headey and Ecker, 2013; Arimond 

et al., 2010; Moursi et al., 2008; Steyn et al., 2006; Arimond and Ruel, 2004; Ruel, 2003; 

Kant et al., 1993). More diverse diets tend to be associated also with lower rates of 

overweight and obesity – other nutritional problems of rising magnitude in many parts of the 

world (Popkin and Slining, 2013). Increasing dietary diversity is therefore an important 

strategy to improve nutrition and health. This implies that agricultural production also needs 

to be diversified, so that a wide range of different types of foods are available and accessible 

also to poor population segments (Pingali, 2015). Over the last 50 years, agricultural 

modernization has contributed to narrowing global production patterns with a focus on a 

limited number of major crop plants (Khoury et al., 2014). 

In Africa and Asia, the majority of the undernourished people live in rural areas. Many of 

them are smallholder farmers (Pinstrup-Andersen, 2007). Against this background, further 

diversifying production on these smallholder farms is often perceived as a useful approach to 

improve dietary diversity and nutrition (Jones et al., 2014; Pellegrini and Tasciotti, 2014; 

Remans et al., 2011; Powell et al., 2015). Several recent development initiatives have 

promoted smallholder diversification through introducing additional crop and livestock 

species with the intention to improve household nutrition (Burlingame and Dernini, 2012; 
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Fanzo et al., 2013). As farm diversity can help to increase agrobiodiversity too, this approach 

is also welcome from environmental perspectives (Burlingame and Dernini, 2012; Frison et 

al., 2006; Deckelbaum et al., 2006). But is there really such a clear link between production 

diversity on the farm and consumption diversity in the farm household? And what are other 

factors influencing this relationship and dietary diversity in smallholder farm households 

more generally? These are under-researched questions of relevance for improving agriculture 

and nutrition in the small farm sector (Pinstrup-Andersen, 2013; Gómez et al., 2013). Here, 

we address these questions empirically with data from several developing countries. 

A positive relationship between farm production diversity and dietary diversity is plausible, as 

much of what smallholder farmers’ produce is consumed at home (World Bank, 2007a). 

However, assuming that all smallholders are pure subsistence farmers without selling and 

buying any food is too simplistic. Taking into account market transactions, the relationship 

between production diversity and dietary diversity becomes more complex. Instead of 

producing everything at home, households can buy food diversity in the market when they 

generate sufficient income (Jones et al., 2014). Farm diversification may contribute to income 

growth and stability up to a certain point, but beyond that point further diversification may 

reduce household income due to foregone benefits from specialization (Chege et al., 2015). 

As lower household incomes tend to be associated with lower dietary quality, the relationship 

between production and consumption diversity may even turn negative in some situations. 

Beyond farming, the majority of smallholder households in developing countries also have 

off-farm income sources (Haggblade et al., 2007), further adding to the complexity. When 

relying on markets, nutrition effects in farm households will also depend on how well the 

markets function and who within the household controls the income from commercial farm 

sales and off-farm employment (Chege et al., 2015; Fischer and Qaim, 2012; von Braun and 

Kennedy, 1994). As is well known, gender aspects can play important roles in determining 

household food and nutrition security (Olney et al., 2009). Hence, the direction and strength 

of the production-consumption diversity relationship will be situation-specific. While recent 

case studies of the nutritional impacts of smallholder farm diversification projects exist 

(Rajendran et al., 2014; Keding et al., 2012; Herforth, 2010; Olney et al., 2009), linkages and 

influencing factors have not been analyzed from a broader perspective. 
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We analyze the relationship between production and consumption diversity in smallholder 

farm households with data from four developing countries, namely Indonesia, Kenya, 

Ethiopia, and Malawi. These four countries were chosen because recent household-level data 

suitable for the analysis were available, which is not the case for many other countries. 

Moreover, these four countries cover different situations in terms of farm structures, market 

access, culture, and levels of poverty and malnutrition, so that the data may be useful to 

derive some broader conclusions that are relevant beyond a particular case. The data from 

Indonesia and Kenya refer to specific regions within these countries, where smallholder 

farmers grow cash crops for the market (see Materials and Methods). The data from Ethiopia 

and Malawi are nationally representative. 

 

2.2. Materials and Methods 

2.2.1. Data  

The data used in this study are from cross-section surveys of farm households in Indonesia, 

Kenya, Ethiopia, and Malawi. The surveys were carried out for different purposes. In 

Indonesia and Kenya, cash crop producers in specific regions were sampled, as is further 

described below. These samples from Indonesia and Kenya are not nationally representative. 

The surveys in Ethiopia and Malawi were carried out as part of the World Bank’s Living 

Standards Measurement Study – Integrated Surveys on Agriculture (LSMS-ISA) (World 

Bank, 2013). The samples from Ethiopia and Malawi are nationally representative. In all four 

country surveys, a wide array of household socioeconomic information was captured, 

including details of agricultural production and food consumption at the household level. All 

four surveys employed a seven-day consumption recall for a large number of food items, 

which we used to calculate measures of dietary diversity. 

The data from Indonesia include 674 observations from farm households in the province of 

Jambi, Sumatra. The data were collected in 2012 through multi-stage random sampling to 

capture the province’s regional diversity (Krishna et al., 2015). In Jambi, farmers primarily 

grow rubber and oil palm as plantation crops. Most farms do not grow other crops, although a 
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few are involved in rice cultivation, horticulture, livestock keeping, and aquaculture. The data 

from Kenya include 397 observations of smallholder farmers in Kiambu County, Central 

Province, that produce vegetables and other horticultural crops for markets in Nairobi. The 

data were collected in 2012 through multi-stage random sampling (Chege et al., 2015). In 

addition to horticultural crops, sample farmers in Kenya cultivate maize, other staple food 

crops, as well as non-food cash crops such as tea and coffee. Many farms also keep livestock 

on a small scale. 

The data for Ethiopia are taken from the 2010/2011 Ethiopia Socioeconomic Survey 

supported by LSMS-ISA (World Bank, 2013). The total dataset includes close to 4000 

household observations from rural areas and small towns. Out of this total, we excluded those 

that were not involved in own agricultural production and that had missing data for relevant 

variables, thus remaining with 2045 observations. The data for Malawi are taken from the 

2010/2011 Malawi Integrated Household Survey supported by LSMS-ISA (Jones et al., 2014; 

World Bank, 2013). The total dataset includes over 12,000 households, of which we use 5114 

observations after excluding non-farm households and those with missing data. Farmers in 

Ethiopia and Malawi are mostly subsistence-oriented, growing various food crops and 

keeping livestock primarily for home consumption. In some regions, farmers also grow cash 

crops such as cotton, tea, coffee, and sugarcane. 

2.2.2. Measurement of dietary diversity  

Dietary diversity is usually measured using two indicators: the food variety score and the 

dietary diversity score (FAO, 2011; Swindale and Bilinsky, 2006; Ruel, 2003; Kant et al., 

1993). The food variety score is a simple count of the different food items consumed during 

the recall period. This is a useful indicator for nutritional assessments within one setting. 

However, due to cultural differences in dietary habits the food variety score is less suitable for 

comparisons across countries. Moreover, the item count depends much on the level of food 

group disaggregation in the questionnaire, which varies by survey. Hence, for cross-country 

analyses and comparisons the dietary diversity score is preferred (Pellegrini and Tasciotti, 

2014; FAO, 2011). The dietary diversity score is the number of food groups consumed by the 

household during the recall period. 
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There is no international consensus on which food groups to include in the calculation of 

dietary diversity scores. Many studies classify all foods consumed into 12 groups (FAO, 

2011; Swindale and Bilinsky, 2006), an approach that we follow for the main part of the 

analysis. The following 12 food groups are included to calculate household dietary diversity 

scores: cereals; white tubers and roots; legumes, nuts and seeds; vegetables; fruits; meat; 

eggs; fish and fish products; milk and milk products; sweets and sugars; oils and fats; spices, 

condiments, and beverages. However, research has shown that the last three food groups 

contribute little to the micronutrient density of the diet, so that – depending on the purpose – 

there are also studies that have calculated dietary diversity scores only based on the remaining 

9 food groups (FAO, 2011; Arimond et al., 2010). We use dietary diversity scores only 

including the 9 more healthy food groups in a sensitivity analysis. 

2.2.3. Measurement of production diversity  

In the main part of the analysis, we use the number of crop and livestock species produced on 

a farm as the measure of production diversity. This is a simple, unweighted count measure. In 

a set of robustness checks, we use two alternative measures to examine whether this 

influences the results significantly. First, we use the Margalef species richness index. The 

Margalef index is often used in the agrobiodiversity literature and accounts for the area 

cultivated with different crop species on the farm
3
 (Di Falco and Chavas, 2009; Smale et al., 

1998). Second, we use a simple, unweighted count of only the food crop species produced on 

a farm (food crop production diversity). As some of the farms also produce non-food cash 

crops (e.g., rubber, oil palm, tea, coffee) that do not directly contribute to household dietary 

diversity, this differentiation may be important from a nutrition perspective. Mean values of 

these alternative measures of production diversity are shown in Table 2.1. 

                                                 

3
 The modified Margalef index (D) is computed as (S-1)/ln(A), where S is the total number of crop species 

cultivated by the household and ln(A) is the natural logarithm of total cultivated area in square meters, with A ≥ 

1. The larger the index, the greater would be the crop species diversity in a given farm. However, this index may 

not be compatible to measure diversity in crop-livestock systems, particularly in areas where grazing land is 

communal. 
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2.2.4. Regression models 

To analyze the relationship between on-farm production diversity and dietary diversity we use 

regression models of the following form: 

𝐷𝐷𝑖 = 𝛼0 + 𝛼1𝑃𝐷𝑖 + 𝛼2𝑃𝐷𝑖
2 + 𝜀𝑖        [2.1] 

where 𝐷𝐷𝑖 is the dietary diversity score and 𝑃𝐷𝑖 is production diversity in farm household i. 

A positive and significant estimate for 𝛼1  implies that higher production diversity is 

associated with higher dietary diversity, as is commonly assumed. Inclusion of 𝑃𝐷𝑖
2 as the 

square term of production diversity tests whether the relationship is linear. A negative and 

significant estimate for 𝛼2 implies that the strength of the association is diminishing at higher 

levels of production diversity. 𝜀𝑖 is a random error term. 

𝐷𝐷𝑖 is a count variable that can take values between 1 and 12 (or between 1 and 9 when only 

including the more healthy food groups) and is not normally distributed. We use a Poisson 

estimator with a maximum-likelihood procedure for model estimation (Greene, 2012). With 

the Poisson distribution, the coefficient estimates can be interpreted as semi-elasticities. That 

is, a coefficient estimate states by what percentage the dietary diversity score changes when 

the explanatory variable changes by one unit. 

In extended model specifications, we add additional explanatory variables to analyze the role 

of market access for dietary diversity as follows: 

𝐷𝐷𝑖 = 𝛼0 + 𝛼1𝑃𝐷𝑖 + 𝛼2𝑃𝐷𝑖
2 + 𝛼3𝑀𝐴𝑖 + 𝛼4(𝑃𝐷𝑖 × 𝑀𝐴𝑖) + 𝜀𝑖   [2.2] 

where 𝑀𝐴𝑖 is a vector of market access indicators such as distance to the closest market and 

the availability of off-farm income sources for household i. Market distance refers to the 

number of kilometers farmers have to cover to reach the next marketplace to sell their 

produce. This is usually the next town where they can also buy food and other goods. We use 

the distance as reported by survey respondents. Data on travel time or road quality were not 

consistently available across the surveys. Off-farm income is measured with a dummy 

variable that takes a value of one if the household has any income from off-farm employment 

or self-employed non-farm activities. 
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Market access tends to improve household income, so 𝛼3 is expected to be positive (negative 

for market distance, because larger distance means worse market access). With the interaction 

term between 𝑃𝐷𝑖 and 𝑀𝐴𝑖 we test whether market access influences the effect of production 

diversity on household dietary diversity. Increasing market transactions are expected to 

reduce the role of production diversity. As a robustness check, we extend the model in 

equation [2] by including additional variables that may affect dietary diversity, such as farm 

and household size, as well as age, education, and gender of the household head. 

The regression models are estimated separately for each country and also with the data pooled 

for all four countries. In the pooled data models, we include dummy variables to control for 

country fixed effects, such as unobserved socioeconomic or cultural differences. The data 

within and across countries cover a wide spectrum of conditions; all models are estimated 

with robust standard errors to account for heteroscedasticity (Greene, 2012). Given the 

different sampling frameworks across countries, which also imply differences in data 

variability, country-level comparisons are not representative and should be interpreted with 

some caution. 

 

2.3. Results 

Descriptive statistics for key variables used in this analysis are shown in Table 2.1 (additional 

variables are shown in Table A2.1). The average size of farms in the pooled sample covering 

all four countries is 1.3 hectares, but farm sizes and other socioeconomic characteristics vary 

significantly within and across countries. There are also wide variations in terms of 

production diversity and dietary diversity. We use the number of crop and livestock species 

produced on a farm as the measure of production diversity (in a robustness check we also use 

other measures). Farmers in the Indonesian sample have very low production diversity with 

only 1.7 species produced on average. The sample from Indonesia refers to one province in 

Sumatra, where many farmers do not produce any food but have specialized on rubber and oil 

palm as plantation crops. In the other countries, production diversity is considerably higher. 

The highest production diversity is observed in Ethiopia, where farms produce 10.2 different 

crop and livestock species on average.  
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There are different ways to measure dietary diversity; the two most common indicators are the 

food variety score and the dietary diversity score (Jones et al., 2014; Ruel, 2003). The dietary 

diversity score, which measures the number of food groups consumed over a given period, is 

considered more suitable for international comparisons (see Materials and Methods). Table 

2.1 shows that household dietary diversity is higher in Indonesia and Kenya than in Ethiopia 

and Malawi. This is interesting, because the sample farms in Indonesia and Kenya are more 

specialized on the production of cash crops. Evidently, specialization and lower production 

diversity are not necessarily associated with lower dietary diversity, when diverse types of 

foods can be purchased from the market. These relations are analyzed in more detail in the 

following. 

 

Table 2. 1: Descriptive statistics by country 
Household characteristics Pooled Indonesia Kenya Ethiopia Malawi 

Farm size (ha) 1.26 

(2.60) 

4.50 

(7.42) 

0.71 

(0.94) 

1.63 

(1.91) 

0.74 

(0.60) 

Production diversity (number of 

crop/livestock species produced) 

6.13 

(4.75) 

1.74 

(0.91) 

7.82 

(2.58) 

10.19 

(5.81) 

4.80 

(3.08) 

Food crop production diversity (number of 

food crop species produced) 

3.62 

(2.96) 

0.29 

(0.76) 

4.72 

(1.51) 

6.30 

(3.64) 

2.90 

(1.90) 

Margalef species richness index 0.44 

(0.47) 

0.16 

(0.10) 

0.79 

(0.28) 

0.85 

(0.65) 

0.28 

(0.25) 

Food variety score (number of food items 

consumed) 

15.94 

(8.43) 

29.58 

(8.11) 

24.68 

(4.64) 

7.91 

(2.31) 

16.68 

(6.72) 

Dietary diversity score (number of food 

groups consumed) 

7.99 

(2.48) 

10.02 

(1.29) 

11.40 

(0.97) 

5.42 

(1.70) 

8.48 

(2.02) 

Market distance (km) 21.27 

(33.37) 

6.55 

(7.41) 

3.09 

(3.58) 

63.53 

(47.50) 

8.17 

(5.71) 

Off-farm income (dummy)  0.36 0.48 0.51 0.32 0.35 

Number of observations 8230 674 397 2045 5114 

Notes: Mean values are shown with standard deviations in parentheses. Additional variables are shown in Table 

A2.1. 

 

2.3.1. Association between production diversity and dietary diversity  

Table 2.2 shows results of regression models where dietary diversity is used as dependent 

variable and farm production diversity as explanatory variable. Farm production diversity is 

positively associated with dietary diversity, but the effect is relatively small. In the pooled 

sample, producing one additional crop or livestock species leads to a 0.9% increase in the 

number of food groups consumed. 
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The magnitude of this effect varies by country. In Kenya and Ethiopia, the coefficient 

estimates are very small and not statistically significant. In these two countries, average 

production diversity is quite high; further increasing farm diversity would hardly contribute to 

higher dietary diversity. In Indonesia, the estimated coefficient is larger, which is due to the 

low average production diversity observed. Many farmers in the Indonesian sample only grow 

rubber. Those that grow an additional crop usually adopt oil palm, which contributes to higher 

household incomes. Hence, the improvement in dietary quality in Indonesia is attributable 

primarily to rising incomes from cash crop sales rather than more diverse subsistence 

production. 

 

Table 2. 2: Association between production diversity and dietary diversity 
Explanatory variables Pooled Indonesia Kenya Ethiopia Malawi 

Production diversity  0.009
***

 

(0.002) 

0.054
***

 

(0.015) 

0.003 

(0.010) 

0.002 

(0.004) 

0.015
***

 

(0.002) 

Production diversity squared -1.4E-04
*
 

(8.6E-05) 

-0.007
***

 

(0.003) 

1.4E-04 

(5.7E-04) 

1.3E-04 

(1.5E-04) 

-3.2E-04
**

 

(1.4E-04) 

Model intercept 1.613
***

 

(0.012) 

2.238
***

 

(0.018) 

2.403
***

 

(0.038) 

1.653
***

 

(0.024) 

2.074
***

 

(0.009) 

Number of observations  8230 674 397 2045 5114 

Notes: The dependent variable in all models is the dietary diversity score of households, including 12 food 

groups. Models were estimated with a Poisson estimator. Coefficient estimates are shown with robust standard 

errors in parentheses. The pooled data model was estimated with country fixed effects. See Table A2.3 for full 

results. *, **, *** Statistically significant at the 10%, 5%, and 1% level, respectively. 

 

The models in Table 2.2 also include a square term for farm production diversity, which is 

negative in most cases. This means that the effect on dietary diversity diminishes, probably 

because foregone benefits from specialization become more relevant for farms that are 

already highly diversified. 

2.3.2. Role of market access 

We now analyze more explicitly how access to markets affects dietary diversity by including 

additional explanatory variables into the regression models. One indicator of market access is 

the geographic distance from the farm household to the closest market where food can be sold 

or bought. The estimated coefficients are negative in all models (Table 2.3), implying that 

households in remoter regions have lower dietary diversity. Better market access through 

reduced distances could therefore contribute to higher dietary diversity. Comparing the 
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magnitude of the estimated coefficients in the pooled model reveals that reducing market 

distance by 10 kilometers has the same effect on dietary diversity as increasing farm 

production diversity by one additional crop or livestock species. 

 

Table 2. 3: Production diversity, market access, and dietary diversity 
Explanatory variables Pooled Indonesia Kenya Ethiopia Malawi 

Production diversity  0.010
***

 

(0.002) 

0.048
***

 

(0.016) 

0.001 

(0.010) 

0.006 

(0.004) 

0.011
***

 

(0.003) 

Production diversity squared -1.5E-04 

(9.7E-05) 

-0.008
***

 

(0.003) 

2.0E-04 

(0.001) 

1.1E-04 

(1.5E-04) 

-1.5E-04 

(1.5E-04) 

Market distance -0.001
***

 

(2.6E-04) 

-0.002 

(0.002) 

-0.006 

(0.005) 

-0.001
*
 

(3.1E-04) 

-0.014
***

 

(0.002) 

[Production diversity] x [Market 

distance]  

1.6E-05 

(2.0E-05) 

-6.9E-05 

(0.001) 

5.0E-04 

(5.5E-04) 

-2.0E-05 

(2.6E-05) 

4.3E-04
*
 

(2.2E-04) 

Off-farm income 0.039
***

 

(0.008) 

-0.009 

(0.020) 

0.059
**

 

(0.029) 

0.073
** 

(0.029) 

0.083
***

 

(0.013) 

[Production diversity] x [Off-farm 

income] 

-0.002
*
 

(0.001) 

0.020
** 

(0.010) 

-0.002 

(0.003) 

-3.5E-04 

(0.002) 

-0.004
* 

(0.002) 

Model intercept 1.662
***

 

(0.014) 

2.250
***

 

(0.021) 

2.425
***

 

(0.043) 

1.652
***

 

(0.031) 

2.111
***

 

(0.015) 

Number of observations  8230 674 397 2045 5114 

Notes: The dependent variable in all models is the dietary diversity score of households, including 12 food 

groups. Models were estimated with a Poisson estimator. Coefficient estimates are shown with robust standard 

errors in parentheses. The pooled data model was estimated with country fixed effects. See Table A2.3 for full 

results. 
*
, 

**
, 

***
 Statistically significant at the 10%, 5%, and 1% level, respectively. 

 

The interaction term between production diversity and market distance is insignificant in most 

cases (Table 2.3). The positive and significant interaction coefficient in the Malawi model 

suggests that the role of production diversity is more important in remoter regions where 

farms tend to be more subsistence-oriented. This effect is expected. 

Another indicator of market access is the availability of off-farm income sources. Many 

smallholders complement their farm income with off-farm income when employment 

opportunities in other sectors arise. Results in Table 2.3 show that off-farm income is 

associated with higher dietary diversity. Cash earnings from off-farm activities increase the 

households’ ability to buy diverse foods from the market. Interestingly, this effect is much 

larger than the effect from increasing farm production diversity. The interaction term between 

off-farm income and production diversity shows mixed results. The negative coefficients in 

some of the models imply that the availability of off-farm income reduces the role of farm 

production diversity for household nutritional quality. 
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The result that market access improves dietary diversity is interesting, but a relevant question 

is whether this also leads to more healthy diets. Depending on the type of food outlets 

available in a particular context, buying food may possibly be associated with rather 

unhealthy dietary diversification, for instance, through increased consumption of fats, sweets, 

or sugary beverages. To examine this further, we re-estimated the models by using alternative 

dietary diversity scores as dependent variables, only including more healthy food groups (see 

Materials and Methods). The finding that better market access tends to increase dietary 

diversity also holds with this alternative specification (Table A2.2). 

2.3.3. Role of selling and buying food 

The role of markets can also be assessed by looking more directly at what households sell and 

buy. This information is only available for the samples from Ethiopia and Malawi, but this 

part of the analysis is also more interesting for these countries, because sample farmers in 

Indonesia and Kenya are much more commercialized anyway. We proceed with a pooled 

sample from Ethiopia and Malawi only. In column (1) of Table 2.4 we include a dummy as 

additional explanatory variable that takes a value of one if the household sells at least parts of 

its farm produce to the market. The estimated coefficient is positive and significant. It is also 

much larger than the production diversity coefficient. This comparison suggests that 

facilitating the commercialization of smallholder farms may be a better strategy to improve 

nutrition than promoting more diversified subsistence production. Furthermore, the negative 

and significant interaction term confirms that market participation reduces the role of 

production diversity for dietary quality. 

In column (2) of Table 2.4, we use a different dependent variable and now look at dietary 

diversity only with respect to the food purchased in the market. The farm production diversity 

coefficient in this model is significantly negative, meaning that more diversified farms tend to 

buy less diversified foods in the market. This is perhaps not surprising: if the farm produces 

diverse foods itself, diversity from the market may not be needed to the same extent. 

However, diversified own production can substitute for diversity from the market only 

partially, as more than half of all the food consumed in sample households is purchased 

(Table A2.1). The negative interaction terms between farm production diversity, distance to 
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market, and harvest sold suggest that subsistence orientation tends to reduce the diversity of 

foods purchased in the market. The other coefficients in column (2) of Table 2.4 are as 

expected. Better market access in terms of shorter distance and more off-farm income 

opportunities increase the level of purchased food diversity. 

 

Table 2. 4: Production diversity, market participation, and dietary diversity in Ethiopia 

and Malawi (pooled sample) 

Explanatory variables 

(1) 

Dietary diversity score with 

respect to all foods 

(2) 

Dietary diversity score with 

respect to purchased foods 

Production diversity  0.010
***

 

(0.002) 

-0.013
***

 

(0.003) 

Production diversity squared 6.2E-06 

(1.1E-04) 

0.001
***

 

(1.5E-04) 

Market distance -4.4E-04
*
 

(2.7E-04) 

-0.002
***

 

(4.7E-04) 

[Production diversity] x [Market 

distance] 

-2.6E-05 

(2.2E-05) 

-9.1E-05
**

 

(3.8E-05) 

Produce sold to market 0.045
***

 

(0.016) 

0.020 

(0.021) 

[Production diversity] x [Produce 

sold]  

-0.005
***

 

(0.002) 

-0.007
***

 

(0.002) 

Off-farm income 0.075
***

 

(0.011) 

0.099
***

 

(0.015) 

[Production diversity] x [Off-farm 

income]  

-0.001 

(0.001) 

0.001 

(0.002) 

Malawi (dummy) 0.479
*** 

(0.011) 

0.572
***

 

(0.017) 

Model intercept 1.613
***

 

(0.016) 

1.450
***

 

(0.023) 

Number of observations  7159 7159 

Notes: For the calculation of the dietary diversity scores, 12 food groups were included. Models were estimated 

with a Poisson estimator. Coefficient estimates are shown with robust standard errors in parentheses. 
*
, 

**
, 

***
 

Statistically significant at the 10%, 5%, and 1% level, respectively. 

 

2.3.4. Robustness checks 

 There are several other factors that may influence dietary diversity in smallholder farm 

households. The objective of this study is to better understand the role of farm production 

diversity in different situations, not to fully explain dietary diversity and all its influencing 

factors. Nevertheless, farm production diversity may be correlated with some of the omitted 

factors, which could potentially bias the estimation results. To test for such bias, we re-

estimated the regression models, this time including socioeconomic and demographic 
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characteristics – such as farm and household size, as well as age, education, and gender of the 

household head – as additional explanatory variables. Some of these other factors are 

significant, but the estimation coefficients for farm production diversity and market access do 

not change much (Tables A2.3 and A2.4). We interpret this as evidence that the main results 

do not suffer from omitted variable bias.  

In other sets of robustness checks, we used alternative measures of production diversity, 

namely the Margalef species richness index, which weights by the area grown with different 

crops, and a species count only including food crops as opposed to non-food cash crops (see 

Materials and Methods). We re-estimated the different regression models with these 

alternative measures (Tables A2.5-A2.10). The findings are largely in line with those 

discussed above. Hence, the results do not seem to be driven by the way production diversity 

is measured. Interestingly, when only including food crops the effect of production diversity 

on dietary diversity is even smaller and insignificant in most cases (Tables A2.8 and A2.9), 

whereas the negative effect on food diversity purchased from the market gets stronger (Table 

A2.10). These results underline the importance of market interactions and strengthen the 

statement that non-food cash crop production can also contribute to improved dietary quality 

through the income pathway. 

 

2.4. Discussion and Conclusion 

Increasing people’s dietary diversity is an important strategy to improve nutrition and health. 

At aggregate level, this also requires diversification of agricultural systems. A research and 

policy focus on only a few cereal crops, as was sometimes observed during past decades, may 

have been useful to address issues of calorie undersupply, but seems less suitable to deal with 

problems of various nutritional deficiencies. While sustainably increasing the productivity of 

cereal crops remains a continuous challenge, agricultural research and policy efforts need to 

be broadened and also include the promotion of plant and animal species that were rather 

neglected in the past. Improved technologies and market potentials for a broader set of 

agricultural species would increase farmers’ incentives to adopt alternatives best suited to 
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their conditions. The optimal mix will vary from one location to another. More diverse 

agricultural systems are also good for biodiversity and the environment. 

Yet, this plea for more diverse agriculture should not be misunderstood in a way that every 

individual farm should increase the level of production diversity. Especially in smallholder 

systems of Africa, the number of different species produced is often quite high anyway. 

Resource-poor farmers diversify their sources of food and income as a risk-coping strategy. 

Our analysis with data from different African and Asian countries showed that farm 

production diversity is positively associated with dietary diversity in some situations, but not 

in all. The results also revealed that the effect is not linear. When production diversity is 

already high, the dietary diversity relationship is not significant, or it even turns negative, 

because of foregone income resulting from farm diversification beyond optimal levels. 

We also showed that smallholder access to agricultural markets and off-farm employment has 

positive effects on household dietary diversity. These market effects are larger than those of 

increased production diversity in most cases. Comparisons show that more commercialized 

farms that produce cash crops for the market have more diverse diets than subsistence farms 

on average. Households with higher cash incomes tend to buy more diverse foods from the 

market. This food diversity from the market cannot be fully substituted through diverse 

subsistence production. 

While improved market access often provides incentives for farmers to specialize, actual 

outcomes depend on many factors, not all of which were analyzed here. Where properly 

functioning markets for various commodities exist, commercial orientation of farms and high 

levels of production diversity are not necessarily a contradiction. More research is needed to 

better understand how agriculture and food systems can be made more nutrition-sensitive in 

particular situations. This also needs to take into account institutional and cultural aspects at 

the local level. Promoting production diversity may help in some situations. But our results 

suggest that increasing on-farm diversity among smallholders is not always the most effective 

way to improve dietary diversity and should not be considered a goal in itself. 

In conclusion, the common assumption that higher farm production diversity is always 

conducive for household nutrition needs adjustment. The most suitable policy mix to improve 
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nutrition in smallholder farm households will vary from case to case. In many situations, 

facilitating market access through improved infrastructure and other policies to reduce 

transaction costs and price distortions seems to be more promising than promoting further 

production diversification as such.  
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Appendix A2: Additional Tables 

Table A2. 1: Descriptive statistics by country 
Household characteristics Pooled Indonesia Kenya Ethiopia Malawi 

Farm size (ha) 1.26 

(2.60) 

4.50 

(7.42) 

0.71 

(0.94) 

1.63 

(1.91) 

0.74 

(0.60) 

Production diversity (number of crop/livestock 

species produced) 

6.13 

(4.75) 

1.74 

(0.91) 

7.82 

(2.58) 

10.19 

(5.81) 

4.80 

(3.08) 

Food crop production diversity (number of 

food crop species produced) 

3.62 

(2.96) 

0.29 

(0.76) 

4.72 

(1.51) 

6.30 

(3.64) 

2.90 

(1.90) 

Margalef species richness index 0.44 

(0.47) 

0.16 

(0.10) 

0.79 

(0.28) 

0.85 

(0.65) 

0.28 

(0.25) 

Produce sold to market (dummy) -- -- -- 0.41 0.12 

Household size (number of people) 4.87 

(2.07) 

4.20 

(1.52) 

4.47 

(1.71) 

5.25 

(2.12) 

4.83 

(2.10) 

Age of HH head (years) 41.96 

(14.82) 

45.71 

(12.17) 

52.01 

(13.66) 

44.51 

(15.08) 

39.71 

(14.55) 

Male HH head (dummy) 0.83 0.95 0.88 0.82 0.82 

Education of HH head (years) 5.38 

(4.40) 

7.50 

(3.63) 

9.64 

(3.70) 

1.54 

(2.81) 

6.29 

(4.06) 

Market distance (km) 21.27 

(33.37) 

6.55 

(7.41) 

3.09 

(3.58) 

63.53 

(47.50) 

8.17 

(5.71) 

Off-farm income (dummy) 0.36 0.48 0.51 0.32 0.35 

Food variety score (number of food items 

consumed) 

15.94 

(8.43) 

29.58 

(8.11) 

24.68 

(4.64) 

7.91 

(2.31) 

16.68 

(6.72) 

Food variety score only with respect to 

purchased foods 

-- -- -- 4.50 

(2.27) 

12.13 

(5.82) 

Dietary diversity score (number of food 

groups consumed) 

7.99 

(2.48) 

10.02 

(1.29) 

11.40 

(0.97) 

5.42 

(1.70) 

8.48 

(2.02) 

Dietary diversity score of healthy foods 

(number of healthy food groups consumed) 

5.51 

(1.97) 

7.02 

(1.29) 

7.33 

(0.84) 

3.24 

(1.31) 

6.07 

(1.53) 

Dietary diversity score only with respect to 

purchased foods 

-- -- -- 3.47 

(1.68) 

7.37 

(2.33) 

Food purchase from market (% of total food) -- -- -- 54.75 

(21.11) 

61.33 

(19.68) 

Number of observations 8230 674 397 2045 5114 

Notes: Mean values are shown with standard deviations in parentheses. HH, household. 
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Table A2. 2: Production diversity, market access, and dietary diversity of healthy foods 
Explanatory variables Pooled Indonesia Kenya Ethiopia Malawi 

Production diversity  0.015
***

 

(0.002) 

0.067
***

 

(0.022) 

0.003 

(0.014) 

0.018
***

 

(0.006) 

0.013
***

 

0.003) 

Production diversity squared -2.8E-04
**

 

(1.3E-04) 

-0.011
***

 

(0.004) 

1.3E-04 

(0.001) 

-2.0E-04 

(2.0E-04) 

-1.9E-04 

(1.6E-04) 

Market distance -0.001
**

 

(3.3E-04) 

-0.002 

(0.002) 

-0.010 

(0.007) 

-1.2E-04 

(4.0E-04) 

-0.014
***

 

(0.002) 

[Production diversity] x [Market 

distance]  

6.4E-05
**

 

(2.6E-05) 

-1.1E-04 

(0.001) 

0.001 

(0.001) 

7.4E-06 

(3.3E-05) 

3.9E-04
*
 

(2.3E-04) 

Off-farm income 0.040
***

 

(0.011) 

-0.014 

(0.029 

0.001 

(0.036) 

0.095
**

 

(0.039) 

0.084
***

 

(0.014) 

[Production diversity] x [Off-farm 

income] 

-0.002 

(0.001) 

0.028
**

 

(0.014) 

-0.003 

(0.004) 

-1.8E-04 

(0.003) 

-0.004
*
 

(0.002) 

Indonesia (dummy) 0.845
***

 

(0.017) 

-- -- -- -- 

Kenya (dummy)  0.820
***

 

(0.016) 

-- -- -- -- 

Malawi (dummy) 0.669
***

 

(0.014) 

-- -- -- -- 

Model intercept 1.066
***

 

(0.019) 

1.871
***

 

(0.030) 

1.982
***

 

(0.063) 

1.005
***

 

(0.041) 

1.770
***

 

(0.016) 

Number of observations  8230 674 397 2045 5114 

Notes: The dependent variable in all models is the dietary diversity score of households, only including the 9 

more healthy food groups (excluding sweets and sugars; oils and fats; spices, condiments, and beverages). 

Models were estimated with a Poisson estimator. Coefficient estimates are shown with robust standard errors in 

parentheses. 
*
, 

**
, 

***
 Statistically significant at the 10%, 5%, and 1% level, respectively. 
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Table A2. 3: Factors influencing dietary diversity in Indonesia, Kenya, Ethiopia, and 

Malawi (pooled sample) 
Explanatory variables (1) (2) (3) (4) 

Production diversity 0.009
***

 0.010
***

 0.010
***

 0.008
***

 

(0.002) (0.002) (0.002) (0.002) 

Production diversity squared -1.4E-04
*
 -1.7E-04 -1.5E-04 -1.3E-04 

(8.6E-05) (9.7E-05) (9.7E-05) (9.4E-05) 

Market distance -- -0.001
***

 -0.001
***

 -0.001
***

 

 (2.6E-04) (2.6E-04) (2.5E-04) 

Off-farm income -- -- 0.039
***

 0.037
***

 

  (0.008) (0.008) 

Age of HH head -- -- -- -0.001
***

 

   (1.9E-04) 

Farm size -- -- -- 0.006
***

 

   (0.001) 

Farm size squared -- -- -- -5.9E-05
**

 

   (2.9E-05) 

Household size  -- -- -- 0.007
***

 

   (0.001) 

Male HH head -- -- -- 0.029
***

 

   (0.007) 

Education of HH head -- -- -- 0.009
***

 

   (0.001) 

[Production diversity]x[Market 

distance] 

-- 1.5E-05 1.6E-05 3.1E-06 

 (2.0E-05) (2.0E-05) (1.9E-05) 

[Production diversity]x[Off-farm 

income] 

-- -- -0.002
*
 -0.001 

  (0.001) (0.001) 

Indonesia (dummy) 0.675
***

 0.622
***

 0.615
***

 0.545
***

 

(0.011) (0.013) (0.013) (0.014) 

Kenya (dummy) 0.748
***

 0.690
***

 0.686
***

 0.623
***

 

(0.008) (0.011) (0.011) (0.013) 

Malawi (dummy) 0.485
***

 0.433
***

 0.431
***

 0.386
***

 

(0.008) (0.011) (0.011) (0.011) 

Model intercept 1.613
***

 1.673
***

 1.662
***

 1.615
***

 

(0.012) (0.014) (0.014) (0.017) 

Number of observations 8230 8230 8230 8230 

Notes: The dependent variable in all models is the dietary diversity score of households, including 12 food 

groups. Models were estimated with a Poisson estimator. Coefficient estimates are shown with robust standard 

errors in parentheses. HH, household. Variable mean values and units of measurement are shown in Table A2.1. 
*
, 

**
, 

***
 Statistically significant at the 10%, 5%, and 1% level, respectively. 
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Table A2. 4: Factors influencing dietary diversity in Ethiopia and Malawi (pooled 

sample) 

Explanatory variables 

(1) 

Dietary diversity score with 

respect to all foods 

(2) 

Dietary diversity score with 

respect to purchased foods 

Production diversity 0.009
***

 -0.012
***

 

(0.002) (0.003) 

Production diversity squared 9.2E-06 0.001
***

 

(1.0E-04) (1.5E-04) 

Market distance -3.6E-04 -0.002
***

 

(2.6E-04) (4.6E-04) 

Produce sold 0.039
**

 0.012 

(0.015) (0.021) 

Off-farm income 0.069
***

 0.089
***

 

(0.011) (0.014) 

Age of HH head -0.001
***

 -0.002
***

 

(2.4E-04) (3.2E-04) 

Farm size 0.006
*
 0.006 

(0.003) (0.005) 

Household size  0.011
***

 0.011
***

 

(0.002) (0.002) 

Male HH head 0.027
***

 0.031
***

 

(0.009) (0.012) 

Education of HH head 0.009
***

 0.008
***

 

 (0.002) (0.003) 

Education squared 0.001
***

 0.001
***

 

 (1.4E-04) (1.8E-04) 

[Production diversity] x [Market distance] -4.1E-05
**

 -1.2E-04
***

 

 (2.1E-05) (3.7E-05) 

[Production diversity] x [Produce sold] -0.004
***

 -0.006
**

 

 (0.002) (0.002) 

[Production diversity] x [Off-farm income] -0.001 0.001 

 (0.001) (0.002) 

Malawi (dummy) 0.379
***

 0.481
***

 

 (0.012) (0.018) 

Model intercept 1.577
***

 1.436
***

 

 (0.020) (0.028) 

Number of observations  7159 7159 

Notes: For the calculation of the dietary diversity scores, 12 food groups were included. Models were estimated 

with a Poisson estimator. Coefficient estimates are shown with robust standard errors in parentheses. HH, 

household. Variable mean values and units of measurement are shown in Table A2.1. 
*
, 

**
, 

***
 Statistically 

significant at the 10%, 5%, and 1% level, respectively. 
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Table A2. 5: Association between production diversity measured with the Margalef 

index and dietary diversity 
Explanatory variables Pooled Indonesia Kenya Ethiopia Malawi 

Margalef index 0.049
***

 

(0.011) 

0.310
**

 

(0.158) 

-0.024 

(0.080) 

0.038
**

 

(0.018) 

0.094
***

 

(0.027) 

Margalef index squared 0.001 

(0.003) 

-0.321 

(0.320) 

0.029 

(0.047) 

0.004 

(0.005) 

-0.013 

(0.021) 

Indonesia (dummy) 0.652
***

 

(0.010) 

-- -- -- -- 

Kenya (dummy) 0.750
***

 

(0.008) 

-- -- -- -- 

Malawi (dummy) 0.480
***

 

(0.009) 

-- -- -- -- 

Model intercept 1.644
***

 

(0.010) 

2.267
***

 

(0.016 

2.432
***

 

(0.031) 

1.652
***

 

(0.013) 

2.114
***

 

(0.006) 

Number of observations 8230 674 397 2045 5114 

Notes: The dependent variable in all models is the dietary diversity score of households, including 12 food 

groups. Models were estimated with a Poisson estimator. Coefficient estimates are shown with robust standard 

errors in parentheses. 
*
, 

**
, 

***
 Statistically significant at the 10%, 5%, and 1% level, respectively. 
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Table A2. 6: Production diversity measured with Margalef index, market access, and 

dietary diversity 
Explanatory variables Pooled Indonesia Kenya Ethiopia Malawi 

Margalef index 0.058
***

 

(0.012) 

0.244 

(0.158) 

-0.025 

(0.081) 

0.062
**

 

(0.026) 

0.079
**

 

(0.036) 

Margalef index squared -3.0E-04 

(0.004) 

-0.304 

(0.298) 

0.039 

(0.045) 

0.001 

(0.005) 

0.009 

(0.023) 

Market distance -0.001
***

 

(2.2E-04) 

-0.001 

(0.001) 

-0.004
*
 

(0.002) 

-9.3E-05 

(2.4E-04) 

-0.001 

(0.001) 

[Margalef index] x [Market 

distance]  

1.6E-04 

(1.8E-04) 

-0.001 

(0.006) 

0.002 

(0.003) 

0.001 

(0.003) 

0.001 

(0.003) 

Off-farm income 0.040
***

 

(0.007) 

0.003 

(0.018) 

0.015 

(0.023) 

0.069
***

 

(0.023) 

0.081
***

 

(0.011) 

[Margalef index] x [Off-farm 

income]  

-0.024
**

 

(0.011) 

0.145
*
 

(0.088) 

-0.033 

(0.028) 

-0.001 

(0.019) 

-0.046
*
 

(0.024) 

Indonesia (dummy) 0.593
***

 

(0.012) 

-- -- -- -- 

Kenya (dummy) 0.690
***

 

(0.012) 

-- -- -- -- 

Malawi (dummy) 0.428
***

 

(0.011) 

-- -- -- -- 

Model intercept 1.691
*** 

(0.013) 

2.273
***

 

(0.019) 

2.440
***

 

(0.035) 

1.668
***

 

(0.022) 

2.088
***

 

(0.011) 

Number of observations  8230 674 397 2045 5114 

Notes: The dependent variable in all models is the dietary diversity score of households, including 12 food 

groups. Models were estimated with a Poisson estimator. Coefficient estimates are shown with robust standard 

errors in parentheses. 
*
, 

**
, 

***
 Statistically significant at the 10%, 5%, and 1% level, respectively. 
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Table A2. 7: Production diversity measured with the Margalef index, market 

participation and dietary diversity in Ethiopia and Malawi (pooled sample) 

Explanatory variables 

(1) 

Dietary diversity score with 

respect to all foods 

(2) 

Dietary diversity score with 

respect to purchased foods 

Margalef index 0.071
***

 

(0.016) 

-0.066
***

 

(0.024) 

Margalef index squared 0.004 

(0.004) 

0.039
***

 

(0.008) 

Market distance  -0.001
**

 

(2.2E-04) 

-0.003
***

 

(4.0E-04) 

[Margalef index] x [Market distance] -1.2E-04 

(1.9E-04) 

-0.001
*
 

(3.5E-04) 

Produce sold to market  0.037
***

 

(0.012) 

-0.010 

(0.018) 

[Margalef index] x [Produce sold]  -0.042
***

 

(0.015) 

-0.046
*
 

(0.025) 

Off-farm income 0.072
***

 

(0.009) 

0.096
***

 

(0.012) 

[Margalef index] x [Off-farm income]  -0.011 

(0.014) 

0.014 

(0.021) 

Malawi (dummy) 0.447
***

 

(0.012) 

0.574
***

 

(0.017) 

Model intercept 1.648
***

 

(0.015) 

1.425
***

 

(0.022) 

Number of observations  7159 7159 

Notes: For the calculation of the dietary diversity scores, 12 food groups were included. Models were estimated 

with a Poisson estimator. Coefficient estimates are shown with robust standard errors in parentheses. 
*
, 

**
, 

***
 

Statistically significant at the 10%, 5%, and 1% level, respectively. 
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Table A2. 8: Association between food crop production diversity and dietary diversity 
Explanatory variables Pooled Indonesia Kenya Ethiopia Malawi 

Food crop production 

diversity 

0.002 

(0.003) 

0.014 

(0.016) 

0.005 

(0.016) 

-0.005 

(0.006) 

0.009
***

 

(0.003) 

Food crop production 

diversity squared 

3.4E-04 

(2.1E-04) 

-0.005 

(0.005) 

1.6E-06 

(0.002) 

0.001
**

 

(3.7E-04) 

2.0E-05 

(2.7E-04) 

Indonesia (dummy) 0.646
***

 

(0.012) 

-- -- -- -- 

Kenya (dummy)  0.758
***

 

(0.009) 

-- -- -- -- 

Malawi (dummy) 0.470
***

 

(0.009) 

-- -- -- -- 

Model intercept 1.657
***

 

(0.012) 

2.303
***

 

(0.005) 

2.409
***

 

(0.040) 

1.682
***

 

(0.022) 

2.111
***

 

(0.008) 

Number of observations  8230 674 397 2045 5114 

Notes: The dependent variable in all models is the dietary diversity score of households, including 12 food 

groups. Models were estimated with a Poisson estimator. Coefficient estimates are shown with robust standard 

errors in parentheses. 
*
, 

**
, 

***
 Statistically significant at the 10%, 5%, and 1% level, respectively. 
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Table A2. 9: Food crop production diversity, market access, and dietary diversity 
Explanatory variables Pooled Indonesia Kenya Ethiopia Malawi 

Food crop production diversity 0.004 

(0.003) 

0.002 

(0.018) 

-0.005 

(0.013) 

0.001 

(0.007) 

0.009
*
 

(0.005) 

Food crop production diversity 

squared 

2.9E-04 

(2.3E-04) 

-0.009
**

 

(0.005) 

-3.2E-04 

(0.001) 

0.001 

(3.8E-04) 

3.2E-04 

(3.1E-04) 

Market distance -0.001
***

 

(2.5E-04) 

-0.002
**

 

(0.001) 

-0.008 

(0.005) 

-0.001
**

 

(3.0E-04) 

1.7E-04 

(0.001) 

[Food crop production diversity] x 

[Market distance]  

8.0E-06 

(3.2E-05) 

0.001 

(0.001) 

0.001 

(0.001) 

7.5E-06 

(4.1E-05) 

-2.1E-04 

(3.4E-04) 

Off-farm income 0.036
***

 

(0.007) 

-0.003 

(0.020) 

-0.001 

(0.026) 

0.083
***

 

(0.029) 

0.084
***

 

(0.012) 

[Food crop production diversity] x 

[Off-farm income]  

-0.002 

(0.002) 

0.036
***

 

(0.007) 

0.007
***

 

(0.003) 

-0.002 

(0.004) 

-0.005 

(0.003) 

Indonesia (dummy) 0.599
***

 

(0.014) 

-- -- -- -- 

Kenya (dummy) 0.707
***

 

(0.012) 

-- -- -- -- 

Malawi (dummy) 0.428
***

 

(0.011) 

-- -- -- -- 

Model intercept 1.692
***

 

(0.014) 

2.272
***

 

(0.016) 

2.417
***

 

(0.038) 

1.688
***

 

(0.029) 

2.081
***

 

(0.013) 

Number of observations  8230 674 397 2045 5114 

Notes: The dependent variable in all models is the dietary diversity score of households, including 12 food 

groups. Models were estimated with a Poisson estimator. Coefficient estimates are shown with robust standard 

errors in parentheses. 
*
, 

**
, 

***
 Statistically significant at the 10%, 5%, and 1% level, respectively. 
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Table A2. 10: Food production diversity, market participation, and dietary diversity in 

Ethiopia and Malawi (pooled sample) 

Explanatory variables 

(1) 

Dietary diversity score with 

respect to all foods 

(2) 

Dietary diversity score with 

respect to purchased foods 

Food crop production diversity 0.003 

(0.003) 

-0.020
***

 

(0.005) 

Food crop production diversity squared 0.001
**

 

(2.5E-04) 

0.002
***

 

(3.6E-04) 

Market distance  -0.001
***

 

(2.6E-04) 

-0.002
***

 

(4.6E-04) 

[Food crop production diversity] x 

[Market distance] 

2.1E-06 

(3.3E-05) 

-1.0E-04
*
 

(5.9E-05) 

Produce sold to market  0.054
***

 

(0.015) 

0.021 

(0.020) 

[Food crop production diversity] x 

[Produce sold]  

-0.009
***

 

(0.003) 

-0.010
***

 

(0.004) 

Off-farm income 0.081
***

 

(0.011) 

0.106
***

 

(0.015) 

[Food crop production diversity] x [Off-

farm income]  

-0.003 

(0.002) 

-0.001 

(0.003) 

Malawi (dummy) 0.434
***

 

(0.012) 

0.562
***

 

(0.017) 

Model intercept 1.664
***

 

(0.016) 

1.462
***

 

(0.023) 

Number of observations 7159 7159 

Notes: For the calculation of the dietary diversity scores, 12 food groups were included. Models were estimated 

with a Poisson estimator. Coefficient estimates are shown with robust standard errors in parentheses. 
*
, 

**
, 

***
 

Statistically significant at the 10%, 5%, and 1% level, respectively. 
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CHAPTER 3 

 Farm Production Diversity and Dietary Quality: Linkages and 
Measurement Issues 

 

Abstract 

Recent research has analyzed whether higher levels of farm production diversity contribute to 

improved dietary quality in smallholder households. We add to this literature by using 

different indicators, thus testing the robustness of previous findings and helping to better 

understand the underlying linkages. The analysis builds on data from Indonesia, Kenya, and 

Uganda. Farm diversity measured through a simple species count has a small positive effect 

on dietary quality, either expressed in terms of dietary diversity scores or micronutrient 

consumption levels. However, when measuring production diversity in terms of the number 

of food groups produced, the effect turns insignificant in most cases. Further analysis suggests 

that diverse subsistence production contributes less to dietary quality than cash income 

generated through market sales. Much of the food diversity consumed in farm households is 

purchased from the market. If farm diversification responds to market incentives and builds 

on comparative advantage, it can contribute to improved income and nutrition. This may also 

involve cash crop production. On the other hand, increasing the number of food groups 

produced on the farm independent of market incentives will foster subsistence, reduce cash 

incomes, and thus rather worsen dietary quality. We conclude that from a nutrition 

perspective improving market access is more important than farm diversification as such. 
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3.1. Introduction 

Agricultural modernization over the last few decades has primarily focused on a few crop 

species, especially cereals. The resulting production increases have contributed considerably 

to reducing hunger and improving peoples’ access to calorie-dense staple foods (Pingali, 

2015; Khoury et al., 2014; Godfray et al., 2010). However, in addition to calories, healthy 

nutrition requires access to a wide range of nutrients. Micronutrient deficiencies in particular 

are still widespread, causing multiple serious health problems and significant economic and 

humanitarian costs (IFPRI, 2015; Horton and Steckel, 2013). To improve nutrition more 

broadly, stronger emphasis needs to be on promoting dietary quality and diversity. 

Many of those people globally affected by nutritional deficiencies live in smallholder farm 

households in developing countries (Barrett, 2010; Muller, 2009). These households largely 

depend on agriculture for their livelihoods. Against this background, the question how to 

make smallholder agriculture more nutrition-sensitive has recently gained significant interest 

among researchers and policymakers (Pinstrup-Andersen, 2013, Keding et al., 2012; Remans 

et al., 2011). Often, the promotion of production diversity on smallholder farms is seen as a 

promising strategy (Powell et al., 2015; Fanzo et al., 2013; Burlingame and Dernini, 2012). 

As small farm households typically consume a substantial share of what they produce, 

production diversity could directly translate into consumption diversity and thus improved 

dietary quality through this subsistence pathway. Several recent studies have empirically 

analyzed the relationship between farm production and dietary diversity (Sibhatu et al., 2015; 

Snapp and Fisher, 2015; Jones et al., 2014; Pellegrini and Tasciotti, 2014). Most of these 

studies suggest that farm production diversity has a positive influence on people’s diets, 

although the magnitude of the estimated effect varies. Sibhatu et al. (2015) used data from 

various countries and showed that the production diversity effect tends to be small in general, 

and sometimes insignificant. Results from Sibhatu et al. (2015) and Snapp and Fisher (2015) 

also suggest that access to markets may be more important for nutrition than increasing farm 

production diversity. However, various questions remain, especially concerning the indicators 

used to measure production diversity and nutritional quality. The choice of indicators may 

possibly affect the relationship in important ways (Luckett et al., 2015; Berti, 2015).  
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In order to design policies towards more nutrition-sensitive agriculture, it is important to 

better understand the role of production diversity for farm household nutrition. Should further 

diversification of smallholder production systems be promoted, and – if so – what kind of 

diversification? Here, we contribute to this research direction by using data from different 

countries and comparing alternative indicators. 

On the consumption side, previous studies used the household dietary diversity score (HDDS) 

or related measures as indicators of dietary quality (Sibhatu et al., 2015; Snapp and Fisher, 

2015; Jones et al., 2014). HDDS counts the number of different food groups consumed by the 

household over a certain period of time. This food group count is generally accepted as a 

good and easy-to-measure proxy for dietary quality, as it was found to be correlated with 

various nutrition outcomes in many situations (Headey and Ecker, 2013; Ruel, 2003). 

However, eventually it is not the number of food groups that matters for healthy nutrition, but 

the supply of all essential nutrients in sufficient quantities. Hence, in addition to using the 

HDDS, we also examine how production diversity contributes to consumption levels of 

various important micronutrients. 

On the production side, previous studies used a simple count of all crop and livestock species 

produced on a farm as the main indicator of production diversity (Sibhatu et al., 2015; Snapp 

and Fisher, 2015; Jones et al., 2014). However, different species have different nutritional 

functions, so that the type of farm diversification can matter for effects on household diets 

(Berti, 2015; Remans et al., 2014; De Clerck et al., 2011). For instance, the dietary quality 

effect of growing sorghum in addition to maize may be smaller than that of adding a pulse or 

vegetable crop to a cereal-dominated production system. Hence, in addition to using a simple 

species count, we also employ an indicator that explicitly considers the nutritional functions 

of the different commodities produced on a farm. Comparison of results across the different 

indicators also helps to shed more light on the mechanisms underlying the production and 

dietary quality link. 

The empirical research builds on survey data from Indonesia, Kenya, and Uganda. The data 

from all three countries were collected in specific regions and are not nationally 

representative. Nevertheless, the farming and socioeconomic conditions captured in the 
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overall sample vary widely, so that the analysis may offer some broader insights that also 

hold beyond a particular context. For the comparisons, it is advantageous that the relevant 

data on farm production and household food consumption in all three countries were collected 

using the same survey format. This also allows us to pool the data for some of the analyses, in 

addition to looking at each country subsample separately. 

 

3.2. Materials and Methods 

The main research objective pursued in this study is to better understand the relationship 

between production diversity and dietary quality in smallholder farm households and the 

underlying mechanisms. We use different indicators of production diversity and dietary 

quality that are described in the following, before introducing the statistical approaches and 

the surveys carried out in Indonesia, Kenya, and Uganda. 

3.2.1. Indicators of dietary quality 

Simple indicators such as household dietary diversity scores (HDDS) are frequently used to 

measure dietary quality from survey data. HDDS is a categorical measure of the number of 

different food groups consumed by the household during a specified period of time, like the 

last 24 hours or the last seven days prior to the survey interviews. Data for calculating HDDS 

are relatively easy to collect, because no quantity measures of the different food items 

consumed are required. HDDS are generally considered a useful proxy for dietary quality 

(Maxwell et al., 2014; Ruel, 2003). The larger the number of different food groups consumed, 

the more likely it is that household members are supplied with all the nutrients needed for 

healthy nutrition. HDDS can also be used as an indicator of food security from a calorie 

perspective (Headey and Ecker, 2013). Poor households usually try to satisfy their calorie 

needs with cheaper staple foods before diversifying their diets towards higher-value products. 

Hence, higher levels of dietary diversity indicate that a household is likely already better 

supplied with calories. 
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While there is no international standard on how many food groups to include in the 

calculation of the HDDS, many studies use 12 different groups (FAO, 2011). We follow this 

approach and use the following 12 food groups for the calculation of HDDS in this study: 

cereals; white tubers and roots; legumes, legume products, nuts, and seeds; vegetables and 

vegetable products; fruits; meat; eggs; fish and fish products; milk and milk products; sweets, 

sugars, and syrups; oils and fats; and spices, condiments, and beverages. 

However, in spite of their usefulness for a first general assessment of dietary quality, HDDS 

also have a few drawbacks (Hirvonen et al., 2015; Maxwell et al., 2014; Coates, 2013). In 

particular, not all food groups considered contribute to the supply of essential nutrients in the 

same way. Moreover, food groups are counted regardless of the actual quantities consumed; 

very small quantities of certain foods may not add much to healthy nutrition. To address these 

shortcomings, more comprehensive data about the food quantities and nutrients consumed are 

required (de Haen et al., 2011). We use detailed food consumption recall data collected during 

the surveys to calculate the daily quantities of calories and various micronutrients consumed 

by the household (see below for details). To make the values comparable across households 

of different size, these quantities are expressed per adult equivalent (AE). In terms of 

micronutrients, we particularly concentrate on iron, zinc, and vitamin A. Deficiencies in these 

three micronutrients are responsible for the most important nutritional disorders in large parts 

of the developing world (Barrett and Bevis, 2015; IFPRI, 2015). Recent studies have used 

calorie and micronutrient consumption levels to assess nutritional impacts of innovations in 

African food supply chains (Chiputwa and Qaim, 2016; Chege et al., 2015). We are not aware 

of any previous research that has used such quantity-based indicators to analyze dietary 

effects of farm production diversity. 

3.2.2. Indicators of production diversity 

A common indicator of production diversity on a farm is a simple count of the different 

species produced (Sibhatu et al., 2015). This indicator is taken from the agro-biodiversity 

literature. Sometimes the area under a crop is used for weighting purposes, although a 

common weighting scheme is more difficult when livestock production is also involved. We 

use an unweighted count of all crop and livestock species produced on a farm as one measure 
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of production diversity. However, different species have different nutritional functions, which 

is important to consider when analyzing the production-consumption diversity link. When 

non-food cash crops are grown, the nutritional value is zero regardless of the number of 

different species produced. But also when food crops are grown, increasing the number of 

species within the same food group (e.g., different types of cereals) may have smaller 

nutritional benefits than when species of a different food group are added to the production 

portfolio (e.g., adding pulses, vegetables, or fruits). The reason is that products within the 

same food group tend to provide a similar range of nutrients. 

A recent body of literature has developed new diversity scores trying to account for the 

nutritional functions of different types of food crops produced (Luckett et al., 2015, Remans 

et al., 2014; DeClerck et al., 2011). The nutritional functional diversity score proposed by 

Luckett et al. (2015) counts a farm species only as additional when its nutritional profile is 

sufficiently different from the other species that were already counted on the same farm. 

Otherwise, the species is considered nutritionally redundant. While this approach has some 

intuitive appeal, it also has its problems, as judging on the similarity in the nutritional profile 

always involves some degree of subjectivity. For instance, it depends on the range of different 

nutrients considered. Even if all common nutrients are taken into account, differences in other 

nutritionally valuable substances – such as fiber or secondary metabolites – may complicate 

the concept of nutritional redundancy. 

While further work into this interesting line of research is required, we decided to use a 

simpler and more transparent approach to account for differences in nutritional functions 

between the species produced on a farm. In particular, we calculate what we call the 

production diversity score as an alternative measure to the simple species count. The 

production diversity score builds on the same 12 food groups used for calculating HDDS on 

the consumption side (see above), hence it is an indicator of the number of different food 

groups produced on a farm. That is, different species produced on the farm count as one when 

they all belong to the same food group (e.g., maize, wheat, and sorghum all belong to the 

group of cereals). On the other hand, one and the same species can count as two when it 

delivers products that belong to different food groups (e.g., chicken that deliver eggs and 

meat). 
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3.2.3. Analytical framework 

We want to estimate the effect of farm production diversity on household dietary quality by 

estimating regression models of the following general form: 

𝐷𝑖 = 𝛽0  + 𝛽1𝑃𝑖 + 𝛽2𝑋𝑖 + 𝜀𝑖        [3.1] 

where 𝐷𝑖 is a measure of dietary quality, 𝑃𝑖 is a measure of production diversity, and 𝑋𝑖 is a 

vector of other covariates that may influence dietary quality, all referring to farm household i. 

Variables included in vector 𝑋𝑖 include farm characteristics such as land area, market access, 

and sociodemographic characteristics such as household size, age, gender, and education. 𝛽0, 

𝛽1, and 𝛽2 are coefficients to be estimated, and 𝜀𝑖 is a random error term. 

We estimate different specifications of this model, using the various indicators of dietary 

quality and production diversity that were introduced above. A comparison of the estimates of 

𝛽1  across the specifications helps to test how sensitive the results are to issues of 

measurement. Comparing the coefficients for the two production diversity indicators can also 

provide insights into the potential mechanisms underlying the relationship in different 

situations. For instance, in subsistence settings the coefficient of the production diversity 

score is expected to be larger than that of the simple species count, because the number of 

food groups produced will translate more directly into the number of food groups consumed. 

However, in more market-oriented settings the comparison is less clear and may even be 

reversed: households that try to produce many of the food groups consumed themselves may 

forego cash income gains from focusing on those species for which they have a comparative 

advantage in the market. 

3.2.4. Data sources 

We use data from surveys of smallholder farm households in Indonesia, Kenya, and Uganda. 

All three surveys were conducted in 2012 and used structured questionnaires with the same 

format for the production and consumption related aspects of relevance in this study. In all 

three countries, the surveys are not nationally representative but focus on specific regions in 

which smallholders produce food and cash crops to varying degrees. Within the selected 
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regions, a multistage sampling procedure was used, with random selection of individual farm 

households at the last stage. 

In Indonesia, we surveyed 672 farm households in Jambi Province on Sumatra Island. 

Farmers in Jambi are often specialized on plantation cash crops, notably rubber and oil palm 

(Euler et al., 2016). Some of the sample farmers do not grow any food, others have small 

plots with maize, rice, and horticultural crops, sometimes supplemented with livestock and 

aquaculture production. In Kenya, the sample comprises 395 farm households from Kiambu 

County, an important vegetable-growing area in Central Kenya (Chege et al., 2015). Sample 

farms grow different types of green leafy vegetables (e.g., kale, spinach, black nightshade) in 

addition to other food crops such as maize and banana and non-food cash crops such as coffee 

and tea. Some of the farmers are also involved in small-scale livestock production. The data 

from Uganda were collected in Luwero and Masaka, two districts in the Central Region where 

a lot of coffee is grown (Chiputwa et al., 2015). The sample comprises 417 farm households 

that grow coffee in addition to food crops such as plantains, cassava, sweet potatoes, different 

types of cereals, and legumes such as beans and groundnuts. Some fodder crops are grown as 

well for the households’ small-scale livestock enterprises. 

In all three surveys, a wide range of socioeconomic data was captured, including details of 

agricultural production and food consumption at the household level. To capture dietary 

patterns we used a 7-day consumption recall, involving quantity data for a large number of 

food items from own production, market purchases, or any other source. Calculations of 

calorie and micronutrient consumption levels are based on local and international food 

composition tables (SMILING, 2013; FAO, 2010; USDA, 2005). In the surveys, we also 

collected detailed data on agricultural market sales and on total household income, including 

from farm and off-farm income sources. Consumption and income data are expressed per AE 

to facilitate comparisons. Cash values were converted from local currencies to US dollars 

using official exchange rates at the time of the surveys. 
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3.3. Results and Discussion 

3.3.1. Descriptive statistics 

Table 3.1 shows descriptive statistics of the variables used in this study. The average farm 

household in the pooled sample, comprising observations from all three countries, cultivates 

an area of 6.8 acres. Yet, there is considerable heterogeneity in the area cultivated across 

countries and also within countries. The largest average farm size is observed in Indonesia 

(11.1 acres), the smallest in Kenya (2.2 acres). Sample farmers in Indonesia primarily grow 

non-food cash crops such as rubber and oil palm, on average only 6% of the farm area is 

cultivated with food crops. In contrast, 74% of the area of Kenyan sample farms is cultivated 

with food crops. This does not imply that farms in the Kenyan sample are primarily 

subsistence-oriented. Vegetables, which we count under food crops, are largely grown for 

commercial purposes in Kiambu County, as is also reflected in sizeable cash revenues for 

Kenyan farm households. Sample farms in Uganda are much more subsistence-oriented. 

Apart from coffee as their main source of agricultural cash revenues, Ugandan farm 

households produce food and feed crops primarily for domestic use. 

In terms of production diversity, farmers in Kenya and Uganda have a much larger species 

count than their colleagues in Indonesia. Interestingly, farm households in Uganda produce 

the largest number of species and food groups, but they are performing worst in terms of 

dietary diversity and calorie consumption. This is a first indication that production diversity is 

not necessarily a good predictor of consumption diversity and dietary quality. This 

relationship is analyzed further in the following. 

3.3.2. Production diversity and dietary quality 

We now use the regression models described above to analyze the relationship between 

production diversity and dietary quality more formally. As explained, we employ different 

indicators of dietary quality as dependent variable and of production diversity as explanatory 

variable. The results are summarized in Table 3.2. In this summary table, we only show the 

estimates for production diversity, as this is the explanatory variable of primary interest. Full 
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results of the different models with other covariates included are shown in Tables A3.1 to 

A3.8 in Appendix A3. 

 

Table 3. 1: Descriptive statistics by country 
Explanatory variables Pooled Indonesia Kenya Uganda 

Farm characteristics 

    Cultivated land area (acres) 6.83 11.14 2.16 4.30 

(13.17) (18.35) (2.93) (3.06) 

    Share of land under food crops (%) 35.94 5.99 74.12 48.04 

(37.55) (19.71) (30.14) (23.67) 

    Agricultural cash revenues per year (US$/AE) 1468.22 2537.74 1017.06 172.03 

(3819.48) (5208.99) (2166.42) (264.82) 

    Species count on farm (crop + livestock) 5.16 1.73 7.83 7.99 

(3.53) (0.91) (2.59) (2.01) 

    Production diversity score (12 food groups) 2.91 0.46 4.36 5.52 

(2.60) (1.15) (1.62) (1.00) 

Dietary quality characteristics 

    Household dietary diversity score (HDDS) 10.19 10.01 11.39 9.33 

(1.53) (1.29) (0.97) (1.63) 

    Calorie consumption per day (kcal/AE) 3148.72 3124.08 3297.86 3047.28 

(1373.36) (1475.34) (1171.24) (1371.08) 

    Iron consumption per day (mg/AE) 19.64 19.61 16.86 22.33 

(11.04) (12.29) (7.41) (11.14) 

    Zinc consumption per day (mg/AE) 

 

13.94 11.07 21.20 11.69 

(7.84) (5.52) (8.10) (6.29) 

    Vitamin A consumption per day (μg RE/AE) 1227.55 1127.00 1389.73 1236.46 

(1358.68) (1633.52) (965.51) (1161.25) 

Other household characteristics 

    Total household income per year (US$/AE) 3384.42 3460.11 2286.00 4302.89 

(77140) (6789.35) (3542.06) (9670.22) 

    Distance to market (km) 4.85 6.56 3.11 3.74 

(6.02) (7.41) (3.59) (4.42) 

    Household size (number of members) 4.93 4.20 4.67 6.60 

(2.40) (1.52) (1.71) (3.20) 

    Age of household head (years) 49.32 45.72 52.05 52.54 

(13.59) (12.18) (13.65) (14.29) 

    Education level of household head (years) 7.81 7.50 9.63 6.57 

(3.82) (3.63) (3.71) (3.63) 

    Male household head (dummy) 0.88 0.95 0.88 0.76 

 

Number of observations 

 

1484 

 

672 

 

395 

 

417 

Notes: Mean values are shown with standard deviations in parentheses. AE stands for adult equivalent. RE 

stands for retinol equivalent. 

 

We estimated models for the individual countries, as well as pooled models with all 

observations combined. The pooled data models include country dummies to account for 

country fixed effects, in addition to the other explanatory variables. In column (1) of Table 

3.2, we use the household dietary diversity score (HDDS) as dependent variable. Since this is 
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a count variable, the underlying models were estimated with a Poisson estimator. In Poisson 

models, the estimated coefficients can be interpreted as semi-elasticities. In columns (2) to 

(5), with calorie and micronutrient consumption levels as dependent variables, the models 

were estimated with ordinary least squares (OLS), hence the estimates can be interpreted as 

marginal effects. All models were estimated with robust standard errors to account for 

heteroscedasticity. 

 

Table 3. 2: Effect of farm production diversity on dietary quality 

Explanatory variables 

(1) 

HDDS 

(2) 

Calories 

(kcal/AE) 

(3) 

Iron 

(mg/AE) 

(4) 

Zinc 

(mg/AE) 

(5) 

Vitamin A 

(µg/AE) 

Species count (crop + livestock) 

     Pooled 0.010
***

 67.499
***

 0.506
***

 0.251
**

 30.965 

(0.002) (19.095) (0.142) (0.101) (19.517) 

     Indonesia 0.015
***

 300.402
***

 2.499
***

 1.006
***

 204.475
**

 

(0.005) (66.202) (0.546) (0.249) (84.544) 

     Kenya 0.004
**

 -2.972 0.028 0.046 -31.527 

(0.002) (25.358) (0.165) (0.173) (21.179) 

     Uganda 0.021
***

 83.035
**

 0.470
*
 0.301

**
 35.618 

(0.004) (33.648) (0.255) (0.152) (30.738) 

Production diversity score (food groups) 

     Pooled 0.008
***

 30.382 0.140 0.157 -31.662 

(0.003) (28.238) (0.212) (0.145) (23.545) 

     Indonesia 0.002 12.793 0.088 -0.019 -33.383 

(0.005) (48.037) (0.410) (0.179) (40.762) 

     Kenya 0.004 37.246 0.088 0.308 -69.592
**

 

(0.003) (46.244) (0.297) (0.294) (33.458) 

     Uganda 0.033
***

 108.229 0.835 0.599
*
 49.277 

(0.009) (70.622) (0.547) (0.321) (55.715) 

Notes: The coefficient estimates are based on regression models as shown in Tables A3.1 to A3.8 in Appendix 

A3. Robust standard errors are given in parentheses. Coefficients in column (1) were estimated with Poisson 

models. Coefficients in columns (2) to (5) were estimated with OLS models. 
*
, 

**
, 

***
 denote significance at the 

10%, 5%, and 1% level, respectively. HDDS stands for household dietary diversity score. AE stands for adult 

equivalent. 

 

In the upper part of Table 3.2, we use the simple species count as the indicator of production 

diversity. The positive and significant coefficients in column (1) suggest that household 

dietary diversity increases with the number of different species produced on the farm. Yet the 

effect is relatively small. After controlling for other factors, producing one additional crop or 

livestock species increases the number of food groups consumed by only 1% in the pooled 

sample. In other words, diverse and balanced diets would require extremely diverse 

production patterns when relying on own farm production alone. The individual country 
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models reveal that the magnitude of the estimates varies. But even the effect of 2.1% in 

Uganda is relatively small. Small positive effects of production diversity on dietary diversity 

are consistent with findings by Sibhatu et al. (2015). 

In columns (2) to (5) of the upper part of Table 3.2, where we use different indicators of 

dietary quality as dependent variables, we also see predominantly positive effects. Many of 

these effects are statistically significant. We infer that the number of species produced on the 

farm also contributes to higher calorie and micronutrient consumption. For instance, the 

pooled model results suggest that one additional crop or livestock species produced increases 

daily calorie consumption per AE by 67.6 kcal, iron consumption by 0.51 mg, and zinc 

consumption by 0.25 mg. Comparing with sample mean consumption levels, these estimated 

marginal effects correspond to changes of less than 3%, again with some differences observed 

between countries. With the exception of Indonesia, the effects of species diversity on vitamin 

A consumption are not statistically significant. 

We conclude that – even though effects are relatively small – farm species diversity can 

contribute to dietary quality, measured either in terms of HDDS or calorie and micronutrient 

consumption levels. But the underlying mechanisms are still unclear. The lower part of Table 

3.2, where we measure farm diversity in terms of production diversity scores helps to gain 

further insights. As explained, instead of a simple species count, production diversity scores 

count the number of different food groups produced. That is, the production of non-food 

crops or of several food crops within the same food group does not influence this measure. If 

subsistence production is an important source of food in the household, we would expect a 

strong association between the numbers of food groups produced and consumed. In that case, 

switching from the simple species count to production diversity scores should lead to larger 

coefficient estimates. However, the results in Table 3.2 indicate that the opposite is true. In 

most cases, the effects in the lower part Table 3.2 are smaller than those in the upper part. 

Many of the estimates also turn insignificant, especially when looking at dietary quality in 

terms of calorie and micronutrient consumption. These results suggest that the subsistence 

pathway is not of major importance. 
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A more likely mechanism to explain the positive association between production diversity 

and dietary quality is the cash income pathway. Farm diversification may add to cash 

incomes, when farmers respond to market price incentives. Rather than trying to maximize 

the number of food groups produced it is economically more rational to diversify following 

the principles of comparative advantage. This may include diversifying into non-food cash 

crops. A case in point is Indonesia, where many farmers could increase their cash incomes by 

adding oil palm to their production portfolio (Krishna et al., 2015). Among other things, the 

higher cash income is used to improve dietary quality through the purchase of more diverse 

and nutritious foods from the market. Adding additional food groups to the production 

portfolio instead would not have the same nutritional effect, which is why the significantly 

positive effects in the upper part of Table 3.2 turn insignificant in the lower part. One 

exception is Uganda, where the role of subsistence is still more pronounced and cash revenues 

are relatively small. 

 

Table 3. 3: Association between agricultural cash revenues and dietary quality 

Explanatory variables 

(1) 

HDDS 

(2) 

Calories 

(kcal/AE) 

(3) 

Iron 

(mg/AE) 

(4) 

Zinc 

(mg/AE) 

(5) 

Vitamin A 

(µg/AE) 

Pooled 3.8E-06
***

 0.093
***

 0.001
***

 3.4E-04
***

 0.070
***

 

(5.5E-07) (0.021) (1.5E-04) (8.7E-05) (0.016) 

Indonesia 3.7E-06
***

 0.095
***

 0.001
***

 3.4E-04
***

 0.074
***

 

(5.8E-07) (0.022) (1.6E-04) (9.4E-05) (0.017) 

Kenya 3.6E-06
**

 0.052
***

 2.6E-04
**

 2.7E-04 0.035 

(1.4E-06) (0.016) (1.2E-04) (1.6E-04) (0.024) 

Uganda 3.5E-05 1.072
***

 0.005
***

 0.004
***

 0.144 

(2.5E-05) (0.240) (0.002) (0.001) (0.194) 

Notes: The coefficient estimates are based on regression models as shown in Table A3.9 in Appendix A3. 

Robust standard errors are given in parentheses. Coefficients in column (1) were estimated with Poisson models. 

Coefficients in columns (2) to (5) were estimated with OLS models. 
*
, 

**
, 

***
 denote significance at the 10%, 5%, 

and 1% level, respectively. HDDS stands for household dietary diversity score. AE stands for adult equivalent. 

 

The important role of markets and cash incomes for household dietary quality is also 

underlined by some of the other covariates included in the different models, which are shown 

in Tables A3.1 to A3.8 in Appendix A3. Market distance has a negative effect on dietary 

diversity and nutrient consumption in most of the models. Interestingly, the share of land 

under food crops also has negative effects in some cases. In other words, cash crop production 

and market sales are sometimes more important for household nutrition than food crop 
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production. On the other hand, total farm size and educational levels contribute to higher 

dietary quality, as one would expect. 

3.3.3. Role of agricultural cash revenues 

The above analysis suggests that cash incomes may play a more important role for farm 

household dietary quality than diverse subsistence production. This is now analyzed further 

by regressing the different dietary quality indicators on agricultural cash revenues. Cash 

revenues are endogenous, so the estimation results should not be interpreted as causal. We are 

primarily interested in the association, which is also why we do not control for other factors in 

these models. Several other factors are correlated with cash revenues, so their inclusion would 

make interpretation of the association less straightforward. Results are shown in Table 3.3. 

Agricultural cash revenues are positively associated with all dietary quality indicators, and 

most of these associations are statistically significant. The magnitude of the coefficients may 

seem small, but this is due to the fact that cash revenues are expressed in US dollars per year. 

Scaling this variable changes the picture. For instance, in the pooled model 1000 dollars of 

additional cash revenues per year would be associated with 3-6% higher calorie and 

micronutrient consumption. These results support our hypothesis that market transactions and 

cash revenues matter for household dietary quality. 

Farm diversification and increasing cash revenues are not necessarily contradictory strategies. 

As discussed above, it much depends on whether or not diversification is a response to market 

incentives. In Table 3.4, we correlate the two different production diversity indicators with 

agricultural cash revenues and total household incomes. In the pooled sample, the species 

count and the production diversity score are both uncorrelated with total household income, 

but negatively correlated with agricultural cash revenues. This suggests that diverse 

production systems are typically associated with lower market sales and higher subsistence 

orientation. However, the subsample from Kenya with positive correlation coefficients 

indicates that this is not always the case. Farmers in Kenya have diversified into different 

horticultural crops, which are in high demand in the market and therefore help to increase 

market sales and household incomes. 
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Table 3. 4: Correlation between production diversity, agricultural cash revenues, and 

household income 
Explanatory variables Pooled Indonesia Kenya Uganda 

Species count (crop + livestock)     

    Agricultural cash revenues (US$/AE) -0.173
***

 0.132
***

 0.199
***

 -0.004 

    Total household income (US$/AE) 0.030 0.036 0.129
**

 0.091
*
 

Production diversity score (food groups)     

    Agricultural cash revenues (US$/AE) -0.232
***

 -0.073
*
 0.22

***
 0.028 

    Total household income (US$/AE) 0.012 -0.100
***

 0.18
***

 0.049 

Notes: 
*
, 

**
, and

 ***
 denote significance at the 10%, 5%, and 1% level, respectively. AE stands for adult 

equivalent. 

 

Of particular interest is the analysis for Indonesia, where agricultural cash revenues are 

positively and negatively associated with the farm species count and the production diversity 

score, respectively. The reason for this switch in the sign is that cash crop diversification 

helps to increase farm revenues and incomes, whereas growing additional food groups is 

against comparative advantage in this context and hence associated with income losses. 

3.3.4. Further discussion 

The analysis suggests that farm diversification can be positively associated with household 

dietary quality, but that fostering market access and cash revenues are more promising 

avenues. The important role of markets for household nutrition can also be seen in Figure 3.1, 

which compares mean dietary diversity scores and production diversity scores across the 

different study countries. In the pooled sample, households consume 10.2 food groups, while 

only producing 2.9 food groups on average. In other words, own farm production accounts for 

less than 30% of the dietary diversity consumed in the households. Depending on climatic 

conditions, this number may vary seasonally. In the dry season, the contribution of own 

production may be lower still; especially fresh horticultural produce cannot be easily stored at 

home over longer periods of time.  
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Figure 3. 1: Mean diversity scores and production diversity scores in farm households 

 

Against this background it is unrealistic to assume that own production diversity could be the 

core element of dietary diversity in smallholder farm households. Uganda, where own 

production diversity accounts for 60% of household dietary diversity (Figure 3.1), almost 

looks like an exception. However, even in Uganda fostering market access and 

commercialization may be a better strategy to improve nutrition than promoting the 

cultivation of additional food groups. As we also showed, a high production diversity score 

can be associated with lower cash incomes, which would rather be counterproductive for 

household dietary quality. 

 

3.4. Conclusion 

We have analyzed the relationship between farm production diversity and household dietary 

quality using micro-level data from Indonesia, Kenya, and Uganda. We have contributed to 

the existing literature by using different indicators and comparing results, thus shedding light 
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on the robustness of previous findings and also helping to better understand some of the 

underlying linkages. When measuring farm diversity in terms of a simple count of crop and 

livestock species produced, we found a positive relationship with household dietary diversity. 

This is consistent with previous findings (Sibhatu et al., 2015; Jones et al., 2014; Pellegrini 

and Tasciotti, 2014; Keding et al., 2012). However, as was also reported by Sibhatu et al. 

(2015), this effect of production diversity on consumption diversity is relatively small. 

The small positive effect also remains when using other indicators of dietary quality, such as 

household consumption levels of calories and micronutrients. We conclude that the results are 

not driven by the way dietary quality is measured. While dietary diversity scores are not a 

perfect predictor of specific nutritional deficiencies, they seem to work well in terms of 

capturing broader aspects of dietary quality in farm households. This is a welcome finding, 

because the calculation of dietary diversity scores requires less data than the calculation of 

nutrient consumption levels. 

We also tested the sensitivity of results with respect to changes in the production diversity 

indicator. When using production diversity scores instead of a simple species count, the effect 

on dietary quality gets smaller, in many cases it turns insignificant. This is an interesting 

finding. The production diversity score measures the number of different food groups 

produced on a farm, so one could have expected the effect on the number of food groups 

consumed in the farm household to be stronger. The fact that this is not the case reveals that 

the subsistence pathway is not the main mechanism underlying the production-consumption 

relationship. Cash income generated from agricultural sales seems to be a more important 

pathway contributing to improved dietary quality. Additional model estimates confirmed a 

significant positive association between agricultural cash revenues and dietary quality, 

measured either in terms of dietary diversity scores or nutrient consumption levels. 

These results suggest that market access is more important for farm household nutrition than 

production diversity per se. Our data show that own production typically accounts for less 

than 30% of the different food groups consumed in farm households; the rest is purchased 

from the market. Diversifying the farm production portfolio such that more food groups were 

produced would foster subsistence, reduce cash incomes, and thus rather worsen dietary 
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quality. Indeed, we showed that a larger number of food groups produced on a farm is often 

negatively associated with agricultural cash revenues. This does not mean that farm diversity 

is bad. But the type of diversification should follow market incentives, building on farmer’s 

comparative advantage, rather than trying to maximize the number of food groups produced. 

Our results clearly suggest that diversifying into cash crops can help improve diets through 

the income pathway. 

It needs to be stressed that the data used in this study mainly refer to situations where farmers 

have relatively good access to markets. Results for Uganda suggest that in less 

commercialized settings the subsistence pathway still plays a more important role. However, 

even in situations where farmers primarily produce for subsistence, a large share of the food 

consumed is purchased from the market (Luckett et al., 2015; Sibhatu et al., 2015). Hence, 

also in such situations policy initiatives should not foster subsistence but improve farmers’ 

access to markets through strengthening infrastructure and institutions. Farmers’ subsistence 

orientation is primarily a response to risk and various other market failures. Reducing these 

failures and supporting a higher level of market integration can contribute to higher incomes 

and better nutrition in smallholder households. 

We conclude that farm diversification should not be considered a goal in itself. If 

diversification helps to increase household income, it will contribute to better nutrition. 

Otherwise, diversification can also be counterproductive from a dietary quality perspective. It 

should be stressed that diversity may also have environmental benefits, which we did not 

analyze here. Furthermore, it should be stressed that our results refer to the individual farm 

level. At higher scales (villages, districts, provinces, countries etc.) sufficient diversity is 

important, because affordable access to diverse foods from the market certainly requires that 

somebody produces these foods. This means that policy biases towards only a small number 

of staple foods – as often observed in the past – need to be rectified. If markets and 

technologies for a wide range of products exist, food systems will become more diverse, even 

without every farmer having to maximize diversity on her own farm. 
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Appendix A3: Additional Tables 

Table A3. 1: Effect of farm species count on dietary quality (pooled sample) 

Explanatory variables 

(1) 

HDDS 

(2) 

Calories 

(kcal/AE) 

(3) 

Iron 

(mg/AE) 

(4) 

Zinc 

(mg/AE) 

(5) 

Vitamin A 

(g/AE) 

Species count (crop + 

livestock) 

0.010
***

 67.499
***

 0.506
***

 0.251
**

 30.965 

(0.002) (19.095) (0.142) (0.101) (19.517) 

Distance to market (km) -0.001
*
 -9.265

*
 -0.033 -0.013 0.154 

(0.001) (5.625) (0.047) (0.024) (6.735) 

Cultivated land area (acres) 0.001
***

 10.192 0.095
*
 0.045 9.231

*
 

 (1.9E-04) (7.315) (0.049) (0.030) (5.159) 

Share of land under food crops 

(%) 

-2.5E-04
*
 0.618 0.018 0.005 2.650

**
 

(1.4E-04) (1.514) (0.012) (0.008) (1.201) 

Male household head 

(dummy) 

0.041
***

 -43.835 0.173 -0.992 -150.992 

 (0.011) (115.275) (0.894) (0.605) (101.040) 

Age of household head (years) -0.001
**

 7.894
***

 0.051
**

 0.009 3.266 

(2.9E-04) (2.962) (0.023) (0.014) (3.052) 

Education of household head 

(years) 

0.005
***

 7.487 0.124 0.032 27.024
**

 

(0.001) (11.005) (0.091) (0.054) (12.731) 

Household size (number) 0.005
***

 -159.393
***

 -1.043
***

 -0.614
***

 -25.300
*
 

 (0.002) (17.282) (0.131) (0.082) (14.689) 

Indonesia (dummy) 0.119
***

 152.026 -1.702 -0.361 96.974 

 (0.018) (169.145) (1.322) (0.791) (153.196) 

Uganda (dummy) 0.197
***

 -87.904 -8.228
***

 8.247
***

 -5.457 

 (0.011) (112.243) (0.857) (0.621) (96.595) 

Constant 2.095
***

 3085.113
***

 20.397
***

 13.382
***

 752.306
***

 

 (0.028) (258.310) (1.998) (1.276) (290.853) 

Number of observations 1484 1484 1484 1484 1484 

Pseudo R 
2
 / R

2
 0.017 0.088 0.095 0.351 0.024 

Notes: Column (1) was estimated with a Poisson estimator. Columns (2)-(5) were estimated with OLS. 

Coefficient estimates are shown with robust standard errors in parentheses. 
*
, 

**
, 

***
 denote significance at the 

10%, 5%, and 1% level, respectively. HDDS stands for household dietary diversity score. AE stands for adult 

equivalent. 

 

 



Chapter 3 55 

 

 

Table A3. 2: Effect of farm species count on dietary quality (Indonesian sample) 

Explanatory variables 

(1) 

HDDS 

(2) 

Calories 

(kcal/AE) 

(3) 

Iron 

(mg/AE) 

(4) 

Zinc 

(mg/AE) 

(5) 

Vitamin A 

(g/AE) 

Species count (crop + 

livestock) 

0.015
***

 300.402
***

 2.499
***

 1.006
***

 204.475
**

 

(0.005) (66.202) (0.546) (0.249) (84.544) 

Distance to market (km) -0.001 -13.188
*
 -0.033 -0.024 3.759 

(0.001) (6.747) (0.057) (0.028) (8.514) 

Cultivated land area (acres) 4.3E-04
**

 8.915 0.084
*
 0.039 7.573 

 (1.9E-04) (7.194) (0.047) (0.029) (4.969) 

Share of land under food crops 

(%) 

-0.001
***

 -1.593 -0.011 -0.007 -3.272 

(2.7E-04) (3.336) (0.028) (0.015) (2.510) 

Male household head 

(dummy) 

0.028 178.446 1.670 0.833 138.395 

 (0.020) (231.696) (1.900) (0.809) (185.315) 

Age of household head (years) 3.4E-04 8.535
*
 0.074

*
 0.011 7.890 

(4.3E-04) (5.142) (0.044) (0.019) (6.165) 

Education of household head 

(years) 

0.007
***

 24.072 0.322
**

 0.066 62.071
**

 

(0.001) (17.153) (0.152) (0.068) (25.285) 

Household size (number) 0.008
**

 -196.305
***

 -1.565
***

 -0.641
***

 -60.989 

 (0.004) (33.081) (0.295) (0.114) (38.134) 

Constant 2.154
***

 2651.500
***

 13.534
***

 9.885
***

 -39.350 

 (0.035) (390.809) (2.982) (1.466) (457.519) 

Number of observations 672 672 672 672 672 

Pseudo R
2
 / R

2
 0.004 0.110 0.113 0.090 0.050 

Notes: Column (1) was estimated with a Poisson estimator. Columns (2)-(5) were estimated with OLS. 

Coefficient estimates are shown with robust standard errors in parentheses. 
*
, 

**
, 

***
 denote significance at the 

10%, 5%, and 1% level, respectively. HDDS stands for household dietary diversity score. AE stands for adult 

equivalent. 
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Table A3. 3: Effects of farm species count on dietary quality (Kenyan sample) 

Explanatory variables 

(1) 

HDDS 

(2) 

Calories 

(kcal/AE) 

(3) 

Iron 

(mg/AE) 

(4) 

Zinc 

(mg/AE) 

(5) 

Vitamin A 

(μg/AE) 

Species count (crop + 

livestock) 

0.004
**

 -2.972 0.028 0.046 -31.527 

(0.002) (25.358) (0.165) (0.173) (21.179) 

Distance to market (km) -0.002
*
 16.987 0.029 0.105 -7.074 

(0.001) (10.328) (0.071) (0.076) (9.347) 

Cultivated land area (acres) 0.003
***

 -2.364 1.5E-04 0.044 38.648
**

 

(0.001) (16.436) (0.135) (0.113) (17.845) 

Share of land under food crops 

(%) 

-7.1E-05 -0.894 -0.003 -0.003 1.048 

(1.6E-04) (2.139) (0.013) (0.015) (1.700) 

Male household head 

(dummy) 

0.026
*
 136.589 4.144

***
 -2.311 -122.358 

 (0.014) (182.447) (0.957) (1.470) (169.735) 

Age of household head (years) -0.001 4.530 -0.015 -0.045 -0.171 

 (4.3E-04) (5.659) (0.036) (0.036) (4.398) 

Education of household head 

(years) 

0.004
***

 13.361 0.207
*
 0.119 29.339

**
 

(0.001) (17.916) (0.114) (0.127) (12.649) 

Household size (number) 0.001 -248.816
***

 -1.326
***

 -1.292
***

 -104.862
***

 

 (0.003) (39.987) (0.239) (0.256) (24.007) 

Constant 2.366
***

 3964.714
***

 17.800
***

 29.632
***

 1800.099
***

 

 (0.039) (448.199) (3.182) (3.270) (380.319) 

Number of observations 395 395 395 395 395 

Pseudo R
2
 / R

2
 0.002 0.131 0.119 0.100 0.073 

Notes: Column (1) was estimated with a Poisson estimator. Columns (2)-(5) were estimated with OLS. 

Coefficient estimates are shown with robust standard errors in parentheses. 
*
, 

**
, 

***
 denote significance at the 

10%, 5%, and 1% level, respectively. HDDS stands for household dietary diversity score. AE stands for adult 

equivalent. 
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Table A3. 4: Effects of farm species count on dietary quality (Ugandan sample) 

Explanatory variables 

(1) 

HDDS 

(2) 

Calories 

(kcal/AE) 

(3) 

Iron 

(mg/AE) 

(4) 

Zinc 

(mg/AE) 

(5) 

Vitamin A 

(g/AE) 

Species count (crop + 

livestock) 

0.021
***

 83.035
**

 0.470
*
 0.301

**
 35.618 

(0.004) (33.648) (0.255) (0.152) (30.738) 

Distance to market (km) -0.001 -14.381 -0.109 -0.057 -7.171 

(0.002) (13.643) (0.104) (0.052) (11.823) 

Cultivated land area (acres) -0.001 26.701 0.123 0.162 -11.130 

(0.003) (20.905) (0.164) (0.111) (17.030) 

Share of land under food crops 

(%) 

-3.6E-04 -1.522 0.017 0.007 6.271
**

 

(3.5E-04) (2.797) (0.022) (0.013) (2.454) 

Male household head 

(dummy) 

0.052
**

 -176.676 -1.872 -0.387 -169.442 

 (0.021) (176.997) (1.405) (0.788) (154.543) 

Age of household head (years) -0.002
**

 11.271
**

 0.091
**

 0.054
**

 3.926 

 (0.001) (4.620) (0.037) (0.022) (4.419) 

Education of household head 

(years) 

0.006
**

 -32.411 -0.312
*
 -0.201

*
 -27.582

*
 

(0.002) (20.458) (0.180) (0.107) (15.528) 

Household size (number) 0.003 -130.325
***

 -0.780
***

 -0.476
***

 11.989 

 (0.003) (22.348) (0.169) (0.104) (17.015) 

Constant 2.063
***

 3007.942
***

 21.492
***

 10.339
***

 751.280
*
 

 (0.056) (403.447) (3.132) (1.762) (421.745) 

No. of observations 417 417 417 417 417 

Pseudo R
2
 / R

2
 0.010 0.119 0.093 0.094 0.044 

Notes: Column (1) was estimated with a Poisson estimator. Columns (2)-(5) were estimated with OLS. 

Coefficient estimates are shown with robust standard errors in parentheses. 
*
, 

**
, 

***
 denote significance at the 

10%, 5%, and 1% level, respectively. HDDS stands for household dietary diversity score. AE stands for adult 

equivalent. 
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Table A3. 5: Effect of production diversity score on dietary quality (pooled sample) 

Explanatory variables 

(1) 

HDDS 

(2) 

Calories 

(kcal/AE) 

(3) 

Iron 

(mg/AE) 

(4) 

Zinc 

(mg/AE) 

(5) 

Vitamin A 

(μg/AE) 

Production diversity score 

(food groups) 

0.008
***

 30.382 0.140 0.157 -31.662 

(0.003) (28.238) (0.212) (0.145) (23.545) 

Distance to market (km) -0.001
**

 -9.443 -0.032 -0.015 1.433 

(0.001) (5.790) (0.049) (0.025) (6.837) 

Cultivated land area (acres) 0.001
***

 10.538 0.097
**

 0.046 9.316
*
 

 (2.0E-04) (7.418) (0.049) (0.030) (5.203) 

Share of land under food crops 

(%) 

-3.4E-04
**

 0.018 0.013 0.003 2.316
**

 

(1.4E-04) (1.487) (0.012) (0.008) (1.173) 

Male household head 

(dummy) 

0.043
***

 -33.726 0.237 -0.948 -152.233 

 (0.012) (114.936) (0.890) (0.606) (100.502) 

Age of household head (years) -4.5E-04 9.183
***

 0.062
***

 0.013 4.572 

(2.9E-04) (2.963) (0.023) (0.014) (3.079) 

Education of household head 

(years) 

0.006
***

 9.938 0.146 0.039 30.109
**

 

(0.001) (11.015) (0.091) (0.054) (12.876) 

Household size (number) 0.006
***

 -150.898
***

 -0.971
***

 -0.586
***

 -17.368 

 (0.002) (16.916) (0.129) (0.080) (14.230) 

Indonesia (dummy) 0.094
***

 -110.792 -4.100
***

 -1.125 -246.359
*
 

 (0.019) (184.301) (1.435) (0.847) (144.422) 

Uganda (dummy) 0.208
***

 -36.673 -7.935
***

 8.483
***

 -28.744 

 (0.012) (116.819) (0.874) (0.648) (94.013) 

Constant 2.121
***

 3336.638
***

 22.622
***

 14.148
***

 1044.834
***

 

 (0.028) (262.419) (2.030) (1.293) (275.266) 

Number of observations 1484 1484 1484 1484 1484 

Pseudo R
2
 / R

2
 0.017 0.081 0.089 0.348 0.024 

Notes: Column (1) was estimated with a Poisson estimator. Columns (2)-(5) were estimated with OLS. 

Coefficient estimates are shown with robust standard errors in parentheses. 
*
, 

**
, 

***
 denote significance at the 

10%, 5%, and 1% level, respectively. HDDS stands for household dietary diversity score. AE stands for adult 

equivalent. 
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Table A3. 6: Effects of production diversity score on dietary quality (Indonesian sample) 

Explanatory variables 

(1) 

HDDS 

(2) 

Calories 

(kcal/AE) 

(3) 

Iron 

(mg/AE) 

(4) 

Zinc 

(mg/AE) 

(5) 

Vitamin A 

(μg/AE) 

Production diversity score (food 

groups) 

0.002 12.793 0.088 -0.019 -33.383 

(0.005) (48.037) (0.410) (0.179) (40.762) 

Distance to market (km) -0.001 -10.461 -0.009 -0.014 6.707 

(0.001) (7.001) (0.061) (0.029) (8.804) 

Cultivated land area (acres) 4.8E-04
**

 9.879 0.092
*
 0.042 8.155 

 (2.1E-04) (7.668) (0.051) (0.031) (5.253) 

Share of land under food crops 

(%) 

-0.001
***

 0.151 0.004 1.9E-04 -1.468 

(2.7E-04) (3.254) (0.028) (0.015) (2.176) 

Male household head (dummy) 0.034
*
 280.023 2.511 1.160 198.291 

 (0.019) (237.396) (1.896) (0.808) (187.363) 

Age of household head (years) 0.001 12.169
**

 0.104
**

 0.024 10.963
*
 

 (4.2E-04) (5.270) (0.045) (0.020) (6.390) 

Education of household head 

(years) 

0.007
***

 31.050
*
 0.381

**
 0.090 67.837

**
 

(0.001) (17.317) (0.153) (0.069) (26.406) 

Household size (number) 0.008
**

 -186.797
***

 -1.485
***

 -0.604
***

 -51.405 

 (0.004) (33.447) (0.298) (0.115) (38.322) 

Constant 2.163
***

 2805.095
***

 14.799
***

 10.356
***

 35.092 

 (0.035) (405.753) (3.036) (1.520) (450.734) 

Number of observations 672 672 672 672 672 

Pseudo R
2
 / R

2
 0.003 0.068 0.071 0.056 0.035 

Notes: Column (1) was estimated with a Poisson estimator. Columns (2)-(5) were estimated with OLS. 

Coefficient estimates are shown with robust standard errors in parentheses. 
*
, 

**
, 

***
 denote significance at the 

10%, 5%, and 1% level, respectively. HDDS stands for household dietary diversity score. AE stands for adult 

equivalent. 
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Table A3. 7: Effect of production diversity score on dietary quality (Kenyan sample) 

Explanatory variables 

(1) 

HDDS 

(2) 

Calories 

(kcal/AE) 

(3) 

Iron 

(mg/AE) 

(4) 

Zinc 

(mg/AE) 

(5) 

Vitamin A 

(μg/AE) 

Production diversity score (food 

groups) 

0.004 37.246 0.088 0.308 -69.592
**

 

(0.003) (46.244) (0.297) (0.294) (33.458) 

Distance to market (km) -0.003
*
 15.736 0.025 0.092 -3.619 

(0.001) (10.426) (0.070) (0.078) (9.524) 

Cultivated land area (acres) 0.003
***

 -7.083 -0.006 0.015 41.990
**

 

 (0.001) (16.912) (0.134) (0.115) (17.787) 

Share of land under food crops 

(%) 

-1.1E-04 -0.300 -0.002 0.001 0.885 

(1.6E-04) (2.105) (0.013) (0.015) (1.641) 

Male household head (dummy) 0.025
*
 136.790 4.140

***
 -2.319 -117.946 

 (0.014) (182.834) (0.960) (1.472) (169.746) 

Age of household head (years) -4.2E-04 3.384 -0.016 -0.051 0.133 

 (4.3E-04) (5.600) (0.036) (0.035) (4.310) 

Education of household (years) 0.004
***

 10.905 0.204
*
 0.104 30.946

**
 

(0.002) (17.876) (0.114) (0.126) (12.650) 

Household size (number) 0.001 -251.965
***

 -1.328
***

 -1.308
***

 -104.471
***

 

 (0.003) (39.855) (0.238) (0.254) (23.600) 

Constant 2.375
***

 3846.098
***

 17.717
***

 29.047
***

 1814.003
***

 

 (0.037) (449.830) (3.176) (3.289) (372.653) 

Number of observations 395 395 395 395 395 

Pseudo R
2
 / R

2
 0.002 0.133 0.119 0.102 0.078 

Notes: Column (1) was estimated with a Poisson estimator. Columns (2)-(5) were estimated with OLS. 

Coefficient estimates are shown with robust standard errors in parentheses. 
*
, 

**
, 

***
 denote significance at the 

10%, 5%, and 1% level, respectively. HDDS stands for household dietary diversity score. AE stands for adult 

equivalent. 
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Table A3. 8: Effects of production diversity score on dietary quality (Ugandan sample) 

Explanatory variables 

(1) 

HDDS 

(2) 

Calories 

(kcal/AE) 

(3) 

Iron 

(mg/AE) 

(4) 

Zinc 

(mg/AE) 

(5) 

Vitamin A 

(μg/AE) 

Production diversity score (food 

groups) 

0.033
***

 108.229 0.835 0.599
*
 49.277 

(0.009) (70.622) (0.547) (0.321) (55.715) 

Distance to market (km) -0.001 -15.457 -0.118 -0.063 -7.661 

(0.002) (13.966) (0.105) (0.053) (11.896) 

Cultivated land area (acres) -4.5E-04 27.355 0.124 0.162 -10.883 

(0.003) (21.307) (0.167) (0.112) (16.796) 

Share of land under food crops 

(%) 

-4.0E-04 -1.616 0.015 0.006 6.220
**

 

(3.6E-04) (2.792) (0.022) (0.013) (2.475) 

Male household head (dummy) 0.058
***

 -154.607 -1.719 -0.281 -159.617 

 (0.022) (175.568) (1.400) (0.786) (155.215) 

Age of household head (years) -0.001
*
 12.419

***
 0.098

***
 0.060

***
 4.435 

 (0.001) (4.681) (0.038) (0.022) (4.342) 

Education of household head 

(years) 

0.006
**

 -31.594 -0.313
*
 -0.203

*
 -27.297

*
 

(0.002) (20.885) (0.183) (0.108) (15.897) 

Household size (number) 0.005
*
 -122.336

***
 -0.757

***
 -0.467

***
 15.135 

 (0.003) (21.459) (0.166) (0.102) (17.106) 

Constant 2.023
***

 2944.099
***

 20.046
***

 9.105
***

 709.994 

 (0.067) (492.010) (3.820) (2.219) (433.212) 

Number of observations 417 417 417 417 417 

Pseudo R
2
 / R

2
 0.009 0.112 0.092 0.094 0.043 

Notes: Column (1) was estimated with a Poisson estimator. Columns (2)-(5) were estimated with OLS. 

Coefficient estimates are shown with robust standard errors in parentheses. 
*
, 

**
, 

***
 denote significance at the 

10%, 5%, and 1% level, respectively. HDDS stands for household dietary diversity score. AE stands for adult 

equivalent. 
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Table A3. 9: Association between agricultural cash revenues and dietary quality 

Explanatory variables by 

country 

(1) 

HDDS 

(2) 

Calories 

(kcal/AE) 

(3) 

Iron 

(mg/AE) 

(4) 

Zinc 

(mg/AE) 

(5) 

Vitamin A 

(g/AE) 

Pooled 

Agricultural cash revenues 

(US$/AE) 

3.8E-06
***

 0.093
***

 0.001
***

 3.4E-04
***

 0.070
***

 

(5.5E-07) (0.021) (1.5E-04) (8.7E-05) (0.016) 

Indonesia (dummy) 

 

0.061
***

 -142.310 -4.368
***

 -1.426
***

 -274.297
***

 

(0.010) (92.970) (0.745) (0.400) (83.738) 

Uganda (dummy) 

 

0.196
***

 172.288
*
 -6.053

***
 9.229

***
 93.876 

(0.010) (90.668) (0.672) (0.515) (75.884) 

Constant  2.233
***

 3031.343
***

 22.207
***

 11.632
***

 1224.370
***

 

(0.009) (66.997) (0.545) (0.308) (56.928) 

Number of observations 1484 1484 1484 1484 1484 

Pseudo R
2
 / R

2
 0.014

+
 0.066 0.087 0.338 0.042 

Indonesia 

Agricultural cash revenues 

(US$/AE) 

3.7E-06
***

 0.095
***

 0.001
***

 3.4E-04
***

 0.074
***

 

(5.8E-07) (0.022) (1.6E-04) (9.4E-05) (0.017) 

Constant  2.294
***

 2882.418
***

 17.744
***

 10.205
***

 941.235
***

 

(0.005) (69.511) (0.542) (0.276) (63.563) 

Number of observations 672 672 672 672 672 

Pseudo R
2
 / R

2
 0.001

+
 0.113 0.096 0.103 0.055 

Kenya 

Agricultural cash revenues 

(US$/AE) 

3.6E-06
**

 0.052
***

 2.6E-04
**

 2.7E-04 0.035 

(1.4E-06) (0.016) (1.2E-04) (1.6E-04) (0.024) 

Constant 2.429
***

 3245.445
***

 16.593
***

 20.933
***

 1354.308
***

 

(0.005) (61.180) (0.405) (0.439) (54.779) 

Number of observations 395 395 395 395 395 

Pseudo R
2
 / R

2
 0.0002

+
 0.009 0.006 0.005 0.006 

Uganda 

Agricultural cash revenues 

(US$/AE) 

3.5E-05 1.072
***

 0.005
***

 0.004
***

 0.144 

(2.5E-05) (0.240) (0.002) (0.001) (0.194) 

Constant 2.227
***

 2862.870
***

 21.467
***

 10.936
***

 1211.644
***

 

(0.010) (77.754) (0.648) (0.378) (72.216) 

Number of observations 417 417 417 417 417 

Pseudo R
2
 / R

2
 0.0002

+
 0.043 0.014 0.034 0.001 

Notes: The models in column (1) were estimated with a Poisson estimator. The models in columns (2)-(5) were 

estimated with OLS. Coefficient estimates are shown with robust standard errors in parentheses. 
*
, 

**
, 

***
 denote 

significance at the 10%, 5%, and 1% level, respectively. HDDS stands for household dietary diversity score. AE 

stands for adult equivalent. 
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CHAPTER 4 

Contributions of Market Purchases and Home Production to Seasonal 
Food Availability in Farm Households: Insights from Ethiopia 

 

Abstract 

In this study, we contribute to the food security literature by investigating the relative 

contribution of market purchases and own production to seasonal food availability in farm 

households. We use nationally representative survey data from Ethiopia and calculated daily 

per capita calorie consumption and household dietary diversity scores as indicators of food 

availability and dietary quality for each month in a full calendar year. We find that Ethiopian 

farmers extensively engage in selling and buying foods; most of them are net buyers of food 

commodities. A large number of farms lack food and could not cover their regular food needs 

from what is produced on-farm. Food purchases using money earned through agricultural 

sales and off-farm activities clearly stand out as the major source of food throughout all 

seasons. Households with insufficient food available rely more on own production as a source 

of food, while households with enough food available mostly rely on food purchases. We 

conclude that – in most cases – subsistence production cannot be the main or only source of 

food in smallholder farm households. Improving market access seems to be more important 

for improving nutrition. Hence, policies aimed at strengthening markets and improving off-

farm income opportunities for the rural poor should have high priority. 
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4.1. Introduction  

Despite significant progress in food production, providing healthy and sufficient food for all 

remains a big challenge (Foley et al., 2011). Today, the global scale of hunger and 

malnutrition is staggering: one in nine people continue to go chronically underfed every day 

meaning that she does not have access to sufficient calorie, and nearly one third of the world 

population is classified micronutrient malnourished which means that the intake of minerals 

and vitamins is too low to support a healthy life (IFPRI, 2016; FAO et al., 2015). In the sub-

Saharan Africa, majority of the undernourished people are smallholder farmers living in the 

rural areas of those countries (Barrett, 2010; Muller, 2009), most of whom are women and 

children. Although those farmers produce majority of the food supply, paradoxically they are 

the most undernourished rural people who are suffering from different facets of nutrition 

deficiencies (FAO, 2014; Herrero et al., 2010). Thus, it might not be astonishing that policy 

intervention against poverty and food insecurity in most developing countries primarily 

attempt to enhance the agricultural sector. Nevertheless, those policy interventions often fail 

(Erickson et al., 2009). The unsuccessful policy interventions generally underscore the 

fundamental role of agriculture in delivering sufficiently diverse food to the people who count 

on it the most. Achieving sustainable food access for all is a fundamental part of the post-

2015 United Nations Sustainable Development Goals (SDGs) (United Nations, 2015). 

So how can sustainable and adequately diverse food provisioning in farm households be 

realized? A complex question to answer, particularly as the disadvantaged smallholder 

farmers reside in remote and environmentally fragile areas of the developing world (FAO, 

2014). Recently, there are two main food provisioning strategies believed to directly benefit 

smallholder farmers and getting more research attention: more diverse on-farm food 

production for home use and market simulated food provisioning. Introducing additional 

crops and livestock species on smallholder farms is perceived as potentially promising 

strategy (Powell et al., 2015; Fanzo et al., 2013; Burlingame and Dernini, 2012). This is due 

to the fact that smallholder farmers consume a significant part of what they produce and 

hence farm diversity could boost diversity of food available from own production. Farm 

diversity is also acknowledged as environmental friendly and could enhance agroecological 
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sustainability (Luckett et al., 2015; Burlingame and Dernini, 2012; Frison et al., 2006; 

Deckelbaum et al., 2006). At the same time, others argue that strengthening markets might be 

more promising strategy to achieve sustainable food security in farm households (Sibhatu et 

al., 2015; Stifel and Minten, 2015; Hirvonen and Hoddinott, 2014). They argue that 

smallholder farmers, particularly in the sub-Saharan Africa, are already highly diversified and 

adding more species on top of it could be economically negative (Sibhatu et al., 2015; Sibhatu 

and Qaim, 2016); most smallholder farmers engage in market transaction (even in remote 

settings; Luckett et al., 2015) and are net buyers of food items (World Bank, 2007b); and the 

food markets and diets in those countries are transforming very fast (Qaim, 2016b; Tschirley 

et al., 2015), which calls for caution so that smallholder farmers not to be marginalized 

further. 

Moreover, recent findings suggest that several factors such as off-farm income and improved 

market access are essential for food availability in farm households (Frelat et al., 2016; 

Sibhatu et al., 2015). However, those studies are based on cross-sectional datasets and 

availability of food is not stable over time; it varies across agricultural seasons for example 

(Hassen et al., 2016; Hirvonen et al., 2015; Kearney, 2010). Evidences suggest that dietary 

diversity and calorie consumption vary across agricultural seasons (Hirvonen et al., 2015), 

and food purchases play an essential role in providing food to farm households (Luckett et al., 

2015). Nonetheless, we are not aware of a study on the seasonal variation and contribution of 

own production and market purchases from farm and off-farm incomes to seasonal food 

availability in farm households. Here, we aim to address this research gap by using unique 

seasonal data available from Ethiopia. Understanding how food sources and food availability 

vary across agricultural seasons could help to design sound policies that aim to improve food 

and nutrition security in developing countries.  

In particular, the objectives of this study are twofold. First, we examine how food purchases 

and own production in smallholder farm households vary across agricultural seasons. Second 

we assess the relative contribution of market purchases and on-farm food production to 

sufficient food availability and further analysis whether this effect varies across 

agroecological zones. Ethiopia was chosen because unique and nationally representative data 

collected in each month over a calendar year and suitable for the analysis is available. 
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Ethiopia is also uniquely interesting country that more than 80% of its population live in rural 

areas and practice seasonal rain-fed agriculture using traditional mode of production (CSA, 

2006). The big African country is also diverse in terms of culture and agroecology. 

The paper proceeds as follows. Description of the data and methodology employed is 

provided in the next section. In section three, the results and discusses are presented. The 

fourth section concludes the paper. 

 

4.2. Materials and Methods 

4.2.1. Agricultural seasonality in Ethiopia in brief 

Similar to many sub-Saharan countries, agriculture is the dominant economic activity in 

Ethiopia, particularly in terms of employment. Over 80% of Ethiopian workforce is engaged 

in predominantly subsistence-oriented agriculture mainly for domestic use, often combination 

of crop production and livestock herding. The country’s small-scale agriculture is largely 

dependent on two rainfall regimes, spring (belg) and summer (meher), The summer rains are 

concentrated between months of July and October, while the short spring rain occurs from 

March to May. The summer rain is the most important. Over 90% of crop cultivation in 

Ethiopia is carried out during this season (Taffesse et al., 2012). This implies that Ethiopian 

farmers strongly depend on single rainy season to produce food for an entire calendar year, 

which also makes Ethiopia a suitable example for seasonality study. In Ethiopia, agriculture is 

often affected by limited and erratic rainfall and frequent drought. 

In most agricultural areas in Ethiopia, a calendar year could be divided into four distinctive 

seasonal activities: growing season from July to September where most of annual crops are 

grown and extensive agricultural work is carried out; the harvest season from October to 

December where abundant food is available (Hirvonen et al., 2015); post-harvest season from 

January to April; and pre-growing season from May to June. The post-harvest season is 

characterized as a period of main crop sales and agricultural work abates, while the pre-

growing season is known as a period of food stock dwindles, livestock sales, and start of 

agricultural work.  
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Farmers in Ethiopia are highly diversified with a mix of various crops and livestock both for 

home consumption and sale (Sibhatu et al., 2015). In 2012, the average farm size reported 

was 1.8 hectares (FAO, 2015). In some agricultural areas, farmers also grow cash crops such 

as coffee, tea, sugarcane and chat. Outside farming, Ethiopian farmers involve in multiple off-

farm activities to complement to their small incomes. Off-farm income including wage 

earnings and enterprise income contributes up to one-fifth of rural income in Ethiopia 

(Bachewe et al., 2016). Remittance from family members in abroad and cities, and public and 

private transfer payments are also dominant source of income to the Ethiopian farm 

households as well (FAO, 2015; World Bank, 2011). 

4.2.2. Data source 

Data for the empirical analysis are taken from the 2010/11 Household Consumption and 

Expenditure Survey (HCES) in Ethiopia collected by the country’s Central Statistical Agency 

(CSA, 2012). The survey covered almost the entire country, except for some non-sedentary 

pastoralists in two administrative regions. The HCES is representative at national level and 

was carried out between July 2010 and June 2011. The HCES used stratified random 

sampling approach to select the respondents. The objective of this study is to compare the 

relative contribution of home produced foods and market purchases to food availability in 

agricultural households. In other words, we are particularly interested on farm households 

(head of households fully employed in agriculture) that at least some portion of their food 

comes from their own on-farm production. Hence, non-farming, observations with household 

head not self-employed in farming in the past 12 months and that had missing information for 

relevant variables are excluded. Additionally, we excluded households that did not report 

consumption of food from own on-farm production. This is to exclude urban farmers who 

own farms in rural areas and produce only non-food crops like coffee, tea and chat. They rely 

on market purchases for their food needs anyway. In the final analysis, we use 5755 

observations.  

Using structured questionnaire, detail information on food consumption and its sources were 

thoroughly collected during the previous 7-days recall period in each month in a calendar 
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year. The main advantage of data collected every month in a colander year is that it enables to 

capture seasonal information and allows for seasonality analysis.  

As food consumption was fundamental part of the HCES, food items and beverages 

consumed were collected using diary book from each household (every household member) 

by a carefully trained field enumerators and team leaders. Detailed list of all items consumed 

on daily basis was exhausted first on the diary book, and then household summary of every 

item consumed with its quantity was recorded in the main questionnaire. The sample 

households were also asked to specify the source for each food item consumed: whether from 

own production, purchased from farm income or purchased from off-farm income (including 

remittance from family members and public and non-profit organization transfer payments), 

which also provided motivation for this study. Kitchen balance scale was used to measure the 

quantity of the food items consumed. To minimize recall errors, each sample household was 

visited twice in the survey week (CSA, 2012). 

4.2.3. Measuring food availability 

There is no consensually agreed definition for food availability that we could locate in the 

literature. The literature does not also provide standard rule on how to measure food 

availability in developing countries. Here, we define food availability as the average annual 

actual quantity of food consumed at household level and supplied through own production or 

market purchases, or both channels. We utilize daily per capita calorie consumption and 

household dietary diversity score (HDDS) to measure food availability in this study. Both per 

capita calorie consumption (Frelat et al., 2016; Hengsdijk et al., 2014) and HDDS (Upton et 

al., 2016; Hirvonen et al., 2015; Headey and Ecker, 2013) are meaningful household level 

performance indicators for general food access and security in survey studies in developing 

countries. Frelat et al. (2016) have employed potential calorie availability per person per day 

as an indicator of food availability for sub-Saharan countries. Following this study, we 

employ actual daily per capita calorie consumption as an indicator of food availability in 

Ethiopia. It is calculated as:  

𝐶𝑎𝑙𝑜𝑟𝑖𝑒 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 =  
𝐸𝑜𝑐 + 𝐸𝑜𝑠𝑐 + 𝐸𝑜𝑠

𝐷 𝑥 𝑁ℎℎ
      [4.1] 
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where 𝐶𝑎𝑙𝑜𝑟𝑖𝑒 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 is daily per capita calorie consumption (kcal/capita/day), 𝐸𝑜𝑐 is 

total calorie consumed from own production (which we call it own production), 𝐸𝑜𝑠𝑐 is total 

calorie consumed from foods bought using farm income (we call it purchases from farm 

income), 𝐸𝑜𝑠  is total calorie consumption from money earned from off-farm activities and 

remittance and transfer payments (we call it purchases from off-farm income), 𝐷  is food 

consumption recall period (7 days in this study), and 𝑁ℎℎ is household size. The total calorie 

consumption per person at household level is calculated by summing up household calorie 

consumption from own production, purchases from farm income and purchases from off-farm 

income, and adjusted by the recall days and size of a household. 

An important concern in food sufficiency analysis is the minimum amount of calorie needed 

could easily be overestimated unless a methodology that accounts for food waste, processing 

losses and inedible portion is used. In the HCES dataset, both gross calorie (not adjusted for 

inedible portion) and estimated net calorie (adjusted for inedible portion) for every food item 

consumed is reported (CSA, 2012). Hence, in this study we utilize net calorie consumption 

per person per day at household level. The calorie calculation was based on Ethiopian 

composition tables (EHNRI and FAO, 1998). 

Hirvonen et al. (2015) suggested that per capita calorie consumption and HDDS should be 

employed together for a better food security analysis. HDDS is commonly recognized as a 

meaningful proxy for general food access and security, because diverse diet helps intake of 

balanced nutrients (Raul, 2003; Hoddinott and Yohannes, 2002). HDDS of foods consumed 

over 7 days is calculated at each month in a calendar year. Following FAO (2011) we use 12 

food groups in this study: cereals; white tubers and roots; legumes, legume products, nuts, and 

seeds; vegetables and vegetable products; fruits; meat; eggs; fish and fish products; milk and 

milk products; sweets, sugars, and syrups; oils and fats; and spices, condiments, and 

beverages.  

In addition, we calculate 9 food groups that include relatively healthy foods. We exclude food 

groups related to caffeine, oils, alcoholic beverages, sweets, sugars and syrups. This is 

important in nutritional perspective due to the fact that market access might also facilitate 

access for cheap but unhealthy foods if consumed in large quantity (Popkin, 2009). Unlike the 
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daily calorie consumption per person, the household dietary diversity score for all sources 

does not equal to the sum of the household dietary diversity scores of own production, 

purchases from farm income and purchases from off-farm income, as similar food group 

could be consumed across the different sources. 

To distinguish the level of sufficiency of food availability among the respondent households, 

we also adopt an approach used by Frelat et al. (2016) that the sample is divided into three 

classes of food sufficiency: insufficient (less than 1500 kcal/capita/day), enough food 

available (between 1500 and 2500 kcal/capita/day), and more than enough food available 

(greater than 2500 kcal/capita/day). As explained above, unlike Frelat et al. (2016) who 

estimated potential supply, we use direct estimates of household food consumption on the 

bases of actual amount of foods consumed over 7-day recall data. Hence, the cutoff point 

between the two upper levels of food availability is applied at 2500 kcal/capita/day, the daily 

calorie need of an adult male (Frelat et al., 2016). This is slightly higher than the estimated 

national gross calorie consumption (2380 kcal/capita/day) in 2011 (CSA, 2012). We apply the 

three food sufficiently levels to explain the relative contribution of purchased and on-farm 

produced foods to household food sufficiency. Based on the calorie sufficiency classification 

approach we used, HDDS is also divided in to three classes.  

4.2.4. Statistical analysis 

Mean daily per capita calorie consumption and household dietary diversity score 

disaggregated by foods from own production, farm income, and off-farm income is computed. 

The results are displayed mainly in graphs and diagrams. A one-way ANOVA test is 

preformed to assess differences among categories whenever necessary.  

The following regression model is also employed to assess seasonal and agroecological 

influence on the food sources. 

𝑁𝑖 = ß0  + ß1𝑋𝑖 + 𝑣𝑖         [4.2] 

where Ni stands alternatively for per capita daily calorie consumption, and household dietary 

diversity score of a farm household i. Calorie consumption and dietary diversity are affected 

alternatively by seasonal and agroecological variables (Xi). ß0 − ß1  are coefficients to be 
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estimated. 𝑣𝑖  is a random error term. Standard Ordinarily Least Square (OLS) regression 

estimation is utilized for the estimation. The coefficients of the OLS regression could directly 

be interpreted as marginal effects. Robust standard errors are included in the analysis to 

account for possible heterogeneity (Greene, 2012). In the HCES, agroecology is classified in 

to four zones: highland, moderate, lowland and urban. 

 

Table 4. 1: Descriptive statistics 
Variable Mean Std. Dev. 

Food availability indicators 

     HDDS of all foods (12 food groups) 6.81 1.68 

     Calorie from all foods (kcal/capita/day) 2177.63 1694.28 

Agroecological zones* 

    Highland agroecology (Yes=1, Otherwise=0) 0.15 0.36 

    Moderate agroecology (Yes=1, Otherwise=0) 0.34 0.47 

    Lowland agroecology (Yes=1, Otherwise=0) 0.36 0.48 

    Urban agroecology (Yes=1, Otherwise=0) (reference) 0.15 0.36 

Agricultural Seasons 

     Harvest: October-December (Yes=1, Otherwise=0) (reference) 0.24 0.43 

     Post-harvest: January-April (Yes=1, Otherwise=0) 0.28 0.45 

     Pre-growing: May-June (Yes=1, Otherwise=0) 0.22 0.41 

     Growing: July-September (Yes=1, Otherwise=0) 0.32 0.47 

Number of Observation 5755 

Notes: HDDS is household dietary diversity score. * - We use agroecological classification as it is designed in 

the HCES: highland, moderate, lowland and urban conditions. 

 

 

4.3. Results and Discussion 

4.3.1. Descriptive statistics 

Table 4.1 shows average dietary diversity score and daily calorie consumption per person at 

household levels. On average (12 months’ average), 6.8 food groups and 2177.8 kcal per 

person per day at household levels are scored. The average household dietary diversity score 

and calorie consumption are reasonable for the Ethiopian rain-fed farmers, as the calorie 

intake at the poverty line in sub-Saharan Africa is estimated to be 2100 kcal per person per 

day (van Wesenbeeck et al., 2009; Ravallion, 1994). Similar number of food groups’ 
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consumption was also observed in Ethiopia in Sibhatu et al. (2015) and Hirvonen et al. 

(2015). Close to 36% of the respondents reside in lowland agroecological conditions and 34% 

in moderate areas, and the rest in highland and urban conditions. In the following sub-

sections, we present analysis of the seasonal variation and contribution of own production of 

food, purchases of food from farm income and purchases of food from off-farm income to 

food availability in smallholder farm households. 

4.3.2. Seasonal market purchases and own on-farm production  

Seasonality could determine food availability in smallholder farm households, particularly 

farmers in Ethiopia where mostly rely on unimodal rainfall to produce their annual food 

needs. In this section, we examine how food availability and their sources change across 

agricultural seasons. Figure 4.1(A) displays average daily per capital calorie consumption 

categorized by the food sources at each month in a calendar year. Food consumption from 

own on-farm production is further categorized into to the part directly consumed at home 

(own production) and the part purchased from farm income. Across the whole year, off-farm 

income clearly stands out as the most important food source; about 70% of calorie 

consumption comes from food purchases using off-farm income. The food sources where 

farmers get their food slightly vary within the calendar year, which could be related to the 

seasonal nature of agricultural production. There is a clear tendency to shift away from 

purchased foods during the months of November, December and January. This is not 

surprising because in most agricultural areas of Ethiopia those months constitute harvesting 

season and are characterized by abundant food availability from own production. It might not 

also be surprising that the highest per capita calorie consumption is scored in the month of 

October (2403.0 kcal/capita/day) where the harvesting season starts. Some early maturing 

varieties of teff and maize are harvested in October. However, in January post-harvesting 

season starts and extensive farm works abate, hence, lower calorie consumption could be 

expected. Another explanation for the lower energy consumption in January might be because 

marriage ceremonies and feasts are predominantly carried out in January that many people 

travel and eat outside their homes. From April, calorie consumption from off-farm incomes 

starts to rise and reaches high in August, one of the lean months. By contrast, calorie 

consumption from own production decreases slightly. The relatively higher calorie 
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consumption in the lean season (June, July and August) could be to compensate the extensive 

farm works.  

 (A)

(B)

 

Figure 4. 1: Seasonal household calorie consumption and dietary diversity score 

categorized by food sources 
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Figure 4.1(B) plots the diversity of foods consumed from market purchases and home 

production for each month. Two clear seasonal patterns stand out here. First, consistent with 

calorie consumption, the diversity of purchased foods consumed is much higher than the 

diversity of foods consumed from own production throughout the year. Interestingly, the 

diversity of foods purchased from the market using farm income is greater than the diversity 

of foods consumed directly from own production. Second, household seasonal calorie 

consumption is strongly corrected with the diversity of food groups consumed from purchases 

(correlation coefficient 0.40 and p=0.000). Diversity of food is an important facilitator for 

balanced nutrients intake. During the lean season (from April to August where the stock of 

foods from own production declines), dietary diversity from off-farm income slightly 

increases. Generally, cash income from farm sales and off farm income seem the core 

elements for farm households’ food availability, not own production. 

 

 

Figure 4. 2: Average household dietary diversity score of healthy foods categorized by 

food sources 
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Interesting feature to observe in Figure 4.2 is that the diversity of relatively healthy foods 

purchased from market is three times higher than that of from own production. This implies 

that food purchases not only improve food availability in terms of calorie consumption, but 

also improves the diversity of healthy foods consumed by farm households. 

4.3.3. Contribution of market purchases and home production for sufficient food 

availability 

In this section, we examine the relative contribution of market purchases and on-farm 

production for household sufficient food availability. Figure 4.3 shows average contribution 

of purchases and own on-farm production for household food sufficiency. The average 

contribution of the three food sources varies from households with insufficient food available 

to those households with more than enough food available. In the households with insufficient 

food available (<1500 kcal/capita/day), 25.4% of calorie consumption comes directly from 

own production, while the 35.7% is from cash income generated using sales of farm products 

and exchanged for food in market. Whereas, in households with more enough food available 

(>2500 kcal/capita/day) the larger proportion of calorie consumption (82.9%) comes from 

purchases from off-farm income. Consumption of food directly from own on-farm production 

constitutes only 6.7% in those households. The result is consistent with the food availability 

expressed in terms household dietary diversity score (Figure 4.4).  
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Figure 4. 3: Contribution of own production, purchases from farm income, and 

purchases from off-farm income to household food sufficiency. 
Notes: Calorie consumption measures food availability. Out of 5755 households, 43.2% have insufficient food 

available (<1500 kcal/capita/day), 28.8% enough food available (1500-2500 kcal/capita/day) and 27.9% more 

than enough food available (>2500 kcal/capita/day).  

 

Generally, the results suggest that the farm households cannot secure their daily food needs 

from what they produce; they obtain larger proportion of their food from market. Still 

contribution of on-farm production of foods for food availability is relatively more in 

households with insufficient food available, but cannot meet their food needs for the whole 

year. Households’ access to market is very indispensable for sufficient food availability. 

Evidently, foods purchased from off-farm income and agricultural sales are more essential for 

food sufficiency for households with higher food available. There is a tendency to shift away 

from on-farm to off-farm as main source of food when the relative food sufficiently increases 

among the sample households. The contribution of own on-farm production substantially 

declines as the level of food sufficiency increases. By contrast, the contribution of food 

purchases becomes considerably important. To put it in other words, households who 

relatively rely more on own production tend to depend less on market purchases using cash 

generated from off-farm activities. Interestingly however, those households seem to suffer 

from insufficient food availability. Hence, food sufficiency is achieved mostlikely when more 
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and diverse foods can be purchased from the market, not when relying more on own 

production of food for own use. It seems that the realistic pathways through which food 

security could be improved in farm households in Ethiopia is through better market access 

avenue not through subsistence.  

 

Figure 4. 4: Contribution of own production, purchases from farm income, and 

purchases from off-farm income for households’ diverse food availability  
Household dietary diversity score (HDDS) measures food availability.  
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shown in columns (1-4) of Table 4.2. Agroecological conditions where farm households live 

also matter from which food sources to rely more. In the HCES, agroecology is classified in 

to four zones: highland, moderate, lowland and urban. Here, the urban zone is taken a 

reference. Farmers from the highland, moderate and lowland agroecological zones consume 

fewer calories driven from purchases using off-farm income. For example, Column (4) shows 

that households living in moderate and lowland agroecological zones consume 459.9 

kcal/capita/day and 467.5 kcal/capita/day less from purchases using off-farm income than 

those who reside in urban agroecological condition, respectively. Households located outside 

cities and towns relatively consume more from own production, both through farm to plate 

and through exchanging farm products to food in market. This implies that relatively farmers 

located outside urban and town areas rely more on farming to get food.  

With regard to agricultural seasons, where harvesting season is taken as a reference in the 

estimation, the association varies among seasons and sources. Overall, farmers consume more 

energy in the growing season than in the harvesting although abundant food expected to be in 

the latter. As explained above, this could be due to extensive farm works in the growing 

season. However, food purchases provide more calorie than home production in general 

(Figure 4.4). The food provisioning pathways, from own production and purchases farm 

income contribute less in the growing season than in the harvesting season, which one would 

have expected in lean seasons.  

As Columns (5-8) of Table 4.2 show, the result when food availability is measured using 

calorie is consistent with the results when food availability is expressed in terms of the 12 

food groups, even in most cases, the effect is more pronounced and significant. As one would 

expect, more attractive off-farm employment and properly functioning markets are found in 

cities and towns than in rural areas. Evidently, the findings justify that farmers in urban areas 

and small towns substantially depend on foods purchases to meet their food needs. 
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4.4. Conclusion and Policy Implication 

Despite significant progress in food production, providing diverse and sufficient food to farm 

households in developing countries remains a staggering challenge, particularly to those who 

rely on single rainy season to produce their annual food. In this paper, we have analyzed how 

food sources, specifically market purchases and own on-farm production, contribute to food 

availability across agricultural seasons in farm households. We use a nationally representative 

survey data from Ethiopia as an example. We calculate actual daily per capital calorie 

consumption and household dietary diversity scores as indicators of food availability for each 

month in a calendar year. Food consumption from own on-farm production is also further 

categorized into the part directly consumed at home (from farm to plate), and the portion sold 

to the market and exchanged for food. 

We have shown that farmers in Ethiopia extensively engage in selling and buying foods and 

are net buyers of food commodities. Unacceptably, large number of them is food insecure and 

cannot cover their daily food needs from what they produce on-farm across all agricultural 

seasons. Although there is a tendency to shift away from purchased foods during the 

harvesting season, but off-farm income seems to be the primary source of food to Ethiopian 

farm households for an entire calendar year. We have also shown that on-farm production 

relatively contributes more (both for direct consumption and farm sales) to food availability 

for households without sufficient food available. By contrast, households with sufficient food 

available, increasingly consume what they do not produce which was reflected with 

substantially more consumption of calorie from foods purchased using money generated by 

off-farm activities. Direct consumption of foods from own production is very small among 

households who enjoy sufficient food. Geographically, farmers in cities and towns seem to 

enjoy the benefits of off-farm income opportunities and utilize it to meet their food needs. 

Now, the question is what is the best pathway to utilize for fighting against food insecurity 

and for sustainable provisioning of sufficient food in smallholder farm households who live in 

the rural areas of the developing world? That is, should policy makers promote for more 

subsistence through on-farm diversification or making famers fit to the market? Our 

suggestion is to promote for strengthening markets and making farmers fit to it, but not a 
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panacea. First, in this study, we have shown that smallholder farmers extensively engage in 

market transaction and major portion of their food comes from purchases, a portion probably 

cannot be substituted by own production. We have also shown that households who 

substantially depend on own production are food insufficient or insecure. At the same time, 

farmers who depend on off-farm income enjoy sufficient and more diverse foods. Second, in 

our previous studies (Sibhatu et al., 2015; Sibhatu and Qaim, 2016) we found out that the 

contribution of on-farm production diversity to dietary diversity is very small. We also 

discovered that small farms in developing counters are already highly diversified and small in 

size. In Ethiopia, for example, a farm with as total land size of 1.6 hectares keeps ten different 

crop and livestock species and adding more species on top of that negatively affect dietary 

diversity (Sibhatu et al., 2015). We also demonstrated that the potential diversity of food that 

could be obtained from highly diversified farms is very small in comparison to what farmers 

actually purchase and consume from markets (Sibhatu and Qaim; 2016), which is very 

consistent with the current study. Furthermore, for production diversity to work there should 

be an economic motive. Although it needs more research, markets stimulate farm 

diversification could probably associate with higher income as was observed in our study in 

vegetable farmers in Kenya (Sibhatu and Qaim, 2016). 

Therefore, we conclude that on-farm production might be important, especially to households 

with insufficient food available. However, markets access is critically essential for food 

security in smallholder farm households residing in the rural areas of the developing world. 

The argument that small farms in developing countries should rely on increasing on-farm 

production diversity to sustainably enhance food security is too extreme. Rather, the primary 

avenue to lift poor farmers out of food insecurity and malnutrition is strengthening market 

accesses and integration than promoting for more farm diversity for subsistence use. Policies 

should be steered towards making markets and enhancing off-farm income sources to the 

rural areas of developing countries. The implication of our study could also be applicable to 

other developing countries. That is, policy makers in areas that share similar agroecological 

and social structures with Ethiopia could use this information to design food security plans in 

agricultural households. Finally, we note that farmers also need cash to cover expenses for 

instance clothing, health and school fees, which we do not address here. 
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CHAPTER 5 

Conclusion 

 

5.1. Main Findings 

Through agricultural modernization, considerable progress has been made in food production 

over the last century. Despite this progress, providing sufficient and nutritiously diverse food 

for all remains a complex global challenge. Together, under-nourishment, micronutrient 

malnutrition and over-nourishment currently affect more than half of the world population. 

Nutritional deficiencies are the underlying cause for a large health burden in terms of lost 

productivity, impaired physical and mental human development, susceptibility to various 

diseases, and premature deaths, particularly in developing countries. Nutritional deficiencies 

and food insecurity are not only the result of low food quantities consumed, but also of poor 

dietary quality and diversity. Given that hunger and malnutrition are still widespread 

problems in many developing countries, where smallholder farmers are the main actors of 

food supply and paradoxically suffer most from nutrition related problems, the question on 

how to make smallholder agriculture more nutrition-sensitive is of high relevance for research 

and policy. Eradicating malnutrition in all its forms is a fundamental part of the post-2015 

United Nations Sustainable Development Goals (SDGs). 

In this dissertation, we have contributed to the literature by analyzing the link between 

production and consumption diversities in farm households. We have also analyzed how other 

factors, particularly market access, may influence the relationship between production and 

dietary diversity more generally. Using different indicators, we tested the robustness of 

previous studies. The relative contribution of market purchases and own production to food 

availability in small farm household across agricultural seasons was also examined. Calls for 

higher diversity of farm production to improve nutrition in smallholder households are widely 

heard in the international policy debate, but many of the underlying assumptions have not 

been tested rigorously. By using large datasets from various countries and diverse conditions 

we have addressed this shortcoming and are able to draw some broader conceptual and 

empirical lessons that go beyond case-study evidence. 



Chapter 5 83 

 

 

While a positive link exists between farm diversity and dietary diversity in many situations, 

the effect is generally small and not significant in all cases. Our findings have also shown that 

smallholder access to agricultural markets and off-farm employment have positive effects on 

dietary diversity. These market effects are larger than those of increased production diversity 

in most cases. Comparisons show that more commercialized farm households that produce 

cash crops for the market typically have more diverse diets than subsistence farm households. 

Households with higher cash incomes are capable to buy more diverse foods from the market. 

The diversity of foods consumed from market purchases cannot be fully substituted through 

diverse subsistence production. While improved market access often provides incentives for 

farmers to specialize, actual outcomes depend on many factors, not all of which were 

analyzed here. Where properly functioning markets for various commodities exist, 

commercial orientation of farms and high levels of production diversity are not necessarily a 

contradiction. This also needs to take into account institutional and cultural aspects at the 

local level. Promoting production diversity may help in some situations. But our results 

suggest that increasing on-farm diversity among smallholders is not always the most effective 

way to improve dietary diversity. 

To test the robustness of these findings, we used different indicators of production and 

consumption diversity. When measuring farm diversity in terms of a simple count of crop and 

livestock species produced, we found a small, positive relationship with household dietary 

diversity. This small positive effect also remains when using other indicators of dietary 

quality, such as household consumption levels of calories and micronutrients. While dietary 

diversity scores are not a perfect predictor of specific nutritional deficiencies, they seem to 

work well in terms of capturing broader aspects of dietary quality in farm households. This is 

a welcome finding, because the calculation of dietary diversity scores requires less data than 

the calculation of nutrient consumption levels. We also tested the sensitivity of results with 

respect to changes in the production diversity indicator. When using production diversity 

scores instead of a simple species count, the effect on dietary quality gets smaller, in many 

cases it turns insignificant. This is an interesting finding. The production diversity score 

measures the number of different food groups produced on a farm, so one could have 

expected the effect on the number of food groups consumed in the farm household to be 

stronger. The fact that this is not the case suggests that the subsistence pathway is not the 
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main mechanism underlying the production-consumption relationship. Cash income generated 

from agricultural sales seems to be a more important pathway contributing to improved 

dietary quality. Additional model estimates confirmed a significant positive association 

between agricultural cash revenues and dietary quality, measured either in terms of dietary 

diversity scores or nutrient consumption levels. 

We have also shown that market access is more important for farm household nutrition than 

production diversity per se. Our data show that own production typically accounts for only a 

small proportion of the different food groups consumed in farm households; the larger 

proportion is purchased from the market. Diversifying the farm production portfolio such that 

more food groups were produced would foster subsistence, reduce cash incomes, and thus 

rather worsen dietary quality. Indeed, we have shown that a larger number of food groups 

produced on a farm is often negatively associated with agricultural cash revenues. This does 

not mean that farm diversity is bad. But the type of diversification should follow market 

incentives, building on farmer’s comparative advantage, rather than trying to maximize the 

number of food groups produced. Our results clearly suggest that diversifying into cash crops 

can help improve diets through the income pathway. 

Finally, using nationally representative survey data from Ethiopia and calculating daily per 

capita calorie consumption and household dietary diversity scores as indicators of food 

availability and dietary quality for each month in a calendar year, we have shown that farmers 

extensively engage in selling and buying foods. Many of the farms are net buyers of food. A 

large number of farm households is food insecure and cannot cover their daily food needs 

from what they produce on-farm across all agricultural seasons. Although there is a tendency 

to shift away from purchased foods during the harvesting season, off-farm income clearly 

stands out as the primary economic activity to secure food across the different seasons. 

Interestingly, households with insufficient food availability rely more on own farm 

production as a source of food, while households with enough food rely more on market 

purchases. Direct consumption of foods from own production is very small among households 

that enjoy access to sufficient food. The analysis shows that the contribution of market 

purchases and own production varies across agroecological and geographical zones. For 
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farmers with better infrastructure conditions, off-farm income plays a larger role to meet their 

food needs. 

 

5.2. Policy Implications 

Putting the findings from the three essays together, we draw important conclusions and derive 

a few policy recommendations. In contrast to what is often assumed, increasing on-farm 

diversity is not always the most effective way to improve dietary diversity in smallholder 

households. The common assumption that higher farm production diversity is always 

conducive for household nutrition therefore needs adjustment. The most suitable policy mix 

to improve nutrition in smallholder farm households will vary from case to case. However, 

from a nutrition perspective, improving market access is more important than farm 

diversification as such. If diversification helps to increase household income, it will 

contribute to better nutrition. Otherwise, diversification can also be counterproductive from a 

dietary quality perspective. 

Own production still plays an important role, especially for poor households with insufficient 

food available. However, market access is essential for food security and consumption of 

diversified diets. The argument that small farms in developing countries should primarily rely 

on increasing production diversity to sustainably enhance food security implicitly means 

conserving subsistence farming. However, subsistence farming is closely associated with 

poverty, vulnerability, and undernutrition. The primary avenue to lift poor farmers out of 

poverty and food insecurity is strengthening market accesses. It is unlikely that home 

production can be the primary avenue for sustainable food provisioning in smallholder farm 

households. Therefore, policies should be steered towards making markets more accessible 

and enhancing off-farm income opportunities for the rural poor. Beyond the food needs, farm 

households need cash income also to cover expenses for clothing, health, education, and other 

basic needs. 

It should be stressed that our results refer to the individual farm level. At higher scales 

(villages, districts, provinces, countries etc.) sufficient diversity is important, because 
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affordable access to diverse foods from the market certainly requires that somebody produces 

these foods. This means that policy biases towards only a small number of staple foods – as 

often observed in the past – need to be rectified. If markets and technologies exist for a wide 

range of products, food systems will become more diverse, even without every farmer having 

to maximize diversity on her own farm. 

 

5.3. Limitations of the Study and the Way Forward 

By using large datasets from various countries and diverse conditions we are able to draw 

some broader conceptual and empirical lessons that go beyond case-study evidence. However, 

our research is not without limitation and leaves a number of questions unanswered. For 

future inquiry, we highlight some of them. 

First, the first two essays build on cross-sectional datasets and our interest is mere association 

analysis; we do not claim causality. Some of the variables are endogenous. We suggest that 

the estimation results should not be overinterpreted in a causal sense. Using panel datasets 

and econometric models that control for unobserved heterogeneity are important avenues for 

future research, to test the robustness of the results and provide further insights on causal 

chains. 

Second, for comparisons across countries it is advantageous that all the relevant data on farm 

production and household food consumption were collected using the same survey format. 

We employed different robustness checks and used country dummies and robust standard 

errors to account for regional heterogeneity. Thus, we were able to pool the data for some of 

the analyses, in addition to looking at each country separately. However, in the first essay we 

have combined data from specific regional settings within countries with nationally 

representative surveys. Data from specific settings have their problems in terms of wider 

external validity. It is therefore recommended that future studies should seek to utilize 

nationally representative datasets whenever possible. 

Third, our study uses 7-day recall consumption information at the household level. Although 

such information can serve to generate indicators of dietary diversity and general food access 
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for households, it might not be an accurate indicator of the nutritional status of individual 

household members. In order to better understand the relationship between production 

diversity and nutrition at the individual, future studies should collect consumption 

information at individual level. In addition to individual-level food frequency surveys, the use 

of anthropometric data would also be a plus. 

Finally, we note that our study did not consider all implications of production diversity. For 

instance, farm diversity can have an important environmental component, which was not the 

focus of this study. We have considered production diversity only from the perspective of 

nutrition and diets. Hence, more research is required to better understand how agriculture and 

food systems can be made more nutrition-sensitive from a broader sustainability perspective. 
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