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Abstract  

There is rising concern that the ongoing wave of urbanization will have profound effects on eating 

patterns and increase the risk of nutrition-related non-communicable diseases. Yet, our understanding 

of urbanization as a driver of changes in food consumption remains limited. Data from the Tanzania 

National Panel Survey, which tracked out-migrating respondents, allow us to compare individuals’ 

dietary patterns before and after they relocated from rural to urban areas and assess whether those 

changes differ from household members who stayed behind or moved to a different rural area. Our study 

shows that moving to an urban area does not have any significant effect on the intake of fats, animal-

source foods, and dietary diversity. However, individuals who moved to urban areas do experience a 

more pronounced shift away from the consumption of traditional staples, and towards high-sugar, more 

conveniently consumed and prepared foods. These effects occur across the whole spectrum of urban 

locations, ranging from smaller secondary towns to large cities. Further exploring the factors underlying 

these changes in dietary patterns upon moving, we demonstrate that – depending on the food category 

considered – a substantial part of the impact of relocating to an urban area is related to the transition out 

of farming, differences in food prices, and especially income changes. The latter appears to explain the 

more pronounced growth of unhealthy food consumption after rural-urban migration. As such, health 

concerns over diets can be expected to spread to less-urbanized areas as soon as income growth takes 

off there. Our findings call for more in-depth research on the extent and consequences of changes in 

diets related to living in more urbanized areas that may contribute to improved projections on food 

demand and help to improve health and food and nutrition security policies as well as agricultural and 

trade strategies. 
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1. Introduction 

Until recently, researchers and policy makers mainly focused on the problem of food insecurity and 

undernutrition in rural areas (e.g. Bloem and de Pee, 2017; Crush and Frayne, 2010; Mohiddin et al., 

2012). Yet, the rising awareness that developing countries are now increasingly suffering from the 

“double burden of malnutrition”, with under- and overnutrition occurring simultaneously, and the fact 

that the prevalence of overweight appears to be higher and rising more rapidly in urban areas warrants 

adding an urban focus (Ruel et al., 2017).  

Urbanization – the shift from a population that is dispersed across small rural settlements in which 

agriculture is the dominant economic activity towards one where the population is concentrated in larger, 

dense urban settlements (Montgomery et al., 2004) – is increasingly put forward as a crucial determinant 

of changing dietary patterns. It is considered as one of the driving forces behind the “nutrition 

transition”, giving rise to and accelerating profound shifts in diets, physical activity and the prevalence 

of several nutrition-related non-communicable diseases. More specifically, while part of the urban 

population faces food insecurity, other subpopulations are hypothesized to suffer from dietary excess 

and obesity as a consequence of more sedentary lifestyles and the transition towards diets high in sugar, 

fats and refined foods, but low in fibre (e.g. Doak et al., 2005; Hawkes, 2006; Popkin, 1999; 2001). 

However, whether and how these patterns are linked to urbanization remains poorly understood. With 

sub-Saharan Africa currently in the midst of a wave of rapid urbanization and more than 55 % of its 

inhabitants projected to be living in urban areas by 2020 (UN, 2015), a better understanding of how this 

may change diets is necessary to develop appropriate policies for agriculture, trade and for improving 

health and food and nutrition security. 

This growing urban population is the result of natural urban population growth, the reclassification of 

previously rural areas into urban ones and rural-urban migration (McGranahan and Satterthwaite, 2014). 

While there is substantial geographical variation, on average, migration accounts for about a quarter of 

total urban growth in Africa (World Bank, 2008). Rural-urban migrants, however, constitute a 

particularly interesting group to study as, with the right data, we can observe the diet of the same 
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individual in two different environments. Using data from the Tanzania National Panel Survey (TNPS) 

for 2008/09 and 2012/13 that traced household members who migrated throughout this period, we aim 

to study the extent to which changes in the structure of diets may be attributable to moving to an urban 

environment and explore what this could imply for the wider debate on urbanization and dietary change. 

This paper makes several contributions to the literature. First, the majority of research on urbanization 

and dietary change is based on cross-sectional comparisons of rural and urban diets. This approach has 

limitations, as urban and rural populations may differ in many more respects than only the environment 

they reside in. The panel nature of the data we use, and the tracking of individuals that moved to new 

locations allow us to go much further in addressing selection than earlier studies. More specifically, we 

are able to compare migrants’ dietary patterns before and after they relocate from rural to urban areas 

and assess how this differs from those who did not move over the same period. Since we observe 

households in which some individuals migrate and others do not, we can restrict the difference-in-

differences comparison to those originating from the same rural baseline household, thus obtaining 

estimates that are purged of observed or unobserved heterogeneity across migrant and non-migrant 

families.  

Secondly, while there is a growing recognition that urban areas form a continuum ranging from small 

towns to major cities (e.g. Christiaensen and Kanbur, 2017; Satterthwaite, 2006), little attention has been 

paid to the role these different types of urban environments play in stimulating dietary change. We 

extend existing analyses by moving beyond the (administrative) rural-urban dichotomy and explore the 

heterogeneity of our results by type of urban destination and population density. 

Finally, the literature has put forward potential reasons as to why rural and urban food consumption may 

differ, ranging from increases in income and changes in relative prices, to different lifestyles and 

exposure to more global eating patterns (e.g. Crush et al., 2011; Hawkes, 2008; Popkin, 1999). Yet, the 

validity of these hypotheses and the relative importance of the different mechanisms has not been tested 

empirically. We aim to contribute to explaining how urbanization may affect dietary patterns by 

exploring the role of the transition from a farming to a non-farming household and changes in income 
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and food prices as underlying mechanisms through which moving to an urban area affects food 

consumption. 

Overall, the evidence presented in this paper confirms that, for the same individual, eating patterns 

depend on whether one resides in an urban or a rural area. The results demonstrate that in comparison 

to household members who remained in their original rural villages, those relocating to urban areas 

experience a stronger shift away from traditional staples and towards more conveniently consumed, 

high-sugar or prepared foods. However, several other trends that are commonly associated with 

urbanization are not reflected in our results. In particular, there is no evidence of a significantly different 

change in the consumption of oils and fats. Also, moving to an urban area does not appear to contribute 

to higher intake of more nutritious food groups, such as animal-source foods and fruits and vegetables, 

nor to improved dietary diversity. We find similar, though smaller, changes when migrating to secondary 

towns versus larger cities. In addition, most of the differences appear to be independent of the 

administrative classification into rural or urban and are confirmed when focusing upon population 

density estimates instead. Further exploring the factors underlying these changing dietary patterns, we 

demonstrate that – depending on the food category considered – a substantial part of the impact of 

relocating to an urban area is related to no longer residing in a farming household, differences in food 

prices, and especially income changes.  

The remainder of this paper is organized as follows. The second section briefly discusses how 

urbanization may interact with different determinants of food consumption and reviews the available 

empirical evidence. Next, we discuss the food environment in Tanzania and the country’s relevance as 

a case study for this particular topic. The data and methodology are described in Section 4 and Section 

5 respectively. The main results are discussed in Section 6. Section 7 explores the heterogeneity of the 

results across the urban landscape. In Section 8, we present the results of our analysis of the importance 

of different mechanisms and Section 9 concludes. 

 

2. Urbanization and food consumption 
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Urbanization interacts with several key determinants of food consumption. As it tends to coincide with 

a movement out of agriculture, it is likely that more people become employed in sectors with lower 

energy requirements (Deaton and Dreze, 2009; Ntandou et al., 2008; Sobngwi et al., 2001). This 

transition out of (smallholder) farming would also imply that own-production and food consumption 

choices become less closely linked (Huang and Bouis, 2001). Moreover, the more distinct separation of 

living and work location, combined with improved (female) labour market opportunities and longer 

commuting distances in urban areas are assumed to raise the opportunity costs of time spent on acquiring 

and preparing food and induce greater preferences for more conveniently consumed and (pre-)prepared 

foods (Bourne et al., 2002; Huang and Bouis, 2001; Huang and David, 1992; Regmi and Dyck, 2001). 

In addition, smaller living spaces and lack of storage and cooking facilities could contribute to increased 

reliance on foods requiring less or no preparation (Gollin and Goyal, 2017).  

Changes in food consumption may be further facilitated by the fact that urban areas are characterized 

by markedly different food supply environments, affecting the availability and price of food items. 

Options for eating outside of the house or buying processed or prepared food are, for example, likely to 

be more abundant and more varied in urban areas, where minimarkets, supermarkets and fast food chains 

are more present and food-manufacturing sectors are often based nearby (Hawkes, 2008; Nickanor et 

al., 2017). Rural markets also tend to be less integrated with national and international markets and 

characterized by imperfect competition, ultimately leading to higher marketing margins (Bergquist, 

2017; Moser et al., 2009; Osborne, 2005). Urban prices of imported or processed food items are therefore 

likely to be lower. Domestically produced food items on the other hand, could be less widely available 

and more expensive in cities that are located farther from production areas. Overall, it is assumed that 

the relative prices of traditional food items will differ in urban areas and that new items will be added 

to the mix.  

In addition, urbanization is commonly associated with increases in wealth, which in turn can be expected 

to significantly change dietary patterns (Regmi and Dyck, 2001; Kearney, 2010). Stage et al. (2010: 

204) even hypothesize that “the difference between urban and rural households’ patterns of food 

consumption is not caused by urbanization and cultural change but income differences”. 
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Finally, urbanization is believed to have profound effects on the socio-cultural food environment. 

Several authors argue that changes in preferences and habits arise in urban areas as a consequence of 

greater exposure to more global eating patterns, modern mass media or of improved access to formal or 

informal nutrition knowledge in urban areas (Bosu, 2014; Dapi et al., 2007; Huang and Bouis, 2001; 

Kearney, 2010; Regmi and Dyck, 2001).   

A substantial literature has looked into the relation between urbanization and food consumption, 

applying different approaches. At cross-country level, Huang and David (1993) and Rae (1998) estimate 

demand system models on aggregate time series data for Asia and find that urbanization decreases the 

consumption of coarse grains and raises the consumption of wheat and animal source foods. Drenowksi 

and Popkin (1997) and Popkin (1999) regress the share of energy derived from different types of food 

on the proportion of the population living in urban areas and find that urbanization is positively related 

to the consumption of sweeteners and fats. Studies based on within-country time series data similarly 

show that rising levels of urbanization were associated with changes in cereal consumption patterns in 

Burkina Faso, Mali (Delgado, 1989) and a number of Asian countries (Huang and David, 1993). 

Complementing these, there are several micro-studies, giving insight into these patterns at lower levels 

of granularity. They mostly refer to cross-sectional comparisons of rural and urban diets, based on 

detailed survey data on household or individual food consumption. Research from Asia points to 

elevated levels of meat consumption, lower grain consumption, more fats and refined carbohydrates 

(e.g. Popkin, 1999; Huang and Bouis, 2001; Shetty, 2002; Mendez and Popkin, 2004; Zhai et al. 2009) 

and increased likelihood of eating meals away from home (Zheng and Henneberry, 2009) in urban areas. 

Urban diets are also found to be more diverse (Popkin and Du, 2003; Arimond and Ruel, 2004). 

Comparable patterns were documented for countries in Latin America and the Caribbean (Arimond and 

Ruel, 2004; Willaarts et al., 2013). 

Studies comparing rural and urban patterns of food consumption in sub-Saharan Africa similarly suggest 

that urban diets are more diversified (De Nigris, 1997; Ruel and Garrett, 2004; Smith et al., 2006; Steyn 

et al., 2012 Vorster et al., 2005) and depend less on traditional, coarse grains and starchy staples (Bourne 

et al., 2002; De Nigris, 1997; Kennedy and Reardon, 1994; Smith et al., 2006; Worku et al., 2017). 
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Available evidence also points to increased consumption of rice and processed cereal products including 

bread (Kennedy and Reardon, 1994; Maxwell et al., 2000; Reardon, 1993), higher intakes of sugar 

(Steyn et al., 2000; Steyn et al., 2012) and fats (MacIntyre et al., 2002; Peer et al., 2013; Steyn et al., 

2012; Vorster et al., 2011; Worku et al., 2017) among urban residents, as well as a stronger reliance on 

street foods (Maxwell et al., 2000; Maruapula et al., 2011). While there is some evidence of higher fruit 

and vegetable consumption in urban areas in sub-Saharan Africa, the differences appear to be modest 

(Ruel et al., 2004; Okpechi et al., 2013; Worku et al., 2017). Findings with regards to the consumption 

of animal source foods are mixed (De Nigris, 1997; MacIntyre et al., 2002; Steyn et al., 2012; Worku et 

al., 2017). De Brauw et al. (2017), for example, find that while moving from a rural to an urban area in 

Ethiopia was associated with an increased likelihood of eating meat, there was no significant difference 

for animal products as a whole. 

Specifically for Tanzania, Mazengo et al. (1997) find that the consumption of sugar and animal source 

foods of urban residents in the Ilala district in Dar es Salaam, markedly exceeds that of their rural 

counterparts. Based on a QUAIDS analysis of survey data from Dar es Salaam and Mbeya, Abdulai and 

Aubert (2004) demonstrate that households in urban areas consume less meat, fish and eggs, cereals and 

pulses, milk and milk products but more fat and oil and fruit and vegetables. Unwin et al. (2010) also 

document that migrants consumed fruit and vegetables and saturated fat more frequently after moving 

from rural Morogoro to Dar es Salaam.  

While these studies have helped our understanding of existing variation in food consumption across 

urban and rural households, it is more difficult to draw from them strong conclusions about how living 

in an urban environment contributes to these differences in dietary patterns. Seto and Ramankuti 

(2016:943), for example, argue that “many studies conflate urbanization, rises in income, and 

westernization” and call for more research that goes beyond the comparison of urban diets to rural ones. 

In particular, it remains unclear whether the observed differences are linked to individuals’ physical 

location or whether they merely reflect other socioeconomic disparities between the urban and rural 

dwellers in the surveys. This line of research is faced with the typical evaluation problem that we cannot 

observe the same person residing in both a rural and an urban area. Lacking experimental or quasi-
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experimental data, this can, however, be approximated by studying migrants who move from rural areas 

to urban areas. Huang and Bouis (2001:62) therefore conclude that “an ideal data set for measuring 

structural shifts in food demand patterns records foods consumed before and after a large number of 

families migrated from rural to urban areas”. To the best of our knowledge this paper will be the first 

to use this identification strategy, applied to nationally representative panel data, to study the relation 

between urbanization and changes in diets.2 

 

3. The setting: Tanzania 

As one of the world’s most rapidly growing and urbanizing countries, The United Republic of Tanzania 

– a low-income, low human development country in East Africa – provides a relevant case study to 

investigate the impact of urbanization on food consumption. Average annual urban population growth 

over the past two decades amounted to over 5 %. As a result, nearly one third of the population is now 

living in urban areas and the country is projected to contribute more than 50 million people to the global 

urban increment by 2050 (UN, 2015; World Bank, 2016). The commercial capital, Dar es Salaam, 

currently home to more than 4 million people, is expected to hit the ten million mark by 2030 and 

become one of the 20 largest cities in the world by mid-century (UN, 2016). The growth of the urban 

population, however, goes beyond the expansion of Dar es Salaam. Other cities and towns have 

constituted a stable two thirds of the expanding urban population in Tanzania for the past 50 years 

(Ambroz and Wenban-Smith, 2014). 

Although a substantial part of urbanization is the result of the natural increase of the urban population 

and the reclassification of previously rural areas into urban areas, Tanzania is also characterized by large 

internal migration movements. According to the 2012 census, about 7.8 million Tanzanians were living 

                                                           
2  De Brauw et al. (2017) use the same methodology to assess whether migration for employment was associated with different changes in the 

likelihood and frequency of eating meat and other animal source foods in Ethiopia. Unwin et al. (2010) also document dietary changes among 

migrants from rural Morogoro to Dar es Salaam. Their analysis, however, does not allow for a comparison with those who remained in rural 

areas and was restricted to the frequency rather than the quantity of consumption of different food categories. Witcher et al. (1988) and Stern 
et al. (2010) collect a retrospective panel among rural-urban migrants, raising the usual concerns about recall bias. Ebrahim et al. (2010) and 

Bowen et al. (2010) cross-sectionally compare food intake for rural-urban migrants with same-sex siblings still residing in their rural place 

of origin in India.  
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outside their place of birth and over 1.5 million people moved to a different region between 2011 and 

2012 (NBS, 2015). For most regions, migration actually accounted for around half of the total urban 

population growth between 1978 and 2012 (Wenban-Smith, 2014a). 

Overall, this swift process of urbanization has coincided with a period of relatively rapid macroeconomic 

growth, with an average annual GDP per capita growth rate close to 3 % between 1995 and 2014 (World 

Bank, 2016). While according to the 2011/12 National Household Budget Survey, poverty declined 

dramatically in the prime city, Dar es Salaam, progress was much less pronounced in other urban areas 

and lacking in rural areas (NBS, 2014). Moreover, food security improvements did not match average 

national economic gains (WFP, 2013). An estimated 34.4 % of children under five was still affected by 

stunting in 2015/16 (UNICEF-WHO-WB, 2016). This again hides an important rural-urban divide with 

stunting rates averaging 44.2 % in rural areas compared to 30.8 % in urban areas and 15 % in Dar es 

Salaam (WHO, 2016; THDS-MIS, 2016). At the same time, the prevalence of overweight and obesity 

is rising. While an estimated 18 % of women in Tanzania was overweight in 2004/05, this number had 

gone up to 28 % by 2015/16 (THDS-MIS, 2016). Once more, there is a marked spatial divide, with the 

total prevalence of female overweight and obesity in urban areas (42 %) being twice as high as in rural 

areas (21 %). With 26 % of the female population overweight and an additional 21% obese, Dar es 

Salaam has the highest prevalence of overnutrition (THDS-MIS, 2016). 

The food environment in Tanzania is evolving rapidly as well. In recent years, the structure of food retail 

has changed substantially. While this transformation is still just taking root in other regional capitals, 

Dar es Salaam already hosts various supermarket chains. Most notably, however, there has been a 

proliferation of small mini-markets and clustered food shops (Ijumba et al., 2015). Processed and 

imported foods are becoming widely available in urban areas and their share in the budget is expected 

to increase dramatically in the future (Ijumba et al., 2015; Tschirley et al., 2015). Tschirley et al. (2017) 

further identify food consumed away from home as a major area of growth. The country has, however, 

also been faced with strong food price inflation of an estimated 8.51 % per year between 2002 and 2012, 

faster than the increase of non-food prices (Adam et al., 2012). As a result, the average share of food in 
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the total household consumption basket increased over the past years and the majority of households 

report to have been negatively affected by the large food price increases (NBS, 2014).  

 

4. Data  

4.1 Tanzania National Panel Survey (TNPS) 

We use data from the first (2008/09) and third (2012/13) round of the Tanzania National Panel Survey 

(TNPS) that was conducted as part of the World Bank Living Standards Measurement Study-Integrated 

Surveys on Agriculture (LSMS-ISA) project. The sample for the first round of data collection covered 

3,265 households and was designed to represent the nation as a whole as well as rural, urban and major 

agro-ecological zones.3 All sample households were administered questionnaires asking detailed 

information on a wide range of topics including agricultural and non-agricultural activities, 

consumption, expenditures and other household and individual socio-economic characteristics. In total, 

16,701 individuals were interviewed. We limit our sample to the 16,058 individuals from 3,284 

households for whom complete and plausible data on their consumption of food (and non-alcoholic 

beverages) at home and away from home were recorded (see Section 4.2).4 Approximately one third of 

this sample is urban and two thirds is rural.  

In the second (2010/11) and third (2012/13) rounds, the survey team attempted to locate and revisit all 

baseline household members aged 15 years and above, including those who had moved away from their 

original location. In our regression analysis, we concentrate on members of households that were located 

in rural areas at the baseline. As shown in Figure 1, out of these 10,581 individuals, 9,639 were re-

interviewed in 2012/13. Over this 4-year period, the initial 2,051 rural households had split into 2,883 

households. The majority of “new” households (68 %) have arisen as a result of unmarried children or 

                                                           
3  The rural-urban classification is defined by the 2002 Census for which all localities identified as urban by the district authority were classified 

as urban (NBS, 2006). More detailed information on the sample design, the survey instruments, implementation, resulting datasets and basic 
information documents for each of the survey rounds can be found at www.worldbank.org/lsms. 

4  In line with Smith and Subandoro (2007), we exclude those for whom total food consumption per adult equivalent per day was below 400 

kcal or above 12,000 kcal. Applying a more strict upper-limit of 6,500 kcal per adult equivalent per day does not alter our findings.  

http://www.worldbank.org/lsms
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grandchildren of the baseline household head moving out. After excluding those having incomplete or 

implausible food consumption data in 2012/13, the final sample for our regression analysis consists of 

9,417 individuals, living in 2,580 households in 2012/13. Around 10 %, corresponding to 913 

individuals, migrated within the 4-year window of the survey.5 The majority (710) moved to another 

rural area, whereas 238 moved into an urban area. 

Figure 1: Evolution of the sample between survey rounds 

Table 1 provides descriptive statistics of some of the baseline characteristics of migrant and non-

migrants in our sample. It is clear that the process of migration is not random. Most (56 %) migrants 

leaving their rural villages in our sample are female. This is not surprising given the relatively higher 

female employment opportunities in urban areas (NBS, 2014) and the fact that marriage in Tanzania is 

primarily characterized by patrilocal residence, where a woman leaves her kin to live with her husband 

(Kudo, 2015). The summary statistics in Table 1 further reveal that more educated people from smaller, 

wealthier, non-farming families were more likely to migrate. These differences are particularly 

pronounced for those moving to urban areas. We discuss how we address this key concern of 

heterogeneity affecting both the process of migration and food consumption in Section 5. 

Table 1: Baseline (2008/09) summary statistics according to 2012/13 migration status 

4.2 Food consumption and dietary diversity 

Information on food consumption in the TNPS data was derived from an extensive one-week 

consumption recall questionnaire6 on home food consumption administered at the household level, 

combined with a questionnaire on expenditures on eating away from home at the individual level. For 

the former, respondents were asked to report the physical quantity of household consumption of 59 

different items in grams, litres or pieces.7 All these units were converted to grams per capita, from which 

their calorie content could be calculated based on detailed local conversion tables (De Weerdt et al., 

                                                           
5  Only individuals whose place of residence was more than a one-hour drive away from their original location, were considered as migrants. 
6  De Weerdt et al. (2016) analyse a survey experiment from Tanzania that compares a 7-day recall module (nearly identical to the one used in 

the TNPS) to a benchmark estimate, which, they argue, reflects the “truth”. They find that while the 7-day recall module underreports kcal 

per capita compared to the benchmark, the magnitude of the error does not vary with urban residency. If a similar error pattern holds in our 

data we should be careful interpreting absolute kcal per capita values, but the error would wash out in the difference-in-differences 
estimations Friedman et al. (2017), however, find that there is a greater tendency to underreport the incidence of consumption in rural areas. 

Though likely to be tempered in difference-in-differences estimations, this may lead to an underestimation of rural dietary diversity scores. 
7  We exclude alcoholic beverages as well as items for which calorie contents were not available. 
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2016). The latter part of the survey captured the monetary value of individual consumption of 7 different 

types of food and drinks away from home8, which were subsequently converted into physical values 

using information on the price and content of typical items within these categories. Based on these data, 

we calculate total food consumption in kilocalories (kcal) per capita per day.9  

In order to disentangle changes in dietary patterns, we also construct 12 different categories of food (and 

non-alcoholic beverages) and look at daily per capita consumption of each of these categories, as well 

as the share of each category in total calorie consumption. This categorization was influenced by the 

structure of the questionnaire and adjusted to distinguish traditional staples from types of foods typically 

associated with the nutrition transition (see Appendix A, Table A1).  

We further assess whether living in an urban environment is associated with more diverse eating patterns 

by constructing a dietary diversity score.10 This score is a simple count of the number of different food 

groups consumed over the past 7 days (see Appendix, Table A2). It is important to acknowledge that 

the absence of detailed compositional data on meals and snacks consumed away from home represents 

a caveat to our analysis of dietary diversity. While information from detailed food diaries from a survey 

experiment in Tanzania (described in De Weerdt et al., 2016) suggests that purchased full meals tend to 

be largely starch-based – “ugali” (maize porridge); rice; fried cassava and cooking bananas are most 

commonly mentioned – we cannot exclude the possibility that we may be underestimating their 

contribution to dietary diversity by considering them as part of only one food group. 

Table 2 summarizes descriptive statistics on the daily energy obtained in total and from the 12 different 

food categories as well as the values for the dietary diversity index. For each of these variables, we first 

compare the average value in rural and urban areas in 2008/09.  

Table 2: Summary statistics of food consumption (in kcal. per capita per day) by category and diversity score 

This comparison of rural and urban food consumption patterns summarized in the left panel of Table 2, 

highlights large differences in the composition of diets. On average, urban dwellers derive considerably 

                                                           
8  Full meals; barbecued meat, chips, roast bananas, and other snacks prepared on charcoal; local brews (not included); wine, commercial beer 

and spirits (not included); sodas and other non-alcoholic drinks; sweets and ice-cream; tea, coffee, samosa, cake and other snacks. 
9  As mentioned above, food consumption at home was reported at the household level. Using food consumption per adult equivalent rather 

than per capita to approximate individual at home food consumption does not alter our findings. 
10 Using alternative indices, such as the count of individual food items or a Berry Index based on the share of each food item or each food 

group in total caloric intake (see Thiele and Weiss, 2003) does not alter our findings. These results are available upon request. 
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less energy from (home) consumption of traditional staple foods such as maize, cassava and other 

starchy foods (including sweet potatoes and cooking bananas). They, however, consume almost double 

the amount of rice and almost 7 times more bread, pasta and other cereal products. Besides the elevated 

levels of urban consumption of oils and fats and high-sugar foods in urban areas, one of the most striking 

differences is the much higher consumption of meals and snacks away from home. The summary 

statistics also reveal that urban residents consume more diverse diets. It is worth noting that except for 

the level of total food consumption, these differences between rural and urban diets are very much in 

line with the findings from earlier cross-sectional studies from Tanzania (Abdulai and Aubert, 2004) 

and other sub-Saharan African countries (De Nigris, 1997; Garrett and Ruel, 1999; Smith et al., 2006; 

Maxwell et al., 2000; Vorster et al., 2005).  

Making use of the panel nature of the data combined with the tracking of individuals who moved to 

different locations, we can also describe the extent to which these variables change between the two 

rounds and how these trends differ for those who stayed in (or nearby) their original rural villages as 

compared to individuals who migrated to different rural or urban areas respectively. From the right panel 

of Table 2, we can discern some notable patterns. Whereas the consumption of traditional staples is 

declining, the consumption of rice and cereal products as well as meals and snacks away from home is 

on the rise for those who were living in rural areas at the baseline. Interestingly, there are significant 

differences in these changes between subsamples based on their location in 2012/13. It is clear that those 

who moved to an urban area experienced a more pronounced increase in their consumption of rice, 

bread, pasta and other cereal products, meals and snacks consumed away from home as well as overall 

dietary diversity. In addition, whereas total food consumption and the intake of high-sugar foods and 

drinks declined for those who stayed in their original rural village or moved to a different rural area, the 

change over time for rural-urban migrants is positive.  

As mentioned above, the cross-sectional comparison of rural and urban diets is unlikely to capture the 

true impact of living in an urban environment. Indeed, rural and urban residents tend to differ in many 

respects, affecting both their choice of residence and their diets. In addition, whereas rural-urban 

migrants allow us to observe the same individual in both settings, it is important to note that migrant 
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selectivity, rather than living in an urban environment, could explain some, if not all, of these differences 

in dietary changes. The next section describes our methodology to investigate this further.  

 

5. Methodology 

Similar to Beegle et al. (2011), we employ a difference-in-differences estimator that compares dietary 

patterns before and after an individual has relocated and we assess whether those changes across a four-

year period differ systematically from individuals who stayed in their baseline rural community. This 

specification thus controls for individual fixed heterogeneity, resolving a large number of possible 

sources of endogeneity, which may influence food consumption in both periods. In addition, because 

we observe households in which some individuals migrate and others do not, we can include initial 

household fixed effects (IHHFE), thereby restricting the comparison to people originating from the same 

household and addressing all time-invariant observed and unobserved heterogeneity across families of 

origin. As for the heterogeneity within families, we control for a number of personal attributes that are 

likely to influence migration as well as the change in eating patterns over time. More specifically, we 

include age, sex, relation to the household head, education and marital status at baseline (for details see 

Appendix A, Table A3). Yet, unobserved individual characteristics or household time-variant 

differences may still influence migration as well as eating patterns. To mitigate against this possibility 

to some extent, we include comparisons between urban and rural migrants, which resolves heterogeneity 

problems related to the decision to migrate or not. Any remaining potential bias related to unobserved 

heterogeneity influencing the choice of destination (rural vs. urban) while at the same time (and separate 

from that destination channel) affecting dietary changes, however, remains unaddressed.   

In sum, the difference-in-differences regression model looks as follows: 

∆𝐶𝑖𝑗,𝑡+1,𝑡 =  𝛼 +   𝛽1𝑀𝑖,𝑡+1
𝑅𝑢𝑟𝑎𝑙 + 𝛽2𝑀𝑖,𝑡+1

𝑈𝑟𝑏𝑎𝑛 +  𝛾𝑋𝑖,𝑡 + 𝛿𝑖,ℎ +   𝜖𝑖,𝑡 

where ∆𝐶𝑖𝑗,𝑡+1,𝑡 represents the absolute change in the daily caloric intake, that person i obtains from 

food category j between 2008/09 (t) and 2012/13 (t+1). In other regression specifications, the left hand 
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side variable will be the change in the share of food category j in total calories consumed, or the dietary 

diversity score. 𝑀𝑖,𝑡+1
𝑅𝑢𝑟𝑎𝑙and 𝑀𝑖,𝑡+1

𝑈𝑟𝑏𝑎𝑛 are dummy variables that equal one when individual i migrated from 

their baseline rural community to a different rural or urban area respectively by period t+1. The term 

𝑋𝑖,𝑡 represents the vector of individual level baseline characteristics: age, sex, relation to the household 

head, education and marital status. Finally, 𝛿𝑖,ℎ stands for the initial household fixed effects (IHHFE) 

and 𝜖𝑖,𝑡 represents the error term. Our main interest lies in establishing the sign, size and statistical 

significance of β2, comparing rural-urban migrants to those who stayed in or nearby their baseline rural 

villages. Finally, we also perform an F-test comparing β1 and β2, which informs us whether our results 

hold when rural-rural migrants rather than rural stayers make up the comparison group. 11 The results of 

the analysis set out above are described and discussed in section 6. 

 

6. Results and discussion 

Table 3 summarizes the results of the difference-in-differences estimations of the effect of rural-urban 

migration on the absolute changes in total calorie intake per capita per day between 2008/09 and 2012/13 

(column 1) and energy obtained from each of the 12 food categories considered (columns 2-13) as well 

as the change in the dietary diversity score (column 14). Table 4 repeats that analysis, but now using the 

change in the share of energy derived from each of the 12 categories as the left hand side variable, which 

allows us to assess the relative importance of these changes. It is important to keep in mind that the 

coefficient of interest (MUrban) reflects the difference in the change of consumption of (certain) foods or 

the dietary diversity score over time between rural-urban migrants and their initial household members 

who remained in their baseline rural villages. This should not be confused with the change in 

consumption upon migrating nor with the difference in the levels between migrants and those who 

stayed behind.  

                                                           
11 The F-statistic for the equality of the coefficients for rural-rural and rural-urban migration in our main specification is equal to the square of 

the T-statistic testing whether the coefficient for rural-urban migration is significantly different from zero in the regression   

∆Cij,t+1,t =  α +   β1Mi,t+1
Stayed

+ β2Mi,t+1
Urban +  γXi,t + δi,h +   ϵi,t. 



15 

 

Table 3: Results of the regressions of changes in food consumption (in kcal. per capita per day) by category and diversity score (2008/09-

2012/13) 

Table 4: Results of the regressions of changes in the share of each food category (in kcal. per capita per day) in total energy intake (2008/09-

2012/13) 

First, the results in Table 3 and 4 demonstrate that while rural-urban migration is not associated with a 

significant difference in the change in total energy intake (column 1), the composition of diets, 

undergoes significantly different changes. While there is a general declining trend in the (home) 

consumption of traditional staples, our results reveal that this shift is much more pronounced for those 

who moved to urban areas. Compared to household members who remained in their original rural 

villages, rural-urban migrants experienced an additional decline of 180 and 155 kcal per day for maize 

and cassava respectively (columns 2 and 3). From Table 4, we see that this results in a greater decline 

in their relative importance in total food consumption as well. Whereas maize and cassava accounted 

for 39 % and 12 % of total energy intake among rural residents at the baseline, urban migration is 

associated with an additional decline in the importance of these staples of 6.5 and 6.9 percentage points 

respectively. We find a similar trend in the consumption of other starchy foods (column 4).  

The analysis further reveals a large positive effect on the growth of consumption of rice, bread, pasta 

and other cereal products. The increase in the share of rice in total food intake is 3.5 percentage points 

higher for rural-urban migrants (column 5). Though the difference in the increase in consumption of 

bread, pasta and other cereal products appears to be small in absolute value (71 kcal per day), this 

corresponds to more than four times the average rural intake at the baseline. From these results, it can 

also be derived that in spite of a mildly decreasing general trend, the consumption of sugary foods 

increases strongly with urban relocation, resulting in a highly significant difference in the change in 

energy derived from sugar, sweets and pastries and sodas, tea and coffee amounting to 60 and 25 kcal 

per day respectively (columns 11 and 12). Finally, there is a large and highly significant divergence in 

the consumption of meals and snacks away from home (column 13) between rural-urban migrants and 

their former household members who remained in their original rural areas. Keeping in mind that the 

average intake of this food category was relatively low at baseline (63 kcal per day) and increased only 

modestly for those who stayed in their original rural community, moving to urban areas was found to 
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generate an average additional increase of 346 kcal per day. This corresponds to a remarkable difference 

of 9.7 percentage points in terms of the increase of its share in total energy intake.  

Relocating to an urban area does not seem to induce a significantly different trend in the consumption 

of oils and fats at home (column 10). It is worth noting, however, that the potentially higher fat-content 

of meals and snacks consumed outside, may still lead to a stronger increase in total fat intake. Rural-

urban migration also does not appear to be significantly associated with greater intake of pulses, nuts 

and seeds, animal source foods or fruits and vegetables (columns 7-9). Similarly, the change in the 

dietary diversity score over time appears to be unaffected (Table 2, column 14).  

In order to assess whether moving to an urban area affects men and women differently, we run the 

regressions separate by gender (see Appendix B, Table B1 for women and B2 for men). The effects on 

the changes in the consumption of different food categories over time appear to be rather similar, except 

for meals and snacks consumed away from home. The more pronounced increase in the latter food 

category seems to be driven by male migrants. The coefficient for rural-urban migration becomes 

insignificant when we restrict the analysis to women. A potential explanation lies in the fact that women 

tend to migrate for marriage and other family-related reasons. Male migrants on the contrary, are more 

likely to be unmarried and to live alone or in smaller households and therefore perhaps less likely to 

cook or have someone else preparing food at home. Also, with respect to dietary diversity, the effects 

appear to be different for men and women. We find that, whereas women experience a significantly 

stronger increase in their dietary diversity score upon migration to urban areas, the coefficient for rural-

urban migration is significantly negative when restricting the analysis to men. This comparison is, 

however, complicated by the fact that men consume more full meals away from home for which we do 

not have accurate compositional data.  

So far we have compared urban migrants to those who remained in the rural areas, but it is also 

instructive to assess the differences among migrants according to the rural or urban nature of their 

destination. The last rows of Table 2 and Table 3 do so by presenting an F-test for the equality of the 

urban and rural migration dummies. Except for rice, comparing those who moved to urban areas to those 

who moved to rural areas produces differences of similar magnitudes and significance levels. This 
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suggests that the dietary shifts we have identified relate indeed to living in an urban environment and 

not to migrant selection.   

Because we lose close to 18 % of our sample between base- and endline, it is also important to consider 

the potential bias related to unit and item non-response. To test the robustness of our results to these 

sources of attrition, we computed inverse-probability-of-attrition weights for each individual. The 

differences between the size and significance of the coefficients in our baseline regression specification 

and those of the weighted regressions are found to be negligible.12 

 

7. The composition of the urban landscape 

There is great diversity among urban environments. Dorosh and Thurlow (2013) show that the urban 

population in sub-Saharan Africa is bimodally distributed, with roughly 40% living in major cities with 

a population exceeding 1,000,000 and 40% in small towns with less than 250,000 people. Cities and 

secondary towns differ in the sectoral composition of their economy (Dorosh and Thurlow, 2013), 

potentially influencing energy requirements, opportunity costs of time and income levels. Regarding the 

latter, several studies have, for example, documented the existence of an urban gradient, with average 

income higher and poverty levels lower in cities compared to secondary towns (e.g. Christiaensen and 

Kanbur, 2017). Large cities may also have markedly different food environments. Greater international 

exposure could result in a wider range of foods being available and changing preferences. The higher 

density of consumers also make cities the place where supermarkets get established (Hawkes, 2008), 

and options for eating outside of the house or buying processed or prepared food are more abundant. 

Secondary towns on the other hand are often closer to the rural areas and may have cheaper supplies of 

locally produced food products. 

While these supply and demand factors are thus likely to differ systematically between towns and cities, 

it is unclear how this will affect food consumption.13 This section therefore extends our analysis of the 

                                                           
12 Additional information can be obtained from the corresponding author upon request. 
13 To the best of our knowledge, only one study has explicitly compared food consumption in large cities and secondary towns. Worku et al. 

(2017) find that quantities and expenditures on food are rather similar in Addis Ababa and secondary towns in Ethiopia. 
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impact of moving to an urban area on dietary change by exploring the heterogeneity of our results by 

the type of urban locality the migrant moves to. More specifically, we distinguish cities with a population 

exceeding the common threshold of 500,000 inhabitants (e.g. OECD, 2012) – Mwanza city and Dar es 

Salaam – from other urban areas, referred to as secondary towns.14 

Table 5: Results of the regressions of changes in food consumption by category (in kcal. per capita per day) and diversity score on migration 

to different rural areas, secondary towns or cities (2008/09-2012/13) 

Migration to towns and cities appears to be associated with largely similar dietary changes. The most 

remarkable differences are that, contrary to migration to cities, relocation to secondary towns is not 

associated with a significantly more pronounced decline in the (home) consumption of maize (column 

2) and other starchy foods (column 4). The increase in the (home) consumption of rice (column 5) then 

again appears to derive mostly from those who migrated to towns.  

The coefficient for relocation to cities is larger in the regressions of categories of food other than rice. 

The results of the F-tests summarized in the last row of Table 5, however, indicate that the food 

consumption trends are not significantly different for those who moved to cities compared to individuals 

who migrated to secondary towns. These findings suggest that the different sectoral composition and 

food environment will affect food demand in much the same way in secondary towns and in larger cities, 

even though the drivers of dietary change may be stronger and faster in the latter. In the next section we 

explore these potential underlying mechanisms in more detail. 

An important caveat in this type of research is the lack of consensus on a clear classification of rural and 

urban areas as well as secondary towns and cities. We therefore also test whether our results hold when 

we move away from the administrative classification of locations into rural or urban and focus on local 

population density estimates instead. It can be argued that population density is a crucial gradient in 

delineating the rural-urban nexus as it can generate economies of scale and agglomeration effects, which 

are defining features of urban centres (Chomitz et al., 2005; Fujita et al., 1999).15  

                                                           
14 According to this threshold, Mwanza city – which consists of the Ilemela and Nyamanga district (343,001 and 363,452 inhabitants) – and 

DSM (4,364,541 inhabitants) are the only cities (NBS, 2015). Our results are robust to changing this threshold to 1,000,000 or 250,000. 
15 This seems relevant in the case of Tanzania, since Muzzini and Lindeboom (2008) find that approximately 17 % of the population in mainland 

Tanzania live in high density settlements (>150 people/km²) that possess significantly different characteristics than rural areas but are 

nevertheless not officially recognized as ‘urban’. It is worth noting, however, that Wenban-Smith (2014b:3) ultimately concludes that 

“despite the advantage of consistency, a density-based measure has limitations unless used in conjunction with other criteria”. 
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The results of regressions of changes in food consumption by category and dietary diversity on a 

measure of population density, which are based on the WorldPop Project estimates of the number of 

inhabitants per 100 m² at the location where the respondent resides, are presented in Appendix B (Table 

B3) and are very much in line with our previous findings. Living in a higher density area compared to 

your initial household members is associated with a stronger shift away from traditional staple foods, 

towards more easily prepared and processed foods and a more pronounced increase in the consumption 

of food consumed outside the home. Though the results demonstrate a strong positive effect of 

population density on the change in the consumption of sugary drinks, the effect on intake of sugar, 

sweets and pastries is not significantly different from zero.  

 

8. Unpacking the effects  

In order to develop policies to respond to the dietary changes associated with urbanization, we need to 

understand the underlying mechanisms. What is it that makes people change their diets upon migrating 

from rural to urban areas? Does increased income or the urban lifestyle affect food preferences or do 

people simply adjust their consumption in response to different supply conditions? The answer to these 

questions could help illuminate whether interventions should be sought on the demand or supply side. 

While several potential drivers of urban dietary changes have been proposed in the literature (e.g. 

Kearney, 2010; Ruel et al., 2008), to the best of our knowledge, there is no empirical evidence exploring 

the extent to which these different proposed factors play a role in shaping the differences between rural 

and urban consumption.   

In this section, we therefore aim to shed light on the drivers, or mediators, of changing food consumption 

with rural-urban migration. A common approach is to simply control for potential mediator variables in 

the regression and assess how this affects the coefficient of interest. Acharya et al. (2016), however, 

demonstrate that this can lead to biased estimates and propose an alternative method to assess whether 

a mediator variable (such as income change) is a mechanism whereby the treatment (migration) causes 

the outcome (dietary change). The quantity of interest is the Average Controlled Direct Effect (ACDE), 
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which tells us what the effect of the treatment would be when the mediator is fixed at a particular level. 

The difference between the total effect and the ACDE is then a measure of the role of the mediator in 

the causal mechanism.16 

We proceed by applying sequential g-estimation as suggested by Acharya et al. (2016) to obtain the 

ACDE estimates. These estimates equate to what the effect of migration would have been had (i) the 

respondent remained in a farming household, (ii) income not changed, and (iii) food prices remained the 

same. The corresponding mediator variables are (i) a dummy for whether the respondent was a member 

of a household headed by a farmer at baseline and lived in a non-farming household in 2012/13 

(𝐹𝑎𝑟𝑚𝑖,𝑡+1); (ii) the change in the logarithm of total real household consumption per capita 

(∆ln (𝑐𝑜𝑛𝑠)𝑖,𝑡+1,𝑡), (iii) the change in local prices captured by a total food price index (∆𝑃𝐼𝑖,𝑡+1,𝑡), as 

well as a price index for each specific food category (∆𝑃𝐼𝑖𝑗,𝑡+1,𝑡) (see Appendix A, Table A3 for a 

detailed explanation of the variables). Finally, we estimate the ACDE for rural-urban migration, net of 

all three mediators simultaneously. 

The first stage involves estimating the effect of the mediators on the consumption of different food 

categories and dietary diversity (see Appendix B, Table B4):  

(1)  ∆𝐶𝑖𝑗,𝑡+1,𝑡 =  𝛼 +   𝛽1𝑀𝑖,𝑡+1
𝑅𝑢𝑟𝑎𝑙 + 𝛽2𝑀𝑖,𝑡+1

𝑈𝑟𝑏𝑎𝑛 +  𝛾𝑋𝑖,𝑡

+ 𝜙1𝐹𝑎𝑟𝑚𝑖,𝑡+1  + 𝜙2∆ln (𝑐𝑜𝑛𝑠)𝑖,𝑡+1,𝑡 + 𝜙3∆𝑃𝐼𝑖,𝑡+1,𝑡 + 𝜙4∆𝑃𝐼𝑖𝑗,𝑡+1,𝑡 + 𝛿𝑖,ℎ +   𝜖𝑖,𝑡 

Next, we use these estimates to purge the outcome variables of the effect of changes in the mediator 

variable – to ‘demediate’ them in other words – by taking the estimated coefficient on the mediator 

variable, multiplying it by each unit’s value for the mediator variable, and subtracting that from the 

observed outcome. The demediated outcomes for 𝐹𝑎𝑟𝑚𝑖,𝑡+1 thus correspond to: 

(2)  ∆𝐶𝑖𝑗,𝑡+1,𝑡
̃ =  ∆𝐶𝑖𝑗,𝑡+1,𝑡  −  𝜙1̂𝐹𝑎𝑟𝑚𝑖,𝑡+1 

                                                           
16   In line with Acharya et al. (2016), we test the significance of the difference between the total effect and the ACDE by creating a 95 % 

bootstrapped confidence interval (see Appendix B, Table B5). Note that the role of the mediator (measured as the difference between the 

total effect and the ACDE) consists of both the indirect effect (measuring how strong a particular causal pathway is) and the interaction 

effect (telling us how much the mediator influences the direct effect of the treatment). 
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We then estimate the ACDEs by regressing these demediated outcomes on the dummy variables for 

migration as well as all (pre-treatment) covariates: 

(3)  ∆𝐶𝑖𝑗,𝑡+1,𝑡
̃ =  𝛼 +   𝛽1𝑀𝑖,𝑡+1

𝑅𝑢𝑟𝑎𝑙 +  𝛽2𝑀𝑖,𝑡+1
𝑈𝑟𝑏𝑎𝑛 +  𝛾𝑋𝑖,𝑡+𝛿𝑖,ℎ +   𝜖𝑖,𝑡 

Figure 2 provides, for each of the food categories as well as the dietary diversity score, a graphical 

representation of, respectively, the total effect of rural-urban migration (Total effect); the ACDE of 

moving to an urban area when accounting for (i) the transition from a farming to a non-farming 

household (ACDE(Farm)); (ii) changes in income (ACDE(Income)); (iii) changes in food prices 

(ACDE(Prices)); and (iv) all three mechanisms jointly (ACDE(Farm, income, prices)). The estimated 

ACDEs are summarized in more detail in Table B5 (see Appendix B). In addition, the estimated 

differences between the total effects and the ACDEs, which provide more insight into the strength of 

the different mechanisms, are summarized in Table B6 (see Appendix B). 

Figure 2: ACDEs of rural-urban migration in regressions of changes in food consumption (in kcal. per capita per 

day) by category and diversity score (2008/09-2012/13) 

The results depicted in Figure 2 indicate that income, in particular, is an important mediator through 

which rural-urban migration affects dietary change. With the exception of cassava (graph 3), the 

estimated difference between the total effect of rural-urban migration and the ACDE net of income – 

measuring the strength of the income mechanism – is significantly different from zero for all food 

categories as well as dietary diversity (see Appendix B, Table B6).  Especially for total food 

consumption (graph 1), rice (graph 5), pulses, nuts and seeds (graph 7), meat, fish and dairy (graph 8), 

fruits and vegetables (graph 9), sugar, sweets and pastries (graph 11) and meals and snacks consumed 

away from home (graph 13) the difference is substantial (see Appendix B, Table B6). It is worth noting 

that the ACDEs net of income in the regressions of the change in the consumption of rice (graph 5), 

sugar, sweets and pastries (graph 11), and meals and snacks consumed away from home (graph 13) are 

not statistically significant. That is to say, if it were not for the increases in income associated with rural-

urban migration, there would be no significant difference between the change  in consumption of those 

who migrated to urban areas and their relatives who stayed in their baseline rural villages. Another 

interesting pattern with respect to income can be discerned for total food consumption (graph 1), pulses, 
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nuts and seeds (graph 7), meat, fish and dairy (graph 8) and fruits and vegetables (graph 9). Whereas the 

estimates for the total effects of rural-urban migration for these categories are not significantly different 

from zero, the ACDEs net of changes in income have significantly negative coefficients. It implies that 

if moving to an urban area would not be associated with higher income gains, rural-urban migration 

would cause migrants to experience a significantly more pronounced decline in their total energy intake 

as well as in their consumption of pulses, nuts and seeds, meat, fish and dairy and fruits and vegetables 

compared to those staying behind in rural areas.  

Graphs 3 and 4 in turn indicate that the additional decline in the (home) consumption of cassava and 

other starchy foods upon moving to an urban area, is largely driven by the price mechanism. Since the 

price differences between rural and urban areas for these goods appear to be particularly large, it is not 

surprising that the greater fall in consumption upon moving to an urban area is a response to facing 

higher prices.  

For maize (graph 2) and cassava (graph 3), moving out of a farming household appears to play an 

important role in the greater decline in the consumption for rural-urban migrants. Non-surprisingly these 

are goods that are typically consumed from own production in rural areas. Maize is, for example, grown 

by roughly 80 % of farming households in Tanzania (NBS, 2014). For the latter, the ACDE net of the 

transition from a farming to a non-farming household is not statistically significant, suggesting that if 

rural-urban migrants would remain part of a farming household, there would be no significant difference 

between the change in their (home) intake of maize and that of their original household members who 

remained in their rural baseline villages. At the same time, no longer residing in a farming household 

also appears to explain part of the greater increase in the consumption of rice (graph 5) upon moving to 

an urban area. The transition out of farming thus seems to have a positive effect on the intake of rice, 

possibly to compensate the reduced access to own-produced staples. Alternatively, this could also be 

related to greater preferences for foods with shorter preparation times when working further away from 

home.   

Finally, we note that changes in income and prices appear to play a relatively small but statistically 

significant (see Appendix B, Table B6) role in explaining the positive effect of rural-urban migration on 
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the growth in the consumption of  bread, pasta and other cereal products (graph 6) and sodas, tea and 

coffee (graph 12). Nevertheless, the ACDEs of rural-urban migration net of the three potential 

mechanisms considered (ACDE (Farm, income, prices)) are significantly positive. This indicates that 

there would be a strong effect of moving to an urban area even if all individuals had remained in a 

farming household and had experienced no income growth and price changes.  

 

9. Conclusion 

Although urbanization is increasingly put forward as one of the main determinants of changes in eating 

patterns and a driver of the nutrition transition in the developing world, our understanding of its effects 

on diets and the underlying mechanisms through which these take place remains limited. Using data 

from the Tanzania National Panel Survey for 2008/09 and 2012/13 that traced household members who 

moved throughout this period, this paper provides empirical evidence on the impact of relocating to an 

urban area on the total calorie intake as well as the energy obtained from 12 different food categories 

and dietary diversity. Not only is this focus on rural-urban migrants novel in the literature, it enables us 

to more accurately capture the effect of living in an urban environment as we are able to observe the 

same individual in a rural and urban setting. Moreover, the panel nature of the data combined with the 

tracking exercise in this survey allows us to address concerns about observed or unobserved 

heterogeneity across migrant and non-migrant families by restricting the comparison to individuals 

originating from the same baseline household.  

The results summarized in this paper clearly demonstrate that, for the same individual, eating patterns 

depend on whether one resides in an urban or a rural area. We find that compared to household members 

who remained in their original rural villages, those relocating to urban areas experience a more 

pronounced shift away from traditional staples and towards more conveniently consumed or prepared 

foods such as rice, bread and meals away from home. Confirming concerns about the sweetening of 

urban diets, the results also reveal a significant difference in the change in  high-sugar foods 

consumption. However, several other trends that are commonly associated with urbanization are not 
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reflected in our results. In particular, in spite of large differences in average rural and urban intake, 

moving to an urban area was not found to have any significant effect on the change in the intake of oils 

and fats, animal source foods, and the total number of food groups consumed. This suggests that the 

higher average urban intake of oils and fats, animal source foods and dietary diversity score observed 

cross-sectionally, may be driven by socio-economic differences between rural and urban residents that 

are unrelated to the urban environment itself. The fact that we do not have accurate compositional data 

on meals and snacks consumed away from home, however, poses a caveat for the interpretation of our 

analysis of dietary diversity and urges increased efforts to collect information on the composition and 

nutritional value of foods consumed away from home (e.g. Fiedler and Yadav, 2017). 

Distinguishing migrants according to the type of their urban destination reveals that while consumption 

patterns change more drastically when migrating to large cities, the same trends can be observed for 

those who moved to smaller secondary towns. In addition, most of the differences appear to be 

independent of the administrative classification into rural or urban and are confirmed when focusing 

upon population density estimates instead. 

Our analysis goes further in exploring the potential drivers of these dietary changes. We find that a 

substantial part of the observed dietary shifts associated with urban relocation can be explained by the 

move out of a farming household, by different relative prices for food, and especially by the increases 

in income that come along with it. More specifically, price changes and the transition to a non-farming 

household play an important role in producing the overall negative effect of moving to an urban area on 

the change in consumption of traditional staple foods, which are typically home-produced in rural areas. 

Our results further suggest that if moving to an urban area would not be associated with higher income 

gains, rural-urban migrants would have experienced a more pronounced decline in their total food 

consumption as well as in their intake of pulses, nuts and seeds, meat, fish and dairy and fruits and 

vegetables compared to those who stayed. At the same time, changes in income appear to be the main 

channel through which the increase in consumption of rice, high-sugar products and meals and snacks 

consumed away from home take place upon migrating to urban areas. The more pronounced increase in 

the consumption of bread, pasta and other cereal products and sodas, tea and coffee after moving to an 
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urban area, however, cannot be solely explained by changes in income, prices and the transition out of 

farming. Potentially the specific urban supply environment, with more diversity in food retail types, 

nearby food processing and more international exposure plays a role here. 

Considering the health consequences of these changing diets, it is important to emphasize that we find 

little support for the hypothesis put forward in the literature that urbanization contributes positively to 

the quality or diversity of food consumption. On the contrary, our results point to a significantly stronger 

growth of the consumption of high-sugar foods. In addition, the stronger increase of meals consumed 

outside the home may present a nutritional concern because of problems related to the safety and quality 

of street foods (e.g. Mensah et al., 2002; Omemu and Aderoju, 2008) as well as their tendency to have 

higher fat, sugar and salt content (Steyn et al., 2014; Jia et al., 2018). Overall, these findings thus raise 

the question whether – partly as a consequence of changing diets – urban residence is associated with 

weight gain and contributes to rising levels of diet-related non-communicable diseases (Popkin et al., 

2012). Unfortunately, due to the relatively short-time span of the data and the limited sample of 

individuals for whom anthropometric indicators are available, the data do not allow us to draw any 

meaningful conclusions about the impact of moving to an urban area on weight gain. Clearly, this 

represents an important area of future research. Interestingly, our results do, however, indicate that the 

increase of more unhealthy food consumption after moving to an urban area is largely linked to rising 

incomes. As such, health concerns over diets can be expected to spread rapidly to less-urbanized areas 

as well, as soon as income growth takes off there.  

Since our findings are based upon a relatively short period of time and confined to the Tanzanian case, 

they call for more in-depth research on the extent and consequences of changes in diets and nutrient 

intake related to living in more urbanized areas. Given the fast projected rates of urban population 

growth in the coming decades, a better understanding of its impact on dietary patterns will contribute to 

improved projections on future food demand. This may be crucial to adapt health and food and nutrition 

security policies as well as agricultural and trade strategies in sub-Saharan Africa and the rest of the 

developing world. For example, improved rural-urban linkages may reduce price differentials for more 

perishable traditional staples and enhance urban consumption. Increased demand for easily prepared and 
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processed cereals with rising incomes, could also generate opportunities for investment in domestic 

processing facilities. Yet at the same time, this calls for initiatives to ensure the quality of processed and 

prepared foods and increased efforts in nutrition education to promote healthy diets.  
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Appendix A: Variables 

 

Table A1: Food categories 

Food category Food items 

Maize 

Maize (green, cob) 

Maize (grain)  

Maize (flour)  

Cassava 
Cassava fresh  

Cassava dry/flour 

Other starchy foods 

Millet and sorghum (grain) 

Millet and sorghum (flour)  

Wheat, barley grain and other cereals 

Sweet potatoes 

Cooking bananas, plantains 

Yams/cocoyams 

Irish potatoes 

Other roots and tubers 

Rice 
Rice (paddy)  

Rice (husked)  

Bread, pasta, cereal products 

Bread  

Macaroni, spaghetti  

Other cereal products 

Pulses, nuts and seeds 

Peas, beans, lentils and other pulses 

Groundnuts in shell/shelled  

Coconuts (mature/immature) 

Cashew, almonds and other nuts 

Seeds and products from nuts/seeds (excl. cooking oil) 

Meat, fish and dairy 

Goat meat  

Beef including minced sausage 

Pork including sausages and bacon 

Chicken and other poultry 

Wild birds and insects 

Other domestic/wild meat products 

Eggs 

Fresh fish and seafood (including dagaa) 

Dried/salted/canned fish and seafood (incl. dagaa) 

Fresh milk 

Milk products (like cream, cheese, yoghurt etc.) 

Canned milk/milk powder 

Fruits and vegetables 

Ripe bananas  

Citrus fruits (oranges, lemon, tangerines, etc.) 

Mangoes, avocadoes and other fruits 

Onions, tomatoes, carrots and green pepper 

Spinach, cabbage and other green vegetables 

Canned, dried and wild vegetables 

Oils and fats 
Cooking oil  

Butter, margarine, ghee and other fat products 

Sugar and sweets 

Sugar  

Sugarcane 

Sweets 

Honey, syrups, jams, marmalade, jellies, canned fruits 

Maandazi (donuts), cakes, biscuits 

Sweets, ice-cream (consumed away from home) 

Sodas, tea and coffee 

Tea dry 

Coffee and cocoa 

Bottled/canned soft drinks (soda, juice, water) 

Prepared tea, coffee 

Sodas and other non-alcoholic drinks (consumed away from home) 

Meals and snacks  

consumed away from home 

Full meals (breakfast, lunch or dinner) (consumed away from home) 

Barbecued meat, chips, roast bananas and other snacks prepared on charcoal (consumed away from home) 

Tea, coffee, samosa, cake and other snacks (consumed away from home) 
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Table A2: Food groups (used to determine dietary diversity) 

Food group Food items 

Cereals 

Rice (paddy)  

Rice (husked)  

Maize (green, cob) 

Maize (grain)  

Maize (flour)  

Bread  

Macaroni, spaghetti  

Other cereal products 

Millet and sorghum (grain) 

Millet and sorghum (flour)  

Wheat, barley grain and other cereals 

White roots and tubers 

Cassava fresh  

Cassava dry/flour 

Cooking bananas, plantains 

Yams/cocoyams 

Irish potatoes 

Other roots and tubers 

Sugar and sweets 

Sugar  

Sweets 

Honey, syrups, jams, marmalade, jellies, canned fruits 

Maandazi (donuts), cakes, biscuits 

Sweets, ice-cream (consumed away from home) 

Legumes, nuts and seeds 

 

Peas, beans, lentils and other pulses 

Groundnuts (in shell/shelled) 

Coconuts (mature/immature) 

Cashew, almonds and other nuts 

Seeds and products from nuts/seeds (excl. cooking oil) 

Fruit 

Ripe bananas  

Citrus fruits (oranges, lemon, tangerines, etc.) 

Mangoes, avocadoes and other fruits 

Vegetables 

Onions, tomatoes, carrots and green pepper 

Spinach, cabbage and other green vegetables 

Canned, dried and wild vegetables 

Sweet potatoes 

Meat 

Goat meat  

Beef including minced sausage 

Pork including sausages and bacon 

Chicken and other poultry 

Wild birds and insects 

Other domestic/wild meat products 

Eggs Eggs 

Fish and other seafood 
Fresh fish and seafood  

Dried/salted/canned fish and seafood 

Milk and milk products 

Fresh milk 

Milk products (like cream, cheese, yoghurt etc.) 

Canned milk/milk powder 

Oils and fats 
Cooking oil  

Butter, margarine, ghee and other fat products 

Miscellaneous 

Tea dry 

Coffee and cocoa 

Bottled/canned soft drinks (soda, juice, water) 

Prepared tea, coffee 

Sodas and other non-alcoholic drinks (consumed away from home) 

Full meals (breakfast, lunch or dinner) (consumed away from home) 

Barbecued meat, chips, roast bananas and other snacks prepared on charcoal (consumed away from home) 

Tea, coffee, samosa, cake and other snacks (consumed away from home) 

Note: The delineation of different food groups was based on FAO guidelines for measuring dietary diversity (Kennedy et al., 2013).  
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Table A3: Independent variables 

MRural Migration to different rural area 

Dummy variable equal to one when in 2012/13 individual was found to reside in a household in a different and distant (>1hour drive) 

rural (as defined by the 2002 Census classification) area than during the 2008/09 round. 

MUrban Migration to urban area 

Dummy variable equal to one when in 2012/13 individual was found to reside in a distant (> 1hour drive) urban (as defined by the 

2002 Census classification) household.  

MSec. Towns Migration to secondary town 

Dummy variable equal to one when in 2012/13 individual was found to reside in a distant (> 1hour drive) urban (as defined by the 

2002 Census classification) household outside of Dar es Salaam or the Ilemela or Nyamanga districts in Mwanza. 

MCities Migration to city 

Dummy variable equal to one when in 2012/13 individual was found to reside in a distant (> 1hour drive) urban (as defined by the 

2002 Census classification) household in Dar es Salaam or the Ilemela or Nyamanga districts in Mwanza. 

MRural (before 2010/11) Migration to different rural area before 2010/11 

Interaction term of dummy variable MRural with a dummy variable equal to one if the individual migrated in the period 2008/09 to 

2010/11, and equal to zero if migration took place between 2010/11 and 2012/13.  

MUrban (before 2010/11) Migration to urban area before 2010/11 

Interaction term of dummy variable MUrban with a dummy variable equal to one if the individual migrated in the period 2008/09 to 

2010/11, and equal to zero if migration took place between 2010/11 and 2012/13.  

Controls - Age 

Self-reported age expressed in years 

- Sex 

1 = male, 2 = female 

- Education 

Years of schooling derived from information on “highest grade obtained” ranging from the first grade of primary 

school (=1) to the 5th grade at university level (=18). We attribute missing values to zero years of schooling and include 

a dummy variable that equals one when the observation was originally reported as missing 

- Relation to the household head 

Dummy variables for household head/spouse and child of household head.  

- Marital status 

0= never married, 1 = married or having been married. Marital status was not reported for respondents below the age of 

12 and therefore assumed to be zero. We assume that individuals are unmarried when information on their marital 

status is missing and again include a dummy variable for the original missing values. 

Farm Transition out of farming 

Dummy variable that equals one when an individual who was part of a household headed by an individual who reported that his 

main occupation as farming in 2008/09, resided in a non-farming household by 2012/13, be it because of the individual’s relocation 

or because the household head switched to off-farm employment over time. 

Ln(Cons) Income growth 

The difference in the logarithm of real – adjusted for – total household consumption per capita over time.  

PITotal 

PIj 

Price index 

For each food category j composed of a group of food items f (PIj), as well as for the all food categories jointly (PITotal),  an individual-

specific a Laspeyres-type price index 𝑃𝐼𝑗 is constructed: 

𝑃𝐼𝑗 =
∑ (𝑝𝑓,2012/13 .𝑞𝑓,2008/09)𝑓

∑ (𝑝𝑓,2008/09.𝑞𝑓,2008/09)𝑓
  

where 𝑞𝑓,2008/09 is the amount of kcal consumed from food item f by the individual’s household in 2008/09,  𝑝𝑓,2008/09 and 𝑝𝑓,2012/13 

are the median prices of food item f in the location where the individual was residing during the baseline and endline interviews 

respectively. This price index weighs the price of (one kcal of) each food item in food category j by its contribution in 2008 to the 

total expenses of food category j in 2008/09. For migrants, this price index thus measures whether the migrant needs to pay more or 

less to keep the same consumption basket he or she had before migration, compared to the case in which he or she would not have 

migrated.  

For each food item, price information is derived from the reported value and amount purchased by each household. The median price 

is derived across all enumeration areas that are classified as rural/secondary town/city within the same region. In the case of less than 

10 price observations for a food item, the median is taken at a higher level (regional, urban classification, or across the whole sample). 

For meals consumed outside, no price information is available. As such, no price index could be constructed, nor is this category 

included in the price index for total food.  

Population density Population Density expressed as 100 inhabitants/km² 

Each household is attributed to one of 19 ranges of people/km² based upon their GPS coordinates that were matched to the WorldPop 

population density map of Tanzania. This information is included in the regression by taking the arithmetic mean of the range 

expressed as 100 inhabitants/km². 

(0.25=0-50 people/km²; 0.75= 50-100 people/km²; 1.5 = 100-200 people/km²; 2.5= 200-300 people/km²; 3.5=300-400 people/km²; 

4.5=400-500 people/km²; 7.5=500-1000 people/km²; 15= 1000-2000 people/km²; 25= 2000-3000 people/km²; 35= 3000-4000 

people/km²;45=4000-5000 people/km²;75= 5000-10000 people/km²; 150= 10000-20000 people/km²; 250 = 20000-30000 people/km²; 

300 = > 30000 people/km²) 
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Appendix B: Additional regression results 

Table B1: Results of the regressions of changes in food consumption (in kcal. per capita per day) by category and diversity score for women(2008/09-2012/13) 

 Total Maize Cassava 

 Other 

starchy 

foods 

Rice 

Bread, 

pasta, cereal 

products 

Pulses, 

 nuts, 

seeds

Meat, 

fish, 

dairy 

Fruits, 

veg. 

Oils, 

fats 

Sugar, 

sweets,  

pastries 

Sodas, 

tea, coffee 

Meals, 

snacks  

cons. outs. 

Diversity  

Scorea 

              

MRural -36.74 -60.64 -10.52 12.30 65.81 13.80 -55.52* -12.43 9.82 -15.13 -0.58 1.76 14.60 -0.14 

 (130.54) (75.71) (51.86) (16.97) (47.48) (9.61) (29.60) (15.93) (12.12) (10.50) (15.95) (1.96) (59.18) (0.23) 

               

MUrban -52.55 -87.36 -149.39*** -118.29* 145.06* 75.38*** -23.27 30.53 -6.46 9.74 70.88*** 1.82 -1.18 0.88** 

 (211.62) (109.98) (54.27) (69.52) (74.52) (21.34) (48.08) (25.39) (16.78) (21.82) (26.78) (6.17) (70.23) (0.37) 

               

Const. -424.42*** -233.29*** -92.75*** -15.65* -3.58 3.56 -33.09*** -17.64*** -12.06*** -55.14*** -17.29*** -1.45* 53.96** 0.12* 

 (39.41) (21.17) (11.92) (9.26) (14.74) (3.03) (8.45) (4.24) (2.84) (3.05) (4.87) (0.84) (21.40) (0.07) 

               

Controlsb ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

IHHFEc ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

N 4898 4898 4898 4898 4898 4898 4898 4898 4898 4898 4898 4898 4898 4898 

F-stat. Ha: MUrban ≠ MRural 0.00 0.05 3.73** 3.64* 0.73 7.47*** 0.32 2.01 0.69 1.18 5.94*** 0.00 0.03 5.77** 

Notes: Standard errors in parentheses.  
a Diversity score equals the number of food groups (see Appendix A2) consumed. 
b The following individual baseline characteristics are included: age, sex, relation to the household head, education and marital status. 
c IHHFE stands for initial household fixed effects.. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table B2: Results of the regressions of changes in food consumption (in kcal. per capita per day) by category and diversity score for men (2008/09-2012/13) 

 Total Maize Cassava 

 Other 

starchy 

foods 

Rice 

Bread, 

pasta, cereal 

products 

Pulses, 

 nuts, 

seeds

Meat, 

fish, 

dairy 

Fruits, 

veg. 

Oils, 

fats 

Sugar, 

sweets,  

pastries 

Sodas, 

tea, coffee 

Meals, 

snacks  

cons. outs. 

Diversity  

Scorea 

              

MRural 234.23 174.65 -17.58 19.73 -7.73 7.11 -3.77 -20.92 -30.48** -1.71 -19.20 9.58* 124.55 -0.25 

 (213.32) (124.55) (45.42) (32.45) (54.40) (11.05) (36.97) (26.97) (14.31) (14.08) (27.79) (5.67) (133.87) (0.33) 

               

MUrban 535.30** -273.62** -90.90*** -63.40*** 95.82 72.30** -57.10 38.84 -11.08 -25.23 36.96 52.28*** 760.43*** -1.30** 

 (243.77) (131.72) (31.44) (23.50) (106.72) (31.89) (59.69) (36.88) (16.00) (29.56) (38.49) (12.98) (219.83) (0.62) 

               

Const. -424.49*** -229.40*** -84.46*** -30.04*** 3.58 5.70 -44.10*** -18.77*** -8.23** -48.95*** -11.90** -3.35* 45.42 0.16** 

 (45.10) (23.06) (9.43) (6.76) (12.38) (3.78) (7.06) (6.22) (3.35) (3.61) (5.68) (1.95) (32.87) (0.08) 

               

Controlsb ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

IHHFEc ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

N 4519 4519 4519 4519 4519 4519 4519 4519 4519 4519 4519 4519 4519 4519 

F-stat. Ha: MUrban ≠ MRural 0.88 6.22*** 1.90 4.45** 0.77 3.75** 0.60 1.78 0.84 0.49 1.39 9.32*** 6.31*** 2.31 

Notes: Standard errors in parentheses.  
a Diversity score equals the number of food groups (see Appendix A2) consumed. 
b The following individual baseline characteristics are included: age, sex, relation to the household head, education and marital status. 
c IHHFE stands for initial household fixed effects.. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table B3: Results of the regressions of changes in food consumption (in kcal. per capita per day) by category and diversity score on population density (2008/09-2012/13) 

 Total Maize Cassava 

 Other 

starchy 

foods 

Rice 

Bread, 

pasta, cereal 

products 

Pulses, 

 nuts, 

seeds

Meat, 

fish, 

dairy 

Fruits, 

veg. 

Oils, 

fats 

Sugar, 

sweets,  

pastries 

Sodas, 

tea, coffee 

Meals, 

snacks  

cons. outs. 

Diversity  

Scorea 

              

Pop. dens. 0.90 -1.10*** -1.10*** -0.98** 1.24*** 0.29*** -0.62*** 0.13 -0.12* 0.13 0.22 0.12*** 2.70*** -0.00 

 (0.95) (0.40) (0.26) (0.39) (0.43) (0.11) (0.21) (0.12) (0.06) (0.12) (0.15) (0.04) (0.89) (0.00) 

               

Const. -390.38*** -202.20*** -88.07*** -21.23*** -10.17 3.46 -46.02*** -21.35*** -12.24*** -52.69*** -20.67*** -0.64 81.45*** 0.03 

 (30.87) (16.49) (7.95) (7.77) (10.29) (2.27) (6.08) (4.11) (2.46) (2.41) (3.83) (1.13) (21.57) (0.05) 

               

Controlsb ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

IHHFEc ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

N 9405 9405 9405 9405 9405 9405 9405 9405 9405 9405 9405 9405 9405 9405 

Notes: Standard errors in parentheses.  
a Diversity score equals the number of food groups (see Appendix, Table A2) consumed. 
b The following individual baseline characteristics are included: age, sex, relation to the household head, education and marital status. 

c IHHFE stands for initial household fixed effects. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table B4: Results of the regressions of changes in food consumption (in kcal. per capita per day) by category and diversity score incl. mediator variables (2008/09-2012/13) 

 Total a Maize Cassava 

 Other 

starchy 

foods 

Rice 

Bread, 

pasta, cereal 

products 

Pulses, 

 nuts, 

seeds

Meat, 

fish, 

dairy 

Fruits, 

veg. 

Oils, 

fats 

Sugar, 

sweets,  

pastries a 

Sodas, 

tea, coffee a 

Meals, 

snacks  

cons. outs. b 

Diversity  

Score c 

              

MRural -31.10 -30.81 -19.18 7.11 45.64 24.59*** -39.97 -37.17** -14.76 -3.88 -28.47* 0.15 33.70 -0.23 

 (-0.43) (-0.36) (-0.53) (0.37) (1.28) (2.76) (-1.60) (-2.51) (-1.18) (-0.38) (-1.67) (0.06) (0.55) (-1.04) 

               

MUrban -383.02*** -231.25** -61.09 -122.79*** 2.10 35.20** -50.36 -40.90** -49.58*** -43.28* -7.64 17.69*** 152.83 -0.71** 

 (-2.97) (-2.19) (-0.96) (-2.71) (0.04) (2.00) (-1.03) (-2.15) (-3.64) (-1.89) (-0.29) (2.87) (1.24) (-1.97) 

               

Farm -234.50*** -207.27*** -63.56*** -8.52 95.89*** 9.03 -109.37*** -12.62 -29.48*** -16.42* 9.58 3.96* 113.10** 0.00 

 (-2.92) (-3.74) (-2.65) (-0.43) (3.10) (0.90) (-4.86) (-0.84) (-3.27) (-1.71) (0.72) (1.79) (1.97) (0.02) 

               

∆𝐿𝑛(𝑐𝑜𝑛𝑠. ) 1265.08*** 246.70*** 11.41 45.03*** 190.77*** 28.57*** 128.78*** 123.79*** 42.50*** 21.95*** 84.43*** 8.44*** 349.96*** 0.60*** 

 (23.90) (6.91) (0.60) (3.64) (8.63) (5.14) (9.28) (12.25) (7.64) (4.37) (10.33) (5.58) (8.78) (4.60) 

               

∆𝑃𝐼𝑇𝑜𝑡𝑎𝑙 -565.84*** -89.00 -267.40*** 11.52 -7.60 5.15 -40.69 15.08 -6.48 10.86 -15.94 -2.83   

 (-4.67) (-0.81) (-2.86) (0.38) (-0.14) (0.40) (-1.21) (0.66) (-0.54) (0.51) (-0.81) (-0.57)   

               

∆𝑃𝐼𝑗  -169.18 -750.63*** -570.04*** -586.17*** -135.14 -76.61 17.08 -7.44 13.81 13.81 0.88   

  (-0.59) (-3.73) (-3.01) (-3.81) (-0.54) (-1.38) (0.48) (-1.38) (0.45) (0.45) (0.46)   

               

Const. 1775.75*** 1220.98*** 1290.17*** 154.21 412.94** 14.26 436.31*** 106.69 99.74** 139.07*** 163.02** 14.03 97.15*** 0.10* 

 (4.05) (3.23) (3.82) (1.61) (2.10) (0.27) (3.56) (1.37) (2.23) (2.58) (2.45) (0.70) (4.50) (1.81) 

               

Controlsb ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

IHHFEc ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

N 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 

F-stat. Ha: MUrban ≠ MRural 6.13*** 2.09 0.30 7.26*** 0.42 0.29 0.04 0.02 3.90** 2.31 0.47 6.71*** 0.79 1.30 

Notes: Standard errors in parentheses.  
a Whereas the dependent variable includes both home and outside consumption, the price index is based upon the former. Restricting our analysis to at home consumption does not alter out findings.  
b Since the data do not contain price information for meals and snacks consumed outside the home, no price index could be included for this food category 
c Diversity score equals the number of food groups (see Appendix A2) consumed. 
d The following individual baseline characteristics are included: age, sex, relation to the household head, education and marital status. 
e IHHFE stands for initial household fixed effects. 

* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table B5: ACDEs of rural-urban migration in regressions of changes in food consumption (in kcal. per capita per day) by category and diversity score (2008/09-

2012/13)

 
Tota

la 

Maiz

e 

Cassa

va 

 

Other  

starchy  

foods 

Rice 

Brea

d,  

pasta, 

cereal  

produ

cts

Puls

es, 

 nuts, 

seeds 

Me

at, 

fish, 

dairy 

Frui

ts, 

veg. 

Oil

s, 

fats 

Sug

ar, 

sweets

,  

pastrie

sa 

Sod

as, 

tea, 

coffee
a 

Meal

s, 

snacks  

cons. 

outs.b 

Divers

ity  

Scorec 

              

MUrban 

(Total 

effect) 

149.56 -

177.58
** 

-

153.60*

** 

-

113.64
*** 

131.19
*** 

70.37*

** 

-27.47 25.37 -7.50 -8.21 56.51*

** 

25.68*

** 

328.43
*** 

0.21 

 
(155.6

5) 

(82.37) (38.66) (43.54) (49.64) (18.13

) 

(36.45

) 

(21.5

6) 

(11.75

) 

(15.4

1) 

(20.56

) 

(6.21) (91.91) (0.31) 

               

 

MUrban 

ACD

E 

(Farm

) 

247.26 -91.94 -

128.12*

* 

-

110.99
* 

90.89* 66.19*

** 

18.02 30.60 4.28 -1.83 52.24*

* 

24.27*

** 

282.41
*** 

0.19 

 
(183.0

4) 

(98.98) (49.89) (63.37) (55.05) (18.44

) 

(44.85

) 

(25.2

4) 

(13.94

) 

(17.9

1) 

(24.64

) 

(6.94) (92.99) (0.34) 

               

MUrban 

ACD

E 

(Inco

me) 

-

527.26
*** 

-

308.99
*** 

-

159.20*

** 

-

137.12
** 

29.28 55.37*

** 

-

96.14** 

-

40.72
* 

-

29.87* 

-

19.61 

11.68 21.50*

** 

140.45 -0.11 

 
(154.6

3) 

(98.04) (47.52) (68.36) (52.65) (17.70

) 

(43.17

) 

(21.4

2) 

(15.41

) 

(18.6

6) 

(24.56

) 

(6.25) (91.70) (0.34) 

               

MUrban 

ACD

E 

(Price

s)  

196.11 -

142.11 

-35.71 -55.44 147.11
*** 

69.79*

** 

-11.82 38.36 -8.68 -

15.04 

59.80*

* 

25.81*

** 

  

 
(188.6

7) 

(102.0

7) 

(49.09) (43.10) (56.56) (17.95

) 

(46.47

) 

(25.3

3) 

(15.32

) 

(19.5

2) 

(24.56

) 

(6.69)   

               

    MUrban 

ACDE 

(Farm, 

income, 

prices) 

-

383.02
** 

-

187.88
* 

-15.83 -76.27* 4.90 50.60*

** 

-35.02 -

22.51 

-19.26 -

20.05 

10.70 20.22*

** 

94.43 -0.12 

 
(152.1

1) 

(106.8

9) 

(53.53) (41.78) (53.68) (17.64

) 

(45.29

) 

(23.7

4) 

(14.97

) 

(19.2

3) 

(25.62

) 

(6.63) (92.78) (0.34) 

               

Controlsd ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

IHHFEe ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

N 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 

Notes: ACDE(mediator)  refers to the Average Controlled Direct Effect net of the causal effect taking place through the mediator variable, derived using the method 

proposed by Acharya et al. (2016). 

Standard errors in parentheses. For the ACDEs these are the standard errors from 1000 bootstrapped replications. 
a Whereas the dependent variable includes both home and outside consumption, the price index is based upon the former. Restricting our analysis to at home 

consumption does not alter out findings.  
b Since the data do not contain price information for meals and snacks consumed outside the home, no price index could be included for this food category 
c Diversity score equals the number of food groups (see Appendix A2) consumed. 
d The following individual baseline characteristics are included: age, sex, relation to the household head, education and marital status. 
e IHHFE stands for initial household fixed effects. 

* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table B6:Estimated difference between the total effects and the ACDEs of rural-urban migration in regressions of changes in food consumption (in kcal. per capita 

per day) by category and diversity score (2008/09-2012/13)

 
Total
a 

Maiz

e 

Cassa

va 

 

Other  

starch

y  

foods 

Rice 

Brea

d,  

pasta, 

cer.  

produc

ts

Pulse

s, 

 nuts, 

seeds 

Mea

t, 

fish, 

dairy 

Fruit

s, 

veg. 

Oils

, 

fats 

Suga

r, 

sweets

,  

pastrie

sa 

Soda

s, 

tea,  

coffeea 

Meal

s, 

snacks  

cons. 

outs.b 

Di

v.  

Scor

ec 

              

MUrban 

(Total 

effect) - 

MUrban 

ACDE 

(Farm)  

-

97.70** 

-

85.64**

* 

-25.48** -2.65 40.29** 4.18 -

45.48**

* 

-5.22 -

11.78*

* 

-6.38 4.27 1.41 46.01* 0.01 

 
(44.68) (32.43) (12.07) (12.57

) 

(16.24) (5.18) (12.81) (8.22) (5.12) (4.98) (6.50) (1.02) (24.98) (0.09

) 

               

MUrban 

(Total 

effect) - 

MUrban 

ACDE 

(Incom

e) 

676.82*

** 

131.41*

** 

5.60 
23.48*

** 

101.91*

** 

15.01**

* 

68.68**

* 

66.09*

** 

22.37*

** 

11.40*

** 

44.83*

** 4.19*** 

187.98*

** 

0.31*

** 

 
(114.14

) 

(34.54) (12.47) (8.86) (19.94) (4.05) (12.97) (12.75

) 

(5.37) (3.73) (8.96) (1.20) (39.86) (0.09

) 

               

MUrban 

(Total 

effect) - 

MUrban 

ACDE 

(Prices) 

-46.55 -35.47 -

117.89**

* 

-

58.20* 

-15.92 0.59 -15.65 -12.99 1.18 6.82 -3.29 -0.13   

 
(25.60) (52.59) (36.13) (32.69

) 

(15.28) (3.34) (12.94) (11.46

) 

(5.16) (7.70) (8.23) (0.81)   

               

MUrban 

(Total 

effect) - 

MUrban 

ACDE 

(Farm, 

income

, 

prices) 

532.58 10.30 -

137.77**

* 

-37.37 126.29*

** 

19.78**

* 

7.55 47.88*

** 

11.76 11.84 45.81*

** 

5.46*** 234.00*

** 

0.33*

** 

 
(122.73

) 

(64.30) (38.13) (37.85

) 

(30.16) (6.61) (20.68) (17.06

) 

(7.27) (8.23) (8.96) (1.62) (49.20) (0.12

) 

               

Control

sd ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

IHHFE
e ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

N 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 9344 

Notes: ACDE(mediator)  refers to the Average Controlled Direct Effect net of the causal effect taking place through the mediator variable, derived using the method 

proposed by Acharya et al. (2016). 

Standard errors from 1000 bootstrapped replications in parentheses.  
a Whereas the dependent variable includes both home and outside consumption, the price index is based upon the former. Restricting our analysis to at home 

consumption does not alter out findings.  
b Since the data do not contain price information for meals and snacks consumed outside the home, no price index could be included for this food category 
c Diversity score equals the number of food groups (see Appendix A2) consumed. 
d The following individual baseline characteristics are included: age, sex, relation to the household head, education and marital status. 
e IHHFE stands for initial household fixed effects. 

* p < 0.10, ** p < 0.05, *** p < 0.01 

 

  



47 
 

Tables 

 

Table 1: Baseline (2008/09) summary statistics according to 2012/13 migration status 

 

Rural stayed 

 

(8469) 

Rural-rural  

migrants 

(710) 

T-stat.  

Ha: diff ≠ 0 

Rural-urban  

migrants 

(238) 

T-stat. 

Ha: diff ≠ 0 

Age (years) 22.73 21.91 1.07 20.88 1.43 

Female (%) 51.53 56.34 -2.46** 56.72 -1.58 

Education (years completed) 3.18 3.20 -0.16 4.58 -6.32*** 

Ever married (%) 38.69 41.13 -1.28 32.77 1.85* 

Household head or spouse  (%) 34.29 35.92 -0.88 29.83 1.43 

Child of household head (%) 49.23 48.17 0.51 50 -0.24 

Household size 6.81 5.91 5.83*** 5.95 3.27*** 

Farming household (%) 83.63 82.54 0.76 58.40 10.27*** 

Total consumption per capita (TZS) a 638641 666537 -1.62 793935 -5.35*** 

Notes: The reported t-statistics are the result of the t-test comparing rural-rural migrants or rural-urban migrants with those who stayed in their rural baseline 

village. 
a Total consumption per capita is expressed in 2012/13 Tanzanian Shillings (TZS) 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 2: Summary statistics of food consumption (in kcal. per capita per day) by category and diversity score 

 Baseline Change between 2008/09-2012/13 

 

Urban 

 

(4527) 

Rural 

 

(9417) 

T-stat.  

Ha: diff ≠ 0 

All rural at baseline 

 

(9417) 

Rural stayed 

 

(8469) 

Rural-rural  

migrants 

(710) 

T-stat.a  

Ha: diff ≠ 0 

Rural-urban  

migrants 

(238) 

T-stat.a 

Ha: diff ≠ 0 

Total  2651.55 2506.71 -6.43*** -324.11 -327.61 -400.31 1.27*** 27.69 -3.72*** 

Maize 597.28 991.76 25.72*** -204.71 -207.57 -136.64 -1.95*** -306.10 1.64*** 

Cassava 66.22 292.99 -25.05*** -91.02 -86.49 -129.19 2.19*** -138.54 1.64*** 

Other starchy foods 92.02 146.87 9.90*** -25.05 -21.26 -61.75 2.77*** -50.42 1.21*** 

Rice 511.48 257.99 -31.22*** 17.99 16.75 -6.78 1.17*** 136.04 -3.52*** 

Bread, pasta, cereal products 119.25 17.60 -48.84*** 8.00 6.83 -2.29 2.36*** 80.24 -11.60*** 

Pulses, nuts, seeds 329.79 287.96 -7.63*** -30.90 -28.22 -65.61 2.74*** -22.87 -0.24*** 

Meat, fish, dairy 171.47 139.49 -10.33*** -11.26 -11.45 -14.76 0.44*** 6.14 -1.40*** 

Fruits, veg. 69.13 88.26 9.47*** -8.32 -8.78 -3.60 -0.95*** -6.29 -0.28*** 

Oils, fats 181.07 89.48 -40.86*** -50.84 -50.30 -61.31 2.33*** -38.83 -1.43*** 

Sugar, sweets, pastries 231.61 126.58 -35.24*** -7.01 -8.19 -6.80 -0.19*** 34.16 -2.46*** 

Sodas, tea, coffee 33.99 4.97 -33.74*** -0.49 -1.14 1.33 -2.44*** 17.07 -10.13*** 

Meals, snacks cons. outs. 248.25 62.77 -25.03*** 79.52 72.21 87.08 -0.73*** 2.29 -6.82*** 

Diversity Scoreb 9.09 7.33 -45.28*** 0.20 0.18 0.23 -0.55*** 0.76 -3.77*** 

Notes:  
a The reported t-statistics are the result of the t-test comparing rural-rural migrants or rural-urban migrants with those who stayed in their rural baseline or a nearby village. 
b Diversity score equals the number of food groups (see Appendix, Table A2) consumed. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 3: Results of the regressions of changes in food consumption (in kcal. per capita per day) by category and diversity score (2008/09-2012/13) 

 
Tota

l 

Mai

ze

Cass

ava 

 

Other 

starch

y 

foods 

Ric

e 

Bre

ad, 

pasta, 

cereal 

produ

cts 

Puls

es, 

 nuts, 

seeds

Me

at, 

fish, 

dairy 

Frui

ts, 

veg. 

Oil

s, 

fats 

Sug

ar, 

sweet

s,  

pastri

es 

Sod

as, 

tea, 

coffee 

Mea

ls, 

snacks  

cons. 

outs. 

Diver

sity  

Scorea 

              

MRural 
47.95 -13.71 -4.74 16.11 44.68 12.87*

* 

-32.36 -0.76 -7.20 -9.59 -10.66 2.98 50.34 -0.19 

 
(98.11

) 

(59.73

) 

(32.33) (14.32

) 

(31.7

7) 

(6.27) (20.26

) 

(13.7

1) 

(8.63) (7.17) (12.74

) 

(2.02) (52.81

) 

(0.17) 

               

MUrban 

169.73 -

179.61
** 

-

155.17*

** 

-

111.88
*** 

130.1

0** 

71.28*

** 

-35.02 27.75 -8.50 0.52 60.03*

** 

24.70*

** 

345.53
*** 

0.12 

 
(148.5

8) 

(76.86

) 

(37.05) (40.00

) 

(52.9

6) 

(17.15

) 

(35.40

) 

(20.5

2) 

(10.91

) 

(15.1

4) 

(19.73

) 

(6.11) (94.76

) 

(0.32) 

               

Const. 

-

392.61
*** 

-

206.06
*** 

-

90.78**

* 

-

25.63*

** 

-

10.55 

3.17 -

46.31*

** 

-

21.03
*** 

-

12.36*

** 

-

51.65
*** 

-

18.38*

** 

-0.62 87.60*

** 

0.04 

 
(31.19

) 

(16.51

) 

(8.35) (7.51) (10.4

6) 

(2.25) (6.14) (4.07) (2.49) (2.43) (4.02) (1.13) (21.54

) 

(0.05) 

               

Contro

lsb ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

IHHF

Ec ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

N 9417 9417 9417 9417 9417 9417 9417 9417 9417 9417 9417 9417 9417 9417 

F-stat. 

Ha: 

MUrban 

≠ 

MRural 

0.49 3.17* 8.73*** 9.85*** 1.90 10.58*

** 

0.00 1.25 0.01 0.38 10.10*

** 

11.47*

** 

8.05*** 0.81 

Notes: Standard errors in parentheses.  
a Diversity score equals the number of food groups (see Appendix, Table A2) consumed. 
b The following individual baseline characteristics are included: age, sex, relation to the household head, education and marital status. 
c IHHFE stands for initial household fixed effects. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 4: Results of the regressions of changes in the share of each food category (in kcal. per capita per day) in total energy intake (2008/09-2012/13) 

 
Tota

l 

Maiz

e

Cassav

a 

 

Other 

starch

y 

foods 

Ric

e 

Brea

d, 

pasta, 

cereal 

product

s 

Pulse

s, 

 nuts, 

seeds

Meat

, 

fish, 

dairy 

Fruit

s, 

veg. 

Oils

, 

fats 

Suga

r, 

sweets,  

pastries 

Soda

s, 

tea, 

coffee 

Meal

s, 

snacks  

cons. 

outs. 

             

MRural  -0.69 -1.82 0.60 1.12 0.51** -0.70 -0.55 0.59 -0.25 -0.63 0.12* 1.70 

  (1.74) (1.21) (0.65) (1.03) (0.25) (0.70) (0.51) (0.48) (0.25) (0.43) (0.06) (1.58) 

              

MUrban 

 -6.51** -6.91*** -

3.02**

* 

3.53** 2.43*** -1.33 -0.22 -0.54 -0.02 2.19*** 0.70*** 9.69*** 

 n.a. (2.89) (1.41) (1.08) (1.77) (0.54) (0.93) (0.65) (0.44) (0.48) (0.72) (0.17) (2.93) 

              

Const. 

 -0.19 -1.56*** -0.42 1.40**

* 

0.09 -0.09 -0.31* -0.09 -

1.95**

* 

-0.22 -0.03 3.38*** 

  (0.61) (0.35) (0.32) (0.35) (0.07) (0.23) (0.16) (0.14) (0.09) (0.15) (0.04) (0.68) 

              

Control

s 
 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

IHHFE  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

N  9417 9417 9417 9417 9417 9417 9417 9417 9417 9417 9417 9417 

F-stat. 

Ha: 

MUrban 

≠ MRural 

 3.00* 7.80** 9.13**

* 

1.43 10.82*** 0.32 0.17 3.33* 0.19 12.67**

* 

9.54*** 6.23** 

Notes: Standard errors in parentheses.  
a Diversity score equals the number of food groups (see Appendix, Table A2) consumed. 
b The following individual baseline characteristics are included: age, sex, relation to the household head, education and marital status. 
c IHHFE stands for initial household fixed effects. 
* p < 0.10, ** p < 0.05, *** p < 0.01 

 

  



51 
 

Table 5: Results of the regressions of changes in food consumption by category (in kcal. per capita per day) and diversity score on migration to different rural 

areas, secondary towns or cities (2008/09-2012/13) 

 
Tota

l 

Mai

ze

Cass

ava 

 

Other 

starch

y 

foods 

Ric

e 

Bre

ad, 

pasta, 

cereal 

produ

cts 

Puls

es, 

 nuts, 

seeds

Me

at, 

fish, 

dairy 

Frui

ts, 

veg. 

Oil

s, 

fats 

Sug

ar, 

sweet

s,  

pastri

es 

Sod

as, 

tea, 

coffee 

Mea

ls, 

snacks  

cons. 

outs. 

Diver

sity  

Scorea 

              

MRural 
46.97 -15.67 -4.61 14.88 44.35 13.06*

* 

-32.19 -0.67 -7.16 -9.18 -10.29 2.91 51.54 -0.19 

 
(98.13

) 

(59.81

) 

(32.24) (14.40

) 

(31.74

) 

(6.26) (20.25

) 

(13.7

7) 

(8.62) (7.16) (12.76

) 

(2.04) (52.94

) 

(0.17) 

               

MSec. 

Towns 

216.08 -86.75 -

161.39*

** 

-53.97 145.8

2** 

62.32*

* 

-43.11 23.34 -10.47 -

19.10 

42.30* 28.01*

** 

289.07
** 

0.01 

 
(198.5

5) 

(108.5

7) 

(48.17) (36.42

) 

(65.43

) 

(24.33

) 

(45.38

) 

(28.2

5) 

(14.38

) 

(22.0

9) 

(23.98

) 

(9.26) (113.2

7) 

(0.41) 

               

MCities 

105.78 -

307.74
*** 

-

146.60*

* 

-

191.7

7** 

108.4

1 

83.65*

** 

-23.85 33.83 -5.79 27.59 84.50*

** 

20.14*

** 

423.41
*** 

0.26 

 
(220.2

2) 

(99.84

) 

(58.07) (79.52

) 

(86.86

) 

(22.78

) 

(55.94

) 

(29.2

9) 

(16.55

) 

(18.0

8) 

(32.12

) 

(6.67) (159.0

3) 

(0.49) 

               

Const. 

-

392.71
*** 

-

206.27
*** 

-

90.77**

* 

-

25.76*

** 

-10.58 3.19 -

46.29*

** 

-

21.02
*** 

-

12.35*

** 

-

51.61
*** 

-

18.34*

** 

-0.63 87.73*

** 

0.04 

 
(31.18

) 

(16.49

) 

(8.36) (7.47) (10.47

) 

(2.24) (6.14) (4.07) (2.49) (2.43) (4.02) (1.13) (21.55

) 

(0.05) 

               

Contro

lsb ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

IHHF

Ec ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

N 9417 9417 9417 9417 9417 9417 9417 9417 9417 9417 9417 9417 9417 9417 

F-stat. 

Ha: 

MSec. 

Towns  ≠ 

MRural 

0.60 0.33 7.50*** 3.24* 1.96 3.86** 0.05 0.52 0.04 0.19 3.86*

* 

6.73**

* 

3.64* 0.21 

F-stat. 

Ha: 

MCities 

≠ 

MRural 

0.06 7.02*** 4.07** 6.87**

* 

0.48 9.26 0.02 1.22 0.01 3.67 8.28**

* 

6.69**

* 

5.34** 0.81 

F-stat. 

Ha: 

MSec. 

Towns ≠ 

MCities 

0.14 2.27 0.04 2.50 0.12 0.41 0.07 0.07 0.05 2.71* 1.13 0.48 0.48 0.16 

Notes: Standard errors in parentheses.  
a Diversity score equals the number of food groups (see Appendix, Table A2) consumed. 
b The following individual baseline characteristics are included: age, sex, relation to the household head, education and marital status. 
c IHHFE stands for initial household fixed effects. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Figures 

Figure 1: Evolution of the sample between survey rounds 
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Figure 2: ACDEs of rural-urban migration in regressions of changes in food consumption (in kcal. per capita per day) by category and diversity scorea (2008/09-2012/13) 

 
Notes:  ACDE(mediator)  refers to the Average Controlled Direct Effect net of the causal effect taking place through the mediator variable, derived using the method proposed by Acharya et al. (2016). 

Horizontal spikes represent the 95% confidence intervals from 1000 bootstrapped replications. 

For a detailed summary of the differences between the total effect and the ACDEs see Appendix B, Table B6. 
 a Diversity score equals the number of food groups (see Appendix, Table A2) consumed. 


