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1 Introduction 
 

According to FAO (2004) over 800 million people in developing countries, 

particularly in rural areas, are undernourished. The elimination of hunger and 

malnutrition continues to be a major policy goal, especially in view of the increasing 

evidence on the significant present and future costs it represents to developing 

societies (FAO, 2004), not withstanding humanitarian considerations. The mounting 

evidence on the social costs associated with undernourishment and malnutrition calls 

for immediate policy action. In Paraguay, where a large part of the population suffers 

from malnutrition and lack of access to calories, an intense discussion on the design 

of a poverty reduction strategy has recently started. This paper aims at providing 

policy makers with information helping in such effort.   

 A key issue is to understand the channels through which policy can improve 

the nutritional status of the population and of the poor more specifically.1 In 

particular, policy makers need to have a clear and precise picture of how income, 

food prices, and other relevant socio-economic characteristics affect the amount of 

nutrients available to households. Knowledge of how other factors combine with 

nutrient intakes in determining the final nutritional outcome is also of paramount 

importance, but fall out of the scope of the present paper.     

This paper aims at providing estimates of income and price elasticities of the 

demand for calories and other relevant nutrients for Paraguay. In particular, it 

examines how these elasticities differ according to income. A correct estimation of 

these elasticities provides the basis for policy planning and requires taking into 

account several empirical issues. The main one is related to the problem posed by the 

mismeasurement of expenditure or income. A second important aspect is to control 

for unobservable factors that influence the demand behavior of individuals and 

households residing within the same community.   

                                                 
1 Poor households’ caloric intake is by definition below a specified minimum threshold. 
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The literature has devoted a great amount of interest in estimating the extent 

to which the demand or intake of nutrients responds to income and to socio-economic 

characteristics such as women’s education and the occupational choice of household 

heads (e.g. Behrman and Wolfe, 1984. Strauss and Thomas, 1995). Much effort has 

been devoted to understanding the relationship between income, food purchases, and 

caloric intake and availability. We apply the main techniques that have been adopted 

in the literature to data from a nationally representative survey of Paraguayan 

households. We then use the estimated parameters, jointly with the results of a paper 

on food demand by Bresciani and DiGiuseppe (2005) to discuss possible avenues for 

developing food policy in Paraguay, a country where intervention in food markets is 

currently discussed as an option for establishing a social protection program.  

A brief survey of the relevant literature is provided in section 2, followed in 

section 3 by the discussion of the Paraguayan data used in the analysis of salient 

aspect of household dietary habits. Section 4 examines the issue of measurement 

error in food consumption and presents results based on OLS and 2SLS methods. 

These methods are then extended to the case in which unobserved community level 

effects are controlled for. Implications for food policy are discussed in section 6, 

while section 7 draws conclusions and directions for future research.         

2 Literature survey 
 

The relationship between income and nutrient demand, in particular calorie 

demand, has received ample scrutiny in the literature as it impinges on the issue of 

whether growth can be relied upon to reduce undernourishment over the long-run. 

Based on income growth projections, the income elasticity allows estimating the time 

horizon over which the calorie-gap will be eliminated, thereby allowing for better 

planning of nutrition and food policies. In fact, as Reutlinger and Selowsky argue 

(1976), hunger “is not likely to go away in the normal course of development.”  Food 

subsidies and income transfer policies, as well as many other types of interventions 

aimed at improving key socio-economic conditions, are required to face the 
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challenge. Yet, these interventions often represent a major financial burden for 

countries with weak public finances.  Knowing how much time will take to eradicate 

hunger through growth will therefore provide a better sense of the financial effort 

required to shorten that spell through food subsidies.  

While the initial view was that income growth among the poor would result into 

a significant increase in the intake of calories (see Alderman, 1986 for a review of the 

earlier studies on the income-nutrition relationship),  such optimistic view was 

increasingly challenged by results showing that income growth would result into 

small if not null increases in the consumption of calories and other nutrients 

(Behrman and Doelalikar,1987; Bouis and Haddad, 1992; Bouis 1994; Behrman and 

Wolfe, 1984). 

There are two key methodological aspects that explain the divergence of views 

between the optimistic and pessimistic fields and better understanding of the present 

analysis requires a discussion of their nature. The first aspect concerns the direct or 

indirect approach to estimating the nutrient to income elasticity, where by nutrient we 

include calorie as well. The first approach would first estimate a system of demand 

equations for various more or less aggregated food groups and use the estimated 

income elasticity parameters together with average nutrient conversion factors at the 

food group level to derive the income to nutrient elasticity. As the typically recorded 

information was based on food purchases, calories were mostly expressed in terms of 

availability rather than intake. This approach is referred in the literature as the 

indirect approach.  

The direct approach instead first computes intake or availability of a given 

nutrient using the detailed information on food preparation, purchases, self-produced 

or donated as well as food conversion factors. Food distributed to guests and workers 

is subtracted from availability to derive apparent consumption. Nutrients are then 

regressed on income and other socio-economic characteristics. On theoretical grounds 

the two approaches are bound to give different answers in terms of the income to 

nutrient elasticity. First, the indirect method, by aggregating food items into broader 
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groups implicitly assumes that households do not substitute among different products 

within the same group as income increases. There is in fact ample evidence that as 

income increases households do substitute between different within-group food items. 

Moreover, households also tend to spend more per calorie purchased, signaling a taste 

for quality. As Behrman and Deolalikar (1987) prove, not accounting for intra-group 

substitution leads to overestimating the income to nutrient elasticity.  

Second, mismeasurement of food purchased, self-produced, or donated (in 

short, food access) contaminates total household expenditure. If total expenditure is 

used as a proxy of permanent income, we face two kinds of problems. On one hand, 

measurement error in the explanatory variable leads to the typical attenuation bias 

and consequently to a downwardly biased estimate of the nutrient to income 

elasticity2. On the other hand, as Bouis and Haddad (1992) argue, when computed on 

the basis of food access, nutrient demand will also be measured with error. As a result 

both the dependent variable (nutrient demand) and the explanatory variable (total 

expenditure) are measured nosily, so that their respective measurement errors are 

positively correlated. On this account, income elasticity is estimated with an upward 

bias3. The final direction of the bias is an empirical issue, although Bouis and Haddad 

(1992) argue that when expenditure is the only mismeasured regressor the upward 

bias is likely to dominate. The bottom line for the empirical analysis is that (i) 

information on intake is preferable to that on access through purchase and own-

production; and that (ii) instrumental variables are required in order to address the 

effects of measurement errors. Using income instead of expenditures solves the latter 

problem but may aggravate the former one.  

As Bouis (1994) has shown, another important factor that also needs to be taken 

into account in estimating the income to nutrient elasticity is the extent to which there 

are unobserved food transfers to non-household members under the form of gifts or 

payments. Leakages of this sort are likely to be positively correlated with household 

                                                 
2 Provided of course that expenditure is the only mismeasured regressor.  
3 This effect holds irrespective of whether other regressors are mismeasured. 
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income and expenditure, so that a spurious relationship between income and nutrients 

contaminates the relationship between income and the (unobserved) effective intake 

of nutrients. In other words, one may wrongly infer the income to nutrient intake 

elasticity on the basis of the income to nutrient demand elasticity. This type of 

problem can be dealt with only by removing leaked nutrients distributed to non-

household members, thus working with apparent consumption.      

In view of the above discussion, one should not be surprised to find in the 

empirical literature a wide range of estimates of the nutrient income elasticity, as a 

the compendium of point estimates provided by Strauss and Thomas (1995) allows to 

appreciate. With respect to calories, estimates of the elasticity based on the indirect 

approach range from a low of 0.51 to a high of 1.18. When the direct approach is 

followed, estimates range from 0.11 to 0.59 using available calories as the dependent 

variable; from 0.08 to 0.54 when the dependent variable is calorie intake measured 

with a 7 day recall; and 0.01 to 0.37 when the recall period is restricted to the 

previous 24 hours. Recent work by Subramanian and Deaton (1996) on India 

questions challenges the validity of the pessimistic approach and argues that for the 

specific case being analyzed the ‘true’ elasticity is bound to fall between 0.3 and 0.5. 

The evidence is therefore quite mixed and as Strauss and Thomas (1995) put it: “On 

balance, the evidence suggests there is at least some scope for income-based polices 

to alleviate low nutrient intakes. At the same time, income is by no means a panacea: 

households do care about dimensions of welfare other than calorie consumption.”  

Nevertheless, this conclusion begs the question of whether the elasticity is 

constant across income groups or changes with living standards in some predictable 

way has received somewhat less intense empirical scrutiny in the literature. For 

example Subramanian and Deaton (1996), on the basis of a non-parametric regression 

conclude that the elasticity declines very slowly as household income (expenditure) 

grows, from a high of 0.55 for the poorest households to 0.40 for the richest. On the 

other hand, Gibson and Rozelle (2000) find that in the case of urban Papua New 

Guinea the elasticity declines substantially as income increases.   
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From an empirical point of view, the major problem in estimating the shape of 

the nutrient income relationship is related to the interaction between the power of the 

instruments and the flexibility of the functional form adopted so as to capture existing 

non-linearities (Strauss and Thomas, 1995). Even when first stage estimates are 

satisfactory, inclusion of higher order functions of per capita income or expenditure 

will seriously weaken, and also bias, IV estimates. Clearly, how to proceed in the use 

of instrumental variables when the relationship between nutrients and income is non-

linear is an empirical issue. Nevertheless, the discussion underlines the importance of 

specifying a functional form that is parsimonious as possible while allowing for the 

income elasticity to vary with income. Non-parametric methods represent a helpful 

and powerful approach to specifying a parsimonious functional form. The bottom-

line of the non-parametric approach is to let the data speak for themselves, without 

placing any a-priori restrictions. In the case of Subramanian and Deaton’s (1996) 

analysis on India, ‘regressing’ non-parametrically the log of calories on the log of 

income allowed to conclude that the calorie to income elasticity declined gently with 

income, so that a simple linear log-log relationship would provide a reasonable 

approximation to the ‘true’ underlying relationship. Based on a non-parametric 

regression with data from urban Brazil, Strauss and Thomas (1990) detect a 

significant negative correlation between income and the calorie to income elasticity. 

To capture parametrically such high non-linearity, they add to the log of per capita 

expenditure additional terms that are non-linear transformations of the same variable. 

This approach results though in a substantial loss of power of the instruments used to 

control for the presence of a measurement error in total expenditure.     

The fact that calorie deficiencies and malnutrition might take time to be 

eliminated through income growth raises the issue of the role of food policies. 

Interest lies typically on food subsidies, which affect food prices, and food stamps, 

which amount to income transfers. Policies may target the whole population of or 

specific sub-population target groups.4 Analysis of the role played by food prices in 

                                                 
4 See Alderman (2002) for excellent review of the various types of food policies. 
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shaping nutrient demand has not been as exhaustive as in the case of income and has 

followed different motivations. Sahn’s (1988) study on Sri Lanka focuses on the price 

elasticities of an exhaustive set of food groups. Following an indirect approach, he 

first estimates a demand system for food groups and then uses conversion factors to 

infer the price elasticity of calorie intake. Unit values are taken to represent 

household-specific prices. See Alderman (1986) for a complete list of early empirical 

studies on the topic.  

In other instances the interest in including a price of a subset of relevant food 

items rests on the need of ensuring that their omission would not be responsible for 

any non-linearity between income and nutrient demand. For example, Gibson and 

Rozelle (2000) consider the effect on the estimated income elasticity of including 

food prices in their analysis and find the latter not to be responsible for the observed 

non-linearity.  

Overall, there are little general results that can be extracted from these studies 

as the relationship between nutrients and prices is likely to change from context to 

context and is the result of an intricate set of own and cross-price elasticities of the 

underlying system of demand equations. No real effort has been invested in 

determining the implications for the empirical analysis of price elasticities of the 

assumption that unit values are a correct measure of prices when aggregate food 

groups are used in the analysis, nor of the fact that unit values might differ across 

households as a result of their preferences for quality. This issue is examined in 

Bresciani and DiGiuseppe (2005).  

 

3 Data, food consumption, and dietary patterns 
 

In this paper, the empirical analysis of income and price elasticities of nutrient 

apparent consumption in Paraguay is based on the use of a nationally representative 

LSMS-type household survey collected in 2000/2001 (DGEEC, 2001).  The survey, 

structured as a typical LSMS, provides ample information on income sources, 
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expenditure, and other socio-economic characteristics. For 192 food items, 

households were separately asked to recall their expenditure, gifts received, and 

consumption of self-produced food in the week immediately previous to the 

interview.  For items not regularly consumed or purchased, the recall period extended 

to the previous month. The consumption of each food item was transformed in the 

corresponding quantities of calories, carbohydrates, proteins, fats, vitamin A, and 

iron, using information from FAO’s Latinfood database of conversion factors. As 

Paraguay does not yet have its own conversion tables, we had to rely for the most part 

on information from Argentina, Chile, Brazil, Peru, and Guatemala. Other conversion 

factors were obtained from USDA5.     

 Questions on food access were asked to only 2,862 households out of the 

whole sample. All households in this group were interviewed during the same quarter 

of the year, thus limiting the influence of seasonal factors. On the other hand, 

observed consumption may not reflect the average yearly consumption pattern. 

Nevertheless, a comparison between the structures of food consumption observed 

with the EIH 2000/01 with the one emerging from the EIH 1997/98 (Robles, 1999) 

shows that while there are differences, they are not significant.  

 After discarding observations with missing information or with extreme 

values of per capita nutrient consumption, the sample reduces to 2,606 usable 

observations6. Table 1 reports relevant descriptive statistics of the sampled 

households in terms of access to macro and micro-nutrients, household expenditures 

and income, access to land, demographic structure, and other socio-economic 

characteristics related to ethnical background and education of the household head 

and, where the two do not coincide, of the wife. Households have been grouped into 

rural and urban and into quartiles of income distribution.    

                                                 
5 The complete table with conversion factors is available from the authors upon request. 
6 The questionnaire does not allow to recognize which part of the food purchased is employed in other 
activities such as self-managed restaurants, kiosks, veterinary activities, etc. Most of the observations 
discarded corresponded to households engaged in one of these activities.  
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 Besides calories, table 1 also reports the per capita availability of proteins, fat, 

carbohydrates, vitamin A, and iron. The first three are macronutrients and their 

relative contribution to total calories is important to understand the quality of a diet. 

The share of calories derived from proteins is often taken to be an indicator of the 

quality of a diet, while the share of fats – beyond a certain level - is considered to be 

an indicator of a low-quality diet.  

It is important to notice that the availability of a given nutrient is constructed 

from questions on quantities of food purchased, self-produced, or received as a gift. 

To compute household food expenditure we rely instead on the survey question that 

concerns total expenditure for each item. Self-produced and donated food is valued 

using median purchased food unit values at the district level.  

As Figure 1 shows, the importance of fats in the average apparent 

consumption of calories has steadily increased to the expense of carbohydrates during 

the past forty years and there are signs that such a trend is associated with an increase 

of diet related non communicable diseases (DR-NCD) (Popkin, 2004). Understanding 

the response of fat consumption to income and prices is therefore an important input 

into health policies.    

 Although the mean per capita access to calories is 27% above the cut-off point 

of 1,718 used by FAO in computing the country’s prevalence in undernourishment 

(e.g. FAO, 2004), the mean access of the first quartile of the population is 12% below 

that cut-off point. FAO’s cut-off point is based on the assumption that individuals are 

employed in light activities. A threshold which takes into account the activities in 

which individuals are actually employed has been computed by Robles (1999) and 

stands at 2,194 daily calories per capita. A way to see how alternative cut-off points 

influence the prevalence of undernourishment is to graph the empirical distribution of 

per capita calories. We do so in figure 2 for all households and for the rural and urban 

households separately. Using this higher cut-off, the prevalence of undernourishment 

jumps from 36% to almost 53%.  
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Vitamin A and iron are two important micronutrients in Paraguay (INAN, 

2000). Using the information from the EIH 2000/01 on age, sex, and primary 

employment the average per capita minimum requirement of these two micronutrients 

were computed. According to estimates based on FAO/WHO recommendations on 

human vitamin and mineral requirements, the average Paraguayan should consume 

daily at least 541 milligrams of vitamin A and 17.5 milligrams of iron. As table 1 

shows, the minimum requirement for these two micronutrients is achieved on average 

only by households in the third quartile.  Figures of the prevalence of under 

consumption of iron and vitamin A are stark: 55% and 64% of the population has 

access to less than the recommended daily intakes of vitamin A and iron respectively. 

While the precision of these statements hinges on the accuracy of the 

recommendations on daily intakes, they nevertheless show that in Paraguay 

malnutrition and undernourishment are widespread.   

Differences in living standards between urban and rural areas are stark. Per 

capita daily expenditure of urban residents is almost three times that of the rural 

population. Inequality is also very high, as the average per capita expenditure of the 

highest quartile is 11.8 times that of the lowest quartile. Per capita availability of 

calories among households in the fourth quartile is more than twice that of 

households in the first quartile.  With respect to iron, vitamin A and proteins, ratios of 

per capita availability are even higher. It appears therefore that the rural to urban 

income gap is an important component of total income inequality among Paraguayan 

households.    

Compared to urban households, rural households tend to be larger and 

younger in the sense that the share of household members aged 15 or less is higher. 

Household size seems to be negatively correlated with per capita income and richer 

households are also older in the sense described above.  

Paraguay is also characterized by important ethnic and cultural differences. 

While 80% of the rural households speak mainly Guaraní, only 35% do so in urban 
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areas. Moreover, the share of Guaraní households decreases with income. We expect 

cultural differences to play a role in nutrition.  

The role of education of the household head and of the spouse is widely 

recognized in the nutrition literature, especially in relation to the efficiency with 

which nutrients are transformed into better nutritional status and health (e.g. Behrman 

and Wolfe, 1984, Strauss and Thomas, 1985). In Paraguay, educational achievements 

differ substantially between urban and rural households and between poor and rich 

households. Differences are smaller from a gender point of view. Male and female 

household heads on average complete 6.4 and 6.9 years of schooling respectively. 

Schooling years are much higher in urban than rural areas, and differ roughly by a 

factor of 3 between the first and the last quartiles. Below we include education in the 

nutrient demand equations, both to control for household preferences as well as to see 

whether education plays any significant role in the access to nutrients once income 

and prices are controlled for.  

Prices play an important role in our analysis. As the EIH 2000/01 did not 

collect market price data we computed unit values averaged at the level of 8 different 

food groups using within-group budget shares as weights. Unit values are the ratio of 

total expenditure and total grams purchased of a particular commodity.  Goods are 

packaged in different ways, sold at different locations, and are characterized by other 

taste-related attributes so that expenditure for any given quantity of a specific good 

will differ. As a result, unit values will differ as a reflection of the different intra-

group composition of food items induced by the interaction of household preferences 

and prices. Table 2 reports unit values for the eight food groups considered by the 

present analysis. It shows a general pattern of a positive relationship between income 

quartiles and unit values, especially in the case of cereals, oils and fats, meat, and 

sugar. In the case of roots and tubers, vegetables, and dairy products, the correlation 

is less evident. Fruit unit values are instead negatively related to income.  

In relation to the relationship between income and unit values, it is interesting 

to examine whether the cost of calories changes with income. Indeed, poor 
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households’ diets are richer in fats and less in proteins (see table 3). Although in this 

regard the difference between the first and last quartile is not substantial it is 

consistent with the fact that the prices of fat increases with income, both in absolute 

terms as well as relative to calories, proteins, and carbohydrates. Thus, prima facie it 

appears that diet in Paraguay responds to the implicit price of nutrients. Moreover, 

consistently with what found in other contexts, the implicit price of calories appears 

to be positively correlated with income as consumers tend to attach increasing 

importance to non-nutrient attributes of purchased food as their living standards 

improve. As shown in table 4, households in the fourth quartile spend 29% more per 

calories than households in the first quartile, 11% more for proteins, 41% more for 

fats, and 13% more for carbohydrates. Table 4 also reveals that poor households face 

on average a higher price for calories than households in the second quartile, while 

the median calorie price is lower. Aside from measurement error, the different 

behavior between the mean and the median could be due to the higher costs that poor 

households face when purchasing food due to the lack of proper infrastructure, 

particularly in the more remote rural areas. Income restrictions may also cause poor 

households to buy smaller amounts of any given food, foregoing in this way the 

possibility of achieving ‘scale economies.’ In other words, poor households pay 

higher prices for the same food item. Table 4 is obtained from information on 

monetary purchases of food and it excludes information on food self-produced or 

received as a gift, a form of food access that is more prevalent among poor 

households. If one could attach a proper value to self-produced food, by definition 

unprepared and unpacked, it might very well be the case that aggregation of 

purchased and self-produced food might yield a lower price per calorie among 

households in the lowest quartile.    

In the rest of the paper we shall focus on methods to disentangle the 

importance of income and food prices in determining access to the selected macro 

and micro nutrients when controlling for other variables related to household tastes.  
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4 The analysis of nutrient demand 
 

The traditional approach to measuring the elasticity of nutrient intakes or 

access with respect to income and food prices is based on OLS and 2SLS. As total 

household expenditure is taken to be a better measure of permanent income than 

income itself, in the rest of the discussion we shall refer to the former. As discussed 

above, the use of IV or 2SLS methods is typically required to correct the bias induced 

by the error in measuring expenditure. It is also required in those instances where 

errors in the measurement of expenditure and nutrient demand are correlated (Bouis 

and Haddad, 1992). In the EIH 2000/01 food access and food expenditures are 

recorded separately, so that measurement errors can be safely assumed as 

uncorrelated.  

In order to reduce the risk of spuriously inferring the income to nutrient intake 

elasticity from the income to nutrient demand elasticity, food availability is purged of 

food distributed to employees. Nevertheless, we are not able to exclude calories and 

nutrients leaked out of the households through food consumed by guests7. Moreover, 

we are not able to measure wastage. While it is reasonable to expect that leakages 

through guests would be rather small in size and surely not very frequent, wastage 

could represent an important share of available calories. As both leakages and 

wastage are expected to be positively correlated to income, the risk of a spurious 

inference cannot be completely eliminated.  

A fourth type of problem that influences the estimates’ validity is the potential 

endogeneity of household expenditure with respect to calorie and other nutrient 

intakes. We follow Subramanian and Deaton’s (1996) argument in rejecting that 

possibility a priori on the ground that the cost of purchasing the extra calories that 

would bring the average calorie intake of individuals in the first quartile to the 

                                                 
7 In measuring nutrient availability, we include food received as a gift thereby eliminating the risk of 
not accounting for food import by poor households. 
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recommended calorie cut-off point is only a fraction of an average daily wage of an 

unskilled laborer8.   

To search for a parsimonious specification as possible while avoiding 

imposing a particular assumption on the functional form, we explore the data through 

non-parametric regressions. Non-parametric regressions seek to estimate the location 

of the dependent variable within a specific band of the independent variable. In 

particular we use the LOWESS method.9 Figure 3a shows that the log-log 

specification is highly non-linear, suggesting that the elasticity of calorie demand 

with respect to income tends to decrease substantially with the latter. We then regress 

the demand for calories in absolute terms on the log of household expenditure. The 

data suggest that such relationship is in fact linear so that adopting a semi-log 

specification as an alternative allows for the elasticity to decline while preserving 

parsimony. Similar regressions were run for rural and urban households separately 

and for the other macro and micro-nutrients, in each case leading to similar 

conclusions.  Therefore, the above discussion motivates our interest in estimating the 

following regression:  
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where Nh and xh are the per capita demand for nutrients and per capita household 

expenditure, respectively. zh is a vector of household characteristics that influence the 

demand for nutrients, such as education of the household head and his/her spouse, 

ethnic background, and demographic composition. For the semi-log functional form 

the nutrient to income elasticity is constrained to decline as income increases and it is 

                                                 
8 Looking at the first quartile, the daily average consumption of calories is equal to 1,584 (Table 1), 
which falls short of the recommended average daily intake of 2,194 (Robles, 1999).  As for the same 
households the average cost of each calorie is 1.7 Guaranies, the gap has a value of 1,037 Gs per day. 
This represents only 5.3% of the daily minimum wage as of year 2000. This is a generous estimate as 
the unit value of calories would be much smaller if one were to rely on the cheaper calories, such as 
those derived from cereals and root, tubers, and pulses.   
9 The LOWESS (locally weighted scatterplot smoothing) technique was developed by Cleveland 
(1979, 1985, 1993). Lowess is a nonprametric curve fitting method which starts with a local 
polynomial least square fit and then attempts to make the estimate more robust by using weights from 
the local neighborhood around the observation point.  
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equal to Nβ , where we drop the subscript c for convenience.  Similarly, the 

elasticity of nutrient demand to the price of food j is Njγ . Equation 1 allows also 

for unobserved community-level effects that influence the demand for nutrients. 

These effects range from community programs, health centers, schools and other 

local factor influencing the consumption behavior of households. Tastes and eating 

habits can also vary by community. We use the fixed effects specification as local 

infrastructure and community programs and services are likely to be correlated with 

income (and therefore expenditure) and household characteristics such as education.  

Accounting for the influence of unobserved community characteristics is consistent 

with the approach adopted in the next section and allows for a more meaningful 

comparison of results.   

Assuming unobserved community-level effects to be fixed, we estimate 

equation 1 using panel methods directly, that is for the case in which expenditure is 

measured correctly, as well as by instrumenting per capita expenditure. As 

expenditure is likely to be exogenous with respect to nutrients (see discussion below), 

we use household income as an instrument for the former. Household income and 

nutrient demand measurement errors are likely to be uncorrelated as information on 

income and consumption are derived from different sections of the questionnaire. As 

household income is related to expenditure through its permanent income component, 

there are good reasons to judge it a valid instrument.    

The results of the regression of calories, proteins, fat, carbohydrates, vitamin 

A and iron based on the specification of equation 1 are reported in tables 5 to 10. The 

first two columns of each table report the results of the regressions without 

community-level unobserved effects. The regressions reported in the third and fourth 

columns control for unobserved community-level effects assuming they are fixed.  

For all nutrients, instrumenting per capita expenditure with household income 

reduces β̂ . One would expect the opposite to happen if per capita expenditure were 

the only variable to be measured with error. When other regressors are nosily 

measured the direction of the bias due to mismeasurement cannot be predicted a 
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priori. As a result, rather than signaling the use of a wrong instrument, a lower β̂  

might point in the direction that other regressors besides expenditures are nosily 

measured. Those that are most likely to reflect measurement noise or endogeneity are 

food prices and we explicitly deal with this possibility in the next section.   

 In all specifications of the nutrient demand equation, exception made for the 

2SLS, the demand for nutrients is strongly determined by per capita expenditure. The 

lack of significance of β̂  in the 2SLS case can be attributed both to the loss of 

significance that typically affects IV estimates under weak instruments as well as to 

the inability of instrumental variables to remove the influence of unobserved 

community-level effects. Among the three meaningful specifications, estimates range 

from a low of 728.4 to a high of 1016.8, which translates into income elasticities 

(valued at the mean calorie demand) of 0.61 and 1.04 respectively (see table 11). This 

is a large difference, which nevertheless suggests that the calorie to income elasticity 

in Paraguay is far from zero. Among the remaining nutrients vitamin A is the one that 

displays the highest set of income elasticities (1.87 to 3.95) perhaps as a result of the 

relatively high income elasticity of the demand for fruits and vegetables (see 

Bresciani and DiGiuseppe, 2005). The iron to income, whose deficiency in the case 

of Paraguay is of major concern, is also quite high, lying in the range of 1.04 to 1.21). 

Finally, the demand for proteins and fats is also substantially responsive to income. 

Overall, the picture that emerges is that income growth would have a strong impact 

on both under nutrition and malnutrition in Paraguay.   

 With the exception of vitamin A, rural and urban households do not 

systematically differ in their nutrient demand. The difference in the case of vitamin A 

may reflect a preference of rural households for the consumption of vegetables and 

fruits which are richer in this specific micronutrient.   

 For all nutrients, household size and per capita nutrient demand are negatively 

correlated. This holds for all demand specifications irrespective of the use of income 

as an instrument for expenditure. These results could be traced to the impact that an 

increase in household size for a given level of per capita income has on the budget 
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allocation between food and non-food expenditures. It might also signal a higher 

efficiency by larger households in transforming purchased food into nutrients. 

Provided the objective of the household is to minimize food expenditure for a given 

level of nutrient intake, if larger households are more efficient in transforming 

available food into the desired level of nutrient intake (e.g. due to less wastage), their 

per capita demand for nutrients will be smaller than for smaller households.  

 Controlling for community unobserved fixed effects has the effect of 

increasing the coefficients on the share of household members aged between 0 and 4 

and between 5 and 9 in the calorie, protein, fat, and carbohydrates equations. In the 

case of vitamin A and iron this effect is much weaker and limited to the panel 

regression where expenditure is not instrumented.  These results seem to imply that 

while the demographic structure of the household has an impact on the demand for 

macronutrients, it does not affect that for micronutrients. Analyzing the demand for 

food, we find a positive correlation between the proportion of household members 

below 10 years and the share of budget devoted to the expenditure on cereals, roots 

and tubers, dairy products, and sugar (Bresciani and DiGiuseppe, 2005). Generally, 

these food groups are the ones that least contribute to the consumption of vitamin A 

and iron.  

 It should be no surprise to find dietary habits being influenced by ethnical 

background. Once all other factors are controlled for, Guaraní households have a 

higher demand for calories and fats. On average, Guaraní households consume (in an 

apparent sense) between 242 and 385 more per capita calories than non –Guaraní 

households. While there is mixed evidence on the effect of ethnicity on proteins, it 

seems that the higher consumption of calories is mainly induced by a higher 

consumption of fats and carbohydrates. This suggests that Guaraní households 

display a preference for a calorie richer but lower quality diet. Results regarding iron 

consumption are mixed. While ethnicity is found to affect positively the consumption 

of iron in the OLS and panel regression, the same becomes weaker and insignificant 

from a statistical point of view when expenditure is instrumented. In the case of 
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vitamin A, it has a positive effect only when unobserved fixed effects are controlled 

for.  

 It is quite remarkable that the demand for calories is positively affected by the 

level of education of male household head exclusively and then only when 

unobserved community effects are controlled for.  A higher level of education of 

males affects positively the demand for calories through that of proteins and 

carbohydrates. Interestingly enough, it also improves the demand for vitamin A and 

iron. Why is the role of women education negligible and that of men positive in 

orienting households towards more food consumption and a healthier diet? Until 

better explanations or different empirical results emerge, we find that the only 

plausible explanation is that household tastes for food are indeed influenced 

exclusively by males’ preferences and that the major constraint that exists towards 

diets richer in calories and of better quality is represented by the education of the 

male household head. Perhaps this is a further reflection of the gender bias that is so 

pervasive in the Paraguayan society.    

Finally, the role of prices in influencing the demand for calories and nutrients 

is ambiguous and of difficult interpretation due to the complicated substitution and 

complementarity effects that exist among the various types of food in household 

preferences. Prices of cereals show a consistent negative correlation with calorie 

consumption, mainly through the demand for carbohydrates. They do not exert any 

significant effect on vitamin A and iron. This result is quite consistent with the 

importance of maize in the diet of Paraguayan household and the relative importance 

of carbohydrates in its caloric content. The prices of roots, tubers and pulses, mainly 

represented by cassava and beans, have a similar effect on calories and other nutrients 

are cereals.  

Higher prices of vegetables increase the consumption of calories through the 

demand for carbohydrates. Quite surprisingly, though, vegetable prices do not affect 

the consumption of vitamin A.  
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What is quite difficult to interpret is the positive impact of dairy product 

prices on the demand for calories and its three macronutrient components. From the 

food demand analysis (Bresciani and DiGiuseppe, 2005) we know that higher prices 

for dairy products, besides resulting in a strong decrease in their demand, will 

increase the demand for vegetables, meat, and fruits, while decreasing that for all 

remaining food groups. Thus, it seems quite strange that the net effect of dairy 

products be so significantly positive. Yet, this may well be the result of complex 

substitution and complementarity effects that result into counter-intuitive results. 

As expected, the prices of oils and fats are negatively related to the demand 

for fats. As fats weigh heavily in calorie composition, higher prices for oils and fats 

reduce the consumption of calories. Yet, in spite of the positive impact they have on 

the consumption of all other food groups, excluding vegetables (see Bresciani and 

DiGiuseppe, 2005) it is not clear why consumption of proteins, carbohydrates, 

vitamin A and iron are not affected by them 

More surprising still is the negligible effect of meat prices on calories and the 

remaining nutrients. Meat contributes to 15.5% of the average consumption of 

calories and over 23% of protein consumption (Bresciani and DiGiuseppe, 2005). 

Given its strong negative price effect, it is difficult to reconcile these figures with the 

finding that meat has no impact on the demand for nutrients.  

Fruit prices are found to increase the demand for proteins and that for 

carbohydrates once unobserved community effects are controlled for. In turn, these 

explain the positive correlation between fruit prices and calories. The negative impact 

on vitamin A is easily explained by the strong negative own price effect on the 

consumption of fruit. More difficult is reconciling higher fruit prices with an 

increased consumption of iron, especially when these affect negatively the 

consumption of meat (Bresciani and DiGiuseppe, 2005). Sugar prices have no effect 

on calories and the other nutrients.    

Before drawing immediate conclusions from the analysis, it is worth 

emphasizing that the influence of prices of fats and oils and meat can be rationalized 
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on the basis of the complicated substitution and complementarity relationships that 

exist in the consumption of food groups.   

On the basis of such premise, the results suggest an interesting implication. 

First, provided household income is an appropriate instrument for expenditure – and 

there are little reasons to suspect it is not – the reduction in the magnitude of the 

coefficient on household income is inconsistent with the notion that expenditure is the 

only variable measured with noise. Had this been the case, the attenuation bias would 

have been even stronger than in a simple regression of nutrition on expenditure alone. 

The fact that the size of the coefficient is reduced suggests that other variables 

measured with error might affect the direction of the bias imputable to the 

mismeasurement of per capita income. As household structure, household size, and 

education of the household heads are subject to small measurement errors, attention 

falls on prices. As these are measured by dividing expenditure by quantities, they are 

likely to suffer from mismeasuring the latter two. The issue then is to understand how 

measurement errors affecting prices can affect our estimates of the income elasticity 

of nutrient demand. The extent to which such measurement errors exist and the size 

of the induced bias cannot be assessed a priori. This question is left as an area for 

further investigation.   

 

5 Policy implications 
 

The foregoing analysis, in conjunction with related work by Bresciani and 

DiGiuseppe (2005) leads to interesting conclusions with regard to food policy 

analysis and food security strategy in Paraguay. 

The analysis shows that poor households do increase their consumption of 

calories with income. Economic growth is therefore essential in reducing 

undernourishment over the long run. On the basis of the model that controls for fixed 

effects and for expenditure mismeasurement with 2SLS (the F.E.2SLS model in table 

5) the estimated coefficient on per capita expenditure implies an income elasticity of 
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calorie consumption of 0.45 for the average first quartile household. Such elasticity 

means that a 1% increase in calories will require a 2.17% growth in income. For the 

typical household in the first quartile, bridging the gap between the actual (apparent) 

consumption of calories, 1,584, and the target consumption of 2,194 calories 

(DGEEC, 1999), implies increasing calorie consumption by 39% and therefore per 

capita income by 84%, using the 0.45 income elasticity. Assuming per capita income 

to grow by 2% on a yearly basis implies that between 30 and 31 years would be 

required to close the calorie gap of that typical household. If income were to grow at 

a 4% rate, indeed an optimistic outcome in view of Paraguay’s recent economic 

performance, the gap would be closed in just over 15 years. These back-of-the-

envelope calculations help remarking the importance of growth for reducing 

undernourishment quickly. But they also suggest that a pro-active food policy is 

required to fight undernourishment in the short to medium term. As 

undernourishment in Paraguay is therefore unlikely to go away before the next 15 

years in the best of the states of the world, long-term food programs need to be put in 

place and made sustainable through a solid fiscal discipline. While the costs of an 

adequate food policy are necessarily dependent on the design of the programs to be 

adopted,10 it is possible to compute a rough measure of a perfectly targeted income 

transfer that would allow wiping off undernourishment in one period11. We measure 

the calorie consumption gap for each household. Households whose per capita calorie 

consumption is over 2,194 have their gap set to zero. We then divide the calorie gap 

by 0.45, the first quartile income elasticity of calorie demand. Summing across 

households will give us an estimate of the income-gap that if transferred to 

households in proportion of their income gap would result in an estimated increased 

in calorie consumption sufficient to eliminate the calorie gap. This back of the 

envelope calculation yields that on a daily basis 233 million Guaranies should be 

                                                 
10 See Reutlinger and Selowsky (1976) for a classic analysis on the cost of different food programs.  
11 Of course, we do not claim that such one-period transfer is a realistic scenario. Here, we simply aim 
at providing a rough figure of the economic size of the actual calorie gap on the assumption that the 
only available policy is an unconditional transfer of cash.  
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transferred to calorie deficient households. In current Guaranies, this figure amounts 

to 0.3% of national GDP in 2001 or to 7.5% of the total amount of household 

expenditure computed from the EIH 2000/0112. This is a substantial figure which is 

nevertheless affordable if distributed over a reasonable time period (e.g. 5 years).  In 

short, a transfer program that could target with sufficient accuracy undernourished 

households might have considerable success in reducing undernourishment within a 

limited time horizon.  

On the basis of the results reported in this paper, we now proceed to discuss at 

a very general level indeed possible options for a food policy in Paraguay. The most 

common types of food policies include price subsidies and cash transfers, including 

food stamps. In analyzing food policies, two mutually interrelated aspects need to be 

taken into account. The first is related to the regressive nature of the intervention, 

which depends on the food being targeted and more in particular its income elasticity. 

In a related paper, Bresciani and DiGiuseppe (2005) find that in Paraguay cereals and 

sugar products are the two food groups with the lowest income elasticity (0.50 and 

0.64 respectively) and that fruits and dairy products are those with the highest 

elasticity (0.91 and 0.80 respectively). These findings allow concluding that subsidies 

targeting cereals and sugars are those least likely to be regressive in nature. In fact, 

although richer households may capture the largest share of the transfers associated 

with an across the board price subsidy on cereals (they do in fact consume more 

cereals than the poor), the implicit transfers so received will represent a larger share 

of the total budget for poorer households. Subsidies targeting food with low income 

elasticities are said to be self-targeting (Alderman, 2002).   

Secondly, different types of programs have different implications for the 

effectiveness of food policy. Consider the case of cereals, dominated by maize, which 

account for almost 22% of the total household budget of the typical first quartile 

household. Assume a policy that reduces the price of cereals by 25% but that fixes 

                                                 
12 It is an ascertained fact that national accounts and nationally representative surveys yield very 
different estimates of national consumption. Thus the percentages here presented are necessarily not 
comparable on the basis of national account identities.  
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ratios such that the amount purchased by consumers is below the one they would 

purchase at the existing market price. Under such circumstances, the subsidy is infra-

marginal and results in an income transfer of 5.5% (22% x 25%). As the income 

elasticity of cereals is equal to 0.50 (Bresciani and DiGiuseppe, 2005), this increase 

in income will in turn lead to a 2.25% (0.50 x 5.5%) increase in cereal consumption. 

Consider now a policy that reduces at the margin the price of cereals by 25%. As the 

own price elasticity of cereals is equal to -0.57 (again, Bresciani and DiGiuseppe, 

2005), the result is an in increase in consumption by 14.24% (0.57 x 25%). Thus, 

whether a program affects a food price intra-marginally or at the margin has 

important implications in terms of induced consumption changes.  

 Thirdly, the key issue is whether the demand for nutrients will be affected by 

the policy. This is where the parameters estimated in this paper play a role. Using the 

results from Table 11 in particular those related to households in the first quartile, we 

can see that in the case of cereals a 25% decrease in price will lead to a 2% increase 

in the demand of calories and to a 2.25% increase in the demand for vitamin A. On 

the other hand, as discussed above, a policy affecting intra-marginally the 

consumption of cereals will lead to an income transfer of 5.5%, in turn leading to an 

increase in the demand for all nutrients. More specifically, it will increase calories by 

2.53%, proteins by 4.02%, fats by 3.14%, carbohydrates by 1.92%, vitamin A by 

5.78%, and iron by 2.53%.  

These results need of course to be weighted against the cost of implementing 

a give program. Once these costs are available, a cost-effectiveness indicator, such as 

nutrient increase per dollar spent can be calculated and programs ranked accordingly 

(see Reutlinger and Selowsky, 1976). This goes beyond the scope of the present 

analysis and is left for further research on this topic. Nevertheless, it is worth pointing 

out that programs that establish rations and that are therefore intra-marginal in nature, 

are also those that are more easily sustainable from a budgetary point of view. An 

analysis such as the one conducted here has therefore the potential of attracting the 

interest of a finance ministry who is hard pressed in ensuring fiscal discipline while 
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favoring social development programs. The estimates of the income and price of 

nutrient demand provided by this study are a first step towards a more in depth 

assessment of the nutritional challenges that Paraguay faces, of the types of 

interventions that could be pursued, and of the social costs that a fight against hunger 

in that country would entail.      

6 Conclusions 
 

This paper has computed income and price elasticities of nutrient demand for 

Paraguay at the national level as well at the level of quartiles. These parameters were 

not previously estimated and can be usefully employed in the ex-ante evaluation of 

food policies aimed at reducing, in the context of broader social protection programs, 

the incidence of undernourishment and the high degree of malnutrition that affects a 

large segment of Paraguay’s population.  

The results clearly show that a correct estimation of such parameters are 

crucial in order to properly design effective and efficient policies aimed at improving 

nutrition among poor households in Paraguay.  

Letting growth solve the problem of undernourishment and malnutrition in the 

case of Paraguay will not do. The results of the analysis underscore the necessity of 

establishing long-term food security programs. First, even in the best of growth 

scenarios it would take substantial time to eradicate hunger. Second, the cost of doing 

so over a reasonable length of period is not excessive when measured relative to 

financial capability of the country. Third, there is now substantial data and 

information to support an efficient and effective program design and targeting. The 

issue is that of deciding on whether to assign priority to income transfers, whether 

conditioned or not, or food price subsidies. This study shows that in the case of 

cereals there is scope for designing a food price intervention that could be progressive 

in terms of distribution of its benefits, potentially sound from a fiscal point of view, 

and effective at raising the demand for nutrients over the short term.     
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TABLES  

 

Table  1.  

Descriptive statistics of household characteristics 

       Quartile 
 National  Urban  Rural  I  II  III  IV 

              
Per capita calories,                                         mean 2,524  2,647  2,362  1,584  2,332  2,848  3,246 

  
median 2,234  2,375  2,067  1,466  2,192  2,678  2,857 

Per capita proteins,                                        mean 81  92  66  39  67  93  120 
  

median 70  83  55  38  63  88  105 

Per capita fat,                                                  mean 78  78  79  57  75  85  95 
  

median 64  64  64  46  64   75  74 

Per capita carbohydrates,                             mean 371  1,012  343  229  347  426  469 
  

median 328  361  295  206  317  398  411 

Per capita vitamin A,                                     mean 755  17  418  212  519  900  1,335 
  

median 447  705  234  140  357  705  973 

Per capita iron,                                               mean 15  18  12  7  12  17  23 
  

median 12  14  9  6  11  15  20 

Per capita expenditure (daily Guaranies)     mean 10,445  14,378  5,281  2,111  4,820  9,044  25,033 
  

median 7,087  10,392  3,517  2,091  4,566  8,801  19,061 
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Table 1, continued              

Household size,                                             mean 4.7  4.4  5.0  6.1  4.9  4.3  3.7 
  

median 4.0  4.0  5.0  6.1  4.0  4.0  3.0 
 
Class Age  (%  of household members)              

0-4   years 10.5  9.3  12.1  14.9  10.9  8.5  7.5 
5-9   years 10.2  9.2  11.6  14.3  10.9  8.7  6.8 
10-14   years 10.4  9.3  11.8  13.7  12.2  9.8  5.9 
15-54   years 53.4  56.6  49.0  45.6  49.1  55.4  63.7 

              
Dummy Variables  (%  households)              

Guaranee idiom 54.0  34.4  79.6  87.3  68.9  43.0  20.3 
Years of schooling of male household head  6.9  9.1  4.3  3.6  5.4  7.4  11.1 
Years of schooling of female household head  6.4  8.2  4.0  3.5  5.1  6.7  10.4 

              
Number of observations 2,606  1,527  1,079  652  651  652  651 

Source: Encuesta Integrada de Hogares, 2000-2001 
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Table  2. 
Unit values of food groups (Guaranies per gram) 

   Quartile 
Food Group National  I  II  III  IV 

Cereals 2.79  2.08  2.42  2.72  3.88 
Roots and tubers 1.15  0.94  1.00  1.50  1.11 
Vegetables 3.05  3.13  2.95  2.92  3.23 
Dairy Products 5.82  5.78  5.56  5.72  6.19 
Oils & Fats 3.44  2.60  2.94  3.40  4.92 
Meat 5.65  4.39  4.67  5.92  7.47 
Fruits 2.78  3.89  2.98  2.46  2.17 
Sugar 5.07  3.48  4.78  5.15  6.71 

Source: EIH 2000/01 

 

 

Table  3.  
Contribution of macronutrients to total calories (%) 

 Quartile 
 I II III IV 

Proteins  9.8 11.7 13.0 14.9 
Fats 31.5 29.4 27.8 27.6 

Carbohydrates 58.7 59.0 59.2 57.5 
Total 100 100 100 100 

            Source: EIH 2000/01 

 

 

Table  4. 
Macronutrient unit values (Guaranies per calorie) 

 
   Quartile 
  National I II III IV 
calories  mean 1.7 1.7 1.3 1.7 2.2 

 median 1.4 0.8 1.2 1.5 2.0 
proteins mean 55.5 52.0 51.0 56.8 61.6 

 median 46.1 38.5 43.0 47.3 53.4 
fats mean 90.8 83.4 73.5 76.7 128.9 

 median 48.2 25.2 37.2 52.3 69.8 
carbohydrates mean 14.8 15.3 12.9 14.1 16.8 

 median 10.0 6.9 8.4 10.2 13.9 
Source: EIH 2000/01  
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Table  5:  
Calorie regressions 

  OLS F.E. 2SLS F.E. 2SLS 
Per Capita Expenditure (log) 958.81 1016.748 602.266 728.416 
 (10.82)** (16.75)** (1.7) (4.08)** 
Rural (dummy) 74.229 27.374 -52.394 -80.328 
 (0.63) (0.35) (0.28) (0.8) 
Household Size (log) -431.126 -346.004 -539.926 -436.432 
 (4.61)** (4.96)** (3.46)** (4.75)** 
Cereals (unit value) -300.651 -257.989 -190.263 -203.097 
 (2.13)* (3.74)** (1.07) (2.45)* 
Roots, tubers, and pulses (unit value) -256.73 -123.37 -202.986 -86.117 
 (2.48)* (1.65) (1.94) (1.1) 
Vegetables (unit value) 153.306 111.885 209.076 152.769 
 (2.72)** (1.93) (2.74)** (2.28)* 
Dairy products (unit value) 245.166 236.127 222.252 232.957 
 (4.34)** (5.05)** (3.49)** (4.19)** 
Oils and fats (unit value) -362.264 -194.813 -286.521 -126.722 
 (3.47)** (2.28)* (2.14)* (1.45) 
Meat (unit value) -157.917 -191.821 -22.616 -88.917 
 (1.71) (1.59) (0.14) (0.8) 
Fruit (unit value) 66.416 126.002 76.909 135.34 
 (1.4) (2.83)** (1.35) (2.96)** 
Sugar and sweeteners (unit value) 32.421 -16.134 43.639 4.186 
 (0.7) (0.4) (0.9) (0.1) 
% household members between 0 and 4 years 360.007 694.153 102.691 426.405 
 (1.26) (3.34)** (0.27) (1.63) 
% household members between 5 and 9 years 759.685 896.629 507.279 698.836 
 (2.41)* (4.27)** (1.57) (2.80)** 
% household members between 10 and 14 years 772.063 522.016 620.369 361.738 
 (2.17)* (2.28)* (1.58) (1.42) 
% household members between 15 and 54 years 148.45 187.335 148.941 186.498 
 (0.83) (1.25) (0.85) (1.43) 
Guarani speaking household (dummy) 384.927 325.7 281.742 241.561 
 (3.38)** (4.97)** (2.03)* (3.00)** 
Years of education of male household head 48.687 -3.404 63.444 9.901 
 (2.04)* (0.16) (2.32)* (0.41) 
Years of education of female household head -46.178 -18.094 -31.965 -5.671 
 (1.65) (0.85) (1.04) (0.24) 
Years education male squared -4.401 -1.345 -4.643 -1.643 
 (2.92)** (1.16) (3.05)** (1.32) 
Years of education female squared 2.027 -0.274 1.823 -0.475 
 (1.05) (0.22) (0.92) (0.37) 
Constant -5,489.31 -6,102.50 -2,622.95 -3,782.36 
 (7.88)** (11.69)** (0.94) (2.59)** 
R-squared:                                                             
within * 0.3021 * 0.2928 

between * 0.3976 * 0.3947 
overall 0.32 0.3211 0.29 0.3141 

Robust t statistics in parentheses. * significant at 5%; ** significant at 1%. 2606 observations 
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Table  6: 
Protein regressions 

 
  OLS F.E. 2SLS F.E. 2SLS 
Per Capita Expenditure (log) 32.893 35.06 21.476 28.303 
 (12.55)** (17.85)** -1.78 (4.91)** 
Rural (dummy) -0.973 -4.196 -5.028 -5.867 
 (0.28) (1.79) (0.91) (1.8) 
Household Size (log) -14.821 -15.338 -18.305 -17.587 
 (4.68)** (6.92)** (3.63)** (5.93)** 
Cereals (unit value) -5.7 -5.393 -2.166 -3.911 
 (1.44) (2.26)* (0.39) (1.46) 
Roots, tubers, and pulses (unit value) -5.687 -1.195 -3.966 -0.251 
 (1.83) (0.57) (1.27) (0.1) 
Vegetables (unit value) 2.066 3.441 3.852 4.072 
 (1.18) (1.8) (1.58) (1.88) 
Dairy products (unit value) 9.981 7.783 9.247 7.907 
 (5.20)** (5.14)** (4.44)** (4.40)** 
Oils and fats (unit value) -0.653 1.902 1.773 4.082 
 (0.16) (0.6) (0.35) (1.44) 
Meat (unit value) 2.382 -0.992 6.715 1.637 
 (0.71) (0.32) (1.06) (0.45) 
Fruit (unit value) 3.582 3.812 3.918 4.266 
 (2.63)** (3.14)** (2.37)* (2.89)** 
Sugar and sweeteners (unit value) 0.08 0.384 0.439 1.091 
 (0.04) (0.29) (0.24) (0.78) 
% household members between 0 and 4 years 7.668 22.745 -0.572 16.963 
 (0.84) (3.42)** (0.04) (2.01)* 
% household members between 5 and 9 years 16.85 26.257 8.768 21.564 
 (1.7) (4.04)** (0.81) (2.68)** 
% household members between 10 and 14 years 16.831 18.248 11.973 14.52 
 (1.63) (2.56)* (1) (1.76) 
% household members between 15 and 54 years 4.599 9.503 4.615 10.001 
 (0.79) (1.96)* (0.82) (2.37)* 
Guarani speaking household (dummy) 6.99 6.437 3.686 3.556 
 (2.08)* (3.11)** (0.83) (1.37) 
Years of education of male household head 2.12 0.489 2.593 0.875 
 (2.83)** (0.75) (2.96)** (1.11) 
Years of education of female household head -1.376 -0.997 -0.921 -0.779 
 (1.4) (1.51) (0.87) (1) 
Years education male squared -0.177 -0.065 -0.185 -0.078 
 (3.31)** (1.79) (3.54)** (1.95) 
Years of education female squared 0.084 0.032 0.078 0.03 
 (1.12) (0.8) (1.02) (0.72) 
Constant -219.70 -232.25 -127.92 -179.34 
 (10.29)** (13.53)** (1.37) (3.80)** 
R-squared:                                                           within  * 0.3851 * 0.3818 

between * 0.6937 * 0.6853 
overall 0.44 0.4529 0.42 0.4477 

Robust t statistics in parentheses. * significant at 5%; ** significant at 1%. 2606 observations 
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Table  7:  
Fats regressions 

 
  OLS F.E. 2SLS F.E. 2SLS 
Per Capita Expenditure (log) 30.307 35.971 25.568 32.331 
 (7.44)** (14.50)** (2.05)* (4.08)** 
Rural (dummy) 12.188 4.957 10.505 3.623 
 (2.36)* (1.46) (1.66) (0.82) 
Household Size (log) -12.314 -9.186 -13.761 -10.316 
 (3.59)** (2.96)** (2.48)* (2.52)* 
Cereals (unit value) -5.553 -6.954 -4.086 -6.241 
 (1.01) (2.32)* (0.67) (1.68) 
Roots, tubers, and pulses (unit value) -6.478 -1.641 -5.764 -1.133 
 (1.64) (0.51) (1.41) (0.33) 
Vegetables (unit value) 2.464 2.362 3.205 2.843 
 (0.85) (0.86) (1) (0.96) 
Dairy products (unit value) 10.289 9.813 9.984 9.782 
 (4.29)** (4.19)** (4.03)** (3.94)** 
Oils and fats (unit value) -17.446 -15.864 -16.439 -14.97 
 (4.18)** (4.13)** (3.33)** (3.84)** 
Meat (unit value) -8.254 -9.668 -6.455 -8.335 
 (1.81) (1.71) (1) (1.68) 
Fruit (unit value) -0.32 2.795 -0.18 2.916 
 (0.15) (1.28) (0.08) (1.44) 
Sugar and sweeteners (unit value) 1.718 -1.64 1.868 -1.366 
 (0.69) (0.9) (0.72) (0.71) 
% household members between 0 and 4 years 18.131 32.226 14.711 28.771 
 (1.41) (3.32)** (0.93) (2.47)* 
% household members between 5 and 9 years 22.79 32.285 19.435 29.756 
 (1.91) (3.41)** (1.52) (2.67)** 
% household members between 10 and 14 years 29.108 16.544 27.092 14.478 
 (2.00)* (1.68) (1.78) (1.27) 
% household members between 15 and 54 years 9.227 11.435 9.234 11.425 
 (1.23) (1.74) (1.24) (1.96)* 
Guarani speaking household (dummy) 13.905 11.85 12.533 10.752 
 (3.20)** (3.95)** (2.41)* (3.00)** 
Years of education of male household head 0.622 -2.189 0.818 -2.014 
 (0.52) (1.89) (0.64) (1.85) 
Years of education of female household head -0.736 -0.088 -0.547 0.075 
 (0.62) (0.08) (0.45) (0.07) 
Years education male squared -0.108 0.057 -0.111 0.053 
 (1.59) (0.99) (1.65) (0.96) 
Years of education female squared 0.033 -0.05 0.03 -0.053 
 (0.45) (0.87) (0.41) (0.93) 
Constant -171.21 -207.48 -133.11 -178.34 
 (4.93)** (9.52)** (1.33) (2.76)** 
R-squared:                                                           within  * 0.196 * 0.1955 

between * 0.2092 * 0.2084 
overall 0.17 0.1988 0.17 0.1984 

Robust t statistics in parentheses. * significant at 5%; ** significant at 1%. 2606 observations
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Table  8: 
Carbohydrates regressions 

 
  OLS F.E. 2SLS F.E. 2SLS 
Per Capita Expenditure (log) 138.435 137.226 71.595 80.24 
 (10.64)** (14.74)** (1.27) (2.90)** 
Rural (dummy) -7.806 -2.63 -31.543 -23.607 
 (0.45) (0.21) (1.02) (1.51) 
Household Size (log) -65.129 -50.558 -85.526 -68.493 
 (4.26)** (4.63)** (3.39)** (4.82)** 
Cereals (unit value) -56.913 -43.662 -36.219 -32.758 
 (2.61)* (4.21)** (1.28) (2.55)* 
Roots, tubers, and pulses (unit value) -43.907 -26.03 -33.832 -18.962 
 (2.47)* (2.17)* (1.87) (1.57) 
Vegetables (unit value) 30.678 20.396 41.133 28.443 
 (2.61)* (2.47)* (2.86)** (2.74)** 
Dairy products (unit value) 28.167 28.506 23.871 27.93 
 (2.70)** (3.94)** (2.03)* (3.24)** 
Oils and fats (unit value) -50.581 -16.103 -36.382 -2.716 
 (3.04)** (1.32) (1.71) (0.2) 
Meat (unit value) -23.348 -25.513 2.016 -5.236 
 (1.74) (1.39) (0.08) (0.3) 
Fruit (unit value) 13.708 20.761 15.675 22.615 
 (1.71) (3.12)** -1.64 (3.19)** 
Sugar and sweeteners (unit value) 4.118 -1.409 6.221 2.673 
 (0.57) (0.22) (0.83) (0.4) 
% household members between 0 and 4 years 41.589 77.201 -6.649 24.339 
 (0.95) (2.49)* (0.11) (0.6) 
% household members between 5 and 9 years 121.64 125.217 74.322 85.913 
 (2.50)* (3.86)** (1.5) (2.22)* 
% household members between 10 and 14 years 110.688 75.892 82.25 44.237 
 (2.04)* (2.04)* (1.38) (1.12) 
% household members between 15 and 54 years 11.863 10.732 11.955 10.565 
 (0.4) (0.46) (0.41) (0.52) 
Guarani speaking household (dummy) 57.865 50.879 38.521 33.824 
 (3.16)** (5.09)** (1.68) (2.71)** 
Years of education of male household head 8.636 3.513 11.403 6.112 
 (2.40)* -1.11 (2.61)* -1.62 
Years of education of female household head -8.525 -3.077 -5.861 -0.669 
 (1.86) (0.97) (1.12) (0.18) 
Years education male squared -0.68 -0.389 -0.725 -0.448 
 (3.03)** (2.29)* (3.00)** (2.32)* 
Years of education female squared 0.35 0.003 0.312 -0.034 
 (1.16) (0.02) (0.97) (0.17) 
Constant -766.43 -816.48 -229.09 -357.39 
 (7.73)** (9.89)** (0.51) (1.58) 
R-squared:                                                          within  * 0.2559 * 0.2346 

between * 0.368 * 0.362 
overall 0.3 0.2802 0.26 0.2642 

Robust t statistics in parentheses. * significant at 5%; ** significant at 1%. 2606 observations
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Table  9: 
Vitamin A regressions 

 
  OLS F.E. 2SLS F.E. 2SLS 
Per Capita Expenditure (log) 327.565 313.647 231.616 221.636 
 (7.27)** (12.32)** (2.29)* (2.50)* 
Rural (dummy) -216.869 -181.464 -250.944 -194.604 
 (3.76)** (5.51)** (3.32)** (3.98)** 
Household Size (log) -163.151 -115.793 -192.43 -150.904 
 (3.02)** (3.32)** (3.14)** (3.25)** 
Cereals (unit value) -81.295 -51.554 -51.589 -40.072 
 (1.46) (1.33) (0.77) (0.94) 
Roots, tubers, and pulses (unit value) 169.423 81.695 183.886 94.752 
 (3.05)** (2.29)* (3.13)** (2.42)* 
Vegetables (unit value) -26.605 -50.092 -11.597 -34.68 
 (0.69) (1.66) (0.27) (1.03) 
Dairy products (unit value) 71.228 40.755 65.062 41.307 
 (1.66) (1.64) (1.45) (1.46) 
Oils and fats (unit value) -24.755 44.467 -4.372 75.824 
 (0.45) (1.02) (0.08) (1.72) 
Meat (unit value) -62.274 -1.035 -25.864 23.744 
 (0.92) (0.02) (0.38) (0.42) 
Fruit (unit value) 67.565 53.992 70.389 56.225 
 (2.63)** (3.04)** (2.50)* (2.47)* 
Sugar and sweeteners (unit value) 50.135 28.432 53.154 34.922 
 (1.02) (1.26) (1.07) (1.6) 
% household members between 0 and 4 years -132.284 88.34 -201.53 5.909 
 (0.63) (0.8) (0.89) (0.04) 
% household members between 5 and 9 years 314.027 302.388 246.103 232.393 
 (1.34) (2.60)** (1.02) (1.83) 
% household members between 10 and 14 years 221.249 59.625 180.427 15.418 
 (0.98) (0.51) (0.82) (0.12) 
% household members between 15 and 54 years -135.757 -81.842 -135.625 -80.614 
 (1.27) (0.99) (1.32) (1.22) 
Guarani speaking household (dummy) 47.748 65.959 19.98 26.604 
 (0.81) (2.06)* (0.28) (0.65) 
Years of education of male household head 28.488 15.473 32.459 21.172 
 (2.00)* -1.56 (2.15)* -1.7 
Years of education of female household head -18.401 -0.023 -14.577 2.173 
 (0.94) 0 (0.74) (0.18) 
Years education male squared -2.28 -0.894 -2.345 -1.143 
 (2.30)* (1.55) (2.32)* (1.8) 
Years of education female squared 1.175 0.11 1.121 0.13 
 (1.04) (0.18) (0.96) (0.2) 

Constant 
-

1,830.19 -2,006.74 
-

1,058.83 -1,259.65 
 (6.28)** (8.15)** (1.29) (1.74) 
R-squared:                                                         within  * 0.1751 * 0.1698 

between * 0.6858 * 0.6793 
overall 0.31 0.302 0.3 0.2969 

Robust t statistics in parentheses. * significant at 5%; ** significant at 1%. 2606 observations
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Table  10:  
Iron regressions 

  OLS F.E. 2SLS F.E. 2SLS 
Per Capita Expenditure (log) 8.678 8.278 3.115 3.252 
 (9.10)** (16.11)** (0.74) (1.83) 
Rural (dummy) -0.245 -0.49 -2.22 -2.453 
 (0.21) (0.69) (1.21) (2.41)* 
Household Size (log) -2.216 -3.095 -3.913 -4.669 
 (1.87) (4.41)** (2.28)* (5.16)** 
Cereals (unit value) -1.588 -1.117 0.135 -0.214 
 (1.1) (1.69) (0.07) (0.26) 
Roots, tubers, and pulses (unit value) 0.741 0.656 1.58 1.277 
 (0.98) (1.08) (1.94) (1.66) 
Vegetables (unit value) 0.806 0.648 1.676 1.396 
 (0.97) (1.05) (1.52) (2.11)* 
Dairy products (unit value) 1.268 1.56 0.91 1.485 
 (1.51) (2.91)** (0.89) (2.72)** 
Oils and fats (unit value) -1.767 0.845 -0.585 2.003 
 (1.21) (1.01) (0.33) (2.32)* 
Meat (unit value) 0.77 0.304 2.881 2.02 
 (0.72) (0.27) (1.53) (1.84) 
Fruit (unit value) 1.431 1.509 1.595 1.688 
 (2.11)* (2.63)** (2.03)* (3.71)** 
Sugar and sweeteners (unit value) 0.817 0.455 0.992 0.807 
 (1.45) (1.11) (1.73) (1.91) 
% household members between 0 and 4 years 1.609 4.978 -2.406 0.503 
 (0.51) (2.52)* (0.47) (0.2) 
% household members between 5 and 9 years 5.109 7.357 1.171 4.009 
 (1.48) (3.56)** (0.28) (1.64) 
% household members between 10 and 14 years 6.336 3.492 3.969 0.767 
 (1.92) (1.77) (0.97) (0.3) 
% household members between 15 and 54 years 1.432 2.568 1.44 2.618 
 (0.8) (1.81) (0.83) (2.04)* 
Guarani speaking household (dummy) 2.909 1.933 1.299 0.48 
 (2.04)* (2.95)** (0.67) (0.6) 
Years of education of male household head 0.599 0.147 0.829 0.367 
 (2.51)* -0.76 (2.78)** -1.53 
Years of education of female household head -0.387 -0.18 -0.165 0.016 
 (1.18) (0.92) (0.45) (0.07) 
Years education male squared -0.044 -0.019 -0.048 -0.023 
 (2.72)** (1.67) (2.73)** (1.9) 
Years of education female squared 0.021 0.006 0.018 0.003 
 (1.06) (0.49) (0.85) (0.27) 
Constant -60.44 -57.58 -15.72 -16.87 
 (8.34)** (11.88)** (0.47) (1.16) 
R-squared:                                                          within  * 0.2878 * 0.2386 

between * 0.4921 * 0.4596 
overall 0.32 0.3303 0.26 0.2902 

Robust t statistics in parentheses. * significant at 5%; ** significant at 1%. 2606 observations
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Table  11: 
Income and price elasticities of nutrient demand. 

 Income  Cereals 

Roots, 
tubers, 
pulses Vegetables Dairy Oils Meat Fruit Sugar 

          
National          
Calories 0.29 -0.08 0.00 0.06 0.09 0.00 0.00 0.05 0.00 
Proteins 0.35 0.00 0.00 0.00 0.10 0.00 0.00 0.05 0.00 
Fats 0.41 0.00 0.00 0.00 0.13 -0.19 0.00 0.00 0.00 
Carbohydrates 0.22 -0.09 0.00 0.08 0.08 0.00 0.00 0.06 0.00 
Vitamin A 0.29 0.00 0.13 0.00 0.00 0.00 0.00 0.07 0.00 
Iron 0.22 0.00 0.00 0.09 0.10 0.13 0.00 0.11 0.00 
          
First quartile          
Calories 0.46 -0.13 0.00 0.10 0.15 0.00 0.00 0.09 0.00 
Proteins 0.73 0.00 0.00 0.00 0.20 0.00 0.00 0.11 0.00 
Fats 0.57 0.00 0.00 0.00 0.17 -0.26 0.00 0.00 0.00 
Carbohydrates 0.35 -0.14 0.00 0.12 0.12 0.00 0.00 0.10 0.00 
Vitamin A 1.05 0.00 0.45 0.00 0.00 0.00 0.00 0.27 0.00 
Iron 0.46 0.00 0.00 0.20 0.21 0.29 0.00 0.24 0.00 
          

Second 
quartile          

Calories 0.31 -0.09 0.00 0.07 0.10 0.00 0.00 0.06 0.00 
Proteins 0.42 0.00 0.00 0.00 0.12 0.00 0.00 0.06 0.00 
Fats 0.43 0.00 0.00 0.00 0.13 -0.20 0.00 0.00 0.00 
Carbohydrates 0.23 -0.09 0.00 0.08 0.08 0.00 0.00 0.07 0.00 
Vitamin A 0.43 0.00 0.18 0.00 0.00 0.00 0.00 0.11 0.00 
Iron 0.27 0.00 0.00 0.12 0.12 0.17 0.00 0.14 0.00 
          

Third 
quartile          

Calories 0.26 -0.07 0.00 0.05 0.08 0.00 0.00 0.05 0.00 
Proteins 0.30 0.00 0.00 0.00 0.09 0.00 0.00 0.05 0.00 
Fats 0.38 0.00 0.00 0.00 0.12 -0.18 0.00 0.00 0.00 
Carbohydrates 0.19 -0.08 0.00 0.07 0.07 0.00 0.00 0.05 0.00 
Vitamin A 0.25 0.00 0.11 0.00 0.00 0.00 0.00 0.06 0.00 
Iron 0.19 0.00 0.00 0.08 0.09 0.12 0.00 0.10 0.00 
          

Fourth 
quartile          

Calories -0.06 0.00 0.05 0.07 0.00 0.00 0.04 0.00 0.00 
Proteins 0.00 0.00 0.00 0.07 0.00 0.00 0.04 0.00 0.00 
Fats 0.00 0.00 0.00 0.10 -0.16 0.00 0.00 0.00 0.00 
Carbohydrates -0.07 0.00 0.06 0.06 0.00 0.00 0.05 0.00 0.00 
Vitamin A 0.00 0.07 0.00 0.00 0.00 0.00 0.04 0.00 0.00 
Iron 0.00 0.00 0.06 0.06 0.09 0.00 0.07 0.00 0.00 

Source: author computations  
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FIGURES 
Figure 1. Contribution of proteins, fat, and carbohydrates to calories, 1961-2000 
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Figure 2. Distribution of calories at the national level and in urban and rural 
areas.
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Figure 3. 
Calorie-income relationship: log-log specification 
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