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The precise ways in which large households realise lower per-capita costs are not well 

understood. Using diary data on home-grown food in Sri Lanka, we investigate how the 

capacity to grow foods is an important source of household economies of scale for large rural 

households. Understanding such effects are crucial for accurately measuring poverty levels 

and inter-household comparisons of welfare (Gibson, 2002). We confirm both the presence of 

economies of scale in home-grown vegetables and show that large households tend to 

consume relatively more home-grown vegetables than smaller households. Moreover, we 

uncover empirical evidence that large households tend to substitute home-grown food for 

market-purchased food. This sheds new light on the ‘Deaton-Paxson’ paradox and accounts 

for why large households tend to engage in more discretionary spending on non-food items. 

We discuss the implication for estimating poverty rates across rural and urban regions.  

JEL categories: D12, D13, I31, P32 
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1. Introduction 
 

Small-scale vegetable farming is a common feature of rural life through which families can 

supplement their monetary income by growing their own food. The International Fund for 

Agricultural Development estimates that 75% of the world's 1.2 billion poor live in rural areas 

(IFAD, 2011). Of these, an estimated 50% are food producing small-hold farmers (Morton, 

2007). Because of its time-intensive nature, it seems intuitive that home-grown food enables 

large households to realize economies of scale by enjoying relatively lower per capita costs of 

maintaining a given material standard of living (Nelson, 1988). Using diary data on home-

grown food in Sri Lanka, this paper seeks to empirically verify to what extent home-grown 

food may reduce living costs of large households, particularly in rural areas. While there is 

much empirical evidence supporting the presence of economies of scale in food consumption, 

the underlying mechanisms through which larger households can achieve lower per capita 

costs in food expenditure are not well understood (Gibson, 2002). To date, the main 

mechanisms considered include the consumption of public goods and bulk purchases (e.g. 

(Lanjouw and Ravallion, 1995, Nelson, 1988). The omission here of home-grown food in this 

literature is unfortunate given that developing countries tend to have a large share of their 

population living in rural areas and a relatively large agricultural sector. Using unique data on 

home-grown food in the Sri Lankan household expenditure data, this study sheds some light 

on the degree to which home-grown food is a source of economies of scale in food 

consumption for large households.   

Moreover, by investigating how home-grown food is responsible for generating household 

economies of scale, we also seek to contribute to resolving the so-called ‘Deaton-Paxson’ 

paradox. The specific question of how food consumption patterns changes with household 

size has attracted interest since Deaton and Paxson (1998) argued that if food is a private 

good, the presence of economies of scale should cause large households to consume more 

food per capita. Paradoxically, they observe that precisely the opposite is the case - large 

households tend to consume less food per capita. It seems counterintuitive that large 

households consume less food on a per capita basis, if food is a good with no close 

substitutes. However, much evidence suggests that households will substitute away from food 

towards other goods that possess a higher marginal utility. For example, Banerjee and Duflo 

(2007) report that even among the world’s poorest, who are living on roughly one dollar a 

day, non-food spending can represent up to a third of total expenditure.  

To date, a number of possible answers to the Deaton-Paxson paradox have been discussed 

(Gibson, 2002, Gan and Vernon, 2003, Perali, 2002). In this paper, we focus on the notion 

that economies of scale exist in food consumption. Deaton and Paxson (2003) acknowledge 
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that certain aspects of food may not be private in nature, such as the time spent on preparing 

food. This deepens the paradox in their view since the reductions in cost associated with food 

preparation time at home should lead to larger households consuming more food (Deaton and 

Paxson, 2003, Deaton and Paxson, 1998). Yet this would only be true if food preparation time 

and food expenditure are complements (Vernon, 2005). If they are substitutes, then it is 

possible that a larger household who prepare their food at home will reduce their spending on 

pre-prepared food (such as frozen meals) and use the saving to spend on non-food luxuries. In 

the case of home-grown food, we argue that growing food is another time-intensive substitute 

for purchased food that large households can utilize to reduce their food expenditure. This 

would further explain why larger households, who reap economies of scale from consuming 

home-grown food, can simultaneously spend more on luxuries (Prais and Houthakker, 1955, 

Deaton, 1997). To this end, we empirically verify the notion that larger households take 

advantage of economies of scale by consuming relatively more home-grown food than 

smaller households. This is done by examining how household size is correlated to the ratio 

of home-grown and market-purchased food.  

Finally, an important question in studying household economies of scale is the extent to 

which per capita observed reductions in costs really do reflect lower living costs for larger 

households. Such reductions in per capita expenditure could also reflect reduction in the 

overall quantity of food consumed. A decline in per capita food consumption implies that 

large household members may be left hungrier than their counterparts in small household. 

Thus it is also important to show that ceteris paribus conditions hold in the sense that 

reductions in food spending take place while the overall level of consumption does not 

decline. We do this by estimating the calories consumed for each household based on their 

food expenditure and empirically exploring how the household’s decision to grow food at 

home impacts per capita calories consumed.   

The paper is structured as follows. Section 2 presents a model of household economies of 

scale that explores how the household's choice of food alters with household size in the 

presence of economies of scale. Section 3 discusses the data and methodology, while Section 

4 presents the results and discusses the implications for understanding the non-homothetic 

nature of equivalence scale and poverty estimates. Section 5 concludes. 

2. The Mode 

In the following, we present a model of how growing food at home and purchasing food from 

the market influence the economies of scale in food consumption. This is a modified version 

of the household production model presented in Vernon (2005) that explicitly considers the 

household’s time constraint. The basic starting assumption of the current model is that home-
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grown food is a labour intensive substitute for market-purchased food. For example, a 

household can choose to devote labour to grow their vegetables or buy them from the market. 

Larger households endowed with more labour will therefore choose to grow more food at 

home, thereby reducing expenditure on market-purchased food.  

A household is comprised of n  identical individuals, who derive utility by consuming three 

goods, denoted by i , where 3,..1i . Let i =1 denote market-purchased food, i =2 denote 

home-grown food, and i =3 denote non-food items. Total household consumption of these 

items is denoted by xi . Per-capita consumption is xi / n . The presence of economies of scale 

is represented by the 
i  parameter, which is a function of the household size fi n( ) . The 

household utility function is:  
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Economies of scale may be present in each of these three goods. Economies of scale in 

market-purchased food (i.e. )(1 n ) may arise if larger households spend less per-capita 

expenditure on purchased food ingredients to consume the same amount of food compared 

with smaller households. This may occurs as a result of the larger households being able to 

save more from bulk purchases, quantity discounts, and substitution of home-produced meals 

for expensive food-away-from-home (Nelson, 1988). Economies of scale in home-grown 

goods (i.e. )(2 n ) may occur as a result of increasing returns to scale in agricultural 

production (Paul and Nehring, 2005). Economies of scale arising from the consumption of 

non-food items (i.e. )(3 n ) may occur as a result of the joint consumption of household 

public goods (Nelson, 1988). The scale of these consumption economies is given by: 

)1(
)( inni

 
     3,..1i        (2) 

Here 10  i  
is the scale elasticity of the 

thi  commodity within household. If 0i , then 

nni )( . This implies that the good is a private good that cannot be shared and must be 

replaced if all members in the household are to enjoy the good to the same degree as a single 

person household1. If 1i  then 1)( ni , implying that the good is a pure public good that 

can be enjoyed by any number of household members, without diminishing the enjoyment of 

                                                           
1 In other words, this is the same as (xi / n).  
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others in the household. The scale elasticity 
i
 
is derived by taking the log of both sides of 

equation 2 and differentiating with respect to n .2 
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The budget constraint is a function of two food items, non-food items, and household income 

given by 

IxP
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The household problem is to maximise the utility function (1) subject to the budget constraint 

(5). After taking the first order conditions with respect to 
1x and 

2x , and using them to 

eliminate the Lagarngian multiplier, the following condition is derived for the relationship 

between prices of purchased food and home grown food. 
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The Marginal Rate of Substitution (MRS) between market-purchased food )( 1x and home-

grown food )( 2x  is then given by3 
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The MRS between the two food commodities depends on the prices and magnitude of the 

economies of scale for each commodity.  

 

 

 

                                                           
2 A simple analytical solution to isolate i  produces undefined results, thus requiring differentiation.  

3 This type of MRS can be calculated to measure substitutability between (i) purchased food and non-

food items and (ii) home-grown food and non-food items, but we are not interested in these alterative 

MRS variables as they are not the focus of this study. 
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Lemma 1: 

If 11,2 MRS : the two commodities are equally preferred. This means the consuming 

household prefers of home-grown food and market-purchased food equally, even 

though the consumption scale economies of these goods are different.  

If : implies that a consuming household is willing to forego less than a unit 

of market-purchased food to substitute a unit of home-grown food. This is because  

Either  

(i) price of home-grown food is greater than that of market-purchased food 

(i.e P2 > P1
) ceteris paribus 

or  

(ii)  economies of scale is higher in home-grown food (i.e f2 n( ) >f1 n( ) ), so 

that the consuming household needs less of home-grown food to 

compensate the same quantity of forgone market-purchased food 

¶ x2 /f2 n( )( ) <¶ x1 /f1 n( )( )  

If 11,2 MRS : implies that a consuming household is willing to forego more than a 

unit of market-purchased food to substitute a unit of home-grown food. This is because 

of the opposite of above two conditions.  

Households maximise the utility function (1) subject to the budget constraint (5) in terms of 

effective prices and quantities, by including economies of scale in consumption. The effective 

price (Pi
*)and quantity (xi

*)of a particular commodity refer to the price and quantity 

adjusted for economies of scale of consumption of that commodity. The effective quantities, 

indicated with asterisk, of ix  is given as follows;  

xi
* =

xi

[j1(n)j2(n)j3(n)]
  where 3,..1i      (8) 

Similarly, the effective prices of iP is given as follows;  

Pi
* =
P1[j1(n)j2(n)j3(n)]

n
   where 3,..1i     (9) 

11,2 MRS
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The budget constraint I , adjusted for economies of scale from the consumption of all three 

commodities, is denoted by
*I , and is given as follows; 
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The household consumption problem in terms of effective prices and quantities can be 

presented in the form of a demand function as follows; 

xi
* =

xi

ji (n)
= gxi[P1

*,P2

*,P3

*, I *]  where 3,..1i      (11) 

To show how the demand for x1
 and x2

is affected by n, we derive a per capita demand 

function, which features the elasticity of demand with respect to household size. We multiply 

both sides of (11) by )]()()([ 321 nnn  .  
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Dividing this by n yields the per capita demand function: 
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We can re-write the above equation as follows;  
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When taking the logs of equation 14, the per-capita demand function becomes; 
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This equation suggests that demand for xi  declines with household size, as the coefficient of 

the fourth term is negative. To verify this, we estimate a reduced form of equation (15) 

empirically, examining whether 
n

xiln  is negatively correlated with spending on purchased 

food and home-grown food. 
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We expect the elasticity of per-capita demand for home-grown food with respect to household 

size to be greater than that of the market-purchased food due to potentially larger economies 

of scale in the consumption of home-produced food. For example, the resources of production 

such as land, other production inputs and, in particular, labour need not to be doubled to reap 

a twofold output of food grown at home, when family size doubles. Therefore, the marginal 

increase in expenditure on home-grown food can expect to be smaller than that associated 

with market-purchased food. 

3. Data and methodology 

3.1. Data- Household income and expenditure survey 

The data is sourced from the 2009/10 Household Income and Expenditure Survey (HIES) 

conducted by the Department of Census and Statistics in Sri Lanka. HIES is the most 

comprehensive survey data available in Sri Lanka. It is also the most widely used survey data 

for the analysis of poverty in Sri Lanka (Gunetilleke and Senanayake, 2004). This survey 

employed a two-stage stratified sample design to achieve a nationally representative sample 

of the Sri Lankan population. The district is the main domain used for the stratification, while 

the urban, rural and the estate sectors within each district represent the second selection 

domains. The urban sector refers to all areas administered by Municipal and Urban councils. 

The Estate sector consists of all plantations which are 20 acres or more in extent and ten or 

more resident labourers. All areas other than urban and estate comprise the rural sector The 

response rate was approximately 80 per cent in each sector (Department of Census and 

Statistics, 2011a). 

The data was collected during twelve consecutive monthly rounds in order to capture seasonal 

variations in income, expenditure and consumption of households.4 It covers household 

income, expenditure on food and non-food items,5 along with information on demographic 

characteristics. The coefficient of variation of mean household expenditure is 1.2 per cent. 

The Non-food expenditure categories are presented in Table 1.   

                                                           
4The sample excludes three districts in the Northern province due to the recent civil war and resettlement activities 

that took place after the civil war. This included Mannar, Killinochchi and Mullathivu districts in Northern 

province.  

5 We exclude the expenditure on motor vehicles from this analysis as it is lifetime expenditure for many 

households and inclusion of it into the total expenditure increases total expenditure of those households who own 

motor vehicles significantly.  
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Table 1: Household expenditure subcategories 

 Source: Author’s compilation based on Department of Census and Statistics (2011) 

The 2009/10 HIES full sample comprises 19,958 households. The removal of outliers, using 

‘trimming’ under three standard deviations from the mean as suggested by (Miller, 1991), and 

missing values reduced the sample size to 18,835, which we have used for further analysis. 

Table 2 summarises the key household characteristics of the sample. About 77 per cent of the 

households are headed by males at the national level. The average household size in Sri 

Lanka is 4.3. About 2-3 per cent comprise single-adult households, with no children, while 9 

to 10 per cent of households consist of only two-adults. Additionally, the majority of the 

  Expenditure 

Category 

  Description 

1 Liquor, Narcotic 

drugs and Tobacco 

Expenditure on cigarettes, beetle leaves and all types of 

alcoholic beverages. 

2 Housing  Refers to the average payment of rent, mortgages, water bills 

and taxes per month. For owner occupied houses, an estimated 

rent has been included. 

Average monthly expenditures towards electricity, gas, other 

fuel and related items such as bulbs. 
3 Fuel and light  

4 Personal care  Expenses on toiletries, cosmetics and beauty services in past 

month.   

5 Health care  Expenses on practitioner’s fee, medicines, pharmaceutical 

products, hospital charges and payments to medical 

laboratories for tests analysis. 

6 Transport  Expenditure on public and private transport and maintenance 

of private vehicles including annual revenue license and 

insurance. 

7 Communication  Expenses towards telephone, Internet and postal charges. 

8 Education  Education fees for schooling and higher education, school 

textbooks and stationaries. 

9 Recreation and 

entertainment  

 Expenditure towards cinema, books, newspapers, gambling, 

pilgrimages, sports, pets, toys and maintenance of televisions 

and other audio-visual equipment. 

10 Non-durable 

household goods 

 Expenditures on washing soap and powder, insecticides of 

household use. 

11 Household services  Expenditures on wages to servants, laundry charges and 

grinding charges. 

12 Clothing, textiles 

and Footwear 

 Expenditures on purchase of clothing, clothing materials, 

tailoring charges, shoes, bags, umbrellas etc. and repair 

charges 

13 Durable household 

goods 

 Expenses on household appliances and utensils, furniture, 

purchase of motor vehicles, bicycles etc in past six months and 

twelve months. 

14 Other expenses  Expenditure on provident funds, trade union contributions, 

insurance, payment of debts, income tax, other savings, 

weddings and funerals, donations, and other social activities 
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households (i.e., about 7 to 13 per cent) include two-adults and two-children, in both samples 

and at the national and sectoral level. At the national level, about 59 per cent of households 

have less than 5 members. 

 

Table 2: Summary statistics 

Source: Author’s calculation based on Department of Census and Statistics (2011) 

Notes:  The survey excludes Mannar, Kilinochchi and Mullaithivu districts in the Northern 

province of the country (refer footnote 5). 

 

Table 3 presents average household income and expenditure in Sri Lankan rupees. The 

relatively low household income values compared to household expenditure values suggest 

that income is under-reported. In both samples, the urban sector reports the higher household 

income as well as expenditure, followed by the rural sector. The estate sector reports the 

lowest household income and expenditure values. The urban sector shows the lowest 

expenditure share (42 per cent) on food, while the estate sector shows the highest (53 per 

cent). 

The per-capita calorie consumption data used in this study is based on the food quantity 

consumed as reported in the data set. It is computed by authors using tables of food 

composition statistics in World Health Foundation of Sri Lanka (1979).The national average 

per-capita calorie consumption, per month, is 55,904. The estate sector reflects the highest 

per-capita monthly calorie consumption (59,482) followed by the rural sector (56,556) The 

  National   Urban  Rural  Estate 

Sample size 18,835 4,967 12,203 1,665 

 

Household head characteristics 

Male   14,419  3,627  9,515  1,277 

Age  50.50  50.77  50.58  49.12 

 

Household Characteristics 

Household size  4.31  4.22  4.44  4.54 

Single adult households   560  150  359  51 

2 adults only 

households  
 1,787  492  1,136  159 

2 adults 2 children 

households 
 2,183  495  1,564  124 

Households less than 5 

members 
 10,991  2,768  7,394  829 
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higher per-capita calorie consumption in the rural and estate sectors reflects the need for 

higher energy intake due to the manual (labour intensive) nature of their work. 

Table 3: Household income and expenditure in Sri Lankan Rupees 

Source: Author’s calculation based on Department of Census and Statistics (2011) 

Note: standard errors are reported in parenthesis 

Food expenditure and home-grown food  

Relative to the US and UK household survey data, it is worth noting that food spending is 

highly detailed in the Sri Lankan HIES survey data: a total of 18 food and beverages sub-

categories are reported. These include cereal, prepared food, pulses, vegetables, yams, meat, 

fish, dried fish, eggs, coconuts, condiments, other foods, milk and milk products, fats and oils, 

sugar, fruits, confectionery and non-alcoholic beverages. Under each food and beverages 

item, the total household spending on that item as well as the values of home-grown and 

freely received food (if any) are recorded separately. 

In this study we focus on the data on weekly diary data on the consumption of food grown at 

home and freely received in the form of imputed value. There are unique two issues 

associated with using this data. First, the values of home-grown and freely received food are 

imputed elements, where the respondents report the quantity of home-grown or freely 

received food consumed in a particular week and those are later valued and added to food 

expenditure by the Department of Census and Statistics. The pricing of non-market 

commodities such as the production for own consumption implicitly assumes that consumers 

would have purchased those from the market at the prevailing prices, and hence may raise 

theoretical and practical questions.  

Second, the available data aggregates home-grown food with freely received food. To 

disaggregate this data, we make an informed selection of the food items that are more likely 

  National   Urban  Rural  Estate 

Household income 21,865 

(16,904) 

25,511 

(18,504) 

21,239 

(16,556) 

15,574 

(10,954) 

Total household expenditure  27,781 

 (18,563) 
 34,390 

(21,333) 
 26,240 

(17,197) 
 20,374 

(13,245) 

Food expenditure  12,871 

(5,802) 
 14,838 

(6,446) 
 12,310 

(5,449) 
 11,110 

(4,724) 

Expenditure on home-grown food  723 

(1,265) 
 217 

(583) 
 992 

(1,447) 
 266 

(504) 

Expenditure on purchased food  12,147 

(5,871) 
 14,620 

(6,422) 
 11,319 

(5,478) 
 10,843 

(4,691) 

Expenditure on non-food items  15000 

(15158) 
 19553 

(17760) 
 13930 

(14039) 
 9264 

(10527) 
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to be grown at home and food items that are less likely to be grown at home. The literature 

suggests that former include cereals, pulses, vegetable, yams and other, coconuts, condiments, 

fruits and eggs (Amarasinghe et al., 2005, Mathavan et al., 2011) Furthermore, we also 

include the imputed values of cow’s milk and goat’s milk under home produced food 

category, as home-based informal dairy production is widespread in Sri Lanka (Ibrahim et al., 

1999).  

In contrast, we excluded food items that were either prepared elsewhere, processed food, or 

unlikely to be produced at home due to social conventions. Pre-prepared food included food 

bought at a restaurant, such as rice and curry, buns and pastries. Processed food (including 

dried fish, fats and oil, sugar and treacle, milk and milk products (except for cow’s milk and 

goat’s milk), confectionery, and other foods such as sauces, chutney etc.) is more likely to be 

included in the category of freely received food, rather than home grown/produced food. 

Finally, due to religious reasons, households do not slaughter the animals for meat at home in 

Sri Lanka and hence, the consumption of meat is mostly limited to purchased meat items such 

as dressed and frozen broiler chicken meat from the shops (Mathavan et al., 2011). Thus, we 

consider the reported imputed values for meat items also as freely received, rather than home-

produced. Together the items selected for analysis represent about 4.5 per cent of the total 

spending on home grown and freely received food for the average household.  

To assess the validity of this selection we check how these constructed subcategories vary 

across households that are more and less likely to grow their own food. For this exercise, we 

use urban-dwelling, single adult households that are less likely to grow their own food. Table 

4 reports the composition of the constructed categories for the general population as well as 

for the urban-dwelling, single adult households. The table shows that the food selected as 

being home-grown are indeed relatively less frequent in this subpopulation, relative to the 

total population. For example, spending on cereal among all households represents 21.71 per 

cent of total spending on home-grown and freely received food, while among urban-dwelling 

single adult households it represents only 3.88% of this category. As shown in Table 4, panel 

B, the higher expenditure share in these categories for the one-adult households compared 

with the total households in the sample show that these food items are more likely to receive 

freely as gifts or exchange, particularly for smaller households like single adult households. 

Finally, we have adjusted for possible district level price variability of food expenditures 

using a Spatial Price Index (SPI) for 2009/10 calculated by the DCS. This SPI is computed by 

using district level implicit unit prices, obtained from 2 to 4 deciles of per-capita expenditure 

distribution, from the 2009/10 HIES survey data (Department of Census and Statistics, 

2011b). 
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Table 4: Food expenditure sub-categories as a percentage of total home-grown and 

freely received food  

  Total households 

(excluding single-adult 

households in urban 

sector) 

 Single adult 

households in 

urban sector 

Panel A: Food selected as Home grown 

Cereal  21.71%  3.88% 

Pulses  0.52%  0.48% 

Vegetables  7.92%  1.00% 

Yams  2.99%  0.46% 

Eggs  0.44%  0.33% 

Coconut  14.21%  2.81% 

Condiments  2.61%  1.15% 

Milk  2.55%  0.15% 

Fruits  5.67%  1.76% 

Sub-total  58.62%  12.03% 

Panel B: Food identified as Freely received 

Prepared food  29.12%  68.00% 

Meat  0.61%  1.06% 

Fish and dried fish  3.80%  5.00% 

Other food   0.09%  0.50% 

Other milk  0.90%  1.62% 

Fats and oil  0.78%  1.19% 

Sugar   0.23%  0.90% 

Dried Fruits  0.12%  1.00% 

Confectionary  1.12%  2.21% 

Beverages  4.63%  6.50% 

Sub-total  41.38%  87.98% 

Source: Author’s calculation based on Department of Census and Statistics (2011) 

Table 5 presents mean values of expenditure on market-purchased food and home-grown food 

for different households. The ratio of the mean expenditure on purchased and home-grown 

food of a larger household to those of a single-adult household is given in parenthesis. These 

ratios may serve as a basic measure of food consumption economies of scale. In the absence 

of any economies of scale, each additional adult, in panel A, should add at least as much as 

the single-adult household to the total household expenditure, leading the ratio to be two for 

two-adult households. However, as can be seen in the table, due to food consumption 

economies of scale, an additional adult adds less than double to the expenditure on market-

purchased food and home-grown food, so that the ratios are lower than the corresponding 

number of household members. For purchased food, a two-adult household (without children) 

in Panel A spends only 53 per cent more than a single-adult household. Furthermore, the per-
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capita expenditure on market-purchased food as well as per-capita expenditure on home-

grown food declines gradually with household size. Nevertheless, we observe that the food 

grown at home expenditure ratios of larger household compared with smaller households are 

lower than those of the market-purchased food. This suggests that when consuming home-

grown food, larger households need to spend even less than they spend on market-purchased 

food. This observation indicates that there are more economies of scale in the consumption of 

home-grown food than in the consumption of purchased food. This is also similar in the case 

of households with children, as shown in Panel B.  

Table 5: Food expenditure in selected households  

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author’s calculation based on Department of Census and Statistics (2011) 

Note: Numbers in parenthesis are share relative a single-adult household 

3.2. Methodology 

3.2.1.Heckman Two-step Procedure 

Our analysis involves modelling the consumption of food grown at home using a Heckman 

two-step procedure. This is used to circumvent the zero expenditure problem (Long, 1997). 

Accordingly, food grown at home consumption is modelled as a two-step decision process. 

First, the decision is made on whether or not to grow food at home, known as the 

participation decision to grow food at home. Second, the decision is made with respect to the 

Panel A: Adults without children 

 1 2 3 4 5 

Purchased food 5,381 

(1.00) 
8,247 

(1.53) 
10,207 

(1.90) 
11,895 

(2.21) 
13,236 

(2.45) 
Per-capita purchased food 5,381 

(1.00) 

4,123 

(0.77) 

3,402 

(0.63) 

2,974 

(0.55) 

2,647 

(0.49) 

Home-grown food 259 

(1.00) 

390 

(1.51) 

491 

(1.90) 

570 

(2.20) 

630 

(2.44) 

Per-capita home-grown food 259 

(1.00) 

194 

(0.75) 

160 

(0.62) 

140 

(0.54) 

123 

(0.48) 

Panel B: Adults with differing number of children 

 1 2 3 4 5 

Purchased food 6,590 

(1.00) 

10,962 

(1.66) 

11,966 

(1.82) 

13,367 

(2.03) 

14,595 

(2.21) 

Per-capita purchased food 4,739 

(1.00) 

3,303 

(0.70) 

2,969 

(0.63) 

2,717 

(0.51) 

2,499 

(0.47) 

Home-grown food 309 

(1.00) 

510 

(1.65) 

559 

(2.81) 

625 

(2.02) 

675 

(2.19) 

Per-capita home-grown food 226 

(1.00) 
155 

(0.69) 
140 

(0.62) 
116 

(0.51) 
105 

(0.46) 
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level of consumption of food grown at home, referred to as the expenditure on food grown at 

home decision.  

Participation decision to grow food at home 

In the first stage, a probit model is used to calculate the probability of a household to grow 

food at home. The probit estimates are then used to determine the inverse of the Mills ratio 

for the hth household and the ith commodity (Heckman, 1976). The inverse of the Mills ratio is 

the ratio of the values of the standard normal density function to the value of the standard 

normal cumulative distribution function. If the associated parameter estimation of the inverse 

of the Mills ratio is statistically significant, it implies that sample selection bias is present 

(Byrne et al., 1996). 

The probit model, which determines the household’s participation decision, uses all the 

observations in the sample. The dependent variable equals 1 if the household consumes food 

grown at home and 0 otherwise. The main concern of this study is household size. 

Accordingly, we include the household size variable to the model in order to capture the 

household size effect on the household decision to grow food at home. We expect the 

probability of larger households to grow food at home to be higher due to potential economies 

of scale in the consumption of home-grown food. We also include the proportion of adults in 

the household to the model to measure the effect of the adults on the household decision to 

grow food at home. The higher the proportion of adults in the household, we anticipate, the 

greater the probability to grow food at home, due to the availability of more labour. We 

identify income as an important factor that may influence the household decision to grow 

food at home. We expect low-income households to have a greater tendency to grow food at 

home, as it may appear as an adaptive strategy for low-income households to fulfil their 

consumption needs. As the literature emphasises the importance of land resources in the 

context of home gardening of food, we include a dummy variable on the ownership of 

agricultural land. We expect households who own agricultural land to have a greater 

probability to grow food at home. A labour market participation dummy variable relating to 

the head of the household is also introduced to the model with the view of capturing the 

effects of the availability of steady monthly income and the high opportunity cost of labour in 

growing food. We expect the households with a steady income from the employed head of the 

household to be less likely to grow food at home. We include a dummy variable for the 

gender of the head of the household to examine whether this has an impact on the household 

decision to grow food at home. We expect the male-headed households to grow more food at 

home as they may get the support from extended families on child caring and household 

chores compared to female-headed households. Finally, we introduce a dummy variable for 
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the sectoral location of the household (rural and estate, taking the urban sector as the base) as 

the income status, occupational base and the involvement in informal work and self-

provisioning activities can vary significantly between these three sectors. For example, 

households in the rural sector are in a highly advantageous position in terms of growing food 

at home compared to the households in other two sectors. Following Chow (1983), the probit 

procedure to estimate the probabilities of growing food at home participation decision can be 

expressed as 

𝑃𝑟[𝑃ℎ𝑖 = 1] = Φ(𝛾𝑖𝐾ℎ)       (3.18) 

where 

𝐾ℎ = 𝛽0 + 𝛽1𝑛 + 𝛽2𝑎𝑑𝑢𝑙𝑡𝑝𝑟𝑜𝑝 − 𝛽3𝑙𝑛𝑥 + 𝛽4𝑙𝑎𝑛𝑑𝑜𝑤𝑛𝑒𝑟𝑑 − 𝛽5𝑒𝑚𝑝𝑑 − 𝛽6𝑓𝑒𝑚𝑎𝑙𝑒𝑑 +

𝛽7𝑟𝑢𝑟𝑎𝑙𝑑 + 𝛽8𝑒𝑠𝑡𝑎𝑡𝑒𝑑                (3.19) 

and  

𝑃𝑟[𝑍ℎ𝑖 = 0] = 1 − 𝜙(𝛾𝑖𝐾ℎ)   𝑖 = 1, … . , 𝑛; ℎ = 1, … . 𝐻    (3.20) 

where 𝑃ℎ𝑖 is the binary dependent variable, Φ ( ) is the cumulative distribution function of the 

standard normal distribution, 𝜙 is the standard normal probability density function, 𝐾ℎ is a 

vector of regressors related to the food grown at home participation decision, and 𝛾𝑖 is the 

coefficient vector. The variable 𝑛 is household size, 𝑎𝑑𝑢𝑙𝑡𝑝𝑟𝑜𝑝 is the proportion of adults, 

𝑙𝑛𝑥 is log of household income, 𝑙𝑎𝑛𝑑𝑜𝑤𝑛𝑒𝑟𝑑 is a dummy variable for ownership of 

agricultural land, 𝑒𝑚𝑝𝑑 is a dummy variable for labour participation of the head of the 

household, 𝑓𝑒𝑚𝑎𝑙𝑒𝑑 is a dummy variable for female headship of the household and 𝑟𝑢𝑟𝑎𝑙𝑑 

and 𝑒𝑠𝑡𝑎𝑡𝑒𝑑 are dummy variables for the rural and the estate sector respectively. 

The parameter estimates of the probit model are only interpretable with respect to the 

direction of the probability, but not directly interpretable with respect to the magnitude of 

effects. The marginal probability elasticities, at the sample mean, of a change in the jth 

regressor is defined as  

Marginal propbability elasticities = Φ(𝛾𝑖𝐾ℎ) ∗
𝐾ℎ̅̅ ̅̅

𝑃𝑟[𝑃ℎ𝑖=1]
    (3.21) 

where marginal probability elasticity refers to the marginal probability elasticity with respect 

to the 𝐾ℎ vector of regressors. For dichotomous variables, marginal probability effects are 

calculated as 

Marginal probability effects = 𝑃𝑟[𝑃ℎ𝑖 = 1|𝐾ℎ = 1] − 𝑃𝑟[𝑃ℎ𝑖 = 1|𝐾ℎ = 0]  (3.22) 
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The household participation decision to grow food at home links to the expenditure decision 

in a stepped manner through inverse of the Mills ratio. The inverse of the Mills ratio is 

defined as 

inverse of the Mills ratio ℎ𝑖
̂ {

𝜙(𝛾𝑖𝐾ℎ̂)

Φ(𝛾𝑖𝐾ℎ̂)
for 𝑃ℎ𝑖 = 1}  (3.23) 

inverse of the Mills ratio ℎ𝑖
̂ {

𝜙(𝛾�̂�𝐾ℎ)

1−Φ(𝛾�̂�𝐾ℎ)
for 𝑃ℎ𝑖 = 0}  (3.24) 

The participation decision equation is estimated using the STATA econometrics package 

(version 13.1), which also calculates the inverse of the Mills ratio and marginal effects.  

Expenditure on food grown at home decision 

In the second stage, per-capita expenditure incurred on food grown at home is estimated using 

ordinary least squares regression. The specification of the per-capita expenditure on food 

grown at home equation is somewhat similar to the participation decision specification. 

However, in this second stage we add three additional regressors to the model, namely: 

 square of log of household income (ln𝑥2), to capture the nonlinearities in household 

income, and 

 age of the head of the household (𝑎𝑔𝑒) and education level of the head of the 

household (𝑒𝑑𝑢𝑐).  

Furthermore, the inverse of the Mills ratio is used as an additional explanatory variable in this 

second stage to incorporate the censoring latent variable in the regression. Only non-zero 

observations are used in this second step. Accordingly, the ordinary least squares regression 

equation consists of a continuous, non-zero dependent variable – that is the per-capita 

expenditure on food grown at home. The resulting specification for the per-capita food grown 

at home expenditure decision is: 

PCFGAH = 𝛽0 − 𝛽1ln𝑛 − 𝛽2ln𝑥 + 𝛽3ln𝑥2 + 𝛽4𝑎𝑑𝑢𝑙𝑡𝑝𝑟𝑜𝑝 + 𝛽5𝑟𝑢𝑟𝑎𝑙𝑑 +

𝛽6𝑒𝑠𝑡𝑎𝑡𝑒𝑑 − 𝛽7𝑒𝑚𝑝𝑑 − 𝛽8𝑓𝑒𝑚𝑎𝑙𝑒𝑑 + 𝛽9𝑙𝑎𝑛𝑑𝑜𝑤𝑛𝑒𝑟 + 𝛽10𝑎𝑔𝑒 + 𝛽11𝑒𝑑𝑢𝑐 +

𝐼𝑀𝑅 (𝑖𝑓 𝑃𝑟[𝑍ℎ𝑖 = 1])        (3.25) 

where PCFGAH is the per-capita expenditure on food grown at home. Similarly, we estimate a 

regression for per-capita expenditure on market-purchased food using a regression model 

similar to (3.25), taking the per-capita expenditure on purchased food as the corresponding 

continuous, non-zero dependent variable. The coefficients of the household size variable with 

respect to per-capita food grown at home and per-capita purchased food in regression 
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estimates are used to identify the nature and order of magnitude of economies of scale in the 

consumption of respective food categories.  

3.2.2. Consumption of home-grown food in larger households  

An examination of whether the presence of larger economies of scale in the consumption of 

home-grown food actually encourage larger households to consume more of time-intensive 

and low (per-capita) cost combinations of food production is of utmost important in this 

study. In order to test this, we estimate the ratio of spending on market-purchased food to 

spending on home-grown food. The larger the ratio, the more households tend to consume 

market-purchased food. In contrast, the lower the ratio, the more households tend to consume 

home-grown food. We then estimate a regression model specification similar to (3.25), taking 

the ratio as the dependent variable. We include an additional independent variable, the square 

of log of household size, namely ln𝑛2, which addresses the issue of any nonlinearities in 

household size. Furthermore, the inverse of the Mills ratio is used in this model as well to 

incorporate the censoring latent variable in the regression. 

Accordingly, the regression specification can be given as follows: 

Purchased to homegrown ratio = 𝛽0 − 𝛽1ln𝑛 + 𝛽2ln𝑛2 + 𝛽3ln𝑥 − 𝛽4ln𝑥2 −

𝛽5𝑎𝑑𝑢𝑙𝑡𝑝𝑟𝑜𝑝 − 𝛽6𝑟𝑢𝑟𝑎𝑙𝑑 − 𝛽7𝑒𝑠𝑡𝑎𝑡𝑒𝑑 + 𝛽8𝑒𝑚𝑝𝑑 − 𝛽9𝑓𝑒𝑚𝑎𝑙𝑒𝑑 + 𝛽10𝑙𝑎𝑛𝑑𝑜𝑤𝑛𝑒𝑟 +

𝛽11𝑎𝑔𝑒 + 𝛽12𝑒𝑑𝑢𝑐 + 𝐼𝑀𝑅 (𝑖𝑓 𝑃𝑟[𝑍ℎ𝑖 = 1])      (3.26) 

We expect household size related variables to be negative, which indicates that the larger the 

households, the more they tend to grow their own food. We anticipate a positive relationship 

between the ratio and household income as households may tend to purchase more food as 

their income grows. Additionally, the higher opportunity cost in time may drive them away 

from more time-intensive combinations of food production. The coefficients of rural and 

estate dummies relative to the urban default are expected to be negative, as they may consume 

more of home-grown food compared to urban sector households. The labour participation 

dummy variable is also expected to show a positive relationship, implying that households 

with an employed head tend to consume more of market-purchased food. Female-headed 

households are also expected to consume more market-purchased food and therefore its 

dummy is expected to have a positive relationship. This is due to their time constraints in 

engaging in farming activities. The anticipated relationship between the home-grown food 

ratio and land ownership is negative, as the ownership of agricultural land may encourage 

them to consume more of home-grown food. The relationship between purchased to home-

grown food ratio and the age and education of the head of the household is, however, 

ambiguous.  



 19 

3.2.3. Relationship between the consumption of food grown at home and per-capita calorie 

consumption  

In order to examine whether there exists a non-negative relationship between per-capita 

calorie consumed and the household’s decision to consume more of home-grown food, we 

model per-capita calorie consumption with the ratio of expenditure on market-purchased food 

to home-grown food and other demographic characteristics, including household size as 

explanatory variables. 

Accordingly, the regression specification is as follows: 

Per_capita calorie consumption = 𝛽0 − 𝛽1ln𝑟𝑎𝑡𝑖𝑜 −  𝛽2ln𝑛 + 𝛽3ln𝑛2 + 𝛽4ln𝑥 +

𝛽5ln𝑥2 − 𝛽6𝑎𝑑𝑢𝑙𝑡𝑝𝑟𝑜𝑝 + 𝛽7𝑟𝑢𝑟𝑎𝑙𝑑 + 𝛽8𝑒𝑠𝑡𝑎𝑡𝑒𝑑 − 𝛽9𝑒𝑚𝑝𝑑 − 𝛽10𝑓𝑒𝑚𝑎𝑙𝑒𝑑 +

𝛽11𝑙𝑎𝑛𝑑𝑜𝑤𝑛𝑒𝑟 + 𝛽12𝑎𝑔𝑒 + 𝛽13𝑒𝑑𝑢𝑐 + 𝐼𝑀𝑅 (𝑖𝑓 𝑃𝑟[𝑍ℎ𝑖 = 1])    3.27) 

We expect a negative coefficient for the ratio of the expenditure on market-purchased food to 

home-grown food, which indicates that households relying more on home-grown food tend to 

have consumed more per-capita calories than the households who chose to consume market-

purchased food items. Consistent with previous results found in the literature, where larger 

households tend to consume low per-capita calories, we also anticipate the size variable to be 

negative. Finally we expect the rural and estate sector dummy variables to be positive, as 

households in those two sectors tend to consume more per-capita calories, particularly due to 

the nature of their work, which involve strenuous physical activities.  

4. Results  

Table 6, provides the correlation matrix of the variables used in the regressions of this study. 

The matrix indicates that no multicollinearity was detected among the basic explanatory 

variables, except for the square terms of household income and household size.  

4.1. Economies of scale in consumption of home-grown food 

Before the economies of scale in consumption of home-grown food can be estimated using 

demand equations, the probability to grow food at home is estimated using a probit model to 

circumvent the zero expenditure problem associated with food grown at home expenditure.  

Table 7 gives the results from the first stage of our regression analysis. These results confirm 

that female headship and the employment status of the head of the household variables both 

have negative and significant relationships with the probability of the household’s decision to 

grow food at home. In contrast, the households situated in the rural and estate sectors and 

households who own agricultural land variables have positive and significant relationships (at 
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the 5 per cent significance level) with the food grown at home decision. Household income 

has a positive coefficient associated with it, while the coefficient associated with the 

proportion of adults is negative but insignificant. The sign of the significant coefficients with 

respect to the probability of the household’s decision to grow food at home is what we 

anticipated, except for the household size variable, for which we expected a positive sign. The 

household size variable records -0.007 as a marginal probability elasticity, which implies that 

the larger the household size, the lower the probability to grow food at home. Our results 

suggest that female-headed households are about 2 per cent less likely to engage in growing 

food at home. Time constraints due to child care responsibilities, combined with land and 

capital constraints due to the lower economic status of many female-headed households, may 

explain this lower probability. Households with employed heads of the households are 

roughly 5 per cent less likely to grow food at home. On the other hand, rural sector 

households are about 36 per cent more likely to grow food at home than urban sector 

households – probably as a result of enhanced access to land, labour and other resources to 

grow food at home. Furthermore, estate sector households are about 29 per cent more likely 

to grow food at home than the urban sector households –probably due to a greater economic 

hardship experienced by the estate sector households. As anticipated, ownership of 

agricultural land increases the probability of home gardening by about 17 per cent. 
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Table 6: Correlation matrix 

Source: Author’s calculation based on Department of Census and Statistics (2011)

 Log 

𝐏𝐂𝐅𝐆𝐀𝐇 

𝒍𝒏𝒙 𝐥𝐧𝒙𝟐 𝐥𝐧𝒏 𝐥𝐧𝒏𝟐 𝒓𝒖𝒓𝒂𝒍𝒅 𝒆𝒔𝒕𝒂𝒕𝒆𝒅 𝒂𝒅𝒖𝒍𝒕𝒑𝒓𝒐𝒑 𝒍𝒂𝒏𝒅 

𝒐𝒘𝒏𝒆𝒓 

𝒆𝒎𝒑𝒅 𝒇𝒆𝒎𝒂𝒍𝒆𝒅 𝒂𝒈𝒆 𝒆𝒅𝒖𝒄 

Log 𝐏𝐂𝐅𝐆𝐀𝐇 1.000             

𝒍𝒏𝒙 -0.003 1.000            

𝐥𝐧𝒙𝟐 0.003 0.998 1.000           

𝐥𝐧𝒏 -0.182 0.313 0.309 1.000          

𝐥𝐧𝒏𝟐 -0.183 0.287 0.285 0.962 1.000         

𝒓𝒖𝒓𝒂𝒍𝒅 0.276 -0.037 -0.037 -0.032 -0.043 1.000        

𝒆𝒔𝒕𝒂𝒕𝒆𝒅 -0.173 -0.082 -0.087 0.034 0.047 -0.540 1.000       

𝒂𝒅𝒖𝒍𝒕𝒑𝒓𝒐𝒑 0.144 -0.027 -0.021 -0.420 -0.383 -0.003 -0.019 1.000      

𝒍𝒂𝒏𝒅𝒐𝒘𝒏𝒆𝒓 0.175 0.101 0.105 0.040 0.027 0.298 -0.436 0.032 1.000     

𝒆𝒎𝒑𝒅 -0.027 -0.153 -0.162 -0.125 -0.144 0.041 -0.084 -0.139 0.005 1.000    

𝒇𝒆𝒎𝒂𝒍𝒆𝒅 -0.034 -0.129 -0.125 -0.164 -0.125 -0.030 -0.002 0.082 -0.013 -0.053 1.000   

𝒇𝒆𝒎𝒂𝒍𝒆𝒅  0.109 -0.004 0.005 -0.067 -0.012 0.011 -0.050 0.456 0.095 -0.158 0.129 1.000  

𝒆𝒅𝒖𝒄 0.035 -0.003 -0.004 0.020 0.015 0.070 -0.062 0.007 0.047 -0.012 -0.092 -0.009 1.000 
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Table 7: The Marginal Effects Estimated from Probit Model 

  Coefficient   S.E. 

Household size -0.007 * 0.002 

Log of household income  0.001   0.005 

Proportion of adults  -0.003   0.018 

Rural dummy  0.364 *  0.008 

Estate dummy  0.294 *  0.014 

Female dummy  -0.020 *  0.008 

Ownership of agricultural land  0.167 *  0.010 

Employed dummy  -0.051 *  0.007 

Log likelihood  -10550.494    

Cragg & Uhler's R-squared  0.189    

Source: Author’s calculations based on Household Income and Expenditure Survey 2009/10                             

Notes: Dependent variable is a dummy variable where 1 if households report any imputed values on food grown 

at home or 0 otherwise.          

 For the interest of brevity, in Table 8 we report only the marginal probability elasticities and marginal effects 

estimated from the probit model. 

 

The ordinary least squares regression results for demand for per-capita home-grown food 

(column 1) and per-capita purchased food (column 2) are given in Table 8. The estimated 

inverse of the Mill’s ratio, based on our probit results, is used as an additional explanatory 

variable in the per-capita food grown at home regression model. As discussed above, this 

model uses only the positive sample (12,652 observations). The inverse of the Mill’s ratio is 

significant, indicating that sample selection bias would have resulted if the expenditure on 

food grown at home equation had been estimated without taking the decision to grow food at 

home into consideration. Nevertheless, the per-capita purchased food regression does not 

have the inverse of the Mill’s ratio, as there is no zero expenditure reported in our data for 

this variable. As a result our estimated equation uses the full sample (18,835 observations).  

All variables are statistically significant at the 5 per cent level of significance, except for the 

education level variable, in both regressions. Negative coefficients on household size for both 

per-capita food grown at home and per-capita purchased food suggest that the per-capita 

demand for both food decreases with household size. For example, when household size 

increases by one adult, per-capita food grown at home and per-capita purchased food declines 

by 78 and 55 per cent respectively. A larger reduction in per-capita demand for food grown at 

home compare with that for purchased food implies that the potential economies of scale in 

home-grown food are larger than the corresponding economies of scale in purchased food. 

Confirming Engel’s observation that as households get richer they spend lower expenditure 

share on food, per-capita demand for both food categories declines as income increases. In 

particular, the negative coefficient related to income in the food-grown at home equation is 
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consistent with Brown and Kulcsar (2001), Campbell et al. (1993), Mingione (1991) and 

Schupp and Sharp (2012). These authors argue that growing food at home may be primarily 

motivated by economic necessity and thus it is an adaptive strategy for lower income 

households. When the proportion of adults increases by one unit, the per-capita expenditure 

on food grown at home increases by about 16.3 per cent, while the per-capita expenditure on 

purchased food declines by 4.4 per cent. The positive and significant relationship between 

per-capita demand for food grown at home and rural and estate dummy variables indicates 

that when the location of household changes from urban to rural and estate, the actual 

household consumption of food grown at home increases by 294 per cent. This observation 

supports Morton et al. (2008) which shows that growing food at home and exchange of food 

is a significant source of food provisioning among the rural households. The lower access to 

space and water resources, higher opportunity cost of labour, engagement in formal 

occupational base and reliance on commercial markets to fulfil food requirements in the 

urban sector may explain the lower tendency for urban households to grow food at home. A 

similar trend is observed in the estate sector as well (with a 191 per cent increase compared 

with the urban sector). The lower coefficient in the estate sector than in the rural sector 

implies that although the economic hardships experienced by estate sector households 

motivate them towards growing food at home, due to limited access to land (as they live in 

housing schemes provided by the estate owners) and the high opportunity cost of time of 

home gardening (as the majority of them are estate sector workers) they face greater 

constraints in growing food at home compared to the rural sector households. In addition to 

that, the occupational base in the estate sector revolves around tea plantation estates and 

hence these households are not as adept at other types of agricultural activities. 

On the other hand, per-capita demand for purchased food declines by 21.5 and 22.7 per cent, 

when the location of household changes from urban to rural and estate sector respectively. 

While households reduce the per-capita demand for food grown at home by about 33 per cent 

when the head of the household is employed, they increase the per-capita demand for 

purchased food by 3 per cent. This may be due to the fact that with the presence of a wage 

earning household head, the reliance on food grown at home to fulfil consumption needs is 

reduced. The dummy variable for the female headship shows that when the household 

headship changes from male to female, the demand for per-capita home-grown food declines 

by 33 per cent, while demand for per-capita purchased food increases by 1.7 per cent. The 

positive coefficient of the agricultural land ownership dummy variable in the per-capita food 

grown at home regression indicates that households who own agricultural land demand 135 

per cent more per-capita home-grown food, while they reduce the per-capita demand for 

purchased food by 3.1 per cent. This confirms Levitan and Feldman’s (1991) argument that 
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households with access to land are more likely to grow food at home. Our results also indicate 

that when the age of the head of the household increases by one year, per-capita demand for 

home-grown food increases by 0.7 per cent, while per-capita demand for purchased food 

declines by 0.1 per cent.  

Table 8: Per-capita demand for home-grown food and purchased food 

  Log of per-capita home-

grown food 

N=12,652 

(1) 

 Log of per-capita purchased  

N=18,835 

(2) 

 Coefficient  S.E.  Coefficient  S.E. 

Constant   8.079 * 1.354  9.809 * 0.306 

Log of household size  -0.787 * 0.043  -0.551 * 0.008 

Log of household income  -1.748 * 0.228  -0.390 * 0.063 

Square of log of household 

income 

 0.097 * 0.012  0.031 * 0.003 

Proportion of adults  0.163 * 0.07  -0.044 * 0.016 

Rural dummy  2.948 * 0.416  -0.215 * 0.006 

Estate dummy  1.914 * 0.357  -0.227 * 0.011 

Employed dummy  -0.332 * 0.054  0.031 * 0.006 

Female headship dummy  -0.330 * 0.036  -0.017 * 0.007 

Ownership of agricultural 

land 

 1.349 * 0.186  -0.031 * 0.008 

Age of the head of the 

household 

 0.007 * 0.001  -0.001 * 0.000 

Education Level  0.051  0.031  -0.010  0.007 

Inverse mills ratio  3.611 * 0.714     

R squared  0.140      0.332     

Source: Author’s calculations based on Household Income and Expenditure Survey 2009/10                             

Table 9: Household size effect on food and non-food expenditure sub-categories 

Expenditure category 

 

 Coefficient of household 

size variable 

 S.E. 

Housing -0.849 * 0.015 

Food grown at home  -0.787 *  0.043 

Transport   -0.750 *  0.025 

Food purchased  -0.551 *  0.008 

Clothing   -0.534 *  0.022 

Personal care   -0.430 *  0.013 

Source: Author’s calculations based on Household Income and Expenditure Survey 2009/10                             

Notes: The reported coefficients have derived from regression specification similar to Table 8, in which dependent 

variables are the per-capita expenditure on respective expenditure categories 
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Table 9 summarises the coefficients of (log of) household size variable in the six regression 

estimates derived from the regression specification in equation (3.27). The dependent variable 

is the log of per-capita expenditure for each expenditure sub-category. The negative sign of 

the all coefficients indicate that, due to economies of scale in consumption of goods in each 

category, the per-capita demand declines as household size increases. As expected, the 

highest decline (about 85 per cent) is seen in the per-capita demand for housing. This implies 

that housing, which is commonly categorised as a household public good generates the 

highest economies of scale. We observe that per-capita demand for food-grown at home 

declines by about is 79 per cent, reflecting the expenditure category with the second highest 

scale economies, followed by transport expenditure (75 per cent decline). Per-capita demand 

for purchased food declines by about 55 per cent, while per-capita demand for clothing 

declines by 53 per cent, when household size increases. The lowest decline in per-capita 

expenditure is seen in expenditure on personal care (43 per cent), showing the lowest 

economies of scale.  

Table 10: consumption of home-grown food in larger households 

 Log of purchased food-home 

grown ratio 

N=12,652 

Coefficient   S.E. 

Constant  2.831 **  1.509 

Log of household size -0.353 *  0.117 

Square of log of household size 0.274 *  0.048 

Log of household income 1.653 *  0.258 

Square of log of household income -0.081 *  0.014 

Proportion of adults -0.192 *  0.078 

Rural dummy -4.346 *  0.457 

Estate dummy -3.126 *  0.393 

Employed dummy 0.503 *  0.060 

Female headship dummy 0.353 *  0.039 

Ownership of agricultural land -1.883 *  0.205 

Age of the head of the household -0.009 *  0.001 

Education Level -0.062 **  0.034 

Inverse mills ratio -5.645 *  0.784 

R squared 0.122      

Source: Author’s calculations based on Household Income and Expenditure Survey 2009/10                             

The results in Table 10 show that as household size increase by one person, the ratio of 

purchased food to home-grown food decreases by 35.3 per cent, where the lower purchased 

food to home-grown food ratio indicates that households tend to choose more home-grown 

food. Accordingly, we observe not only that the consumption of home-grown food generates 
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more economies of scale, but also larger households choose to use relatively time and labour 

intensive combinations of food over purchased food. Nevertheless, the consumption of 

purchased food is higher in very large households. This may be a result of the higher income 

effect that overrides the household size effect in very large households. Household income 

appears to have a positive relationship with the ratio, suggesting that higher income levels 

lead households to consume more of purchased food relative to food grown at home. When 

the proportion of adults in the household increases by one unit, the ratio declines by 19.2 per 

cent, suggesting that consumption of home-grown food increases with the proportion of 

adults. Similarly, households residing in the rural and estate sectors and households who own 

agricultural land appear to consume more food grown at home. Furthermore, our results also 

suggest that higher the age of the head of the household, and the higher the level of education 

of the head of the household, there is a greater tendency towards the consumption of food 

grown at home. In contrast, if the head of the household is employed, the ratio increases by 50 

per cent, suggesting a greater tendency to consume purchased food. Similarly, a change in 

household headship from male to female increases the ratio by 35.3 per cent, signifying that 

female-headed households consume more purchased food.  

Table 11: Per-capita calorie consumption regression 

  Log of per-capita 

calorie consumption 

N=12,652 

Coefficient  S.E. 

Constant 9.792 * 0.351 

Log of purchased food-home grown 

ratio 

-0.004 * 0.002 

Log of household size -0.254 * 0.033 

Square of log of household size -0.051 * 0.013 

Log of household income 0.065  0.062 

Square of log of household income 0.001  0.003 

Proportion of adults -0.044  0.016 

Rural dummy 0.454 * 0.104 

Estate dummy 0.487 * 0.090 

Employed dummy -0.081 * 0.014 

Female dummy -0.095 * 0.009 

Ownership of agricultural land 0.215 * 0.047 

Age of the head of the household 0.001 * 0.000 

Education level 0.006  0.007 

Inverse Mills Ratio 0.706 * 0.179 

R squared 0.170     

Source:  Author’s calculations based on Household Income and Expenditure Survey 2009/10                             
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In order to examine the impact of the consumption of food grown at home on per-capita 

calorie consumption, we estimated a regression with per-capita calorie consumption as the 

dependent variable. Confirming the findings in the literature (Subramanian, et al 1996), our 

results indicate that per-capita calorie consumed declines, by about 5.1 per cent, with 

household size. Nevertheless, the negative coefficient in the ratio of purchased to home-

grown food variable suggests that as the ratio increases, per-capita calorie consumption 

declines, where the larger ratio implies higher consumption of purchased food. Accordingly, 

our results suggest that those households that rely more on home-grown food tend to consume 

more per-capita calories. Therefore, the reduction in the per-capita demand of home-grown 

food observed in Table 8 is indeed due to consumption scale economies in food grown at 

home, and not because actual quantity consumed declines.  

4.2. Equivalence scales and Poverty head count ratios 

We estimated income dependent equivalence scales, using Engel’s approach, to show that 

the consumption of more food grown at home leads households to enjoy greater food 

consumption economies of scale and thereby, reduce the cost of an additional adult. We 

estimated equivalence scales for total food and purchased food, using quadratic Engel curves 

for expenditure share on total food and purchased food. While the expenditure on total food 

includes all food related expenditures, the expenditure on purchased food excludes the 

expenses incurred on home-grown food. Table 12 reports the actual equivalence scales and 

the marginal change in equivalence scales for an additional adult up to 4 adults. Panel A and 

C report the actual equivalence scales for total food and for purchased food, respectively. The 

equivalence scale for two-adult household is 1.00 as it is the reference household.  

The marginal equivalence scales for total food and for purchased food are given in panel B 

and panel D respectively. The marginal equivalence scale refers to the change in the cost of 

remaining at the same welfare level (measured in terms of food consumption) when 

household size increases by one adult. Therefore, the marginal equivalence scales reflect the 

additional cost a household needs to incur at the presence of an additional adult. Equivalence 

scales are estimated under three different income levels proxied by expenditure as mentioned 

in Table 5 below. The Rupee value of each income level is given in the second row. In the 

household size column, the left hand side figure indicates the number of adults while the right 

hand side figure indicates the number of children. Accordingly, (1,0) household size is read as 

one-adult and no-children household. The marginal equivalence scale of 0.42 in Panel B 1st 

quartile for (1,0) household implies that a single-adult household requires only 42 per cent of 

the total income of a (2,0) household to be on the same level of welfare as measured in terms 

of the budget share on food. The standard errors, given in parenthesis, estimated using the 
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bootstrapping method with 1000 replications, indicate that the equivalence scales are 

statistically different from each other.  

As can be seen in Table 12 the marginal equivalence scales for purchased food (Panel D) 

are higher than those of the total food (Panel B) in all household sizes at all income levels. 

This suggests that an additional adult costs more when the welfare level is measured in terms 

of purchased food than total food. This implies that the economies of scale in purchased food 

are lower than those of the total food, where the difference generates from the consumption of 

food grown at home. At the sectoral level, the variation in marginal equivalence scales are 

minimal in purchased food (Panel D), which suggests that when the welfare is measured in 

terms of purchased food, the cost of an additional adult does not change significantly based 

on the geographical sector of the household. Nevertheless, when total food expenditures are 

taken into consideration, the variation in the additional cost of an adult is apparent and Panel 

B shows that the additional cost incurred by rural households are lower than that of urban and 

estate sector household.  

Table 13 gives the difference of the two sets of marginal equivalence scales, where the 

difference is being generated from the food grown at home component. This suggests that 

food grown at home contributes to these observed differences in marginal equivalence scales 

and thereby scale economies in food consumption. In the majority of cases, we observe that 

the difference in equivalence scales is greater among the low-income households. This 

implies that low-income householdslow-income households achieve greater food 

consumption scale economies through the consumption of food grown at home than high-

income households. We also observe that, in most cases, the largest difference is seen in the 

rural sector. This implies that the rural sector households achieve greater food consumption 

economies of scale through the consumption of food grown at home than the households in 

other two sectors. Based on our previous results where rural sector households consume more 

food grown at home, this observation is acceptable as rural sector households enjoy more 

economies of scales when food consumption including home-grown food is included. 
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Table 12: Marginal Change in Equivalence Scales for Total Food and Purchased Food  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author’s calculations based on Household Income and Expenditure Survey 2009/10 

Notes: The bootstrapped standard errors are given in parenthesis 

 

 National Urban Rural Estate 

  

 

Rs. 

1st quartile Sample mean 3rd quartile 1st quartile Sample mean 3rd quartile 1st quartile Sample mean 3rd quartile 1st quartile Sample mean 3rd quartile 

16,061 29,064 35,827 20,454 35,041 43,191 15,321 26,832 32,876 13,258 21,446 25,978 

Panel A: Equivalence Scales for Total Food 

1,0 

  

0.58 

(0.001) 

0.57 

(0.002) 

0.57 

(0.001) 

0.57 

(0.001) 

0.57 

(0.002) 

0.57 

(0.001) 

0.58 

(0.000) 

0.57 

(0.001) 

0.57 

(0.001) 

0.57 

(0.000) 

0.56 

(0.000) 

0.55 

(0.000) 

2,0 

  

1.00 

(0.000) 

1.00 

(0.000) 

1.00 

(0.000) 

1.00 

(0.000) 

1.00 

(0.000) 

1.00 

(0.000) 

1.00 

(0.000) 

1.00 

(0.000) 

1.00 

(0.000) 

1.00 

(0.000) 

1.00 

(0.000) 

1.00 

(0.000) 

3,0 

  

1.29 

(0.001) 

1.32 

(0.000) 

0.32 

(0.000) 

1.31 

(0.001) 

1.32 

(0.000) 

1.33 

(0.000) 

1.28 

(0.001) 

1.31 

(0.000) 

1.32 

(0.000) 

1.31 

(0.001) 

1.34 

(0.001) 

1.35 

(0.001) 
4,0 

  

1.48 

(0.002) 

1.53 

(0.000) 

1.55 

(0.000) 

1.53 

(0.002) 

1.55 

(0.000) 

1.56 

(0.000) 

1.46 

(0.001) 

1.52 

(0.000) 

1.54 

(0.000) 

1.50 

(0.001) 

1.59 

(0.001) 

1.60 

(0.001) 

Panel B: Marginal Equivalence Scales for Total Food 

1,0 to 2,0 0.42 

(0.000) 

0.43 

(0.000) 

0.43 

(0.000) 

0.43 

(0.000) 

0.43 

(0.000) 

0.44 

(0.000) 

0.42 

(0.000) 

0.43 

(0.000) 

0.43 

(0.001) 

0.43 

(0.000) 

0.44 

(0.000) 

0.45 

(0.000) 

2,0 to 3,0 0.29 

(0.001) 

0.32 

(0.000) 

0.32 

(0.000) 

0.31 

(0.001) 

0.32 

(0.000) 

0.33 

(0.000) 

0.28 

(0.001) 

0.31 

(0.000) 

0.32 

(0.000) 

0.31 

(0.001) 

0.34 

(0.001) 

0.35 

(0.001) 

3,0 to 4,0 0.19 

(0.001) 

0.21 

(0.001) 

0.23 

(0.000) 

0.22 

(0.001) 

0.23 

(0.001) 

0.24 

(0.000) 

0.17 

(0.001) 

0.21 

(0.000) 

0.22 

(0.000) 

0.20 

(0.001) 

0.25 

(0.001) 

0.25 

(0.001) 

Panel C: Equivalence Scales for Purchased Food 

1,0 

  

0.55 

(0.000) 

0.55 

(0.001) 

0.54 

(0.001) 

0.55 

(0.002) 

0.55 

(0.001) 

0.55 

(0.001) 

0.56 

(0.002) 

0.55 

(0.000) 

0.55 

(0.003) 

0.55 

(0.000) 

0.54 

(0.001) 

0.54 

(0.002) 

2,0 
  

1.00 
(0.000) 

1.00 
(0.000) 

1.00 
(0.000) 

1.00 
(0.000) 

1.00 
(0.000) 

1.00 
(0.000) 

1.00 
(0.000) 

1.00 
(0.000) 

1.00 
(0.000) 

1.00 
(0.000) 

1.00 
(0.000) 

1.00 
(0.000) 

3,0 

  

1.36 

(0.002) 

1.37 

(0.002) 

1.38 

(0.000) 

1.36 

(0.000) 

1.36 

(0.002) 

1.37 

(0.000) 

1.34 

(0.000) 

1.36 

(0.000) 

1.37 

(0.001) 

1.36 

(0.001) 

1.37 

(0.000) 

1.37 

(0.003) 
4,0 

  

1.63 

(0.001) 

1.67 

(0.002) 

1.68 

(0.002) 

1.64 

(0.001) 

1.65 

(0.002) 

1.66 

(0.002) 

1.60 

(0.001) 

1.65 

(0.002) 

1.66 

(0.000) 

1.65 

(0.001) 

1.66 

(0.001) 

1.66 

(0.001) 

Panel D: Marginal Equivalence Scales for Purchased Food 

1,0 to 2,0 0.45 
(0.000) 

0.45 
(0.002) 

0.46 
(0.003) 

0.45 
(0.000) 

0.45 
(0.002) 

0.45 
(0.003) 

0.44 
(0.002) 

0.45 
(0.001) 

0.45 
(0.003) 

0.45 
(0.000) 

0.45 
(0.001) 

0.45 
(0.001) 

2,0 to 3,0 0.36 

(0.001) 

0.37 

(0.002) 

0.38 

(0.000) 

0.36 

(0.001) 

0.36 

(0.002) 

0.37 

(0.000) 

0.34 

(0.002) 

0.36 

(0.000) 

0.37 

(0.001) 

0.36 

(0.001) 

0.34 

(0.000) 

0.35 

(0.000) 

3,0 to 4,0 0.27 

(0.001) 

0.30 

(0.001) 

0.30 

(0.001) 

0.28 

(0.001) 

0.29 

(0.001) 

0.29 

(0.001) 

0.26 

(0.001) 

0.29 

(0.002) 

0.29 

(0.000) 

0.29 

(0.001) 

0.29 

(0.001) 

0.29 

(0.002) 
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Table 13: Difference between Marginal Equivalence Scales of Total Food and Purchased Food 

Source: Author’s calculations based on Household Income and Expenditure Survey 2009/10 

 

 

 National Urban Rural Estate 

 1st quartile Sample mean 3rd quartile 1st quartile Sample mean 3rd quartile 1st quartile Sample mean 3rd quartile 1st quartile Sample mean 3rd quartile 

 16,061 29,064 35,827 20,454 35,041 43,191 15,321 26,832 32,876 13,258 21,446 25,978 

1,0 to 2,0 0.03 0.02 0.03 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.01 0 

2,0 to 3,0 0.07 0.05 0.06 0.05 0.04 0.04 0.06 0.05 0.05 0.05 0 0 

3,0 to 4,0 0.08 0.09 0.07 0.06 0.06 0.05 0.09 0.08 0.07 0.09 0.04 0.04 
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The results, given in Tables 12 show that the marginal increase in the equivalence scales, for both 

total food and food purchased, in the presence of an additional adult is considerably less than unity. 

As a consequence the measurement of poverty levels in terms of expenditure per equivalent adult can 

expect to be noticeably different than those based on conventional per capita income In this section 

we show the extent to which the poverty rates are sensitive to expenditure per equivalent adult based 

on total food and purchased food and per-capita income (as proxied by per-capita expenditure) in the 

context of Sri Lanka. By doing so, we can identify the effects of food consumption scale economies 

on the conventional poverty measurements. 

The income dependent equivalence scales used in this section, for the purpose of calculating 

income per equivalent adult, are estimated taking the one-adult household as the reference household. 

While the national level income dependent equivalence scales, for total food and purchased food, are 

estimated at the national mean income, the sector level equivalence scales are estimated at the mean 

incomes of the respective sectors. Once the equivalence scales for total food (that take economies of 

scale in total food consumption into account) are estimated, we obtain income per equivalent adult by 

dividing the household income (proxied by household total expenditure) by respective equivalence 

scales, instead of household size. This income per equivalent adult for total food provides the per-

capita income adjusted for economies of scale in total food consumption. Similarly, the total 

household income divided by the equivalence scales for purchased food provides the income per 

equivalent adult, adjusted for food consumption scale economies in purchased food. Using Rs.3028 

real total expenditure per person, per month as the official poverty line, as set by the Department of 

Census and Statistics for the period of 2009/10, we then estimate the poverty head count ratio. 

Poverty head count ratio is the percentage of households fall below the poverty line. This exercise 

enables us to identify how far the poverty rates change when consumption scale economies of food 

taken into consideration. The estimated poverty head count ratios are given in Table 14. While 

poverty head count ratios under per-capita income ignores the effects of food consumption scale 

economies in the measurement of poverty, the poverty rates under income per equivalent adult for 

total food and income per equivalent adult for purchased food reflects the effects of the economies of 

scale in total food consumption and the consumption of purchased food respectively on the 

measurement of poverty. 

According to Table 14, at the national level, the poverty head count ratio under per-capita income 

represents 11.6 per cent. However, this drops to 2.8 per cent when the consumption scale economies 

arising from total food consumption are taken into consideration. On the other hand, if only the 

economies of scale for purchased food are taken into account, the national level poverty head count 

ratio declines only to 6.4 per cent. According to our study, this lower reduction in poverty head count 

ratio, when food consumption scale economies only arising from purchased food is considered, occurs 
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due to the food consumption scale economies arising from the consumption of food grown at home 

are excluded. A similar trend can be observed at the sectoral level as well. 

Table 14: Poverty Head Count Ratio under Per-capita Income and Income Per Adult Equivalent 

 

 

 

 

 

 

Source: Author’s calculations based on Household Income and Expenditure Survey 2009/10 

Notes: poverty head count ratios are calculated using Rs.3028 as the official poverty line, as set by the Department of Census 

and Statistics for the period of 2009/10 

 

5. Conclusion 

The consumption of home-grown food plays a vital role in food consumption patterns in developing 

countries, particularly in rural areas. Nevertheless, this aspect has been mostly ignored in the analysis 

of food consumption economies of scale. Using unique data on home-grown food in the Sri Lankan 

household expenditure data, this study provided empirical evidence on the degree to which home-

grown food is a source of economies of scale in food consumption for large households, particularly 

in rural areas. We showed that the potential economies of scale in home-grown food are larger than 

the corresponding economies of scale in purchased food. In this paper, we argued that growing food is 

another time-intensive substitute for purchased food that large households can utilize to reduce their 

food expenditure. By doing so, we empirically verified the notion that larger households take 

advantage of economies of scale by consuming relatively more home-grown food than smaller 

households. More importantly, incorporating the data on household calorie consumption, we also 

explored how the household’s decision to consume food grown at home impacts per-capita calories 

consumed. We provided empirical evidence on consumption of food grown at home is associated with 

higher per-capita calorie consumption. Therefore, the households who are inclined to consume more 

of home-grown food are better off compared to their purchased food consuming counterparts. The 

poverty rates based on per-capita methods do not take these potential economies of scale into account. 

In this study, we showed the extent to which these poverty rates changes when economies of scale 

arise from purchased food and home-grown food are taken into consideration.  

 

  Per-capita income  Income per equivalent adult 

  Total food Purchased food 

National  11.6  2.8  6.4  

Urban  4.3  1.2  2.7  

Rural  12.1  2.7 6.7  

Estate  23.5  7.7  14.5  
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