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ABSTRACT

This paper disaggregates data on the food consumption of Indonesian house-
holds to obtain estimates of average rates of energy intake, and rates of energy
intake from the three major sources of energy: fat, protein and carbohydrate,
for males and females at each year of completed age in rural and urban areas.
The disaggregation procedure, which involves the use of roughness penalty
methods to obtain smooth estimates of age profiles of nutrient intakes, is out-
lined. The results indicate that there are marked differences in rates of nutri-
ent intakes across males and females, across ages and across urban and rural
dwellers. Two of the three sources of food energy, fat and protein, show much
greater sensitivity to variation in household income than does the third energy
source, carbohydrate. Females seem to obtain higher proportions of energy
from fat and protein during child bearing years. Male nutrient intakes seem to
be slightly more sensitive to variation in household income than female intakes,
but the proportion of energy obtained from the three energy sources varies with
income in a similar fashion for males and females.
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1. INTRODUCTION

It is important to have good information about the nutrient content of the diets of individ-
uals of different sexes, ages and circumstances. For example there may be concerns that
diets are inadequate among the poorest people in a country, perhaps lacking sufficient
protein and fat or even energy content to support a healthy life. In many rich countries
there are concerns that the diets of many people are too rich in fat, leading to obesity
and consequent diseases such as diabetes, and to cardiovascular disorders’.

Unfortunately information about the variation in the nutrient composition of diet
across people of different types and circumstances is scarce. Typically such information is
collected using recorded intake surveys of individual consumption. These sorts of surveys
are very expensive to conduct and rarely found although there are a few notable examples
available, for example the UK National Diet and Nutrition Surveys? (NDNS). Even these
surveys produce information which requires careful interpretation. The intrusive nature of
recorded intake dietary surveys may actually disturb the process that is being observed?.
For example people with what they regard their eating habit as bad may modify their
diet while in the survey, or under-record. In one of the reports of the UK NDNS* under
recording is flagged as a potentially serious problem and it is suggested that among certain
groups of people average recorded energy intakes are insufficient to sustain the expected
rates of energy expenditure of these groups of people.

Most of the available information about diet and its composition comes from household
(rather than individual) surveys in which data on either household food consumption or
amounts of foods entering the household during some recording period are collected. This
paper outlines one method for extracting from such data information about the diets
of individuals of different ages, sexes and circumstances. The method is applied to data
from a survey of almost 60,000 Indonesian households covering around 1/4 million people,
conducted in 1993.

The method outlined and employed here, essentially a “statistical disaggregation” of
total household nutrient acquisitions into amounts provided to individuals of different ages
and sex, was developed and applied in Chesher (1997). The method produces flexible,
in a sense non-parametric, estimates of the age profiles of nutrient intakes for males
and females and estimates of the way in which these vary across types of household, for
example rich and poor, urban and rural. Roughness penalty techniques are employed to
bring smoothness to the estimated age profiles. These are well suited to this problem in
which the object about which we have a “smoothness prior” (the age profile of average
rates of nutrient intake) is to some extent hidden from the eye by the observation process,
here by aggregation across household members.

In Chesher (1997) British National Food Survey data was employed to produce esti-
mates of average rates of intake of energy, saturated and unsaturated fats, calcium and
vitamin C for males and females at each integer year of completed age from 0 to 99. This
analysis was extended in Chesher (1998) to provide estimates of age profiles of British
nutrient intakes for males and females for each of 20 years, allowing the construction of
birth cohort specific time series of estimated nutrient intakes. These suggested that the
proportion of energy derived from fat, a key dietary target in the UK and many other
countries, had fallen much faster for women than for men over this period, though from a
higher starting value for women. Parkin et al (1999) employ elements of the procedure to

LA survey of relevant research and a list of recommendations concerning the fat content of diets is
given in World Health Organisation (1990).

2See e.g., Gregory et al, (1990), Gregory et al (1994).

3Concerns about the accuracy of recorded intake surveys are expressed in, for example, Bingham et al
(1995), Black et al (1991), and Livingstone et al (1990).

4Gregory et al (1990).
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estimate age profiles of morbidity and health service utilisation using British data covering
the period 1984 - 96. Deaton and Paxson (2000) apply the method to study individual age
- savings rate profiles in Taiwan and Thailand. Vasedkis and Trichopolou (2000) apply
the method to study individual food availability. Miquel and Laisney (2000) provide an
application to data from Czechoslovakia on household nutrient intakes covering the period
1989-92.

This paper uses data from the 1993 Socioeconomic survey of Indonesia (SUSENAS)
recording amounts of around 200 foods consumed in households during one week recording
periods that spanned a calendar year. These amounts are converted into amounts of
nutrients and the resulting data are employed to estimate age profiles of average rates
of intake of energy and of the three main energy producing nutrients, fat, carbohydrate
and protein for males and females®. These are processed to provide age profiles for the
proportion of energy obtained from fat, protein and carbohydrate which are informative
about variations in the “quality of diet” across ages, males and females, and urban and
rural dwellers. The households studied here live in very different environments, urban and
rural, and in a diverse range of islands in the Indonesian archipelago. All the analyses
reported here are conducted separately for urban and rural households.

Energy, fat, carbohydrate and protein intakes of individuals are found to vary in
a complex but systematic way across people of different ages. The variation is different
among urban and rural dwellers, and different for males and females. For example females
and males obtain about the same proportion of energy from fat and protein up to age 15
and from age 40 into old age. But between these ages, during which many of the women
studied will be bearing children, females obtain significantly higher proportions of energy
from fat and protein than do males.

It is possible that larger households are more efficient in converting food entering the
household into food consumed by household members. This “economy of scale” effect is
investigated and found to be present but rather small.

Around 15% of the households studied have incomes placing them below a poverty line
which is defined as about 1.2 times an amount allowing the purchase of 2100 Kilocalories
of energy per person per day, the basket of goods considered reflecting the typical diet of
the poor. Some of the other households covered in the survey have much higher incomes.
Income at the 9th decile of per capita household income is 5 times higher than income at
the 1st decile.

We study the association between nutrient intakes for males and females of different
ages and household income. There is a small but statistically significant positive associ-
ation between total energy intakes and household income per head. There is a stronger
association between fat and protein intakes, and income implying that higher incomes are
associated with a higher quality diet, an effect whose magnitude we measure. We investi-
gate the differential in the sensitivity of males’ and females’ nutrient intakes to variations
in household income and find that females’ intakes show slightly less sensitivity. However
this is found to be a “scale effect”. The sensitivity of the proportions of energy coming
from the three energy sources varies with household income in a very similar fashion for
males and females.

To interpret these results, and to consider their policy implications, we have to cast
them in the context of a model of dietary choice, a task not attempted here, but a natural
next step. The main purpose of this paper is to show how, under sufficiently restrictive
assumptions, information on the variation in diet across individuals can be wrestled from
household aggregate data.

There are quite complex issues involved in interpreting our results and in constructing
and estimating a model of dietary choice. For example suppose that people who are

5 Alcohol is not studied here. The SUSENAS records almost no acquisitions of alcohol in this mainly
Muslim country.
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engaged in labour market activities expend more energy those who do not. Then we might
expect to see the sort of association between energy intakes and household income that
is apparent in these data. Of course there would be variations across types of occupation
that should be taken into account. But this would not explain the much greater sensitivity
of fat and protein intakes to income than we see for energy in total, and for carbohydrate.
This is likely the consequence of the higher “prices” of fat and protein, and to understand
these variations with income requires consideration of choice of diet, and perhaps labour
force participation, under different configurations of food prices and wages.

The method used here makes extensive use of the ages of people recorded in the
SUSENAS. It is clear that the recorded ages are contaminated by measurement error
taking the form of age heaping, in which some ages are recorded to the nearest 5 or 10
years. This is a very common feature of household survey data. In an appendix to the
paper the impact on the results of this shortcoming in the data is investigated.

The remainder of the paper is laid out as follows. Section 2 outlines the estimation
method, Section 3 describes the data employed, Section 4 gives the empirical results and
Section 5 concludes.

2. METHOD

2.1. Disaggregation. The data employed record amounts of energy and of nutrients
(fat, protein and carbohydrate) consumed in each surveyed household during a one week
period. For a typical nutrient the recorded amount is modelled as a realisation of a random
variable Y.

The object of interest is the long run average rate of consumption of the nutrient by
a person, p, with characteristics x,, for example age and sex, living in a household with
characteristics v. Let this be h(zp,v). Let c(x,v) be the average long run rate of con-
sumption of the nutrient by a household which contains P members® with characteristics
x = [z1,...,2p|. Nutrients are private goods, so the average rate of nutrient consump-
tion for a household is the sum of the rates of consumption by household members, giving
c(z,v) = 25:1 h(zp,v). In principle v could contain measures of household composition.

Now consider the relationship between the amount of a nutrient consumed in a house-
hold during the recording period, Y, and the average rate of consumption of that nutrient,
c(z,v) by the household. Providing that a long enough period” is studied so that periods of
general increase in stocks (e.g. before festivals) are compensated by periods during which
stocks are consumed, the expected value of Y will be equal to the average rate of household
consumption and since this will be true for each type of household, E[Y|z,v] = ¢(x,v).
With a specification for the function h(zp,v) we can conduct GMM estimation based on
the following conditional moment restrictions.

P

ElY — Z h(zp,v)|x,v] = 0. (1)

p=1

6Visitors are not included in the list of household members. At the highest level of aggregation the
presence of visitors can be ignored because households acquiring food for visitors will be counterbalanced
by households acquiring less food because they have members visiting other households. If the presence
of visitors is correlated with the age and sex composition of households then ignoring visitors will cause
estimates of nutrient - age profiles to be biased. Calculations using British data reported in Chesher
(1997) suggest that this effect is small.

7All the analyses here employ whole calendar years of data.
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2.2. Implementation. So far as household characteristics are concerned, for most of
the paper we employ the simplifying assumption h(z,,v) = q(v) X h(x,, v) for some vy
common to all households. This assumption implies that ratios of intakes of a nutrient
across household members are invariant with respect to household characteristics. When
studying the impact of income on nutrient intakes we relax this assumption, allowing male
and female intakes to vary differently with household income. This is of interest when
investigating gender bias in provision of nutrients to household members. A single index
model is used for the influence of v, g(v) = exp(§'v).

The individual characteristics considered here are age (a) and sex (m, = 1 if person p
is male, 0 otherwise, and f, = 1 —m,). Since nutrient intakes of males and females may
be different, separate nutrient intake - age functions are specified. The assumptions made
so far result in the following modification of (1).

e {Z (™ (@) + fyh" () } exp(6'v)|z,0] = 0 (2)

p=1

Here x now lists the ages and sex of each household member and A" (-) and hf'(-) are sex
specific nutrient intake age profiles, independent of household characteristics.

When investigating the possibility of economies of scale in converting food prepared
for consumption into nutrients consumed by household members we employ an extension
of this moment restriction

e {Z (mph™ (a) + fphF<%>)} exp(8'v) 0] = 0 3)

p=1

in which v measures the scale effect and we might expect to find v < 1.

A simplifying assumption made here is that average rates of nutrient consumption by
household members are independent of household composition®. This doubtless involves
a degree of specification error. For example we might expect people in households that
contain young children to have different rates of nutrient intake than people in other
households. The presence of children may be associated with women who would otherwise
be engaged in labour market activities in which they would perhaps have higher rates of
nutrient intake. But caring for children expends energy and the direction of the effect is
unclear. There is mixed evidence on this from recorded intake surveys of individuals. Mills
and Tyler (1992) report average daily energy and fat intake about 4% higher for infants
with siblings than for lone infants but Department of Health (1989) reports no significant
relationship between dietary patterns of school age children and household composition.
Gregory et al (1990) in a survey of adults find no significant relationship between energy
intake and household composition for males, but among females 8% lower energy intakes
for lone than for other mothers.

One way to examine the degree of specification error involved is to estimate the model
separately for different household composition types. Chesher (1997) reports estimates of
a model like the one used here applied to single cross sections of households categorized
into four household composition types: single male households, single female households
and multi-person households with and without children. Small differences in estimated
rates of consumption were found across these groups with highest rates of consumption in
single person households. However where comparisons could be made the relationship with
age was very similar across the four groups. Similar results are found for the Indonesian
data studied here.

8That is, the list of household characteristics, v, does not include measures of household composition.
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2.3. Roughness penalties. Nutrient intakes have a highly nonlinear dependence on
age, rising among young people and falling among the old and being elevated during
periods of growth and raised physical activity. Because of the complexity of this rela-
tionship it is difficult to find a good parametric specification of the functions A% (-) and
R¥(.). Instead we take a flexible approach, leaving the forms of the age - intake func-
tions unspecified, but requiring that the estimated functions exhibit an acceptable degree
of smoothness. Conventional kernel methods are awkward to employ in this problem in
which (a) the functions for which smooth estimates are required appear in a non-linear
model and (b) we have records of aggregate rather than individual data, the number of
individuals varying across households. Instead we use roughness penalty methods (see
Green and Silverman(1994)).

As noted in Chesher (1997) this problem is reminiscent of one studied in Engle,
Granger, Rice and Weiss (1986) in which roughness penalty methods are applied to house-
hold electricity consumption data over one month billing periods in order to estimate the
relationship between daily electricity demand and daily temperature. The ages and sexes
of our household members correspond to the daily temperatures in the work of Engel et
al and their monthly electricity totals correspond to the household nutrient acquisitions
here.

The age data in the SUSENAS are recorded to the nearest whole year. Define binary
variables identifying whole years of age of P household members as follows

— 1 5 ap =qQ B
Zpa_{ 0 ) otherwise ’ p—l,,P
and write the sex specific age profile functions as follows.
99
ho(ay) = Zzpaﬁf, S e {M,F}. ”
a=0

The parameters ﬂg[ and ﬂf are the average rate of nutrient consumption by respectively
males and females aged a years in a household with characteristics vyp.
Employing these specifications in (3) yields

P 2l
E[Y - {Z (ndr8y" +nf 8y } exp(8'v)|a,v] = 0 (5)

p=1

where nf is the number of persons of age p and sex S in the household.

Even with the large amount of data provided by the SUSENAS the estimates of sex-age
specific nutrient intakes we obtain using (4) in conjunction with (2) or (3) show excessive
variation across ages. Accordingly we impose a roughness penalty during estimation,
adding to the GMM minimand® a term

R(}\7ﬁM76F) — )2 (ﬂM/A/AﬂM _l_ﬂF/A/AﬂF) (6)

where 3% = [35,...85], S € {M,F}, Ais the 98 x 100 matrix

1 -2 1 0 .. 0 0 0
o 1 -2 1 ... O 0 0
A= :
0 0 0 0 2 1 0
00 0 0 1 -2 1

9Linear (when v and/or § are not being estimated) and non-linear (otherwise) least squares criteria
are used throughout.
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and A > 0 controls the severity of the roughness penalty.

Each of the terms 3%/ 4’A3° is the sum of squared second differences of the sex-age
specific nutrient intakes. As X is increased, rough estimated profiles are increasingly pe-
nalised. This procedure is essentially a discrete analogue of the roughness penalty method
employed in making smoothed estimates of continuous functions in which the roughness
penalty is proportional to the integrated squared second derivative of the estimated func-
tion leading to the well known cubic spline estimator (Whaba (1990)).

When constant returns to scale are imposed (v = 1) estimation is very simple us-
ing standard least squares estimation software. One appends to the survey data 2 x 98
additional pseudo-observations with values 0 for Y and for the variables in v, and with
values given by A times the rows of A for the counts of household members, giving a data
structure as follows.

y NM NF o
D=0 XA 0 O
0 0 A0

Here, with T" denoting the number of household records, y is T" X 1 and contains the
observed household nutrient flows, N, S € {M,F} are T x 100 matrices containing
counts of household members by age and sex, and v is T' X k, containing values of house-
hold characteristics. The pseudo-observations contribute precisely the amount (6) to the
criterion'?.

Imposition of a roughness penalty causes a reduction in the variances of estimates
but necessarily imposes a cost, namely bias. Considering the model without household
characteristics, and writing the data structure employed as

y X
b= [ 0 AW ]

where e.g.

X = [ NM  NF ]
we have for the bias of the roughness penalised ordinary least squares estimates of the
coefficients on X

2 -1
E[B|X] -8 = ((1 + % (T'x'X)"" W’W) - 1) 8

and for their variance matrix

22 - 22 -
V(3X) = o> (I + (T7'x'x)"" W’W) (x'x)"" (1 + W' (T—1X'X)1>
where 02 is the conditional variance of Y given x here assumed independent of x. Further
discussion and results for the non-linear model in which household characteristics appear
can be found in Chesher (1997).

The choice of A, which controls the severity of the roughness penalty, is made sub-
jectively, a sufficiently large value being chosen to produce acceptably smooth estimated
age profiles. Chesher (1997) reports investigation of “optimal” choices of A using cross-
validation methods. The conclusion drawn there!'! is that, with the large samples available
in this sort of problem, cross-validation methods resolve the trade-off between bias and
variance in a way which leads to estimated age profiles that are far too rough given what
we would expect the actual across age variation in nutrient intake rates to be.

L10When ~ is estimated it is necessary to stop the penalty R(), ,BM,,BF) appearing in the criterion as
R(\, BM, BF)Y but this is easily done in, for example PROC MODEL of SAS (1993).
1See also Silverman’s contribution to the discussion of Chesher (1997).
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3. DaAtA

The data employed here consist of records obtained from 58,725 of the households who
responded in the 1993 Survei Sosial Ekonomi Nasional (SUSENAS) of Indonesia!?. The
history and structure of the survey is described in Surbakti (1995). These records do not
include any from households with 10 or more members or with missing values of any of
the variables employed in the analysis'3.

The households contributing records to the data set contained in total 257, 886 mem-
bers, an average of 4.4 per household, with ages ranging from 0 to 99. Frequency distribu-
tions of completed years of age for males and females in urban and rural areas are shown
in Figures 1 and 2. There is some age heaping with unnaturally high relative frequencies
at certain ages that are multiples of 5. The effect is not noticeable among urban dwellers
at ages less than 20, but among rural dwellers it is noticeable from age 5 upwards.

With the help of enumerators, each household recorded amounts of around 200 foods
consumed in the household during the week prior to the interview. As in all surveys that
gather information by recall there is a possibility of under recording. This suggests that
the results we obtain later on the composition of diet may be more accurate than the
results on amounts of nutrients consumed.

The records of amounts of foods were processed using nutrient conversion factors
developed for Indonesia to produce amounts of fat, carbohydrate, protein and energy
entering the household during the recording period. All these amounts were converted
to Kilocalories (Kcal) per day'*. Considering all households we find that on average fat,
protein and carbohydrate are sources of respectively 18%, 10% and 72% of energy!'®. For
the households in the lowest decile of income per head these proportions are 13%, 9% and
77% and for households in the top decile they are 24%, 12% and 65%. This is as one might
expect because carbohydrate is a relatively cheap source of energy. However some of this
variation may reflect differences in household composition if the relative contributions of
energy sources vary with sex and age. This is a matter on which the analysis to follow
may shed some light.

Indonesia contained 27 provinces at this time'® and in some of the analyses we include
binary variables, P;, identifying these. All analyses are conducted separately for urban
and rural households!”. Around 40% of households lived in urban areas.

Households recorded expenditure on food and other items entering the household and
expenditure on services. The recall period for non-food items was one or twelve months
depending on the item. At various points in the analysis we make use of the recorded values
of total food expenditure, total expenditure and total household income, all expressed
per capita in 1993 Rupiah per month. Food expenditure averages around 56% of total
expenditure taking all households into account. For households in the lowest decile of per
capita income, food accounts for around 68% of total expenditure. For households in the
top decile of per capita income it accounts for 41%.

I2The history and structure of the survey is described in Surbakti (1995).

13The SUSENAS contains a few households (1,917 out of a total of 59,642 - 1.3%) with between 10 and
18 members. Very large households were excluded mainly in order to reduce the scale of the estimation
task. Around 50 households were removed because they had missing values for household income.

14 Grams of fat, carbohydrate and protein were converted to Kcal of energy using the conversion factors
respectively: 9, 3.75, and 4, and energy consumed by the household was calculated as the sum of the
resulting amounts.

5By way of contrast, the proportion of energy from fat in Great Britain is currrently a little under
40%.

6 Fast Timor was covered in the 1993 SUSENAS.

17TNote that Jakarta is treated as a province and has no rural area.
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Figure 1: Relative frequency distributions of ages of urban males (52,013) and females
(53627)
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Figure 2: Relative frequency distributions of ages of rural males (76,015) and females
(76,213)
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4. RESULTS

In this Section results obtained using the method described in Section 2 and the SUSENAS
data are presented.

4.1. Energy intakes: Smoothing and accuracy. The first results in Figure 3 show
the impact of smoothing. Data on energy consumption are analysed separately for urban
and rural dwellers with no control for any household characteristics. The dashed, erratic
lines in Figure 3 show age profiles estimated with minimal smoothing'® (A = 2); the solid
lines show age profiles estimated with A = 200. The general shape of the age profiles are
evident even in the non-smoothed estimates but the smoothing clearly brings benefits.
As one would expect the non-smoothed estimates are much more erratic at higher ages'?
where the data are less informative (see Figures 2 and 1).

In both urban and rural areas estimated energy consumption is higher for males than
for females at all almost all ages though the difference is very small for people less than 20
years of age and is smaller in rural than in urban areas. Among rural dwellers the profiles
are relatively flat from age 20 to 40 but for urban males at least, there is a steady increase
in energy consumption over this age range. All the age profiles decline as age rises above
about 50 years.

Standard errors for the non-smoothed estimates increase steadily with age from around
60 Kcal/person/day at age 5 to around 250 Kcal/person/day at age 80. Smoothing
increases accuracy substantially (of course at the cost of some bias), standard errors for
smoothed estimates increasing from around 20 Kcal/person/day at age 5 to around 90
Kcal/person/day at age 80. Figure 4 shows smoothed estimated age profiles for males
and females with pointwise 90% confidence intervals superimposed.

Comparing males and females there is a clear overlap in the intervals up to around age
20 but at higher ages the intervals are distinct suggesting that the estimated differences
between the male and female energy intake age profiles are revealing a genuine gender
difference?’. Figure 5 replots these curves putting results for males in the upper pane and
results for females in the lower pane. It is clear that, up to around age 35, the estimated
energy intake age profiles are significantly higher for males and for females in rural areas
than in urban areas. Among older people the difference is somewhat marginal but seems
to persist among females.

4.2. Sources of energy: carbohydrate, fat and protein. The results in Section
4.1 pertained to energy intakes. This Section provides estimates of intakes of the three
sources of energy: fat, protein and carbohydrate, all expressed in Kcal/person/day. We
continue to present separate results for urban and rural dwellers. As before there is no
other control for household characteristics.

Figures 6, 7 and 8 show estimated age profiles for respectively fat, protein and carbohy-
drate, results for urban dwellers in the upper panes, results for rural dwellers in the lower
panes, each estimated age profile accompanied by pointwise 90% confidence intervals.

There are clear differences both across males and females and across urban and rural
dwellers. Figure 6 suggests that rural dwellers have slightly higher carbohydrate intakes
than urban dwellers at most ages, and that the amount by which males’ intakes are higher
than females is larger among urban dwellers, except among older people. The age profile

18With the small value, but non-zero value A = 2 essentially the same results are produced as with no
smoothing at all, except that the very few ages (in the 90’s) at which no household members are recorded
are “bridged”, allowing a complete age profile to be produced.

19Profiles are not plotted for ages exceeding 80 years because the limited amount of data causes even
the smoothed estimates to become unreliable.

20When we calculate profiles of the difference between males and females estimated intakes with 90%
pointwise intervals we find that the intervals do not contain zero at higher ages.
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Figure 3: Estimated smoothed and non-smoothed age profiles of energy intakes, male and

female urban and rural dwellers
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Figure 4: Smoothed estimates of energy intake age profiles, males and females in urban
and rural areas with pointwise 90% confidence intervals
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Figure 5: Smoothed estimates of energy intake age profiles, males and females in urban
and rural areas with pointwise 90% confidence intervals
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Figure 6: Estimated intakes of carbohydrate (Kcal/person/day) with pointwise 90% in-

tervals

Carbohydrate: Kcal/person/day

Carbohydrate: Kcal/person/day

1000 1500 2000

500

1000 1500 2000

500

Urban

—— Males
"""" Females
T T T T T
0 20 40 60 80
Age in years
Rural

Males
Females

0 20 40

Age in years

60

80



INDIVIDUAL NUTRIENT ALLOCATIONS FROM HOUSEHOLD AGGREGATES

Figure 7: Estimated intakes of fat (Kcal/person/day) with pointwise 90% intervals
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Figure 8: Estimated intakes of protein (Kcal/person/day) with pointwise 90% intervals
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of fat intakes (Figure 7) is much more peaked, and peaks higher, among urban dwellers
than among rural dwellers. Among urban dwellers, females’ fat intakes exceed males’
from around age 16 to 35. There is a similar feature in the results for rural dwellers but
for a shorter age interval. In both cases the age interval over which these male - female
differences arise falls during the major period of child bearing. Figure 8 suggests that
protein intakes are similar for males and females up to around age 25, females’ intakes
falling below males’ at older ages.

Some of these variations mirror those found for energy intakes - compare Figures 6, 7
and 8 with Figure 3 which gives the energy intake results. However there are differences
in the age profiles and to gain more information on these we now consider the proportions
of energy obtained from the three energy sources. These are calculated as simple ratios of
the estimated nutrient intakes relative to the estimated energy intakes. Figures 9, 10 and
11 show the resulting age profiles accompanied by pointwise 90% confidence intervals?!.

From early childhood to around 10 years the proportion of energy from carbohydrate
rises, then falling to a low at around age 40, thereafter rising again. The changes across
ages in the proportions of energy from fat and protein both mirror these changes. The
amplitudes of these variations are larger among urban dwellers than among rural dwellers.
The proportion of energy from fat and protein for females exceeds the corresponding
proportions for males between ages 15 and 35 in urban and rural areas. The proportion of
energy from carbohydrate is higher at most ages among rural than among urban dwellers.
This may be associated with different levels of income in urban and rural areas, a point
we shall return to shortly.

4.3. Economies of scale. The intention of the enumerators in the SUSENAS was
to record amounts of foods consumed by households but it is likely that what is in fact
recorded is the amount of food employed in making food for consumption. It is possible
that where there are larger nutrient demands, and so larger amounts of food processed,
there are economies of scale in the production of food for consumption from the raw
materials brought into the household. This might occur because there is less waste as a
proportion of food processed, the more food is processed.

To obtain some idea of the existence and magnitude of scale economies the model
employed earlier was re-estimated in the following form, with no control for household

characteristics.
P 8l
B[y - {Z (nr8, + n;;“gg)} 2] =0
p=1

The estimate of v obtained for urban and rural dwellers using the records of household
energy consumption (Y') are respectively (estimated standard errors in parentheses) 0.86
(0.005) and 0.88 (0.004). Both estimates are significantly less than one. One interpreta-
tion of this result is that there are indeed economies of scale, each 10% increase in the
energy demands of a household requiring an increase of around 8.7% in the amount of
energy in food prepared for consumption. However some care is required here. Suppose
that households with many members have a lower proportion of members working than
households with a small number of members, perhaps because large households tend to
have many children amongst their members. If working entails higher expenditure of
energy then we would expect to see the sort of effect that these estimates of v imply.

4.4. Household characteristics. The association between poverty and nutrition is
of great interest. In this section we consider how energy intakes and intakes from the three
sources of energy vary with household income. First we present results obtained using a

21The intervals use estimated standard errors calculated using the delta method, taking into account
the (generally positive) correlations between estimated intakes of energy and of its components.
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Figure 9: Proportion of energy from carbohydrate with pointwise 90% intervals
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Figure 10: Proportion of energy from fat with pointwise 90% intervals
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Figure 11: Proportion of energy from protein with pointwise 90% intervals
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Table 1: Estimated coefficients on log income per head (estimated standard errors)

Nutrient Urban Rural
Energy 0.133 0.145
(.0025) (.0023)

0.068 0.092
Carbohydrate (.0027) (.0026)
Fat 0.302 0.324
(.0036) (.0035)

Protein 0.210 0.224
(.0029) (.0025)

Table 2: Estimated coefficients on log income per head and its square (estimated standard
errors)

Nutrient Urban Rural
log income | (log income)? | log income | (log income)?
Fnergy 0.200 —0.014 0.248 —.030
(.0085) (.0018) (.0069) (.0021)
0.094 —0.005 0.170 —0.024
Carbohydrate | 5e9) (.0020) (.0075) (.0023)
Fat 0.683 —0.072 0.650 —.081
(.0162) (.0033) (.0130) (.0035)
Protein 0.363 —0.031 0.393 —0.046
(.0105) (.0022) (.0080) (.0023)

simple representation of the income effect, including log household income per head as a
variable in v in the model (2), including additionally indicator variables identifying the
27 provinces?? of Indonesia. The results are shown in Table 1. In producing these results
the scale parameter v was set to one.

When the relationship between nutrient intakes and permanent income is of main
interest it is common to find total expenditure used as a measure of permanent income
rather than income. When log expenditure per head is used in place of log income per
head we find somewhat greater sensitivity. This may be because for many households food
expenditures make up a large fraction of total expenditure. In this situation transitory
shocks to food intakes, due e.g. to weddings, visitors and temporary absence of household
members, will result in transitory shocks to total expenditure. One possible attack on
this problem is to employ total expenditure rather than income and to instrument using
for example, measures of housing quality and durable ownership which are available in
the SUSENAS. This is one of the items on the research agenda.

The estimated income coefficients are all significantly greater than zero and they are
much larger?? for intakes of fat and protein than for carbohydrate. The income coefficient
for energy intakes, as one would expect falls in the range of the other coefficients (energy
intakes are the sum of carbohydrate, fat and protein intakes) and closer to the coefficients
on the dominant energy source, carbohydrate, than to the others.

These results suggest that among urban dwellers a 10% difference in household income
per head is associated with differences at all ages for males and females in intakes of energy,

2296 for rural dwellers since Jakarta has no rural areas.
23The differences are all statistically significantly different from zero using a size 0.001 test.
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Table 3: Estimated income elasticities of nutrient intakes at 1st and 9th decile and median
income (by urban and rural) for urban and rural dweller

Nutrient Urban Rural
1st decile | median | 9th decile | 1st decile | median | 9th decile
Energy .16 .15 .10 .18 .16 .14
Carbohydrate .08 .08 .06 .14 A1 .07
Fat .53 42 .15 .54 .45 .32
Protein .30 .25 13 .33 .28 21

carbohydrate, fat and protein of respectively 1.3%, 0.7%, 2.9%. The corresponding figures
for rural dwellers are slightly larger*. Thus 10% higher income per head is associated
with a difference in the proportion of energy from carbohydrate of —0.6% and differences
in the proportion of energy obtained from fat and protein of respectively +1.6% and
+0.7%.

Further investigation shows that there is more concavity in the nutrient intake - house-
hold income relationship than the constant elasticity form used above allows. Table 2
shows estimates of income coefficients when additionally the square of log income per
head is included in the list of household characteristics, v. In each case the coefficient
on squared log income per head is negative and statistically significantly different from
zero, suggesting that income elasticities of nutrient intakes are higher among lower income
households than among higher income households. Table 3 shows the income elasticities
at 1st and 9th decile and median income (quantiles calculated separately for urban and
rural dwellers) for each of the nutrients. There are clearly substantial variations with
income.

So far household characteristics have been entered in a single multiplicative term so
that different levels of, for example income, result in the same proportionate effect on the
average nutrient intakes of all household members. It is interesting to see whether there
is evidence to suggest that different types of household members (e.g. young and old,
male and female) have unequal differences in average nutrient intakes when low and high
income households are compared. In order to do so, and focussing here on differences
across males and females, the model is extended, estimation being based on the following
moment condition

E[Y —

p

P
(mphM(ap> exp(§,v) — fphF(ap) eXp(‘S/FU)> |z,0] =0
=1
where, as before, the age effects are represented by step functions with changes at each
integer year of age and smoothness in the estimated age profiles is induced by means of a
roughness penalty. The resulting estimates of the male and female specific coefficients on
log income per head are shown in Table 4. The estimated income elasticities for females
are generally slightly smaller than those estimated for males indicating smaller differences
in nutrient intakes for females than for males when we compare high and low income
households. However the differences are generally small. The differences are in most cases
significantly different from zero, but this in part reflects the very large samples being
employed here (35,539 rural and 23,538 urban households).
As explained in the introduction, the positive income coefficient obtained for energy
intakes may be a consequence of variation across households in labour force activities.

24The coefficients for urban and rural dwellers are statistically significantly different from one another,
but this mainly relects the accuracy of estimation in this large sample of what are in practical terms
rather small differences.
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Table 4: Estimated male and female specific coefficients on log income per head (estimated
standard errors) and t statistics for the hypothesis of equal coefficients

Nutrient Urban Rural
t statistic t statistic
Male Female for Hy: Male Female for Hy:
6]% — (SF 6]% — (SF
0.144 0.133 0.162 0.142
Energy (.0073) | (.0075) 2.17 (.0071) | (.0075) 4.28
Carbo- 0.085 0.062 e 0.111 0.082 s 51
hydrate | (.0077) | (.0082) : (.0078) | (.0083) :
0.314 0.307 0.316 0.327
Fat (0117) | (.0108) 0.9 (.0120) | (.0116) 2.39
. 0.213 0.218 0.233 0.224
Protein (.0083) | (.0086) —0.87 (.0078) | (.0080) 2.8

Perhaps the small male - female differentials in sensitivity to household income have a
similar cause.

The difference between an income coefficient for a nutrient (e.g. fat) and the income
coefficient for energy measures the sensitivity to income variation of the proportion of
energy obtained from the nutrient. Interestingly these differences are in all cases very
similar for males and females. Even though the total amount of dietary energy seems
to be less sensitive to income for females than for males, males’ and females’ dietary
composition shows very similar variation with income.

5. CONCLUDING REMARKS

This paper has applied a technique of statistical disaggregation to data on Indonesian
households’ food consumption to obtain estimates of average rates of nutrient intake for
males and females at each year of completed age in rural and urban areas. There are
marked differences across males and females, across ages and across urban and rural
dwellers. Two of the three sources of food energy, fat and protein, show much greater
sensitivity to variation in household income than does the third energy source, carbohy-
drate. Females seem to obtain higher proportions of energy from fat and protein during
child bearing years. Male nutrient intakes seem to be slightly more sensitive to variation
in household income than female intakes, but the proportion of energy obtained from the
three energy sources varies with income in a similar fashion for males and females.
Provided that the assumptions underlying our procedures are valid, we should re-
gard the methods used here as having uncovered some “facts” about individuals’ rates
of nutrient intakes from records of household rates of intake. These “facts” are of course
capable of a variety of interpretations. For example, the positive association between
energy intakes and household income may be being driven by labour market factors, en-
ergy expenditure and income being higher among labour market participants than among
others. The differential sensitivity of fat, protein and carbohydrate intakes to income
perhaps reveals features of the demand for energy sources which are available at different
prices. To understand these issues and to draw any policy implications from the “facts”
presented here requires development of a model for individual dietary choice and labour
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force participation and development of methods for estimating such a model using the
household level, aggregate, data which is all that is normally available. This is the next
task in this research agenda.

APPENDIX: AGE HEAPING

The method used in this paper makes extensive use of the age data recorded in the
SUSENAS but there is clearly some mis-recording of ages in this survey. The age relative
frequency distributions in Figures 1 and 2 show clear spikes at many ages which are
multiples of 5. In this Appendix we consider the impact of this heaping on the estimated
age profiles, propose a model for age heaping and show how it can be used to examine
the sensitivity of estimated profiles to different assumptions about age heaping.

5.1. General considerations. We consider the impact of age heaping in the context
of a problem, like that set out in the main part of this paper, in which age is a discrete
variate, recorded in completed years of age. To avoid overly complex notation, no dis-

tinction between males and females is made for the moment. Let X = [Xj, ..., Xgg9] and
Z = [Zy,. .., Zgg] be vectors of binary random variables with?® /X = ¢/Z = 1, such that
for a randomly sampled person of actual age ¢, and recorded age j, X; = Z; = 1. Let
a' =[0,1,...,99]. Then actual and recorded ages are respectively ax = X'a, az = Z’a.

Age heaping is a form of measurement error in which an age close to a value in a
set of heaping points I, (e.g., K = {5,10,15,...,95}) may be recorded at the heaping
point. Ages recorded at non-heaping points are accurately recorded but ages recorded at
heaping points may not be. Formally for k ¢ K, P[X} = 1|Z; = 1] = 1 and for k € K,
P[X; = 1|Z,r = 1] < 1. In a simple age heaping process, ages which are actually at
heaping points are accurately recorded, that is, for k € K, P[Z; = 1|X; =1 =1. Ina
more complex process one might have ages close to a multiple of 5 sometimes recorded as
the multiple of 5 and other times recorded accurately, but some ages that are multiples
of 5 but not of 10 sometimes being recorded as the nearest multiple of 10.

First we consider the impact of age heaping on the regression of some variate Y on
X. That is we consider how the regression of Y on Z, which is what we would estimate
using conventional estimation methods with data on Y and Z, relates to the regression of
Y on X, which is what we would like to learn about. Later we will consider the impact of
age heaping on the regression of Y on X and another set of covariates, V', the household
characteristics in the model for nutrient intakes.

The regression of Y on X alone. Our model for the average rate of consumption

of a person with X =z is
E[Y,|X =] =2’
from which it follows directly that expected consumption for a person with recorded age
7 = zis?0
EY,|Z = 2] = E[X|Z = 2]'5.

Let g;; = P[X; = 1|Z; = 1] and define the matrix G = [g;;]. Then, noting that X and Z
are vectors of binary variables with ¢/X =/ Z =1,

EX|Z =2 =Gz

25, is a 100 element vector of ones.

26We assume that the age heaping is a pure measurement error process in the sense that E[Y|X =
z,Z =z]=EY|X = z].
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and so
ElY|Z=2]=2G =277

where v = G'3. If we had data on individual consumption and estimated its regression on
the mis-recorded age indicators, z, then we would estimate an intake at age j, v,;, which
is a weighted average of the intakes at age j and at other ages, that is:

v; = ZP[Xi =1|Z; = 1]6;.

When there is age heaping, all recorded ages that are observed at ages other than
heaping points (e.g. multiples of 5) are error free, but some of the ages recorded at
heaping points are incorrect. It follows that, when there is age heaping the coefficients in
the regression of Y on Z at ages k ¢ K are equal to the corresponding coefficients in the
regression of Y on X, that is

At ages in the set of heaping points 7, is a weighted average of the §,’s where ¢ runs
through the set of ages whose values can be mis-recorded as ¢. We might expect these to
be limited to ages close to k, suggesting that age heaping induces a degree of smoothness
in the ~,’s relative to the j,’s.

Aggregation. Letting Y}, be the average rate of consumption by a household with
m members with recorded ages indicated by z1,...2, and let n = 221:1 zp which is a
vector of counts of household members at each integer year of recorded completed age..
Then the expected rate of consumption of the household, conditional on this recorded age

composition is

m m

ElY|z1,...2m]| = Y EY,|Z=2]=) 2z,GB=n'y.
p=1 p=1

So, when there is age heaping, least squares estimation of the regression of Y on n will
produce an estimate of v = G’ which will only be equal to 3 when G = I in which case
there is no age heaping. Applying the roughness penalty method will produce smoothed
estimates of v rather than of (.

If we knew the matrix GG, and if it were non-singular then we could retrieve estimates
of B using 3 = G'~'4. Of course G may be singular in which case all element of 3 cannot
be identified from age heaped data but there will be linear combinations of the elements
that are identifiable. Alternatively one could obtain estimates of identifiable elements of -y
directly by estimating the regression of Y3, on Gn rather than on n. Indeed when applying
the roughness penalty method this would a better course of action, for then one would be
smoothing estimates of 3 rather than ~.

Now suppose there are different age profiles for males and females with average rates
of age specific consumptions given by 37 and 8™ and suppose, as may be reasonable,
that the age mis-recording process is identical for males and females. Assume also that
sex is not mis-recorded. Then, arguing as above, the regression of Y on nj; and np has
coefficients Y™ = G'BM and v¥ = G'BY and it is these that will be estimated when age
heaped data are employed.

The regression of Y on X and V. In our model for nutrient intakes including
household characteristics, the average rate of consumption by a person with actual age
indicated by X = 2z and household characteristics V = v is

ElY|X =2,V =] = (2/8) exp(&'v)
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from which it follows directly that expected consumption for a person with recorded age
Z=zand V =v is?’

EY|Z =2,V =v] = (E[X|Z = 2,V = v]'3) exp(§'v)

Let g;j(v) = P[X; = 1|Z; = 1,V = v] and define the matrix G(v) = [g;;(v)]. Then, as
before,
EX|Z =2V =v] =G(v)z

and it follows that
ElY|Z =2,V =] = (2’G(v)' ) exp(§'v).

The difficulty that arises here is that G(v) will typically depend upon v, even if we suppose
that the age heaping process is independent of V' in the sense that

PlZ;=11X; =1,V =] = P[Z; =1|X; = 1]
We will return to this in the context of the specific model of age heaping introduced now.

5.2. A model for age heaping. The simple model for age heaping studied here has
ages that are multiples of 5 being recorded correctly and ages within 2 years of a multiple
of 5 being recorded as the multiple of 5 with some probabilities between zero and one. In
particular suppose that an age within one (two) year(s) of an age k which is a multiple of
5, is recorded correctly with probability aj. (a%)and is recorded as age k with probability
1—aj, (1 —a}), So, for k € K = {5,10,15,...,95}, we have the following, for j = 1,2.

PlZi—j = 1Xp_j=1]=a]
P[Zk = 1|Xk,j=].} :1—04?;
P(Z, = 1X,=1]=1
PlZy = 1Xpj=1=1-af

PlZuy; = UXpyy=1]=q]

When ai = Oéi = 0 for all £ € K, then there is complete age heaping, equivalent to
grouping ages into 5 year intervals®® and recording the interval midpoints instead of the
actual ages. When ai = o = 1 for all k then ages are recorded accurately. Figures 1 and
2 suggest that the SUSENAS presents a situation somewhere between these two extremes.

Let C be the matrix with elements?” ¢;; = P[Z; = 1|X; = 1]. Then C will be block
diagonal taking the form3°

(I3 0 0 0 0]
0 Cs 0 0 0
0 0 Ci 0 0
C= (7)
0 0 0 0 0
0 0 0 Cos 0
L0 0 o0 0 Ip |

27 Again we assume that the age heaping is a pure measurement error process in the sense that

EY|X=2,Z=2V =v]=E[Y|X =2,V =]

28For example [8,12], [13,17] with mid points 10, 15.
29Note that i indexes rows and j indexes columns.
30We assume for simplicity that ages 0, 1, 2, 98, and 99 are recorded correctly with probability 1.
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where [,, is a n X n identity matrix and

ai 0 1—-ai 0 O
0 ap 1—ap 0 0
Cqv=1| 0 0 1 0 0
0 0 l—ap o 0
0 0 1—-a2 0 af

Let P be the matrix of joint probabilities, P = [p;;] = P[X; = 1N Z; = 1] and let
d; = P[X; = 1]. Then P has the same block structure as C,

P, 0 0 0 0
0 P O 0 0
0 0 P 0 0
P = (8)
0 O 0 0 0
0 0 0 Pys O
L 0 0 0 0 Pos
where
dgy 0 O
d 0
FB=|0 d 0 [, P98_|: 88 d ]7
0 0 do %
and for k € K,
aZdy_o 0 1—a?)dy—2 0 0
0 Ozllgdk,1 1— Oé,lf) dk,1 0 0
P, = 0 0 dy, 0 0
0 0 1-— ozk dk+1 aidk+1 0
0 0 1-— g dk+2 0 Oé%dk+2

The matrix of conditional probabilities G is got by dividing each element of P by the sum
of the elements in the column that it occupies®!, leading to

I3 0 0 0 0
0 G5 ©0 0 0
0 0 Gy 0 0
G = (9)
0 O 0 0 0
0 O 0 Gos O
|1 0 0 0 0 I |
where
1 0 (1- Oéi dk,Q/Sk 0 0
0 1 E]. - aig dkfl/sk 0 0
Gp.=1]10 0 di./ sk 0 0 (10)
0 0 (1—op)desr/se 1 0
0 0 (1—aj)desz/se 0 1

and s is the sum of the entries in column k, namely

2
Sy = Z At — ap(di—1 + diy1) — o (dy—2 + diy2) > di.

j=—2

31We must have d; > 0 for all i and ai > 0 for all 7 and k to be able to take this step.
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Recalling that regression of Y}, on n has coefficients v = G’3, it is clear that in this
model of heaping v, = 8; when ¢ is not a multiple of 5 even though counts of household
members at these ages are mis-recorded. At ages k which are multiples of 5, v, # 8, if
there is age heaping, and

Yo = sp ((1—af) Broo+ (1 - ag) di—1By_y + diBy,
+ (1= ag) dep1Bryr + (1 — ai) Brio)

which is a weighted average of the ( coefficient at age k and the four adjacent 3 coefficients.

As heaping vanishes, i.e., oz,lC — 1 and aﬁ — 1, v, — B;, and as heaping becomes
complete, i.e., a; — 0 and aj — 0, v, — 25:72 korjﬂkJrj/Zizf2 dy+; and coefficients
vy & ¢ K become undefined. The effect of this form of age heaping is to cause age profile
variations around multiples of 5 to tend to appear smoother than they in fact are, although
only the values on the profile at the multiple of 5 are affected.

5.3. Corrected estimates. Given an estimate of v and knowledge of the ai’s it may
be possible to retrieve an estimate of 5. To do this G must be non-singular but it is easy
to see that, for all k, det(Gy) = di/sr € [0,1]. So retrieval will be possible whenever
di, > 0 at all multiples of 5. Obviously d; > 0 is required if 3; is to be identifiable. So
identifiability of 3 (which also requires ], > 0 for all j, k) ensures that we can obtain (3
as 3 =G 1.

The matrix G'~! has the same block diagonal structure as G with each G}, replaced
by G ' where

1 0 0 0
1 0 1 0 0
G;;l = e (1 — O‘i) dp_o — (1 — Oé,lc) dp—1 S — (1 — Oé,lc) di+1 — (1 — Oéi) dj+2
k 0 0 1 0
0 0 0 1

It follows that 8, = v, except at ages k which are multiples of 5 where

Br = di' (= (1= a}) di—2vp_s — (1 — ) dr—1vp_1 + ki
- (1 - a,ﬁ) Akr1Vhr1 — (1 - Oéi) dk+27k+2) . (11)
In order to implement a correction based on (11) one would need information on the
probabilities of mis-recording, «j, and on the marginal probabilities d; = P[X; = 1]

the latter requiring access to error free data on ages. In the absence of information
on the d;’s one can exploit the information in the marginal distribution of recorded
(heaped) ages. Let f; = P[Z; = 1]. The column sums of the matrices P} are equal
to [ fe—o fe—1 fr  fer1 Sre+e ] It follows that s = fi and the following.

di—2 = fo-2/0j
dir = fr—1/og
di = fi— (1—0op) (fomr + frog1) Jof — (1= a2) (fr—z + fri2) /a} (12)
dirr = fer/og
dit2 = freo/aq

The f;’s can be estimated, so with knowledge of the ai’s one could retrieve estimates of
B from estimates of .

The parameters o, cannot be identified without information concerning the joint dis-
tribution of true and recorded ages, or further assumptions. However one can use the
results above to investigate the sensitivity of results to different assumptions about age
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heaping, comparing estimated age profiles as the ai parameters are varied over plausible
ranges of values. In doing that while using the roughness penalty method outlined earlier,
it is appropriate to apply the roughness penalty to the 3 coefficients. To do this one
rewrites the model for household nutrient acquisitions as

Yy, = (Gny ) BM + (Gnp) 8" +¢

using the transformed age counts®?, Gnj; and Gnp, in the estimation, applying the
roughness penalty method as before.

With additional information about the age distribution one could attempt estimation
of the o, parameters. For example suppose one took the view that the true age distribu-
tion is in some sense “smooth”. Then one estimation strategy would entail choosing as
estimates of the «’s the values that minimise the sum of the squared second differences

of the d;’s
99

Z (di — 2d;i_1 + d;_o)°

i=2
employing the relationships (12) and the observed proportions at each recorded year of
age as data’3 on the f;’s. The estimation problem is numerically a rather simple one if we
reparameterise in terms of pj = 1/aj, because then the objective function is a quadratic
function3* of the pi’s. If this strategy were followed one would probably want to put some
structure on the ai’s, for example removing, or at least limiting, their dependence upon

k.

5.4. The regression of Y on X and V. Now consider the implications of the specific
model of age heaping introduced above when one wishes to estimate the regression of Y
on X and V. As noted earlier we have

ElY|Z =2,V =v] = (ZG(v) B) exp(§'v)

where G(v) = [g;;(v)] and g¢;;(v) = P[X; =1|Z; =1,V = v].

The matrix G(v) is obtained much as above, except that we must take care to condition
on V at various points in the development. Suppose that the age heaping process is in
fact independent of V' in the sense that

P[Z; =1|X; =1,V =v] = P[Z; = 1|X; = 1]. (13)

Then the a3 ’s do not depend upon v and the matrix C given in (7) is independent of v.
However the matrix P given in (8) is not independent of v unless X and V' are independent
which will generally not be the case. The reason is that the elements of P now have to
give joint probabilities for X and Z conditional on V, i.e. P becomes P(v) = [p;;(v)]
where

pij(v) :.P[)(Z :1ﬂZj = 1|V:’U] :P[Zj :1|Xz = 1]P[XZ= 1|V:U}

in which we have exploited (13). So in producing the matrix P we must multiply elements
on row ¢ by the conditional probability that X; =1 given V = v. Let

dl(l}> = P[XZ = 1|V = U].

32Evaluated at the chosen values of ai’s.

33The joint distribution of the fi’s is multinomial which leads directly to a weighted criterion and more
efficient estimation.

34The constraints pi > 1 will have to be imposed.
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Then P(v) has the same structure as in (8) but now, in the definitions of the blocks of P,
each d; must be replaced by d;(v).

The column sums of the matrix P(v) now depend upon v but on dividing through we
arrive at a matrix G(v) with the structure given in (9) and with blocks Gy, as in (10) but
with each d; replaced by d;(v) and with sj replaced by si(v) where

2
sk(v) = Y dij(v) = aj(di—1(v) + di1(v) = 0F (di—2(v) + diy2(v) > di(v).
j=—2

Only the elements of G(v) in columns which are multiples of 5 years depend upon v and
the matrix G(v) is, away from these columns, an identity matrix. It follows that when z
does not have a unit element in a column k where k is a multiple of 5 years,

ElY|Z = 2,V =] = (3) exp(§'v).

This means that if individual data were available one could estimate § and all the elements
of 3, B;, apart from those for which ¢ is a multiple of 5 by omitting data on those people
with ages that are multiples of 5. And one could proceed in the same way with household
aggregate data, omitting all households in which any member has a recorded age which
is a multiple of 5, although in practice this might entail a considerable loss of data. Note
that the same procedures would work if the age heaping process was not independent of
V.

An alternative way to proceed that does not entail discarding data is to employ in-
formation on recorded ages, as in the previous section. One could estimate a model for
fi(v) = P[Z; = 1|V = v] and then with knowledge of the aj’s produce estimates of the
d;(v)’s using (12). It would not be appropriate to obtain corrected estimates using (11)
because the estimates of the  coefficients will have been obtained from a mis-specified
model in which the full dependence of the regression on v was not captured. Instead one
should use the estimates of the d;(v)’s to form up an estimate of the matrix G(v) and
then estimate

Vi = (B0 + (C)mar)8" + (Glo)nr) 8" exp(s'v) +¢
using data on all households.
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