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Measuring Child Poverty by the Rothbarth Scales: Estimates for an Urban Chinese
East Coast Province
Feridoon Koohi-Kamali and Yibin Liu

Abstract
The commonly employed Engel method of poverty measurement, based on the budget share of
food, is known to lead to a large overestimation of age-specific poverty. This paper applies an
alternative model based on variations in adults’ living standard that offers a particularly effective
method of obtaining age-specific poverty measures, especially for children. However, only a few
studies using this alternative model are available. This paper contributes to that small body of
studies based on the latter model by applying it to two urban surveys from an east coast province
of China for 2002 and 2009. We obtain measures of child poverty that have plausible values in
size when compared to those reported for other studies using the same method. Our results
indicate that the extremely high Chinese rates of economic growth during 2002-09 have had only
a modest impact on child poverty, and an almost negligible impact on extreme child poverty. The
paper points to rising urban inequality as the most likely explanation of the results obtained.
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1. Introduction
Child poverty reinforces the endless cycle of poverty. Children born into poor
families are likely to suffer from poor health, poor education, and low skills, with
serious impact on their labor market earning in adulthood. The recognition that
breaking the cycle of poverty requires addressing child poverty is the key insight
which spurred the Millennium Development Goals and highlighted the critical
role that the eradication of child malnutrition and illiteracy have with respect to
any strategy of poverty reduction. The identification of children in poverty, and
the assessment of anti-poverty public policies aimed at reducing poverty, however,
require a reasonably accurate method of measuring child poverty.
The crudest method is to count the number of households under the poverty line
and calculate the number of children residing in such households. This method
assumes that members of the households of a given size all have equal
consumption needs regardless of their age structure, in other words, that the
consumption needs of a child and an adult are the same. Yet children, at least
those from poor households and in poor economies, consume proportionately
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A code of confidentiality prevents us from disclosing the name of the province.
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more food than adults. Therefore, all other things being equal, households with
children consume larger shares of commodities such as milk and school supplies,
than those without.
A better alternative is to scale the required poverty line income for households
with children in terms of the number of equivalent adults, giving a smaller weight
to children. The estimation of such equivalence scales is most commonly based
on Engel’s method of calculating the budget share of food. We can then re-scale
the food-share-based poverty line income of the base reference household. We
calculate the size of additional expenditure required in order to obtain the poverty
line income for a family with a child, which equates its food share to that of the
reference household. The problem with the Engel food share method is that it
leads to a substantial overestimation of equivalence scales, with results similar to
those obtained by the crude method of giving the same weight to all household
members regardless of age, see Nicholson (1976).
In this paper we employ an alternative method based on the level of expenditure
on adult goods, for example, tobacco, as an indicator of the adults’ living standard.
We obtain estimates for an additional increase in the poverty line total
expenditure for children by equalizing the aggregate levels of adult goods
expenditure of both base and selected families. Since the method, first proposed
by Rothbarth (1943), is based on variations in the adults’ living standard in the
presence of children, it can effectively separate the expenditure impact that
children and adults have on the parental living standard.
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However, despite its attractive theoretical features and empirical support, and
although there are several studies on the cost of children using the Rothbarth
model, the existing applications of this model specifically to the measurement of
child poverty are few, see White and Masset (2002); Bauer and Mason (1992).
Our paper adds to this small body of work by applying the Rothbarth model to
two micro surveys of urban household expenditure from an east coast province of
the People’s Republic of China, in 2002 and 2009. Comparisons of the estimates
from the two surveys allow an assessment of the impact of Chinese economic
growth, on average close to 10% over 2002-09, on child poverty in the province
examined in this paper. The results suggest plausible equivalence scale estimates,
and lead to child head-count poverty measures based on two different relative
poverty lines that are broadly in line with the existing poverty estimates for China.

2. Literature
The measurement of child poverty requires an estimate of adult equivalence
scales for children relative to adults; a popular method has been Engel’s food
share model. In this model, two households of different sizes are taken to have
the same living standard if they allocate the same share of the household budget to
food. This offers a method of estimating child cost by calculating the necessary
expenditure required to give the family with a child the same living standard as
the family without children. However, since a child consumes a larger proportion
of his or her expenditure on food compared to the parents, this food share method
provides an additional increase in total expenditure compensation in order to
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equalize living standard based on food share; the result is that the estimates of
child cost are implausibly large, see Nicholson (1976) and Deaton and Muellbauer
(1986). This method would be correct only under the assumption that children
consume food and non-food goods in the same proportions as their parents do.
Indeed the child cost estimates obtained by the food share method are generally
disappointing and very close to the crude head-count method of treating each
household member with equal weight.
Better alternatives allow for the commodity-specific equivalence scale estimates
to vary across households with different age structure. (For two classic
approaches, see Prais and Houthakker (1955) and Barten (1964)). However, these
alternatives give rise to some problems of their own, and an examination of such
models is beyond the scope of this paper, see, however, Gronau (1988). More
attractive is the Rothbarth model. This model assumes two adults in two
households have the same living standard if they have the same level of
consumption of adult goods. That is, with total expenditure level constant, the
addition of a child leads to cuts in consumption of commodities, including adult
goods. The model assumes the larger household with a child, and at the same
level of total expenditure as a smaller household without a child, spends less on
adult goods.
The resulting reduction in total expenditure is the cost of children by the
Rothbarth model if the preference of adults for the consumption of adult goods
does not change when its demographics change, see Deaton et al. (1989). This is
explained in a standard diagram below.
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However, Gorman (1976) first pointed out a potential source of underestimation
of child cost by this model, since there may be substitution away from adult goods
through budget rearrangement, for example, when in-house parties substitute for
outside entertainment so as to avoid the cost of child care.
If such substitution effects were present in consumption expenditure, then the
estimated reduction in the consumption of adult goods to a lower level by this
method leads to an underestimation of the cost of children. Deaton and
Muellbauer (1986) argue that such an underestimation is likely to be of a small
magnitude, if it exists at all. Indeed, Gronau (1988), one of the most incisive
critics of the equivalence scales approaches to welfare comparison, selects the
Rothbarth as the “only” model among them with internal theoretical consistency
and good empirical evidence in support of its underlying assumption. This is the
method employed in this paper to estimate adult equivalence scales for
households with different numbers of children. We then use these estimates to
adjust the poverty line total expenditure or poverty line income for households
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with varying numbers of children compared to a base household type so as to
ensure the same level of expenditure on the aggregate basket of adult goods.
3. Model
We model the implementation of the above approach by a functional form that
relates the logarithm of per capita total expenditure to the budget share of adult
goods expenditure; see Working (1943) and Leser (1963). This model has a
flexible functional form that has provided a good fit in a variety of different
contexts. In order to take into account the age structure of the households, and the
presence of children in the family, we include the proportions of family members
in each age group, that is, the proportions of adults and of children.
Since larger families at the same level of total expenditure can live more cheaply
than smaller families due to the effect of economies of scale in consumption—
such that, for example, the per capita cost of housing declines as family size
increases—we also control for the household size effect on the budget share of
adult goods by including a separate variable for the logarithm of household size in
the model. In addition, any sample specific influences on the household’s
expenditure such as the education of the head of the household, region of
residence, or other such factors are also included in a vector z of additional
variables, see also Deaton et al. (1989).
2
n
   w hj = α + β ln( xh ) +η ln nh ∑ δ i i + δ z + ε
nh
nh
i =1

(1)
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Where wjh stands for the budget share of an aggregate basket of adult goods j for
household h, ln(xh/nh) is the logarithm of per capita total expenditure, lnnh the
logarithm of household size, ni/nh are proportions of adults and children in the
household h where subscript i indicates the number of adults or the number of
children in the household; z stands for the vector of additional variables such as
regions, and ε for a white-noise error term.
In this paper, we limit demographic groups to two major ones, namely adults
(age >16) and children (age <13) and leave out age group 13-16 as a reference
group in order to avoid multicollinearity. In addition, a number of control
variables are incorporated into z including parents’ age, education, employment
status, regions, and interactive terms. We apply the OLS estimator to obtain
parameter estimates of (1).
We employ the estimates from (1) in order to calculate the costs of children and
the adult equivalence scales as follows. First we calculate the level of adult goods
expenditure for a childless household with only two adults, taken as the base
household in this paper. To do so, we use the parameter estimates from (1) along
with the sample mean of the total expenditure ( x ) and insert the values into the
following equation for a family of two adults with no children.
x
2
0
w 0j = αˆ + βˆ ln( ) +ηˆ ln 2 + δˆ1 + δˆ2
2
2
2

(2)

Since all the elements on the right hand side of (2) are known, this equation gives
us w0j as the budget share of adult goods j for the reference, two-adult childless
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family nh=2. In order to calculate an additional rise in total expenditure required
to equate the level of adult goods expenditure of the reference and a selected
family, say with one child, we modify (2), so that we now have nh=3, na=2, and
nc=1. We set the result equal to the reference family budget share and multiply
both sides of the equation by x in order to equalize the levels of adult goods
expenditure of childless and one-child couples, and obtain an equation in levels of
adult goods expenditure.

w 0j . x = x .{αˆ + βˆ ln(

x1
2
1
) + ηˆ ln 3 + δˆ1 + δˆ2 }
3
3
3

(3)

The only unknown variable in (3) is x1, the total expenditure required for a family
with two parents and a child to maintain the same level of expenditure on adult
goods as a base household does. Similarly, a three–member family with an
additional adult, (3) will have nh=3 na=3, and nc=0, and 3/3 the ratio of adults age
group, and so on. This non-linear equation can be solved numerically for x1 by
many standard programs, e.g. Mathematica, see also Deaton (1981, esp. p. 80).
The last step is to calculate the adult equivalence scales (AES) of a specific family.
That is, the ratio of the total expenditure of the selected household to the base,
reference household, has a ratio greater than one for different selected families;
smaller for a child, larger for an additional adult. In order to obtain the headcount
ratio of poor children from AES, we start with a given poverty line for the
reference two-adult family and multiply that with the AES of the selected family
to obtain the poverty level expenditure of the latter. Any family with the same
size and age demographics as the selected type, whose total expenditure is lower

10	
  
	
  

than the poverty level expenditure of the selected family thus obtained, is deemed
poor, and so are all the children in that family. Lastly, we sum up all the children
residing in families in poverty with varying numbers of children and divide that
number by the total number of children in the sample to obtain a headcount
measure of child poverty.
4. Data
The data for this study come from the Chinese household surveys from an eastern
coastal province in 2002 and 2009 conducted by the Statistical Authority of the
People’s Republic of China. Since this province has the highest per capita income
in China—the 2012 annual per capita income of the province was US$ 8,682
compared to US$ 6,076 for the entire country—the surveys employed are not
ideal ones for an analysis of child poverty. The results, however, are interesting
for two reasons. First, the model provides some insight into the impact of high
rates of Chinese economic growth during 2002-2009 on its poverty rates. Second,
as far as we are aware, there has been no estimate of child poverty by the
Rothbarth model for China; the application in this paper provides an illustration of
the potential gains obtained from its employment with more appropriate data.
Although the surveys contain some observations on rural households, the size of
the rural sample is far too small to provide a comparison of child poverty between
urban and rural sectors of the province; indeed the final samples employed would
have contained just over 100 rural households. We have therefore excluded all
rural observations and focused on the urban households only. In deciding the final
sample sizes, we have also excluded all three-generational households, as the
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inclusion of such observations would have been incompatible with the Rothbarth
model.
To provide a measure of the parents’ living standard in the presence of children,
the model assumes that the level of expenditure on consumption of adult goods
reflects solely the decision of the parents, or as Deaton and Muellbauer (1986, p.
724) put it: “the parents are assumed to be the decision makers, and in addition
they are the only people who are present both before and after the arrival of the
children.” In other words, the adult goods consumption of the adults other than
the parents would contaminate the measurement of the cost of children. We
therefore truncate our urban samples to those with parents and their children.
However, in order to obtain the cost of an additional adult as well of children, we
treat all children above 16 years of age as adults. This is not ideal, but it seems a
practical compromise between removing most non-parent adults from the samples,
and allowing for estimation of the cost of adults and children separately; the latter
requires variation across households in the number of adults besides the head and
the spouse. Moreover, since there are too few observations on families with three
children under 16, we only compare the households with 1 child and with 2
children. Table 1 shows the distribution of household types in the final samples
employed in this study.
Table 1. Distribution for Different Types of Households
2002
2009
Extended Households
(352) 37%
(921) 34%
Nuclear Households*
(936) 73%
(1732) 66%
All Household Types
(1288)100%
(2653)100%
* Including single-adult families
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We further exclude all single-adult households from the above samples. The
single-adult households were a small percentage of the households in the surveys
examined; their exclusion ensures the average values and parameter estimates are
not unduly influenced by atypical sample observations.
As a first step, we employ a basket of adult goods consisting of four pure items:
tobacco, alcohol, adult clothing (available only in 2002), and jewelry (available
only in 2009). This is likely to have some effect on the sample size if some
families report zero expenditure on all four items, but it does provide a reliable
basket of goods known in advance with some certainty to be consumed solely by
adults; for an example of an application with a narrow range of adult goods, see
Bauer and Mason (1992). Others have worked with a broader aggregate basket
including other non-food categories such as transportation or health expenditures.
This would require testing whether the additional, non-pure commodities would
qualify as adult goods, see Deaton (1997); we intend to carry out such tests in a
full version of this study along with more informative separate estimates on child
poverty for the poorer regions of the province, say excluding the richest region as
reference.
However, without testing whether a commodity is a legitimate adult good,
inclusion of a broad set of expenditure categories in the basket of adult goods runs
the serious risk of distorting the estimates obtained.2 We have final samples of
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status in the consumption basket of the Vietnamese households, maintaining “ we restricted the analysis
to only those goods that gave results”!	
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918 households for 2002 and 1646 households for 2009. Table 2 demonstrates the
incidence of purchase of each selected adult good in the survey.
Table 2. Incidence of Purchase for Each Selected Adult Goods in the survey
2002
2009
Adult Clothing
(906) 96.79%
Alcohol
(727) 77.67%
(1584)91.50%
Tobacco
(470) 51.21 %
(1368)79.02%
Jewelry
(895) 51.70%
The final issue faced in this study was the lack of an existing credible poverty line
value for the province examined here. The Chinese government provides a
national per capita income poverty line. However, this measure is not suitable for
the current study for the following two reasons. First, it is preferable to employ a
poverty line based on total expenditure rather than income as a more precise
indicator of welfare. More importantly, our data are limited to the richest province
in China, one which has a more developed economy. The national poverty line is
far too low to provide a credible measure of the number of children in poverty in
the province. Therefore, in this preliminary study, we employ two alternative
measures of relative poverty lines based on the bottom 20th and 10th percentile per
capita total expenditure as indicator of poverty and extreme poverty levels,
leaving for a later study the calculation of a more convincing poverty line using
required calories per day for an adult/child and the average price level.
In order to obtain poverty lines for a reference childless couple we simply double
the per capita total expenditures for the bottom 20th and 10th percentiles. This is
likely to overstate the poverty line employed, as it assumes that two adults living
together face the same cost as two adults living separately. The alternative would
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have been to base the scale estimation on the single-adult household as the
reference and calculate the cost of a second adult relative to this base. However,
single-adult households constitute a very small percentage of the 2002 and 2009
surveys. Their atypical features are likely to introduce more distortions into the
calculation of poverty lines than the simple method employed in this paper.
Subject to this limitation, the poverty line for the cost of an additional adult as
compared to the reference, a two-adult household, can be obtained from (1)-(3)
and the estimates look very plausible, as we will see below.
Note that the lower quintile poverty lines employed are dependent on the urban
total expenditure distribution in the province. This is not necessarily a
disadvantage, as recent research suggests a sharp rise in urban income inequality
with an adverse impact on poverty rates in China. Ravallion and Chen (2004,
table 10) give the Gini index in percentages for urban China in 1992 as 24.18%
and in 2002 as 32.65%, and argue that “higher inequality greatly dampened the
impact of growth on poverty” (p. 17). The poverty lines employed in this paper
and applied to a high period of economic growth in China should, therefore,
illuminate this critical question with respect to child poverty. Table 3 presents the
mean and standard deviation of the principle variables used in the regressions for
(1).
Table 3. Mean and Standard Deviation of the Principle Variables
Year

2002

2009

ln. total expenditure

9.210(0.649)

9.766(0.777)

ln. household size

1.104(0.196)

1.068(0.209)
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Child 0-12 proportn

0.101(0.157)

0.128(0.165)

Proportion of adults

0.827(0.179)

0.812 (0.174)

* Standard deviation is in brackets.
5. Results
Table 4 shows the OLS estimation results obained by applying (1) to the above samples, the first
column for the 2002 sample, and the second for the 2009 sample. Reported are logarithms of per
capita total expenditure, household size, and proportions of adults and of chidren aged 0-12, with
those aged 13-16 as the reference group. Also included are regional dummies with the richest
region in the province as the reference region. The low R2 is quite typical of the values reported
with cross-section surveys, see Deaton (1987, table 1, p. 12). The estimates appear sensible with
statistically significant logarithms of per capita total expenditure and of the logarithm of
household size terms. Also significant is the proportion of children aged 0-12 (in 2002), and the
proportion of adults (in 2009). Note also the larger coefficient estimates for adults compared to
those for children in both periods.

Table 4. The OLS Estimaes of the Budget Share of the Basket of Adult Goods in
Urban Areas 2002 and 2009, t-ratios in Brackets (Child<=16)
Year
2002
2009
Constant
.0173089 (0.66)
.0161296 (1.53)
ln.totx
.0028516 (2.22)
-.0013363 (-2.12)
ln.hhsize
.0132607 (2.14)
.001533 (1.74)
ch0_12
-.0163253(-1.80)
.0004586 (0.14)
adult_n
.011088 (1.31)
.0073862 ( 1.94)
North
.0735344 (2.23)
.0055458 (1.67)
West
-.0189916 (0.78)
-.0032316 (-1.17)
East
.0163089 (-1.02)
-.0026839 (-0.42)
2
R
0.0942
0.1157
RMSE
.02925
.01563
Sample
918
1646
*All t-ratios are based on White’s heteroskedasticity-consistent standard errors.
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Table 5 shows the estimated adult equivalence scales for the urban sector of the province
employed in this study based on the parameter values reported in table 4 (and on sample
means for x in (2)) with a childless couple as the base. The estimates indicate that an
additional adult costs 24% in 2002 and 33% in 2009, while the addition of one child to a
childless family raised the cost of retaining the same living standard for the parents by
about 16% in 2002 and 22% in 2009; those costs increase for both periods at declining
rates for additional children. Finally, table 6 displays the proportion of children in poverty
and extreme poverty in 2002 and 2009, using the estimated scale values from table 5.
Table 5. Adult Equivalence Scales for Urban Sector in 2002 and 2009 ( Child age<=16).
2002
2009
Two-adult childless family
Two-adult + 1 adult
2 Parents + 1 child
2 Parents + 2 children

1.00
1.24
1.16
1.23

1.00
1.33
1.22
1.33

Table 6. Proportion of Children (Age<=16) Living in Households below 20th and
10th Percentiles of Total Expenditrure
Poverty-line expenditure
2002
2009
10th Percentile
13.8%
12.4%
th
20 Percentile
24.9%
22.3%
Table 6 suggests only a slight decrease in child poverty between 2002 and 2009 with both
poverty lines. One would have expected a fairly large drop in poverty given China’s
unprecedented average GDP annual growth rates of close to 10% over 2002-09. Despite
our caveats about the poverty lines employed in this study, our results are in broad
agreement with other studies on poverty in China, see below. The fact that the extreme
poverty rate drops by only 1.4% while relative poverty decreases by 2.6% over 2002-
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2009 also reinforces the view that extreme poverty is harder to eradicate and requires
more effective and better targeted public policies.
Finally, table 7 illustrates the results by the proportions of children in poverty in terms of
the number of children in the household. The results in table 7 suggest that the more
children there are in the household, the greater is the chance that the children from that
household will end up living in poverty; this pattern, too, is in line with other studies on
poverty in China.
Table 7. Child Poverty Headcount and Number of Children in Household
2002
2009

Number of Children in Household

1
2

10th Percentile

20th Percentile

10th Percentile

20th Percentile

12.4%
16.2%

22.1%
31.9%

11.2%
25.1%

22.2%
30.8%

6. Discussion
The comparison of our Rothbarth AES with those reported in other studies can offer a
means of assessing their broad plausibility. Table 8 compares the cost of a child given in
Bauer and Mason (1992, p.23) and White and Masset (2002, p.15) with the estimates
obtained in this study. The table suggests that in terms of broad magnitudes, our estimates
for China are in line with those reported and employed to estimate child poverty in the
Phillippines, Thailand, and Vietnam. Although we have no similar Rothbarth method
based measures of child poverty for China, our child poverty estimates are also broadly in
line with those of the other studies on urban poverty in China.
Table 8.Adults Equivalence scales employed for child poverty measurement
Phillippines
Urban
1985
25%

Thailand
Urban
1988
31%

Vietnam
(all sectors)
1992
26%

China
Urban
1998
24%

2002
20%

2009
33%

Sources: Bauer and Mason (1992) for the Phillippines and Thailand, White and Masset
(2002) for Vietnam.
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The consenus of these studies is that urban poverty has been increasing, along with urban
inequality, since the 1990s, see Solomon et al. (2009). As discussed earlier, the increase
in urban inequality has had a detrimental effect on Chinese poverty reduction strategies as
is evident from the plot below of the absolute Gini index (relative to the urban mean
income in 1990) provided in Ravallion and Chen (2004). Our finding that there is a slight
drop in child poverty headcount confirms the trend in rising urban poverty and is
consistent with the inequality explanation offered by Ravallion and Chen (2004). The
caveats about the poverty lines employed in this paper notwithstanding, both our finding
and other studies suggest that reduction in urban poverty in China has proved
disappointing despite China’s impressive economic growth over the decade examined
here.

Source: Ravallion and Chen (2004).
There is thus a critical need to develop public policies that are specifically focused on
children living in urban poverty. Based on the above relative poverty lines, our estimates
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of child poverty reflect the impact of inequality on poverty and suggest that the increase
in inequality has probably resulted in a negligible fall in child poverty.
7. Conclusion
This study employs Rothbarth’s method of estimating AES to construct relative poverty
lines and measure child poverty in the urban sector of a province on the east coast of
China with the highest GDP per capita in 2012. Our major finding is that there is a small
drop in child poverty headcount between 2002 and 2009. This decrease in poverty
implies that families in poverty and in extreme poverty have benefited slightly from the
rapid economic growth in China during these 8 years. However, such a modest decrease
draws attention to the distribution of gains from economic growth and provides some
room for skepticism about the much publicized success of Chinese public policies
regarding poverty reduction, given that the samples examined in this study are from the
richest province in China. The underlying cause of a much smaller than expected drop in
poverty could be that inequality is becoming a serious problem for China. While the rich
are gaining most from growth, those with low skills and low income enjoy only
negligible improvements in living standards. Increasing inequality exerts a negative
impact on children’s welfare. Those exposed to child poverty, are infected as if suffering
from an incurable disease. Living in poverty in childhood can greatly harm physical and
mental development, resulting in irreversible impacts in later life.
Nonetheless, as this is a preliminary study on child poverty, we are hesitant to draw any
firm policy conclusions from the above until a fuller study is completed. There are at
least two shortcomings to this study. To begin with, the data we have are confined to the
urban areas of a relatively developed province in China. The findings of this study should

20	
  
	
  

not be taken as a typical reflection of child poverty in China until confirmed by similar
results obtained using national level surveys. Finally, the results will be improved by
employing a broader basket of aggregate adult goods based on the standard outlay
equivalent tests. Since, as far as we are aware, this is the only investigation of its type for
China based on the Rothbarth model, the study offers some evidence of its potential for
the measurement of child poverty, and the role it can play in the design of a more
effective anti-poverty public policy.
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