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Abstract

Between 1970 and 1990 the share of elderly widows living alone grew by 23.2% in
the U.S. (from 52.1% to 64.2%), the share living with their children decreased by a
similar amount, while other types of living arrangements remained stationary. In the
same period there was a moderate increase in average income and a big increase in the
income of widows. We pose a variety of models for determining the living arrangements
between widows and their children where living together provides consumption gains
due to economies of scale and may also provide utility directly. We estimate these
models using data from 1970. For some of them, we obtain an excellent fit despite
the fact that the data display a very non-linear relation between living arrangements
and income. We use the models to measure the contribution of income changes to
changes in living arrangements. Our findings are very sharp. The simplest version
of the model performs very well, and it predicts that changes in the incomes of both
the widow and her offspring generates three-quarters of the increase in the number of
elderly widows that live alone. An extension of the basic model that takes into account
the marital status of children provides slightly better estimates and imputes one-half of
the observed changes in living arrangements to changes in incomes and to the marital
status of the children.
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1 Introduction

Between 1970 and 1990 the share of elderly widows (which make up more than one-half of

the population of women over 65) living alone grew by 23.2% in the U.S. (from 52.1% to

64.2%). Those living with their children decreased by a similar magnitude, while other types

of living arrangements, such as in institutions or with other adults, remained stationary.

In the same period there have been large changes in incomes. In 1970 the average

annual income for an elderly widow was $2,162, while the average annual income for their

children’s household (henceforth children’s income) was $10,556. After correcting for the

mismeasurement of inflation in the CPI (Gottschalk (1997)), average incomes increased by

55.3%: those of elderly widows increased by 106.8%, while those of their children increased

by 52.1%. Therefore, not only have all incomes gone up, but those of the elderly increased

much more.1

The purpose of this paper is to investigate the role that these changes in incomes may

have had in shaping the changes in the choice of living arrangements of elderly widows and

their children. The relation between income and living arrangements is very non-linear,

which means that statistical extrapolation from the low-income period to the high-income

period is not a reliable procedure. Consequently, we follow a structural approach that has

the non-linearities built in.

Our first contribution is to pose a novel approach to the modeling of the determination

of living arrangements as the outcome of a game between the mother and her child where

both make investments that affect the probability of the specific living arrangement that en-

sues. Economies of scale in multi-person households, differences in the risk aversion between

mother and child, direct preferences about the living arrangement itself (as a stand-in for

other issues such as privacy), and, of course, the incomes of mother and child are some of

the ingredients that shape the decisions in our model economies. Our approach allows us to

have the fraction of mothers and children of the same type with the same living arrangement

as a continuous function of parameters (a requirement for estimation) without the need for

1The important gains in widows’ income for this period have been well documented. Hurd (1990) reports
that the poverty rate of the non-elderly rose from 11.8 to 14.5 percent between 1967 and 1984. In contrast,
the poverty rate among elderly widows fell from 35.1 to 19.1 percent between 1961 and 1987. Radner (1995)
reports that the ratio between the income of elderly family units and the income of family units 65 and lower
increasesd from 0.5 in 1967 to 0.63 in 1990.
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shocks to preferences.

Our second contribution is to pose and estimate, using data from 1970, versions of the

model that accommodate additional features such as altruism and the marital status of

the children. For some of the specifications we obtain an excellent fit, replicating the joint

distribution of living arrangements by income groups of elderly widows and their children.

The upshot of the estimation then is to find out what the main determinants of living

arrangements are. We have found that mothers prefer living alone, are less risk averse

than their children and face high utility costs of exerting effort. While children prefer to

live alone based solely on the living arrangement, the estimates for the economies of scale

imply that mothers are welcome because their income is large relative to their consumption

requirements. Our estimates also indicate a lower effort cost for the children as well as a high

minimum consumption level that translates into a high risk aversion. All in all, typically

children undertake effort to live together while the opposite is true for mothers. The extended

model with marital status changes some of our findings; perhaps the most important one is

that mothers with single children would rather live with them instead of living alone.

Our third contribution is to use counterfactuals with the estimated models to measure

the extent to which changes in income account for the changes in living arrangements. Our

findings are that income changes play a central role in accounting for the increase in the

number of elderly widows that live alone. A simple model that abstracts from the marital

status of the children and that matches living arrangements in 1970 very well predicts that

the changes in incomes of both the widow and her offspring generate 74.4% of the increase

in the number of elderly widows that live alone. A model that takes into account the marital

status of the children and that consequently provides even better estimates for 1970 predicts

that the changes in income account for 50.4% of the observed changes in living arrangements.

When decomposing the changes, we found that the increase in the income of widows

accounts for 63.9% of the increase in the number of widows living alone. Interestingly, the

model predicts that the increase in the income of the children by itself would have slightly

reduced the number of widows living alone, implying a very complex and non-linear relation

between income and living arrangements. From a different angle, the model imputes two-

thirds of the changes due to income changes to changes in relative income and one-third

to changes in the level of income. Finally, we found that changes in income dispersion
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for mothers and for children account only for a very small part of the changes in living

arrangements.

A fourth independent contribution of this paper is the construction of the data. While

the census provides information about family members that live in the same household, it

does not connect those that live apart. The 1993 Asset and Health Dynamics among the

Oldest Old (AHEAD), however, does provide this information. We make the assumption

that the joint distribution of (relative) income across generations was the same in 1970 and

1990 than in 1993 (the AHEAD year), which allows us to use census data to construct pairs

of mothers and children that do not live together, allowing us to estimate the models. We

make this assumption following, among others, the results of Harding, Jencks, Lopoo, and

Mayer (2005), who find that the correlation between parents and children has remained

constant over the last thirty years.

The aging of the baby boomers presents considerable challenges to society. The provision

of both retirement and health care benefits to the elderly will require an enormous fiscal effort.

The living arrangements of the elderly shape how the benefits translate into the quality of

life, and we think that understanding those arrangements is a prerequisite for informed policy

making.

The living conditions of the elderly have attracted considerable attention in the literature,

since living conditions are considered quite important for determining well-being. This inter-

est has come mainly from demographers and sociologists and, more recently, from economists.

Some studies have related the growth of income among the elderly to the increasing share

of them that live alone. See McGarry and Schoeni (2001), Costa (1999), and Macunovich,

Eaterlin, Schaeffer, and Crimmins (1995) for an extended survey. While Burr and Mutchler

(1992), among others, argue that income of the elderly is an important determinant of liv-

ing arrangements, Schwartz, Danziger, and Smolensky (1984) and Börsch-Supan, Gokhale,

Kotlikoff, and Morris (1992) see no role for the increase in income of the elderly in the de-

termination of living arrangements. All these studies have this in common: they see that

living arrangements are uniquely determined by the circumstances of the elderly.

Studies that consider incomes and living arrangements of the elderly in relation to char-

acteristics of other individuals (their children mostly) are rare. Kotlikoff and Morris (1990)

uses logits and probits in a non-structural fashion to address some of the same questions.
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They argue that because incomes of parents and children are correlated, the effects of par-

ents’ income on living arrangements may be capturing some influence of children’s incomes.

For a small and non-representative sample, they find that the probability of living together

is negatively but not significantly correlated with children’s income. Kotlikoff and Morris

(1990) also find that while some characteristics of the children matter, most of the explana-

tory variations have to come from family-specific preferences about living arrangements.

Dunn and Phillips (1998) find that poorer, unmarried or childless siblings are more likely to

live with their parents. Wolf and Soldo (1988) investigate the characteristics of children liv-

ing with their parents while Ward, Logan, and Spitze (1992) underline the implicit transfers

from parents to children when living together.

From a different point of view, studies that analyze children’s decision to leave the

parental household find that the higher the children’s income is, the higher is the proba-

bility that they will leave the parental home, and that the higher the parents’ income is, the

higher is the probability that parents and children will co-reside. See, for example, Whit-

tington and Peters (1996). McElroy (1985) and Rosenzweig and Wolpin (1993) pose and

estimate structural models of the young children’s decision to leave the parental household.

Rosenzweig and Wolpin (1993) analyze the relationship between children’s human capital

investments and parental help (inter-household transfers when living apart and co-residence

with), while McElroy (1985) shows that young children jointly choose their market work and

household membership.

Section 2 reports the features of the data we are interested in: the main facts related with

the joint distribution of incomes and living arrangements in 1970 and in 1990. We turn to the

theory in Section 3. We pose a general model that is flexible enough to allow for different

attitudes toward consumption, for different types of economies of scale and for different

types of sharing arrangements. In fact, we investigate various alternative specifications of

these features (two in this Section and the rest in Appendix D). Section 4 describes how

we estimate the models using 1970 data and displays the estimation results. In Section 5

we measure the role of changes in income in shaping changes in living arrangements by

computing the equilibria of the models that we estimated with the new values for income.

Section 6 decomposes the observed changes in income by isolating the role of the changes

in each group (mothers and children), by separating relative and absolute changes, and by

isolating changes in income dispersion. In Section 7 we explore the role of other variables
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in shaping the living arrangements distribution. We document the contribution of a few of

those variables, with special emphasis on marital status. Section 8 poses a version of our

model where the children differ in marital status, and in Section 9 we estimate it. Section 10

performs the counterfactual exercise that yields the answer to our question and Section 11

concludes. The paper also includes various appendices. Appendix A describes how we select

and refine the sample in both 1970 and 1990, while in Appendix B we explain the imputation

process we carry out from the 1993 AHEAD to the Integrated Public Use Microdata Series

(IPUMS) database in order to complete the information we need. In Appendix C we report

the income data we use, while in Appendix D we show alternative specifications of the model

and how they perform. Appendix E describes the imputation process when we consider the

marital status of the children.

2 The Data

To understand the determinants of living arrangements we have to know the characteristics

of elderly widows and their children when they live together and when they live apart, both

for 1970 and for 1990. This information is not available.2 However in 1993 the AHEAD

Survey was conducted and it allows us to determine the joint distribution of income of

mothers and their offspring.3 The AHEAD collects information by directly interviewing the

targeted population: individuals who are 70 years old or older, and not living in institutions.

Because one main focus of the AHEAD is to analyze elderly people’s family structures and

relationships, Section D of the survey collects detailed data about the subjects’ relatives,

whether they are living in the same household or not. Its sample size is 17,718 individuals,

of whom 8,222 are elderly people and the rest are relatives. We then turn to census data

as reported by the IPUMS samples for 1970 and 1990, a very convenient source because

of its big size: 41,385 elderly widows in 1970 and 61,611 in 1990. From the IPUMS we

2While the Panel Study of Income Dynamics (PSID) allows the possibility of matching different members
in a family when they had lived together, its sample size is too small, given that we have to look at the
subsample of elderly widows. In 1988 there was a special survey (the 1988 Time and Money Transfer File)
that was designed to measure transfers between family members. But even in this case, the sample size was
small and there were too many missing values. There were 271 non-married women older than 66, of whom
260 were living alone and the remaining 11 were living with their children.

3The 1993 AHEAD is the first wave of the data collection of the study of Asset and Health Dynamics
among the Oldest Old and it is included in the Health and Retirement Study (HRS). The focus of the
AHEAD is to understand how older Americans fare in three areas: health, finances and family.
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obtain information about the living arrangements of elderly widows and about the marginal

income distributions of income both for the elderly widows and for their offspring. We

proceed by assuming that certain properties of the joint distribution of the income of the

elderly widows and of the income of the households where their children live have remained

constant throughout the period we study, which allows us to use just these data sources.

We report the details of the assumptions that we make in Section 2.1, while we describe the

properties of the data in 1970 in Section 2.2 and those of 1990 in Section 2.3.

2.1 The Constant Intergenerational Income Distribution

A central piece in our analysis is the assumption that an important property of the joint

income distribution of elderly widows and their children remained constant between 1970

and 1993. Specifically, we assume that for the members of every quartile of income the

probability that their relatives belong to each of the quartiles of their income distribution

remains constant throughout the period. In other words, we assume that the fractions of the

population in each of the 16 groups that define the joint quartiles are constant over time.

Notice that this assumption is consistent with differential changes in the mean and variance

of the income of widows and their children. This assumption allows us to construct pairs

of mothers and children that are not living together and of their respective incomes from

the census samples. Appendix A describes the sample selection, while Appendix B describes

how we impute the properties of the joint distribution of income to those pairs of mothers

and children that live apart.

Numerous papers document a high persistence in the income of parents and their children

(see Stokey (1996) for a survey). However, not much work studies the evolution over time

of the intergenerational patterns of income. An exception is Harding, Jencks, Lopoo, and

Mayer (2005), who have reviewed the very disperse literature on this topic and have also

homogenized data sources (Occupational Changes in a Generation, the General Social Survey

and the PSID) to obtain information on total household income over a long period of time.

The study concludes that the correlation between an adult child’s family income and his/her

parents’ income remained stable from the 1970s through the 1990s. We expect this to be

the case also for the subgroup of elderly widows and their children. On the one hand, while

between 1970 and 1990 the income of widows improved dramatically, this happened despite
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the fact that Social Security benefits continued to be their main income source.4 On the

other hand, Gottschalk and Danziger (1997) classify family incomes in quintiles, and they

find that there was low mobility in the U.S., between these years (in the same line of the

work we mentioned before).5

2.2 The Data in 1970

According to their living arrangements, elderly widows can be partitioned into four cate-

gories: living alone, living with children, living in institutions and living with others. The

first two groups constitute 85.0% of the sample. Of these, 62.0% live alone while the remain-

ing 38% live with their offspring. In 1970 the average annual income for an elderly widow

was $2,162, while the average annual household income for their children was $10,556. In-

come was more unequally distributed among elderly widows than among their children in

the sense that their respective Gini indices were 0.48 and 0.38.

Our analysis of the data can be summarized with the aid of Table 1 where we have

sorted mothers and their children into joint quartiles. From the original 1970 data we can

obtain the number of people living together for each income interval, but not what fraction

of individuals belong to each income interval. These fractions are needed to define the 16

joint quartiles we are interested in. Hence, the construction of Table 1 requires the use of our

assumption about the joint distribution of income. We report the percentage living alone

within each of the 16 groups (in boldface) and the relative size (in parenthesis) of each one

of these groups.6 The sample size is large, totaling more than 30,000 observations. Note

that the size of the groups along the diagonal is larger than that of groups away from the

diagonal, which is an implication of the intergenerational persistence of income. The main

pattern of the data is that more income tends to increase the fraction of widows that live

alone. However, this pattern is not universal: for poor mothers, the higher the income of

4The report “Income of the Population 55 or Older, 2000” (Social Security Administration, SSA (2002))
finds that Social Security benefits were between 70% and 80% of the total income of unmarried women for
this period. It is around 65% for our sample. For those widows that either did not receive Social Security
benefits or had sufficiently low benefits, the Supplemental Security Income program provided a guaranteed
source of income.

5It could be thought that wealth is better suited than income to representing the options that both
mothers and children have. However, Zick and Holden (1999) and Holden and Nicholson (1998), among
others, find that when the annuity value of wealth holdings is added to widows’ income, the gain is small
and it does not alter the relative difference in measures of economic well-being across individuals.

6Appendix C reports the individuals’ income for the 16 groups.
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their children, the less likely it is that the widows live alone. The opposite is true for widows

in the top half of the income distribution. For mothers in the second quartile of income there

is an inverted U relationship. For poor children, the income of the mother does not matter

much; it displays a skewed inverted U shape. For higher income children, the higher the

income of the mother, the higher the frequency with which they live alone. An important

feature of these patterns is their strong non-linearity, which the estimated models will try to

replicate.7

Table 1: 1970 Percentages of income groups (in parenthesis) and widows living alone (bold)

Mothers
0-25 25-50 50-75 75-100

0-25
49.4

(9.1)
50.1

(6.3)
57.6

(5.6)
48.8

(4.0)

Children 25-50
56.8

(8.1)
64.0

(6.7)
68.4

(5.9)
67.0

(4.3)

50-75
31.7

(3.9)
68.1

(7.1)
69.2

(5.7)
84.7

(8.3)

75-100
23.2

(3.9)
52.7

(4.9)
76.7

(7.8)
81.3

(8.4)

2.3 The Data in 1990

By 1990 things had changed quite dramatically. Incomes grew by 54.2%, especially that of

widows, which went from being 20.5% of that of their children in 1970 to 29.6% in 1990.

The Gini indices move closer to each other, with values midway between those in 1970: they

become 0.42 for mothers (0.48 in 1970) and 0.43 for children (0.38 in 1970).

Simultaneously there was an important change in the distribution of living arrangements.8

The change was a shift from living with their children to living alone (other arrangements

maintained their 1970 share of about 15%). Excluding those other arrangements the fraction

7We have also done the same exercise for the 3x3 case and we get an equivalent non-linear pattern.
However, it was impossible to deliver the 5x5 case. The reason was that we could not calculate the joint
income distribution for this case (we found many empty and low populated cells when we split the AHEAD
sample in 25 groups).

8The widows we consider in 1990 are older than the widows in 1970 to account for the increase in life
expectancy. See Appendix A for details.
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of elderly widows living alone went from 62% in 1970 to 75.3% in 1990.

Table 2: Fractions of widows living alone for both 1990 (in bold) and 1970 (in italic) .

Mothers
0-25 25-50 50-75 75-100

0-25
60.7

49.4
58.8

50.1
63.1

57.6
60.5

48.8

Children 25-50
76.5

56.8
73.4

64.0
75.6

68.4
74.0

67.0

50-75
60.4

31.7
82.5

68.1
80.9

69.2
89.0

84.7

75-100
67.1

23.2
80.1

52.7
88.9

76.7
91.5

81.3

Table 2 displays the living arrangements for 1990. 9 To have a more precise idea of the

changes, we also report the living arrangements for 1970. The sample size is over 50,000

pairs. There has been an increase in the fraction of elderly widows that live alone in all

income groups, albeit not in the same proportion. For the groups with the poorest mothers

and richest children, the fraction of mothers living alone more than doubled. The increase

was less dramatic for the groups consisting of mothers with higher income. The shape of

the relation is very similar to that of 1970: more income implies more mothers living alone.

The differences are: For the group of poorest mothers the relation between living alone and

the income of their children fluctuates between 60.4% and 76.5% (recall that in 1970 it was

a decreasing relation). For the second quartile of mothers, there is an increasing relation,

while in 1970 it displayed an inverted U shape. Finally, for the second quartile of children we

can see a flat relation (it was increasing in 1970). Figure 1 shows compactly the properties

of the data for 1970 and 1990.

3 The Model

In this section we present a model of the determination of living arrangements. We start by

describing a simple equilibrium model that we denote the baseline and that we later expand

9Because of our assumption, the distribution of income across joint quartiles is the same as in 1970. See
Table 1
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Figure 1: Fractions of widows living alone by joint income quartiles, 1970-1990.

in various directions, one of them reported below (Model 2) and the rest in Appendix D. The

model poses large numbers of two-agent pairs, a mother, which we denote m, and her child,

which we denote h, that differ in preferences and in income. The agents have preferences

about consumption, denoted c; effort, denoted e; and the specific living arrangements —

whether they live together, denoted t, or apart, denoted a. The direct preference about living

arrangements should be interpreted as a preference for certain attributes associated with the

arrangement (privacy, decision-making rights and so on), rather than for the arrangement

itself. We also consider the possibility that agents are altruistic toward each other (by posing

as an argument of the utility function the other agent’s utility).

In our framework a mother and her child play an investment game where they undertake

an effort to shape the probability of the specific living arrangement. We depart from the

standard approach where living together results only when both agents are better off by

doing so. In the more traditional approach there are additional utility shocks to allow for

equal types of pairs of agents choosing different living arrangements. We prefer our modeling
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strategy for various reasons: it takes into account the preferences of the agents who have

a greater desire to live together (which is irrelevant in the model with unilateral choice), it

avoids using additional sources of uncertainty, and it is computationally convenient, making

equilibrium allocations continuous functions of the parameters.10

Let the utility of a mother that lives with her child be denoted by um(c, e, t) and that of a

mother that lives alone be denoted by um(c, e, a). Likewise for a child we have uh(c, e, t) and

uh(c, e, a). Agents differ in income levels. Consumption equals income when living alone,

and it is the same for both agents when living together. In addition, there are economies

of scale in consumption. Given their respective incomes, both agents choose their effort,

taking into account the other agent’s choices and how consumption depends on their living

arrangement, and the natural equilibrium concept is Nash. The problem of a mother is

max
em

p(em, eh) um[ym, em, a] + [1− p(em, eh)] um[φt(y
m, yh), em, t] (1)

where p(em, eh) is the probability of living alone when the effort of the mother is em and

that of the child is eh, and where φt(y
m, yh) is the effective consumption of a mother with

income ym when living together with her child that has income yh. The child solves

max
eh

p(em, eh) uh[φa(y
h), eh, a] + [1− p(em, eh)] uh[φt(y

m, yh), eh, t] (2)

where φa(y
h) shows the possible economies of scale affecting the child’s household when the

mother lives alone.

For appropriately chosen functions u and p the problem is strictly concave and its solution

is given by the first order conditions, which are

0 =
∂ p(em, eh)

∂em

[
um[ym, em, a]− um[φt(y

m, yh), em, t]
]

+
∂um[ym, em, a]

∂em
p(em, eh) +

∂um[φt(y
m, yh), em, t]

∂em
[1− p(em, eh)] (3)

0 =
∂p(em, eh)

∂eh

[
uh[φa(y

h), eh, a]− uh[φt(y
m, yh), eh, t]

]
+

∂uh[φa(y
h), eh, a]

∂eh
p(em, eh)+

∂uh[φt(y
m, yh), eh, t]

∂eh
[1− p(em, eh)] (4)

A Nash equilibrium is just a solution to this system of equations.

10This point is also raised in Regalia and Rı́os-Rull (1998).
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Mothers and their children differ in their income, which requires the specification of the

joint distribution of income. Equilibrium is a pair of functions em(ym, yh) and eh(ym, yh)

that gives their efforts when the respective incomes are ym and yh. The law of large numbers

applies and the fraction of mothers that live alone out of all pairs with income ym and yh is

given by p[em(ym, yh), eh(ym, yh)].

We next describe the model in some detail. We look first at the simplest model, that

we call the baseline. Then we briefly describe a slight variation that performs best among a

class of models that we have explored and that are described in Appendix D.

Model 1 (Baseline): Mothers care about living arrangements; children do not.

The functional form that determines how effort affects the probability of living alone is

p(em, eh) =
exp

(
em + eh

)

exp (em + eh) + ρ exp− (em + eh)
, (5)

which depends on only one parameter, ρ. Note that for any pair of real numbers we obtain

a probability; for example, zero effort of both parties yields a probability of living alone of
1

1+ρ
. Also note that since efforts have different utility costs, they are not really symmetric.

With respect to the economies of scale we pose φa(y
h) = yh

γ−0.7
and φt(y

m, yh) = ym+yh

γ

which also implies another parameter, γ. We use the OECD estimations of the equivalence

scales to take into account the mother’s effect on total consumption: while the first adult in

the household amounts to 1, consecutive ones are computed as 0.7. However, we used values

from 0.7 to 1 and the results virtually did not change.

We specify the part of the utility function that depends on consumption as the log of

consumption minus a constant that can be either positive or negative. This yields two more

parameters. Moreover, the direct utility that mothers get from living with their children is

ηm, which of course may be negative. This is a fifth parameter.

Effort generates a direct disutility, and we pose it as −αm (em)2, and −αh
(
eh

)2
, where

the α′s are positive parameters. Note that this function is convex, implying that the more

effort an agent expends, the higher the marginal disutility it poses. This implies two more

parameters, yielding a total of seven.
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The utility function of a mother is then given by

um = −αm (em)2 + p
(
em, eh

)
log (ym − cm) +

[
1− p

(
em, eh

)] [
log

(
ym + yh

γ
− cm

)
+ ηm

]

(6)

while that of the child is

uh = −αh (eh)2 + p
(
em, eh

)
log

(
yh

γ − 0.7
− ch

)
+

[
1− p

(
em, eh

)]
log

(
ym + yh

γ
− ch

)
(7)

Model 2: Both care about living arrangements; mothers also care about their

children. We pose a variation of the baseline model where the living arrangement also

enters in the utility of the child and where the mother has altruistic feelings toward the

child, which we model as having the utility of the child as an argument of the utility of the

mother. Now the utility function for the child is:

uh = −αh (eh)2+p
(
em, eh

)
log

(
yh

γ − 0.7
− ch

)
+

[
1− p

(
em, eh

)] [
log

(
ym + yh

γ
− ch

)
+ ηh

]

(8)

while that of the mother is

um = −αm (em)2+p
(
em, eh

)
log (ym − cm)+

[
1− p

(
em, eh

)] [
log

(
ym + yh

γ
− cm

)
+ ηm

]
+

ϕm

[
−αh (eh)2 + p

(
em, eh

)
log

(
yh

γ − 0.7
− ch

)
+

[
1− p

(
em, eh

)] [
log

(
ym + yh

γ
− ch

)
+ ηh

]]

(9)

Note the new term ηh in the child’s utility in equation (8) and the utility of the child in

the utility of the mother multiplied by a parameter, ϕm, which measures the strength of the

altruism in equation (9). This model has nine parameters.

4 Estimation

The next step is to parameterize our model using 1970 data. The way we proceed is to

construct various pairs of mothers and children with incomes that match the data. We start

by sorting mothers and their children into four equal sized income levels. We then construct

the product pairs of mothers and children according to these criteria, obtaining 16 cells. Note

that we are using between seven and nine parameters to get sixteen targets. This procedure
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allows us to use our assumption of stability of the joint distribution of relative incomes across

mothers and children and, therefore, to define the joint distribution of mothers and children.

4.1 Estimation Procedure

The estimation procedure we use is a minimization of the weighted sum of the squares of

the differences between the fraction of single mothers generated by the model and the data

within each of the 16 income groups subject to the requirement that they match the aggregate

fraction of single mothers in the data. We have used as weights for all income groups the

actual relative size of the groups. Because of the intergenerational persistence of income the

groups in the diagonal (see Table 1) are generally larger. We obtained very similar estimates

using equal weights across groups.

4.2 Estimation Results

We now turn to report the estimates of the baseline and of Model 2 using 1970 data. We

report the equilibrium living arrangements in the models and compare them with those in

the data. We also report a measure of accuracy that is essentially the fraction of the variance

of living arrangements accounted for by the model. Formally,

Accuracy = 1−
∑4

i,j

(
Ai,j − p(em

i , eh
j )

)2
Pi,j∑4

i,j (Ai,j − 0.62)2 Pi,j

(10)

where Pi,j is the proportion of mothers of income type j with children of income type i, Ai,j

is the share of elderly widows of type {i, j} in the data who live alone, 0.62 is the total share

of elderly widows living alone in 1970 and p(em
i , eh

j ) is the model’s counterpart.

Model 1 (The Baseline) Table 3 shows the predictions of the baseline as well as its

accuracy measure. To better assess the model, we also include in the table the corresponding

values of the data. We see that the model replicates the features of the data despite their

strong non-linearities. Recall that while in general more income implies a higher proportion

of individuals living alone, this is not the case for the poorest mothers, for whom the income

of children increases the fraction living together, nor for the poorest children for whom the
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Table 3: Predictions of Model 1 for 1970
Percentage of mothers living alone (Data in parenthesis)

Accur. Mother
0.8854 0-25 25-50 50-75 75-100

0-25 47.3 ( )49.3 55.6 ( )50.1 58.1 ( )57.6 46.3 ( )48.8
Child 25-50 48.9 ( )56.8 67.3 ( )64.0 72.6 ( )68.4 78.8 ( )67.0

50-75 40.4 ( )31.7 65.9 ( )68.1 72.6 ( )69.2 80.6 ( )84.7
75-100 23.8 ( )23.2 56.9 ( )52.7 68.6 ( )76.7 80.9 ( )81.3

behavior is more of an inverted U shape. The model traces the data very well with a relatively

small number of parameter,s producing increases of different steepness in different directions.

To give a graphical sense of the accuracy of the model, Figure 2 shows the distribution of

living arrangements both in the baseline model and in the data.

Table 4: Parameter Estimates

Model
1 2

cm -725.36 -915.11
ch 22.49 27.24
ρ 3.97 6.75
αm 0.14 0.14
αh 0.11 0.21
ηm -0.20 0.70
ηh – -0.90
ϕm – 0.51
γ 33.90 31.20

Accur. 0.8854 0.8867

The first column of Table 4 shows the estimated parameter values. They imply that with

zero effort, the probability of living alone is 0.2 (ρ = 3.97), indicating that typically agents

expend costly effort to live alone. Effort is more costly to the mother (αm > αh). Mothers

have an incentive to live alone: not only do they get a disutility from living with their

children (ηm < 0), but also their consumption is higher when living alone (the parameter

that measures the scales of the equivalence, γ, is 33.9; hence, their per capita consumption

is yh+ym

33.9
if they live with their children, while it is ym if they live alone). As a result, even
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Figure 2: Fraction of mothers living alone in the baseline model and in 1970 data.

if they had no direct utility from the living arrangement (ηm = 0), unless yh is much larger

than ym, mothers would rather live alone. Notice that mothers are effectively quite risk

neutral (because of the large negative value of cm). Given all these features, the only thing

that precludes mothers from living alone is the cost of effort. Children are different in the

sense that they are both quite averse to risk and they value consumption more (a positive

value for ch), implying that children are interested in living together if their mother’s income

is at least 2.0% ( 0.7
γ−0.7

with γ equal to 33.9) of their own income when living alone. So in

most cases, children’s effort will be aimed at living together. For example, in the first cell,

mothers make a positive effort to live alone and children make a negative effort so that they

with their mothers. Table 5 reports individuals’ efforts for the 16 groups.

We see in Table 3 that for the poorest children and for all but the poorest mothers the

pattern of living alone has an inverse U shape (as income of one of the groups goes up the

fraction of mothers living alone first increases and then decreases), while for the other groups
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Table 5: Mothers’ and children’s efforts∗ to live alone in the baseline by income dxs quartiles

Mothers’ Effort Children’s Effort

Mothers Mothers
0-25 25-50 50-75 75-100 0-25 25-50 50-75 75-100

0-25 1.04 1.74 2.17 3.52 -0.42 -0.94 -1.31 -2.88
Children 25-50 0.76 1.32 1.57 2.16 -0.11 -0.27 -0.39 -0.81

60-75 0.53 1.19 1.42 1.93 -0.05 -0.17 -0.24 -0.52
75-100 0.10 0.90 1.21 1.71 0.00 -0.08 -0.13 -0.29

∗We divide by 100 to get the efforts supplied by the model

the pattern is always monotonic. The patterns in Table 5, which display the efforts exerted,

are, however, always monotonic. More own income implies more effort to live alone and

more income of the other implies more effort to live together. That these two patterns can

coexist is the result of the non-linearities built into the model.

Model 2: Both agents care about living arrangements; mothers also care about

their children. Table 6 shows the predictions of this model, while Table 4 shows the

parameter estimates. In this model, there are nine parameters, and it has the baseline as a

special case, but the gains in accuracy are small. The estimates change the mother’s attitude

with respect to living together; now she is slightly in favor, but the child is not.

Table 6: Predictions of Model 2 for 1970
Percentage of mothers living alone (Data in parenthesis)

Accur. Mother
0.8867 0-25 25-50 50-75 75-100

0-25 46.7 ( )49.3 53.9 ( )50.1 56.5 ( )57.6 48.4 ( )48.8
Child 25-50 49.0 ( )56.8 65.9 ( )64.0 71.2 ( )68.4 77.9 ( )67.0

50-75 40.3 ( )31.7 64.6 ( )68.1 71.2 ( )69.2 79.7 ( )84.7
75-100 20.7 ( )23.2 55.9 ( )52.7 67.3 ( )76.7 79.9 ( )81.3

The results of the seven alternative models are described in Appendix D. To summarize

the findings of this section, the baseline model economy does a very good job of matching

the data. Moreover all the variations that we have examined either provided a worse fit or
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required additional parameters that increased the measures of accuracy by less than 4%.

Model 2, where both mother and child care about the arrangement and the mother is also

altruistic toward her child, provides more accuracy than the baseline but is a nine parameter

model. We conclude that the baseline model is good enough to study the implications of the

changes in incomes up to 1990.

5 The Model’s Predictions for 1990

We now use the model to assess the role of changes in income in accounting for the changes

in living arrangements that happened between 1970 and 1990. Note that we no longer try

to match the data: we use the model to measure the extent to which the changes in income

that occurred in that period are behind the changes in living arrangements.

To this end we construct a measure of the change of the living arrangements between

1970 and 1990. We then compute the equilibrium when the incomes are those of 1990 and

the parameter values are those we estimated using 1970 data. Next, we compute a measure

of the error between the predictions of our model for 1990 and the actual 1990 data. We say

that our model accounts for the fraction of the change in living arrangements that results

from the difference between 1 and the ratio of the prediction error of our model and the

actual allocational change. Formally:

Model accounts for = 1−
∑4

i,j

(
A90

i,j − p90(em
i , eh

j )
)2

Pi,j∑4
i,j

(
A90

i,j − A70
i,j

)2
Pi,j

(11)

where Pi,j is defined as before, At
i,j is the fraction of pairs of type {i, j} who lived alone in

year t ∈ {70, 90} in the data, p90(em
i , eh

j ) is the equivalent fraction of elderly widows living

alone predicted by the model when using the parameter estimates from the 1970 data and

the actual incomes of 1990.

An issue that turns out to matter for calculating the predictions of our model is the choice

of price deflator to compare incomes between 1970 and 1990. While the CPI is the most

popular price index, there is a relative consensus among economists that it overestimates

inflation11 so we have corrected this bias.12 The CPI Advisory Commission calculated a total

11According to Gottschalk (1997), the CPI fails to capture improvements in the quality of goods and the
ability of consumers to substitute away from goods that experience a sudden increase in prices.

12The same procedure was followed in Regalia and Rı́os-Rull (1998).
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bias of 1.5 annual percentage points in the CPI for the last decade, with a range extending

from 1.0 to 2.7 percentage points per year. While the unadjusted CPI states that $1 in 1970

is $3.37 in 1990, the recommendation of the Advisory Commission implies that $1 in 1970

equates to $2.55 in 1990. We used the adjusted CPI.

5.1 Predictions for 1990 of Model 1 (Baseline)

Table 7 reports the predictions of Model 1 when we use the fact that one 1970 dollar equates

to 2.55 1990 dollars. In the data in 1990 75.3% of widows live alone (it was 62.0% in 1970),

while our model predicts 71.9%, which is 74.4% of the allocational increase between 1970 and

1990. If instead we use the accounting statistic defined above to measure the contribution of

Table 7: Predictions of Model 1 for 1990
Percentage of mothers living alone.

(Data in boldface). Total alone predicted 71.9%

Error: Mother
0.00584 0-25 25-50 50-75 75-100

0-25 61.5 ( )60.7 64.7 ( )58.8 64.6 ( )63.1 52.4 ( )60.5
Child 25-50 70.1 ( )77.5 76.4 ( )73.4 79.0 ( )75.6 81.0 ( )74.0

50-75 65.7 ( )60.4 75.9 ( )83.5 79.6 ( )80.9 83.3 ( )89.0
75-100 46.1 ( )67.1 70.0 ( )80.1 76.9 ( )88.0 83.4 ( )91.5

income changes to the changes in living arrangements, the model accounts for 77.3% of the

change in the number of widows living alone, a very similar number to the cruder measure.

Figure 3 depicts the prediction of the model for the 1990 data.

5.2 Predictions for 1990 of Model 2

Table 8 shows Model 2 predictions with 1990 incomes. They amount to 73.7% of the increase

in the data (the more sophisticated measure yields 76.9%).
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Figure 3: Fraction of mothers living alone in the baseline model with 1990 income
and in the 1990 data.

6 Decomposition of the Change

We decompose the changes in income in three different ways. We start by looking separately

at a change in the incomes of mothers and children in Section 6.1. We then analyze the

change in the level of incomes and in relative incomes in Section 6.2. Finally, in Section 6.3

we study separately the changes in the dispersions and averages of incomes.

6.1 Separate Income Changes by Type of Agent

The first panel of Table 9 reports the results of setting mothers’ incomes to be the same

as in 1990 and children’s incomes to be the same as in 1970. We see that this change of

income alone predicts a large increase in the fraction of mothers living alone, 63.9% of the

total change in the data (and 85.9% of the total predicted increase by all income changes
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Table 8: Predictions of Model 2 for 1990
Percentage of mothers living alone. Total alone predicted 71.8%

Error: Mother
0.00594 0-25 25-50 50-75 75-100

0-25 61.0 ( )60.7 64.1 ( )58.8 65.2 ( )63.1 58.5 ( )60.5
Child 25-50 69.4 ( )77.5 75.6 ( )73.4 78.5 ( )75.6 81.0 ( )74.0

50-75 65.4 ( )60.4 75.1 ( )83.5 79.0 ( )80.9 83.0 ( )89.0
75-100 46.2 ( )67.1 69.4 ( )80.1 76.3 ( )88.0 83.0 ( )91.5

in the model). The second panel of Table 9 shows that the model predicts that 1.6% of

the widows living alone in 1970 would have now been living with their children when the

mothers’ incomes are the same as in 1970, and the children’s incomes are the same as in

1990, a sharp contrast with the previous case.

Table 9: Income changes by agent type

Mothers’ income change, children’s do not. Total alone: 70.5%

Error: Mothers
0.00796 0-25 25-50 50-75 75-100

0-25 57.5 ( )60.7 57.6 ( )58.8 55.3 ( )63.1 27.1 ( )60.5
Child 25-50 70.2 ( )77.5 75.8 ( )73.4 78.1 ( )75.6 79.2 ( )74.0

50-75 68.7 ( )60.4 76.5 ( )83.5 79.5 ( )80.9 82.1 ( )89.0
75-100 61.6 ( )67.1 74.7 ( )80.1 79.1 ( )88.0 83.6 ( )91.5

Mothers’ income do not change, children’s do. Total alone: 60.4%

Error: Mother
0.04420 0-25 25-50 50-75 75-100

0-25 49.3 ( )60.7 60.2 ( )58.8 63.8 ( )63.1 63.2 ( )60.5
Child 25-50 45.4 ( )77.5 66.8 ( )73.4 72.9 ( )75.6 79.9 ( )74.0

50-75 30.4 ( )60.4 62.0 ( )83.5 70.9 ( )80.9 82.0 ( )89.0
75-100 16.0 ( )67.1 38.4 ( )80.1 59.9 ( )88.0 79.3 ( )91.5

Our main finding is that the increase in the income of widows is the most important

factor in accounting for the changes in living arrangements. Another important finding is
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that while the increase in the income of children by itself reduces the fraction of widows

living alone, this is not the case when it is combined with an increase in the widows’ income.

In fact, the marginal contribution of an increase in the children’s income after an increase

in the widows’ income is to further increase the fraction of mothers living alone. This is due

to the important non-linearities present both in the model and in the data.

6.2 Changes in Relative Income

To look at the effects of relative rather than absolute income changes, we pose a change

in the mother’s income so that it achieves the same relative income of 1990 but without

changing the children’s income. The results are shown in the first panel of Table 10. We see

an increase of 45.1% of the total increase in the data (60.6% of the total increase predicted

by the model). This shows that an increase in the relative income of the mothers is very

important. Alternatively, we look at the effects of absolute but not relative changes in income

by looking at the increase in income for all parties but only in the same proportion as the

increase in the children’s income. Now the increase is 27.1% of the increase in the data

(which is 36.4% of the total increase predicted by the model). The second panel of Table 10

shows the results.

To summarize, changes in relative income account for almost two-thirds of the predicted

increase, while changes in absolute income accounts for one-third.

6.3 Changes in Income Dispersion

The top panel of Table 11 reports the predictions of the model if the averages of incomes

are set to their 1970 values and the coefficients of variation are set to their 1990 values. The

alternative exercise (1990 averages and 1970 dispersions) is reported in the bottom panel of

Table 11. Note that even though there were relatively significant changes in the dispersion of

incomes (the coefficient of variation for the mothers’ income decreased from 0.706 to 0.536,

while it increased for children’s income income from 0.394 to 0.538), the effects of these

changes as described in the top panel of Table 11 are minuscule relative to those implied by

the changes in averages reported in the bottom panel.
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Table 10: Relative and absolute changes in income

Children’s income as in 1970, mothers’ relative income as in 1990. Total alone: 68.0%

Error: Mothers
0.01110 0-25 25-50 50-75 75-100

0-25 56.9 ( )60.7 57.8 ( )58.8 56.8 ( )63.1 33.7 ( )60.5
Child 25-50 67.0 ( )77.5 74.0 ( )73.4 77.0 ( )75.6 79.4 ( )74.0

50-75 61.5 ( )60.4 72.8 ( )83.5 77.2 ( )80.9 81.6 ( )89.0
75-100 43.0 ( )67.1 66.4 ( )80.1 74.2 ( )88.0 81.8 ( )91.5

Children’s income as in 1990, mothers’ relative income as in 1970. Total alone: 65.6%

Error: Mother
0.02174 0-25 25-50 50-75 75-100

0-25 51.0 ( )60.7 61.3 ( )58.8 64.5 ( )63.1 61.1 ( )60.5
Child 25-50 52.2 ( )77.5 70.2 ( )73.4 75.1 ( )75.6 80.5 ( )74.0

50-75 43.1 ( )60.4 69.7 ( )83.5 75.7 ( )80.9 82.5 ( )89.0
75-100 22.1 ( )67.1 61.0 ( )80.1 72.0 ( )88.0 82.7 ( )91.5

Table 11: Changes in the dispersion of incomes

1970’s incomes, 1990’s coefficients of variation Total alone: 60.3%

Error: Mothers
0.03111 0-25 25-50 50-75 75-100

0-25 40.2 ( )60.7 41.6 ( )58.8 41.4 ( )63.1 27.7 ( )60.5
Child 25-50 58.2 ( )77.5 68.0 ( )73.4 72.7 ( )75.6 77.3 ( )74.0

50-75 51.6 ( )60.4 67.3 ( )83.5 73.5 ( )80.9 80.2 ( )89.0
75-100 29.2 ( )67.1 57.1 ( )80.1 69.1 ( )88.0 80.1 ( )91.5

1970’s coefficients of variation, 1990’s incomes. Total alone: 71.8%

Error: Mother
0.01065 0-25 25-50 50-75 75-100

0-25 63.3 ( )60.7 70.1 ( )58.8 71.5 ( )63.1 63.5 ( )60.5
Child 25-50 63.2 ( )77.5 75.9 ( )73.4 79.0 ( )75.6 82.0 ( )74.0

50-75 56.5 ( )60.4 75.0 ( )83.5 79.0 ( )80.9 83.5 ( )89.0
75-100 33.4 ( )67.1 69.8 ( )80.1 76.6 ( )88.0 83.9 ( )91.5
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7 Other Characteristics of Individuals: Marital Status

We now ask whether there exist other variables that are relevant in shaping decisions about

living arrangements and whether these variables could improve the performance of the mod-

els.

7.1 Data and Facts

Table 12 summarizes our findings about how various characteristics of the mother and chil-

dren pairs are related to living arrangements.

Table 12: Percentage of mothers living alone per selected characteristics of their children

0 Child 1 Child 2 Child. 3 Child. More than 3

Total # of children 69.0 78.9 77.8 62.4
Total # of daughters 73.4 71.5 76.8 74.0 55.0
Total # of sons 73.5 75.7 71.7 67.3 56.5
Total # of married ch. 47.0 69.9 81.5 77.2 75.0
Total # of single ch. 91.5 62.6 53.7 50.0 36.4

Number of children: There is an inverted U relationship between the number of children

and the fraction of elderly widows living alone. In fact, whence mother has one to two

children, the fraction of mothers living alone goes up. From then on this fraction goes down.

The interaction is strongly non-linear.

Sex of the children: We see that those mothers with either only sons or only daughters

are equally likely to live alone, and the numbers for higher numbers of children do not differ

by much. To study the effect of sex composition, we sorted the mothers into four groups on

the basis of the proportion of daughters among their children. We found that there was not

a big difference among those that have a relatively high or low proportion of daughters (the

fractions living alone range from 70.8% to 73.7%).13

13This finding should not be understood as implying that men and women do the same amount of care-
giving, because caregiving and the living arrangement are quite different things.
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Marital status of the children: In the absence of single children more than 90% of

the widows live alone, while without married children less than 50% of widows live alone.

Increasing the number of single children decreases the proportion of widows living alone while

the opposite is true for married children (note also that while married children constitute

68.1% of all children, 79.3% of those that live with their mothers are single). We also sorted

the mothers by the proportion of married children. The percentages of those living alone by

quartiles are 45.3%, 56.1%, 61.6% and 87.7% respectively. We conclude that marital status

of the children seems to be closely related to the determination of living arrangements.

Age of the children: Another feature that seems to matter is the age of the children:

The mother stays with the youngest child 42% of the time and with the oldest 23% of the

time. We report in Table 13 the relation between the age of the average child and living

arrangements. Clearly, the younger the average child, the less likely that a mother lives

alone.

Table 13: Living Arrangements by average age of the children in %

Age of Average child Percentage living alone

< 40 60.7
40-45 67.8
45-50 72.1
50-55 77.2
55 > 76.6

In our analysis we have not considered the mother’s health because it is not reported

in the IPUMS database. Therefore, its consideration would have required us to infer it

indirectly, which would require a procedure similar to the one we use to link the incomes

of mothers and children living alone. Also, the health variable has been found to be more

related to the probability of death or of going into a nursing home than to determining the

relative propensity to live alone or with children (see, for instance, Börsch-Supan (1989)

and Mutchler and Burr (1991)). A similar situation occurs with the wealth of the mother,

a variable not reported in the IPUMS databases. While it could be possible that the low

income of widows may be partially compensated with higher wealth holdings, Zick and

Holden (1999) and Holden and Nicholson (1998) find that when the annuity value of wealth
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holdings is added to income, the gain is small and it does not alter the relative difference

in measures of economic well-being across groups. We believe that these findings justify

abstracting from the health and wealth of the mother.

To summarize, marital status and, to a lesser extent, the age of children are relevant

variables in shaping the distribution of living arrangements. The number of children may be

relevant, but it is so in such non-obvious patterns that it defies simple modeling attempts.

We also found the sex of children to be relatively unimportant. We next incorporate marital

status in a version of our model.

7.2 Living Arrangements by Marital Status and Income Levels in 1970

As in Section 2.2 we assume that the joint distribution of relative incomes across generations

by marital status was the same for 1970, 1990 and 1993 to get the right information about

mothers and children that do not live together. Appendix E provides a detailed explanation

of the construction of mother-children pairs when we consider the marital status and the

income jointly.

Within our 1970 sample, 57.3% of mothers are paired with a married child while 42.7%

are paired with a single child. Among those paired with a married child, 70.7% live alone, a

much larger number than the 50.2% that live alone when paired with a single child. Table 14

shows the percentage of mothers living alone by marital status of the child and by income

groups of mothers and children. For the most part, we see that for all the mothers’ income

groups, the effect of the income of their children goes in different directions when the child is

single more than when the child is married. For married children a high income increases the

chance that their mothers live with them. For single children, on the whole, a high income

reduces the fraction of those that live with their mothers. With respect to the mothers’

income, more income implies living alone more often when paired with a married child,

while this relation is not as strong for mothers paired with a single child. We also see a

couple of observations that look like outliers. The group 3,3 for single children has a much

lower value than what casual extrapolation from neighboring groups indicates. Also the

group 2,1 of single children looks too low. This may affect the any model’s ability to match

the data and we discuss it below.
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Table 14: Percentage of mothers living alone in 1970

Mothers
With Married Child With Single Child

0-25 25-50 50-75 75-100 0-25 25-50 50-75 75-100

0-25 65.4 76.1 87.6 88.5 34.4 42.9 41.0 39.1
Children 25-50 71.7 76.3 80.6 83.8 27.8 52.2 52.0 50.0

50-75 35.3 68.5 74.5 89.2 38.5 61.5 45.3 75.7
75-100 15.2 44.3 72.5 80.8 58.3 57.7 84.1 81.2

7.3 Living Arrangements by Marital Status and Income Levels in 1990

By 1990 there was a sharp increase in the fraction of elderly widows living alone, both among

those with married children and those with single children. Among those with a married

child it went from 70.7% to 85.5%, an increase of almost 21%. For singles, the share of living

alone went from 50.2% to 66.3%, an increase of 32%. The properties of the data are reported

in detail in Table 15, where we can observe that for the groups with the poorest mothers

and richest children, the fraction of mothers living alone more than doubled. In fact, the

group for which it has increased the most is for poor mothers with relatively rich married

children.

Table 15: Percentage of mothers living alone in 1990

Mothers
With Married Child With Single Child

0-25 25-50 50-75 75-100 0-25 25-50 50-75 75-100

0-25 84.6 88.7 94.3 96.5 49.1 51.3 51.6 53.7
Children 25-50 86.2 85.6 89.4 91.8 62.4 66.9 66.7 65.2

50-75 57.6 85.5 87.5 94.6 69.0 78.7 67.0 82.5
75-100 62.5 77.2 86.7 91.3 81.7 77.3 91.7 91.6

8 The Model with Marital Status

We now present a model of the determination of living arrangements that takes into account

the children’s marital status . The structure and notation of this model are the same as
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those in the models in Section 3: Individuals consume their incomes and they have to choose

the optimal effort to determine the probability of living alone. We explored many alternative

specifications by restricting some, but not all, of the parameters to be equal across married

and single children pairs. The specification we report is the one that works best.

Probability of living alone: Let the marital status of the children be denoted as z.

Children can be married, n, or single, s. Then, the probability of living alone is

pz(em, ez) =
exp (em + ez)

exp (em + ez) + ρz exp− (em + ez)
(12)

where ρz reflects the possibility that the marital status of the children could affect it. If the

mother and the child make zero effort, then the probability to be alone is 1
1+ρn for married

children, and 1
1+ρs for single children.

Utility function: The utility function of the mother is:

um = −αzm (em)2 + pz (em, ez) log (cm,a − cm) + [1− pz (em, ez)]
[
log

(
cm,t − cm

)
+ ηz

]
(13)

In this model, both the cost of exerting effort, −αzm (em)2, and the direct utility that the

mother gets from living with her child, ηz, depend on the child’s marital status, while the

utility derived from consumption does not. The utility function of the child is:

uh = −αzh (eh)2 + pz
(
em, eh

)
log

(
ch,a

)
+

[
1− pz

(
em, eh

)]
log

(
ch,t

)
(14)

Like for the mother, the effort cost, −αzh (eh)2, depends on the child’s marital status, while

the utility from consumption does not.

Budget constraints: For this model we use a more flexible form of economies of scale that

is non-linear (in contrast with standard specifications such as those of the OECD weights

that we used in previous models). These budget constraints are cm,a = ym for the mother

and ch,a = yh

γ
for the child (we assume that γ = 1 in the case of single children) if alone.

If together, we pose that total private consumption is cT = χz
(
ym + yh

)θz

where the share

that goes to the mother is cm,t = cT λz and the rest, which goes to the child’s family, is

normalized by size, yielding ch,t = cT

γ
(1− λz).14

14Note that the economies of scale technology that we used in previous models is a particular case: when
θz = χz = 1 and γ = (1−λz)

λz .
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The equilibrium is as before: both agents determine their efforts given their respective

incomes, taking into account the other agent’s choices, and how consumption depends on

their living arrangements.

With all these ingredients the model has 16 parameters: the parameter that accompanies

the mother’s consumption in the log utility function, cm; the mother’s direct utility from

living together, which depends on the child’s marital status, ηz, z = n, s; four parameters

from the effort cost functions, αzm and αzh, z = n, s; two parameters in the probability

of living alone function, ρz, z = n, s; economies of scale for children living alone, γ; four

parameters to state the economies of scale when agents live together, χz and θz, z = n, s;

and two consumption-sharing parameters, λz, z = n, s.

9 Estimation

The estimation procedure is as before, except that we now distinguish by marital status,

that is, a minimization of the weighted sum of the squares of the differences between the

fraction of mothers living alone generated by the model and the data within each income

group, subject to the requirement that they match the aggregate fraction of mothers living

alone in the data.

Recall that when we analyzed the distribution of living arrangements in Section 7.2,

we identified two observations as possible outliers in the sample with single children. The

observations that seemed inconsistent with the rest of the patterns are cells 2,1 and 3,3.

As a result, the estimation was affected, and the accuracy of the model in the sample with

singles was very small compared to the one in the married case. We then decided to use

interpolated values for the estimation targets. More precisely, we replaced the values of cells

2,1 and 3,3, which are 27.8 and 45.3 in the data, with 44.3 and 68.0, respectively.15 The

aggregate fraction of elderly mothers living alone is now 62.6%.

15We replaced the original values with the average value of the contiguous cells, which are 1,1, 2,2 and 3,1
for cell 2,1 and 3,2 3,4, 2,3, 4,3 for cell 3,3.
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9.1 Estimation Results

The model’s predictions for 1970 (when using the interpolated values in the estimation) and

the accuracy defined as in Section 4 are in Table 16. We observe that the model replicates

Table 16: Predictions of the Model with marital status for 1970
Percentage of mothers living alone

Accur. Mothers
0.9344 With Married Child With Single Child

Accur. 0.9334 Accur. 0.8841
0-25 25-50 50-75 75-100 0-25 25-50 50-75 75-100

0-25 72.6 80.9 83.9 88.8 37.7 38.9 39.4 40.2
Children 25-50 61.8 77.0 81.5 87.6 45.9 49.6 52.2 61.0

50-75 39.7 72.0 78.6 86.6 50.2 55.6 59.7 74.8
75-100 12.6 45.4 66.8 83.7 58.3 65.1 72.8 84.6

the key facts: that the richer the mother, the more likely she lives alone for both married

and single children; that the richer the child the more likely that he or she lives together

if a married child and the more likely they live apart if a single child; and that for the

single poorest children there is a flat relation between the mother’s income and the living

arrangement. We think that the model’s performance is very good.

If we instead used the original data, then the predictions change slightly with the accuracy

for single children being much lower (0.7927).

Table 17: Parameter estimates

Param. Estim. Param. Estim. Param. Estim. Param. Estim.

cm -1032.83 γ 1.72 ηn -0.42 ηs 4.80
ρn 6.22 ρs 0.09 λn 0.25 λs 0.17
αnm 0.09 αnh 0.81 θn 1.18 θs 0.50
αsm 3.05 αsh 0.45 χn 0.04 χs 64.16

The parameter estimates reported in Table 17 are quite interesting. First of all, we see

that zero effort when the child is married induces a very low probability of living alone,

while the opposite occurs when the child is single. As one would expect, effort is a lot more

costly for married children than for single children, reflecting perhaps the involvement of a
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spouse. It turns out that the mother does not like to live with her married child but that

she does indeed like to live with her single child. We also see that the economies of scale

are very different for single and for married children, showing increasing returns in total

household income for married children and decreasing returns for single children. The effort

cost is bigger for mothers than for children in the single sample, while the opposite is true

for married children. This could reflect the fact that single children have different life-styles

than married children, being more independent or more reluctant to share their privacy with

others. Finally, we see that the share of total household consumption devoted to mothers is

bigger in the households of married children than in those of single ones.

To give a graphical sense of the accuracy of the model, Figures 4 and 5 show the estimates

and the data. Again we see how good the estimates are, and we also see that they look a

bit better for married children. All in all, we think that this marital status model with 16

parameters and 32 observations has a very good fit with the data.

10 Predictions for 1990 of the Model with Marital Status

As in Section 5, we use the estimated model with the 1970 income data to obtain new

equilibria results and to compare them with observations in the 1990 data. We use the same

measure of accuracy of predictions as in Section 5. In order to deflate incomes in 1990, we

also take the same CPI adjustment: 2.55 1990 dollars per a 1970 dollar.

For singles, the model predicts a 73.6% of the actual increase in the data, while for

married children, the increase is 40.0%. However, during this period there was an increase

in the number of singles, a factor that by itself predicts a reduction of the fraction of elderly

mothers living alone which is 59.8%. The overall prediction of mothers living alone is then

68.9%, that is, one-half of the actual change in the data. If instead of the overall prediction

we use the accounting statistic defined above we get 59.4%.

Table 18 reports the predictions: the model replicates the uniform increase in all income

groups, but it misses the huge increase in the percentage of poor mothers with a married

rich child living alone in the data, which went from 15.2% to 62.5%. The model with

marital status (which has a better fit with the data, as it should, given the larger number of

parameters) implies that changes in income account for a slightly lower fraction of the actual
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Data in 1970
Model in 1970

 0.2  0.3  0.4  0.5  0.6  0.7  0.8 

Mother’s Income 0.2  0.3  0.4  0.5  0.6  0.7  0.8 

Child’s Income

 0

 0.2

 0.4

 0.6

 0.8

 1

                % of Mothers Living Alone with married child

Figure 4: Fraction of mothers living alone who have a married child in the model
and in the 1970 data.

Data in 1970
Model in 1970

 0.2  0.3  0.4  0.5  0.6  0.7  0.8 

Mother’s Income 0.2  0.3  0.4  0.5  0.6  0.7  0.8 

Child’s Income

 0

 0.2

 0.4

 0.6

 0.8

 1

                % of Mothers Living Alone with single child

Figure 5: Fraction of mothers living alone who have a single child in the model
and in the 1970 data.
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Table 18: Predictions of the Model with marital status for 1990
Percentage of mothers living alone

Error: Mothers
0.02598 With Married Child With Single Child

Error: 0.04400 Error: 0.01000

81.7 85.7 87.8 90.2 40.4 42.3 43.4 43.9
Children 77.2 83.2 86.1 89.5 54.5 60.1 65.4 74.8

65.2 79.1 83.6 88.4 64.1 73.0 78.8 84.7
12.9 53.6 74.0 85.2 77.9 82.9 85.6 88.6

increase in the number of widows living alone: 51.9% versus 74.4% in the model without

marital status.

11 Conclusion

In this paper we have documented the increase in the fraction of elderly widows that live

alone and its relation both to their income and to their children’s income. We have used

different data sets, and we assumed the stability of the intertemporal persistence of incomes

across generations in order to be able to link mothers and children that live apart.

We have posed various versions of an equilibrium model of determining living arrange-

ments based on both parties exerting effort to control the outcome and where the two incomes

play a central role. We have estimated those models using 1970 data, obtaining quite a good

fit and replicating the strongly non-linear patterns of the data.

We then used the models to make predictions about the prevailing living arrangements

of 1990 based only on the incomes of mothers and children, and we found that changes in

income account for three-quarters of the changes in the living arrangements of elderly widows

between 1970 and 1990.

We have explored how different types of income changes have affected living arrangements

and we have found that the increase in the income of widows accounts for two-thirds of the

total increase in the fraction of widows living alone; the increase in the income of children by

itself reduces the fraction of widows living alone and the combined effect is what accounts
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for the rest, up to the three-quarters predicted by the model, reflecting the highly non-

linear relation between incomes and living arrangements. From a different point of view, we

have found that the change in relative income between mothers and children accounts for

about one-half of the changes in living arrangements in the data, while the increase in the

levels of income accounts for about one-quarter of the changes. From yet another type of

decomposition of the changes in incomes, we have found that the change in average levels of

income accounts for almost all of the increase in the fraction of widows living alone, while

the change in the dispersion of incomes by itself reduces the fraction of widows living alone.

Again, the combination of changes in the averages and in the dispersions of income is larger

than the sum of their individual effects.

We then explored whether various other characteristics of mothers and children in addi-

tion to their incomes play an important role in shaping living arrangements. We concluded

that while some do not seem very important or, at least, not in obvious ways (number and

sex of the children, and to some extent age of the children), marital status of the children

seems to play an important role in determining whether elderly widows live with their chil-

dren. Consequently we then posed a model of the determination of living arrangements

that incorporates the marital status of the children as well as the other characteristics that

we found mattered in the simpler models. We estimated this model using 1970 data, and

we found that the model is very good in accounting for the patterns in the data for both

mothers who have married children and mothers who have single children. This extended

model predicts that changes in incomes account for about one-half of the actual changes in

living arrangements, a lower number than the models that abstract from marital status.

All this leads us to conclude that the increase in mothers’ income, compounded by the

general increase in income for the whole population, has been the most important factor

in shaping changes in living arrangements and that alternative explanations have played a

much smaller role.

This paper has shown that by affecting the way of life of the elderly, the increase in the

income of the elderly of the last few years (due to increased Social Security benefits) has

strong implications that go beyond the standard of living of the elderly. The next step in

our research is to integrate the study of living arrangements with that of access to health

care to get a better picture of how policies that support the elderly translate into higher
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standards of living.
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Appendices

A Data Analysis

We use data from the 1970 and 1990 IPUMS and from the 1993 AHEAD. The IPUMS

database is a large (about two million individuals in 1970 and two and one-half million

in 1990) representative sample of the census and hence of all of the U.S. population, but

it is not a panel. Its main disadvantage is the impossibility of establishing links between

individuals from different households. So if an elderly widow is not living with her children

we do not have any information about her. Fortunately, the 1993 AHEAD (Asset and Health

Dynamics Among the Oldest Old), which is designed to collect data about elderly people, has

this information. Several sections of the questionnaire are designed to get information about

the children whether they are living in the elder’s household or not. We construct tables of

the joint distribution of income of the widows, their offspring and their living arrangements

by merging the information from the AHEAD with the information from IPUMS. We explain

in detail how we do it in Appendix B. We start by describing how we choose our sample of

elderly widows.

Age: Between 1970 and 1990 life expectancy of 65-year-old women went from 17 to 19

years.16 This was accompanied by a reduction in the disability rates among elderly people17

To account for the increase in life span, we pose a slight difference in the definitions of elderly

widows for the two periods. In 1970 we select widows from 65 to 82 years; in 1990 we choose

those widows from 67 to 84 years of age. The change in the age group we look at has the

additional advantage of keeping nearly constant the fraction of widows (49.1% and 47.8% in

1970 and 1990, respectively), since the increase in life expectancy also affects men.

Number of children: We select elderly widows who gave birth to at least two children.

In the IPUMS samples, the average number of children for elderly widows was 3.84 in 1970,

and 3.64 in 1990. For the restricted sample of those elderly widows who gave birth to two

or more children, the average is 4.41 in 1970 and 4.14 in 1990, a difference of less than 10%.

This small change in family size and the fact that there seems to be a weak relation between

family size and living arrangement are the reasons we abstract from family size in our model.

16See The Berkeley Mortality Database webpage: http://www.demog.berkeley.edu/wilmoth/mortality.
17See Manton, Corder, and Stallard (1997).
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Living arrangements: There are four types of living arrangements that can be used to

characterize the data: living alone, with children, with others, and in an institution. An

elderly widow is defined as living in an institution (or group quarters) if she lives with five

or more individuals who are unrelated to the household head. This is the strategy suggested

by Ruggles and Sobek (1995) in order to make definitions consistent over the 1970 and the

1990 census.

Table 19: Distribution of Widows by Living Arrangements in Percentages

Living Arrangement 1970 1990 Difference

Alone 52.1 64.2 12.1
With Children 32.0 21.0 -11.0
With Others 10.6 10.3 -0.3
In an Institution 5.3 4.5 -0.8

Table 19 shows the distribution of living arrangements of widows. Living with others and

living in an institution are infrequent events, and they have remained relatively constant.

Hence, we abstract from those two living arrangements, and we consider only the options

of living alone or living with children. In 1970 62% of the widows that were not living

with others or in institutions lived alone, while in 1990 this fraction was 75.3%. The set of

women that we look at constitute 66.6% of the unmarried women of age 65+ and 80% of

the unmarried women for the age range defined previously.

B Living Arrangements and Income: Imputation Process

As we said above, the IPUMS data do not allow us to link the widows living alone and

their children. However, the 1993 AHEAD does.18 We make the assumption that the

intertemporal persistence of relative income is the same in 1970 as it was in 1990 and 1993.

We construct the 1970 and 1990 mother-children pairs with the following detailed steps.

1. 1993 AHEAD. We analyze only children and widow-mother pairs in 1993 AHEAD. If

the widow is living alone and has more than one child, we randomize and select one of

18The AHEAD data only surveys individuals older than 70 years. Fortunately, the samples seem to be
consistent (the percentage of widows 70 and older living alone in the 1990 IPUMS is very close to the
1993 AHEAD, 75.6% and 72.1%, respectively). Since we are using only the intergenerational distribution of
income from AHEAD, we can use AHEAD.
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the children.19 We define four equal size income groups for both widows and children,

and we calculate the joint distribution of incomes of mothers and the household that

the children belong to. That is:

Mother
Poor Less Poor Less Rich Rich Marginal

Poor P11 P12 P13 P14 25.0
Less Poor P21 P22 P23 P24 25.0

Child Less Rich P31 P32 P33 P34 25.0
Rich P41 P42 P43 P44 25.0

Marginal 25.0 25.0 25.0 25.0 100.0

Where Pi,j is the proportion of mothers with type j income with i type children.

2. Subsample of individuals living alone. From the 1970 and 1990 IPUMS, we select

a subsample of children with a mother who is a widow and does not live with them.

The children are selected to be in the same age range as the children who live with

their widow-mothers.

3. Subsample of individuals living together. We select from the IPUMS the pairs

of mothers and children that live together.

4. Marginal distribution of incomes of mothers and children: 1970 and 1990

IPUMS. We then sort all the children and all the widows into four income groups of

equal size. We obtain the fractions of those that live together and denote them T t
i,j for

t equal to 1970 and 1990.

5. Imputation of the joint distribution of incomes. Using the Pi,j from the AHEAD

we obtain

At
i,j = Pi,j − T t

i,j (15)

where At
i,j are the fraction of elderly widows with income i and with children with

income j who are living alone in year t.

19We think that if we want to impute characteristics from AHEAD to IPUMS the samples should have a
similar nature. Randomizing among the children is a consistent mechanism across the two data sets.
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In other words, we randomly choose from the IPUMS a sample of children and mothers

living alone and generate the child-mother income pairs according to the 1993 AHEAD joint

distribution. This allows us to get the average income for mothers and children in each pair.

C Original Income Data by Quartiles

Table 20: Total income for widows and their children by income quartiles

Mothers’ Income Children’s Income

Mothers Mothers
1970: 0-25 25-50 50-75 75-100 0-25 25-50 50-75 75-100

0-25 495.61 1157.20 1794.47 5199.60 2843.59 2799.52 2825.58 2682.10
Children 25-50 481.49 1162.02 1800.76 5082.54 7349.71 7399.34 7383.02 7412.85

60-75 468.13 1168.03 1806.63 5157.74 11190.24 11238.30 11271.29 11252.24
75-100 455.01 1165.64 1806.59 5299.34 20471.54 20741.16 20734.92 21042.20

1990∗:

0-25 3690.84 6668.67 10426.57 25320.47 8147.27 8273.85 8460.34 8468.56
Children 25-50 3676.78 6677.98 10409.57 25332.64 23635.31 23639.91 23612.95 23595.38

60-75 3487.81 6696.51 10386.17 25754.10 41102.07 40965.84 41136.31 41021.86
75-100 3415.08 6701.01 10442.49 26041.83 85049.80 85338.85 85229.26 88191.93

∗In 1970 dollars (deflator is 2.55)

D Alternative Specifications of the Model and Estimations Results

We present seven more alternative specifications to the baseline and Model 2. We describe

briefly how the alternatives differ among them and compared with the baseline. We also re-

port the estimation results and comment on the main points. Table 22 shows the predictions

of most of these models, while Table 21 shows the parameter estimates.

Model 3: Children care about living arrangements; mothers do not. The term

ηm disappears from equation (6) and ηh is added to the child’s utility in equation (7).

Performance: This model yields similar but slightly worse (lower accuracy) results than

the baseline. The parameter estimates change a little, especially the minimal consumption

of the child, which is now larger. The estimates also show that the child would rather live

alone than with the mother.
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Model 4: Both care about living arrangements. Performance: This model is richer

than the previous one and the baseline in the sense that it has one more parameter and,

hence, more possibilities of matching the data. However, there is no increase in accuracy

with respect to the baseline (in fact the estimate of the extra parameter is zero, the value

implicitly assumed in the baseline). We conclude that the simultaneous inclusion of the

mother and the child caring directly for the living arrangement is not a useful modeling

strategy.

Model 5: Both care about living arrangements; children also care about their

mothers. The child’s utility function has a term with the utility of the mother weighted

by ϕh. Performance: This is another nine parameter model like Model 2, and its accuracy

is lower than this one (it is about the same as the baseline despite having more parameters).

The altruism parameter is positive and the effort is very costly for the mother. We think

this model is not a good one.

Model 6: Mothers care about living arrangements; children also care about their

mothers. Performance: This is an eight parameter model, yet it gives almost the same

predictions as Model 5. The reason for this is that ηh, the additional parameter in Model 5

had an estimate of 0.0, the assumed value in Model 6.

Model 7: Mothers care about living arrangements; both agents are altruistic.

Performance: This is identical to Model 6, since the point estimate of the extra parameter

used in this model, ϕm, is zero.

Model 8: Baseline with a new effort function. The function is also a one parameter

function that is centered on one-half (zero effort of all parties yields a 0.5 probability of

living alone). In this case we discriminate among abilities to affect the odds of living alone

for both agents. The new effort function is

p(em, eh) =
exp

(
em + ρ1e

h
)

exp (em + ρ1e
h) + exp− (em + ρ1e

h)
(16)

Performance: This model does not improve over the baseline; in fact, it does quite worse.

Moreover, the estimates change. For example, now the minimum consumption of the child is

a lot smaller (even negative). We do not think that this model provides a good estimation.
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Model 9: Baseline with a two parameter effort function. The twist is now that the

effort function is a two parameter function that allows for centering at 1
1+ρ

and for differential

effects of the mother and her child. The effort function is

p(em, eh) =
exp

(
em + ρ1e

h
)

exp (em + ρ1e
h) + ρ exp− (em + ρ1e

h)
(17)

Performance: This model shows no improvement over the baseline despite the baseline

being nested in it. The estimate of the additional parameter (ρ1) is zero, which is the

implicit value in the baseline.

Table 21: Parameter Estimates

Model
3 4 5 6 7 8 9

cm -559.68 -725.36 -915.02 -920.84 -920.84 -1669.75 -725.36
ch 64.19 20.14 20.71 26.46 26.46 -4.25 20.01
ρ 2.91 3.94 4.31 4.27 4.27 – 3.94
ρ1 – – – – – 4.38 -0.00
αm 0.18 0.15 190.97 189.77 189.77 0.08 0.15
αh 0.21 0.11 0.11 0.11 0.11 1.33 0.11
ηm – -0.20 -0.23 -0.23 -0.23 0.06 -0.20
ηh -0.18 0.00 0.00 – – – –
ϕm – – – – 0.0 – –
ϕh – – 0.85 0.85 0.85 – –
γ 32.17 32.95 31.22 31.22 31.22 26.22 33.06

Accur. 0.8751 0.8854 0.8854 0.8854 0.8854 0.8468 0.8854

E Living Arrangements, Income and Marital Status: Imputation Process

Now we are interested in constructing mother-children pairs taking into account to their

incomes and the children’s marital status. For that, we assume that the intergenerational

persistence of income and children’s marital status are the same in 1970 and 1990 as they

were in 1993.

We start calculating the 1993 AHEAD joint distribution of income and marital status, P z
i,j

(with
∑

i,j,z P z
i,j = 1). So, we control the joint income distribution we got in Appendix B by

the children’s marital status. Then, we turn to the IPUMS, and we also control the marginal

distributions of income by the marital status of the children.
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Table 22: Predictions of All Models for the % of Mothers Living alone

Mothers Mothers
0-25 25-50 50-75 75-100 0-25 25-50 50-75 75-100

Model 3, Acc. 0.8751 Model 4, Acc. 0.8854

0-25 45.0 51.5 55.4 49.4 46.9 55.5 58.1 47.1
Child 25-50 49.8 68.5 73.9 80.4 47.6 66.4 71.9 72.2

50-75 40.3 66.0 72.9 81.1 39.1 64.8 71.8 80.0
75-100 24.8 55.0 67.4 80.3 23.3 55.3 67.5 80.3

Model 5, Acc. 0.8854 Model 6, Acc. 0.8854

0-25 45.9 53.6 56.5 48.5 45.9 53.5 56.5 48.5
Child 25-50 48.1 66.4 72.1 79.0 48.1 66.3 72.0 79.0

50-75 39.7 65.0 71.1 80.7 39.7 64.9 71.8 80.7
75-100 23.1 55.6 67.9 81.0 23.2 55.6 67.9 81.0

Model 7, Acc. 0.8854 Model 8, Acc. 0.8468

0-25 45.9 53.5 56.5 48.5 47.0 52.4 55.0 46.1
Child 25-50 48.1 66.3 72.0 79.0 49.3 69.0 75.9 83.8

50-75 39.7 64.9 71.8 80.7 42.1 67.9 76.5 85.8
75-100 23.2 55.6 67.9 81.0 28.3 56.0 72.2 86.6

45



Next, we get the fractions of those that live together in each group and denote them T z
i,j.

However, because the marginal distributions by marital status are different across years, we

cannot impute the joint income distribution to the census sample as before. We solve this

imputing in one dimension: the children’s marginal distribution or the mothers’ marginal

distribution. For instance, if we impute the marginal of the children:

P̂ z,t
i,j = P z,t

i,.

(P z
i,j)

(P z
i,.)

, i, j = 1, ..., 4 z = n, s t = 70, 90 (18)

Note that the marginal distribution of the children is the same:

P̂ z,t
i,. =

∑
j

P̂ z,t
i,j = P z,t

i,. i, j = 1, ..., 4 z = n, s (19)

However, the marginal distribution of the mothers after the imputation could be different

from the original one in the data. The higher the difference, the higher the error of the

imputation.20

So we select the marginal distribution for imputation that will produce less error, and

this is the marginal distribution of the children.

Thus, we get the joint income distribution, P̂ z,t
i,j , and we calculate the shares of individuals

living alone in each group, Az,t
i,j , as21:

Az,t
i,j = P̂ z,t

i,j − T z,t
i,j (20)

So we generate the child-mother income pairs of those who are living alone according to the

imputed 1993 AHEAD joint distribution, and finally we get the average income for mothers

and children in each pair.

20Note that the error is zero if the resulting marginal distribution is the same as the one in the 1993
AHEAD sample. This was the case in Appendix B when we imputed the joint income distribution.

21Since we are imputing not the joint distribution but the marginal one, the possibility exists that T z,t
i,j

(from the data) would be bigger than P̂ z,t
i,j . In this case Az,t

i,j would have a negative sign which makes no
sense. Fortunately, we did not find this problem in our samples.

46


