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ABSTRACT

Mobility Across Multiple Generations:
The Iterated Regression Fallacy

Conflicting views about the degree of long-run mobility across multiple generations persist
because direct empirical evidence is scarce. Predictions are instead routinely derived by
iteration of intergenerational measures, a procedure which implies high long-run mobility
even when intergenerational mobility is low. However, the assumption that regression implies
perpetual regression is a statistical fallacy. | examine this fallacy, its historical background,
and its prevalence. | then present various simple models of intergenerational transmission to
consider how the relation between intergenerational and multigenerational mobility is affected
by elements of the transmission process. | discuss the role of market luck and indirect
transmission; the multiplicity of skills; the role of grandparents; and the causal effect of
parental income. The direction of bias depends on modeling assumptions, but elementary
properties of the transmission process imply that long-run mobility will likely be lower,
possibly much lower, than predictions from intergenerational evidence suggest.
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Introduction

A vast empirical literature has estimated the degree of intergenerational persistence in socio-economic
characteristics between parents and their children. There exists however little direct evidence on
the degree of long-run mobility across multiple generations, such as between grandparents and their
grandchildren. In its absence we rely on extrapolation from available parent-child elasticities. For
example, Hertz (2006) reports an intergenerational income elasticity of 0.47 for the United States and
proceeds to argue:

“To understand what these statistics mean, consider a rich and a poor family in the
United States [...] and ask how much of the difference in the parents’ incomes would be
transmitted, on average, to their grandchildren. In the United States this would be ( 0.47)2
or 22 percent;”

This procedure — extrapolation by exponentiation — shapes our interpretation of the available intergen-
erational evidence; it features in policy reports and standard textbooks (Borjas, 2009) as well as in
specialized survey articles (Piketty, 2000) and research workshops (Durlauf, 2012).

Persistence in economic status is a central aspect in sociological, economic and political theory.
Erikson and Goldthorpe (1992) note that competing theories often contain strong and conflicting hy-
potheses. Liberal political theories maintain that mobility and the degree of equality of opportunity
tend to be high in industrialized societies; and further that high mobility is required to sustain liberal
democracies. Marxist theories instead postulate that mobility is low, leading to class struggle and
instability. Piketty (2000) notes that conflicting views also feature prominently in economic writings.
But persistence is not only a central aspect in competing schools of thoughts, it matters also on a prac-
tical level. We may for example wonder if specific social policies mask inequalities between families
only temporarily or if they have lasting effects on their relative fortunes.

Conflicting views about the degree of long-run mobility persist because we lack empirical evi-
dence. Our knowledge about intergenerational mobility on the other hand has advanced greatly in
the last two decades. The finding that income mobility is much lower than previously believed, and
particularly low in countries with high levels of cross-sectional inequality in which it is more conse-
quential (such as the United States or United Kingdom), has been received with some concern. But
the standard extrapolation procedure provides ammunition for a contrarian standpoint that disputes the
significance of those findings, as it implies high long-run mobility even when parent-child mobility is
low (see for example Mankiw, 20006).

The idea that exponentiation of the intergenerational elasticity can approximate long-run persis-
tence of economic status appears already in Becker and Tomes’ classic work. In section IV of Becker
and Tomes (1979) they draw attention to special cases of their theoretical model that seem to vin-
dicate the exponentiation procedure, illustrating its implications by quoting the old proverb “from
shirtsleeves to shirtsleeves in four generations”. But the same section also contains simulated paths of
income for the full model, which clarify that those implications do not generally hold. Puzzlingly, this
dependence on theoretical assumptions is disregarded in Becker and Tomes’ later work. In section V
of Becker and Tomes (1986) they recite a bolder version of the shirtsleeves-proverb (“... in three gen-
erations”), this time not with reference to a special theoretical case but applied without reservations
on intergenerational elasticity estimates from the empirical literature. In particular they exponentiate
one of those elasticities to argue that the prevalence of poverty in a family tends to disappear within
few generations.!

"Their trust in this conclusion becomes apparent in their response to a seemingly glaring contradiction, namely the obser-
vation that some groups, such as black Americans, suffer from persistent economic disadvantage. Instead of reconsidering



But the assumption underlying this conclusion, that regression implies perpetual regression, is a
statistical fallacy. In this note I present various simple models of intergenerational transmission to il-
lustrate this fallacy and to provide a theoretical base for the emerging empirical literature on multigen-
erational persistence. Starting from a baseline model I successively consider how various elements of
the transmission process affect the relationship between intergenerational and multigenerational mo-
bility, discussing the role of market luck and indirect transmission; the multiplicity of skills; the role
of grandparents; and finally the causal effect of parental income or status. I find that the direction of
bias depends in principle on modeling assumptions, but elementary properties of the intergenerational
transmission process imply that long-run mobility will likely be lower, and possibly much lower, than
the standard extrapolation procedure implies.

The Iterated Regression Fallacy

The intergenerational income elasticity between parents and their children is defined as the OLS slope
coefficient from a regression of log lifetime income of the offspring generation ¢ of family 4, y;;, on
parental log lifetime income y;;—1,

Yit = B-1Yit—1 + Eit- (D

The elasticity measures the percentage differential in expected offspring income with respect to a
percentage differential in parental income; a high elasticity represents low mobility. But how does
this parent-child elasticity compare with the elasticity across three or more generations, e.g. between
grandparents and their grandchildren? The idea that the latter equals the square of the former, so
that persistence declines geometrically, may appear as a natural consequence of regression: if 3_;
measures to what degree parental deviations from the mean are passed to their children then surely
(8_1)? measures their extent after being passed twice from parents to children? Formally, one may
believe that equation (1) can be used to rewrite the grandparent-grandchild elasticity 5_o as

_ Cov(yit, yit—2)  Cov(B_1Yit—1 + €it, Yit—2)

_ _ _ 2
T Var(yi) Var(yit—2) (B-1)"

The error lies in the last step. The interpretation of equation (1) itself may be the source of confusion.
The equation has no structural interpretation, nor does it represent an AR(1) process. It captures
instead a statistical relationship: the component 5_jy;;—1 is the best linear predictor (in a MMSE
sense) of y;; since B_1 is defined to be the OLS slope coefficient. While ¢;; is thus by construction
uncorrelated to parental income y;;:—1, it is not necessarily uncorrelated with grandparental income
yit—2. The equation does not represent a data generating process from which predictions beyond two
generations could be derived; it is misspecified for these purposes.

The underlying fallacy, the belief that regression toward the mean between two observations im-
plies perpetual regression across observations, appears to be a classic one. Galton himself fell fault of
it, as noted by Bulmer (2003). It is comprehensively discussed in Nesselroade et al. (1980) under the
caption "expectation fallacy”.> That name seems not to have caught on; it may also be too unspecific
in economics, where the term “expectation” relates not only to statistical but also behavioral concepts.
In this note I instead use the name “iterated regression fallacy”, which is hopefully evocative of Gal-
ton’s work, the intergenerational context, and other classic regression fallacies.> We can formulate a
simple theoretical model to examine it in the context of the intergenerational mobility literature.

their procedure for extrapolation from intergenerational equations, Becker and Tomes (1986) argue that those equations
could differ for Blacks, for example because discrimination affects intercepts (p. 10) or slope coefficients (p. 28).

>The name “iterated expectation fallacy” would be also fitting, as it can be viewed as an incorrect application of the
law of iterated expectations: extrapolation by exponentiation would be reasonable if E[yit|yit—2] = E[E[yit|yit—1]|yit—2],
which however only holds if y;: follows a Markov process.

3Such as the fallacy that regression towards the mean implies convergence to the mean, see Friedman (1992); or the
failure to account for regression to the mean in comparisons over time (Jerrim and Vignoles, 2012, discuss a recent example).



A simple model. Consider a simplified one-parent one-offspring family structure for which income
and intergenerational transmission are governed by

Yit = peit + Ui ()
it = Aej—1 + Vi, 3)

in which y;¢, log lifetime income in generation ¢ of family ¢, depends on human capital e;; (according
to returns p) that is partially inherited within families (according to heritability ). 1 use the term
heritability here in a wide sense, representing not only genetic but also other causal pathways of
transmission from parents to children (e.g. parental upbringing). The noise terms wu;; and v;; represent
market and endowment luck, and are assumed to be uncorrelated with each other and past values.
To simplify the presentation assume throughout that variables are measured as trendless indices with
mean zero and variance one, such that slope parameters can be interpreted as correlations; and further
that those indices measure favorable traits that are not negatively correlated within families, such that
all parameters are non-negative. Note that the parameter p then measures the transferability of human
capital into income; for example, p = 1 implies that differences in incomes are fully explained by
individuals’ own characteristics. The ¢ subscript is dropped in the subsequent analysis.

Given equations (2) and (3), and the assumption that all variances are unity, the parent-child elas-
ticity equals

B-1 = Cov(ys, yt—1)
= pA, “4)

and the elasticity across three generations instead equals

B_o = COU(yta yth)

= p?\2. %)
The extrapolation error from exponentiation of the parent-child elasticity equals
A= (1) - B
= (p* = 1)p*\%, (6)

which is negative for 0 < p < 1and 0 < A < 1, that is as long as the intergenerational transmission of
human capital and its transformation into income are not perfect.* The extrapolation error A will be
large when p is small relative to the degree of heritability captured by A. Exponentiation of the parent-
child elasticity does therefore not recover multigenerational elasticities, and may instead provide a
very misleading picture. But why do extrapolations from (3_; overstate long-run mobility? The
answer may become obvious when we consider the existence of an additional layer in the transmission
process.

An additional layer. Assume that human capital is not directly transmitted within families, but that
parents bequeath certain traits a; (according to heritability 7r), which in turn affect human capital e;
(according to transferability jz).” Intergenerational transmission is then governed by

Yt = per + Uy (N
er = pay + vt (8)
Ay = A1 + W. 9

“These and subsequent results do not rely on the simplifying assumption that parameter values are stable; the product
of intergenerational elasticities will underestimate multigenerational persistence also when those elasticities vary across
generations.

>One may assign more specific interpretations for each layer (e.g. that the lowest layer represents genetic transmission)
and include additional explanatory variable, such as in Conlisk (1974). My interest here is only to capture the idea that
income transmission may occur rather indirectly.



The parent-child elasticity equals

By = p*p’m, (10)
and the grandparent-grandchild elasticity equals

B_o = p*pPn’. (11)

Consider parameterizations for ;¢ and 7 that yield the same parent-child elasticity as the two-layers
model, which requires A = ;7. The extrapolation error then equals

1
A:@ﬁ7ﬁfv. (12)

Comparison to equation (6) reveals that the extrapolation error will be larger in the three-layers model
iff p < 1; the introduction of an additional layer in the transmission process raises the gap between
extrapolated and actual long-run mobility.

These results stems from the interplay between mechanisms of transmission between and within
generations. Both imperfect inheritability of traits and their imperfect transferability into income
(p < 1) decrease parent-child persistence of economic status. But regression to the mean beyond two
generations depends only on the heritability parameter. For example, persistence equals 3_o = f_17m
across three generations, 3_3 = [_1m? across four generations, and so on. The intuition is simple:
traits are inherited multiple times, but for each generation they are only once priced and transformed
into income.

The extrapolation error will be substantial even if the role of market luck is modest. For example,
exponentiation of an intergenerational elasticity of 0.5 implies {5_1, 8—2, -3} = {0.5,0.25,0.125}
and thus rapid regression to the mean. Now consider the actual elasticities implied by the two-layers
model, from equation (4) and (5). If p = 0.9 (such that factors orthogonal to individual abilities
explain about a fifth of the cross-sectional variance in income) we have A ~ 0.62 and the elasticities
equal {0.5,0.31,0.19}. If p = 0.8 (market luck explains about a third) A ~ 0.78 and the elasticities
equal {0.5,0.39,0.31}, implying substantially higher persistence of economic status within families.

The underlying assumptions should be uncontroversial. We do not expect individuals with equiva-
lent levels of human capital to have exactly equal incomes, as factors outside of individual control drive
a wedge between their traits and incomes.® We also know that at least part of the intergenerational
transmission of income occurs via indirect mechanisms, for example through genetic inheritance or
parental upbringing.

Various implications follow. First, long-run mobility will be smaller the more intergenerational
mobility is attributable to imperfect transferability than low heritability of endowments. This will tend
to be the case if intergenerational transmission is more indirect. Second, we may worry that certain
policies mask inequalities only temporarily. For example, comprehensive schooling may reduce the
degree to which differences in child abilities lead to differences in human capital (a reduction of u in
the three-layers model) and thus increase intergenerational mobility, but it may not increase long-run
mobility much if the inheritability of abilities does not change. Third, if cross-country differences in
intergenerational mobility extend to the long run depends crucially on if those differences are due to
variation in the heritability or transferability of endowments across countries. For example, Nordic
countries will be characterized by exceptional long-run mobility if their high levels of intergenerational
mobility are caused by policies and institutions that decrease the heritability of traits, less so if they
are due to policies that interfere with the formation of market prices for those traits.

®This wedge may be sizable — earnings regressions only explain a fraction of the variation in the dependent variable,
even when the list of regressors is large (e.g. Zax and Rees, 2002); monozygotic twins have substantially different earnings
even while their genetic inheritance and early family background are very similar; and various economic literatures show
that events outside of individual control (such as occupation-, region-, or firm-specific demand shocks) affect incomes.



An additional factor.  But there exists a second elementary reason why multigenerational persis-
tence of economic status will tend to be higher than extrapolations from intergenerational elasticities
imply. Introduce a second factor into our starting model,

Yyt = pre1r + p2ear + uy (13)
el = Ae1¢—1 + vig (14)
ear = Ageg 1 + v, (15)

assuming that two traits are inherited from parents according to heritability parameters A\; and Ao.
For simplicity also assume that the endowment luck terms vy; and vg; are uncorrelated, such that
Cov(eys, e) = 0V t. Assume further that both traits play a role in the determination of incomes,
such that 0 < p; < 1and 0 < pg < 1. The parent-child elasticity then equals

Bo1 = piAi + p3he, (16)
and the grandparent-grandchild elasticity equals
B2 = pIA] + P33, (17)
The extrapolation error equals
A = (pf = D)piAT + (03 — 1)p3A3 + 2pip3 M1 Ao (18)

Assume for a moment that incomes are indeed perfectly determined by individual traits, such that
p? + p2 =1 and Var(u;) = 0. Equation (18) can then be written as

A= p(pf = 1) (M = )% 19)

This expression is negative for A\; # . In contrast to the previous models, exponentiated parent-
child elasticities understate multigenerational persistence even when human capital determines in-
comes perfectly, as long as those traits that constitute human capital are not all equally strong inherited
within families. This result can be understood as the application of Jensen’s inequality on the case
of intergenerational transmission: the square of the average heritability across traits is smaller than
the average of the square of those heritabilities. Inequality between families declines therefore more
slowly if intergenerational persistence stems from multiple causal pathways.

Highly inheritable traits (such as IQ) explain an increasing share of the long-run persistence in
income. In particular, multigenerational elasticities will never converge to zero if any characteristic is
perfectly transmitted. For example, physical traits such as skin color may be highly persistent in multi-
ethnic societies if interracial marriage is rare, and may lead to persistent disadvantage of families if
groups are discriminated on the labor market. For the analysis of long-run mobility it is thus essential
to look beyond scalar models, even if those models have proved to be useful for other questions in the
literature.

This applies in particular to the framework presented in Becker and Tomes (1979), which still
underlies much of the theoretical work in the literature. As it contains only a scalar measure of
human capital it cannot capture implications that stem from the existence of multiple transmission
mechanisms. Becker and Tomes also emphasize market efficiency, and the noise term that represents
income luck is eliminated altogether in descendants of their model such as Solon (2004), where human
capital is assumed to transform perfectly into income. I showed that both these simplifications lead us
to underestimate long-run persistence.’

"These findings support arguments made by Goldberger (1989), who notes that an explicit consideration of utility max-
imization behavior of parents (as in Becker and Tomes, 1979) to motivate “mechanical” transmission equations may not
provide additional implications and may then distract from the assumed properties of those equations. The Becker and
Tomes model in general and its modified descendants in particular lead to transmission equations that are much simplified
compared to earlier models in the literature, which did contain noise terms to capture market luck and multiple inheritance
mechanisms (e.g. Conlisk, 1969).



An additional generation. These results do not rely on the existence of independent higher-order
causal effects, such as from grandparents on their grandchildren. I assumed throughout that the inter-
generational transmission process has a memory of only one generation. From the observation that
(ﬂ_l)2 < [B_2 we can therefore not conclude, as for example Lindahl et al. (2012) do, that the inter-
generational transmission process has a memory of more than one generation. The intuition that such
higher-order effects raise long-run persistence is however correct. To see this assume that offspring
human capital depends on both parents and grandparents, such that equation (3) becomes

et = A1et-1 + A€o + vy, (20)

with A_a > 0. Assuming stationarity the parent-child elasticity equals

_ o A
Boa=rp <1_M>, @

Consider parameterizations that yield the same intergenerational elasticity as the previous model, such
that A = A_1 /(1 — A_2). The grandparent-grandchild elasticity,

Boo = p* A% + p?Aa(1 — A?), (22)

is then greater than the respective elasticity in the baseline model (assuming p > 0 and A < 1). This
simple example does not illustrate the various ways how grandparents may influence their grandchil-
dren, but it illustrates that such influence strengthens multigenerational relative to intergenerational
persistence.?

Parental investment. All previous results point to “excess persistence”, to the conclusion that ex-
trapolated intergenerational elasticities understate long-run persistence. But we can certainly think of
circumstances in which the opposite holds, for which I will give one example.

Assume that parental income or economic status have a causal effect on offspring; for example
indirectly through parental investments in offspring human capital , or more directly through reputa-
tion or networking effects on the labor market. Consider the first case, such that equations (2) and (3)
change into

Yt = per + Ut (23)
et = 0yi—1 +nei—1 + vy (24)

The parent-child and grandparent-grandchild elasticities then equal
B_1=pf+p*n
Bz = (pn+ p°0)(pn + 0).

Consider again parameterizations that yield the same level of 5_;, which requires < A (assuming
p > 0and 6 > 0). The extrapolation error,

A = (p* = 1)np, (25)

is smaller than the error in our first model (which equals (p? — 1)\3_1), but it will still be negative.
Our previous findings thus hold also when parental income and investment affect offspring human
capital.

8Mare (2011) suggests various mechanisms that could give rise to multigenerational effects and also touches on the
relationship between intergenerational and multigenerational measures of persistence.



Now instead assume that parental income has a direct effect on offspring income that is indepen-
dent of offspring characteristics, such that equations (2) and (3) change into

Yt = QYr—1 + Ter +uy (26)
et = )\61571 + V¢. (27)

The parent-child and grandparent-grandchild elasticities then equal

2\
Ba=0¢+ s
2
9 T
o = A
Bo=¢ +1—¢)\(¢+ ),
The extrapolation error equals
22 \? 2\

which in contrast to the previous examples may be positive, for example if ¢ > A. In this model,
income is affected by both parental income and ability, but offspring ability is affected exclusively by
parental ability. While the intergenerational persistence of economic status may be strongly affected
by the direct effect of income ¢, in the long run persistence will be dominated by the heritability of
ability A. If the former is large and the latter is small we have a system in which multigenerational
persistence is weaker than exponentiation of 5_; implies.

These two models illustrate that different beliefs about causal pathways of transmission are consis-
tent with different expectations about long-run mobility; one cannot have it both ways. For example, if
one believes that children from affluent families tend to fare better mainly because inherited traits and
parental investment raise their productive abilities then one should also expect that long-run mobility
is lower than exponentiated intergenerational elasticities imply. But genetic inheritance and parental
investment are mechanisms emphasized on the right wing of the political spectrum, in which the sig-
nificance of low intergenerational mobility estimates is challenged precisely by the argument that they
nevertheless imply high long-run mobility (see Mankiw, 2006). The opposite argument applies if one
believes that intergenerational persistence of income is predominantly due to mechanisms unrelated
to individual productivity, such as nepotism. For example, if income persistence is only due to the
direct influence of parental income then its decline over generations is indeed geometrically, and even
low levels of intergenerational mobility would imply rapid multigenerational regression to the mean.
One side’s favourite causal explanations for intergenerational correlations thus serve inadvertently as
an implicit endorsement of the other side’s beliefs about the extent of long-run mobility.

Conclusions

I analyzed the relationship between intergenerational and long-run mobility, and illustrated how its
properties depend on the nature of transmission between parents and children. Questions on mobility
across multiple generations are thus closely related to existing work on the causal pathways of trans-
mission. This relation is interesting in both ways: I noted what implications different transmission
processes have for multigenerational mobility, but one could turn the question around to consider how
a comparison of parent-child and grandparent-child elasticities may identify features of the causal
process.

Most of the discussion implies that the standard practice of extrapolating from intergenerational
elasticities understates long-run persistence in economic status. But that conclusion may appear frag-
ile, as I showed that one can find structures (functional form and parameter assumptions) that lead



to the opposite conclusion. Can we then only conclude that naive extrapolations of intergenerational
elasticities are misleading — the iterated regression fallacy — or can we also agree in which direction
we expect them to be biased? I believe the latter is possible if we take the extensive work on transmis-
sion mechanisms and determinants of income into account, as it places restrictions on the properties
of admissible structures.

I discussed the role of market luck and indirect transmission; of the multiplicity of skills and causal
pathways; of other ancestors such as grandparents; and of the causal effect of parental income or status.
I find that even small amounts of market luck (of factors that are orthogonal to individual abilities)
imply much less rapid multigenerational regression to the mean for a given level of intergenerational
mobility. I also noted why the role of market luck may be not negligible. Multiplicity of skills
also matters, as regression to the mean tends to slow down across generations if intergenerational
persistence is a product of various causal pathways. It will certainly decelerate if earlier ancestors
such as grandparents or their outcomes have an independent causal effect on offspring. Finally, we
have evidence that the causal effect of parental income is small (see Bjorklund and Jantti, 2009), and
we may expect that at least part of this effect works indirectly (e.g. through parental investments in
child human capital). Together these arguments imply that long-run persistence is higher, maybe much
higher than the standard interpretation of intergenerational elasticities implies.

This prediction and its underlying arguments also apply to mobility in other socio-economic out-
comes, such as educational attainment. Income has however an additional layer of complexity from
the role of prices, which constitute a source for imperfect correlation between inherited character-
istics and income. Extrapolations of income elasticities may thus tend to be more misleading than
extrapolations of elasticities of other socio-economic characteristics.

Data that allow estimation on mobility beyond two generations, such as between grandparents and
their grandchildren, are as yet scarce. But a number of promising empirical studies are in the making.
Some of the first available evidence does support the argument that multigenerational persistence is
higher than previously thought: Lindahl et al. (2012) find that persistence in education and income
over three Swedish generations is severely underpredicted by measures of intergenerational persis-
tence. Income elasticities are difficult to estimate even in the intergenerational case, as approximation
of lifetime income based on sparse data requires an understanding of income dynamics over the life-
cycle. But their findings are supported by Clark and Cummins (2012), who measures social status by
other socio-economic outcomes, finding high persistence in England over very long time intervals.
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