Counterfactuals

Robert A. Miller

Structural Econometrics

October 2026

Miller (Structural Econometrics) Lecture 4 October 2026



Introduction

Trends in home ownership, fertility, marriage, labor supply and education

@ The average age of a first-time home buyer was about 28 years old in
the 1970s, about 30 in the 1990's, and is now about 32.5.

@ This increase coincided with postponing marriage and fertility; the
average age of mother at first birth rose from 22 forty years ago to 24
two decades ago, and is currently about 26.

@ In contrast female labor-force participation rose from 48 percent in
1975, to 74 percent in 1995 and 76 percent in 2015, hours worked
following a similar pattern.

@ The median age of marriage and first birth practically coincide at
each of the four census points (1970,...,2000):

e but age at first home purchase is several years older

e and the gap between first birth and first home purchase widened a little
and then stabilized.
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Introduction

Figure 1 from Khorunzhina and Miller (2021)

Figure 1: Labor force participation rate by age for 1970 - 2000. “Star” denotes median age at first marriage,
denotes average age at first birth, “triangle” denotes average age at first homeownership. Apge at first
marriage is taken from the US Census Burean, age at first birth is taken from the National Vital Statistical
Reports (Mathews and Hamilton, 2002), age at first homeownership is computed from the PSID, whereas
labor force participation rates are taken from publications of the US Bureau of Labor Statistics (Toossi
2002, 2012).
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Introduction

More detail on time trends

@ Tracking over the decades, the median age at:

e first home purchase, first birth and second birth have all increased.
e second birth roughly tracks mean age at first home purchase.

@ The trend to postpone buying the first house is matched by a trend
to purchase a larger one:

o Loosely speaking there is a quantity/quality trade-off.
o Now larger houses are owned, but starting at a later age.

@ The rate at which households sell houses and transition to renting did
not change:

e In other words declining home ownership is synonymous with the trend
to purchase the first house later in life.
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Introduction

Figure 3 and 4 from Khorunzhina and Miller (2021)
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Introduction

More detail on the cross section

@ At any given age home ownership ranks from lowest to highest by
roughly tracking aggregate household weight:

e married with children
e married with no children
o single with children

e single with no children.

@ With regards labor supply the ordering from the most to the least is:

e single homeowners
e single tenants
e married females, whether they are homeowners or not.
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Introduction

Figure 2 from Khorunzhina and Miller (2021)
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Introduction

Contributing factors

@ There are potentially four main economic factors driving these trends.
@ Over these four decades:

© real wages rose.

@ the real interest rate declined.
@ housing prices rose and then fell.
@ females became more educated.
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Introduction

Figure 7 from Khorunzhina and Miller (2021)
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Introduction

The literature

@ The summary statistics, figure and tables above suggest fertility,
female labor supply and homeownership choices are related.

@ This notion that is widely acknowledged in the literature.

@ Indeed published empirical work analyze the pairwise choices of all
three permutations:

e Dynamic models of female labor supply and fertility: Hotz and Miller
(1988), Francesconi, M. (2002).

e Dynamic models of female labor supply and home ownership: Fortin
(1995), Munch, Rosholm and Svarer (2008).

e Home ownership and fertility: Haurin, Parcel and Haurin (2002), Ost
(2012), Dettling and Kearney (2014).

@ Nonetheless to the best of our knowledge, a dynamic life-cycle model
unifying these joint decisions has yet to be estimated.

@ Our analysis fills this gap.
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Introduction

Our approach

@ We develop a nonstationary dynamic model of household choices for:

Q fertility
@ female labor supply
@ first home purchase decisions.

@ The secular (nonstationary) drivers in this model include:

@ educational attainment

@ female wages (conditional on education)
© interest rates

@ housing prices

@ We use the PSID to estimate the preference parameters of the model.

@ We conduct counterfactual simulations on steady state economies
with the estimated preferences to decompose what happens when
each of the driving factors is changed.
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PSID sample characteristics

@ We use the PSID to conduct the analysis.
@ Table 1 summarizes differences between owners and tenants.
@ Compared to tenants, owners:

are older.

are more educated.

are more likely to be married.

have more children.

live in larger dwellings.

are less likely to be employed.

work fewer hours if they are employed.
earn more income if they are employed.
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Table 1 of Khorunzhina and Miller (2021)

Full sample Owners ]

Age 324 339
Education 13.0 13.0
Married 0.82 0.92
Number of children 1.53 1.67
Home ownership rate 0.64
House value for home owners 66,381
Annual rent for renters
Move to owned house 0.087

own-to-own** 0.062

rent-to-own™* 0.064
Move to rental house 0.126

rent-to-rent™*

own-to-rent™*
Number of rooms in dwelling 58 6.4
Labor force participation 0.753 0.736
Hours worked* 1497 1479
Labor income* 11,070 11,504
Number of observations 43,504 27,871
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Model

Discrete choices

@ Denote by:

b: € {0,1}, where by = 1 if a child is born at time t.

¢+ € R denotes nonhousing consumption, a continuous choice.
It € {O, 1}, where [t = 1 means female works at time t.

hy € {O, 1}, where hy = 1 means first home is purchased at t.

o If hy =1then hy =0forte {t+1,..., T}

@ Define homeownership by hf = Z§;11 hr. Then there are:

o eight (bt, It, ht) discrete choices combinations if hf = 0.
o effectively four (bt, It) combinations if hf = 1.

@ We label each possible choice permutation by dj: € {0,1} where:
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Framework

Preferences

@ We model household lifetime utility from t onwards as:

oo 7
— Z Z B dir exp(heul 4 bTuf’T + leul — per — €jr)

T=t j=0

where j indexes the discrete choices at T and:

B denotes the subjective discount factor.

ué’ indexes expected lifetime utility from purchasing first home.
ui’ indexes net expected lifetime utility of raising a child.

u4 indexes the current utility of current leisure.

© is the constant absolute risk aversion parameter.

€jr is a period T choice-specific disturbance with Jid density g (ejT).
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Framework

Preferences

@ We parameterize the index functions as:

ul = 0o+ 101 + befy + x: 103+ I._10,
+5¢ (05 + x106 + 5207 + s¢_105 + 1700 + If_1610)
Yo + Iy + X{7s
+hivs + (1 —me) hiy, + stys
ul = 8o+ X614+ hioy 4+ (1 — my) hid3 4 5:04 + 105
+1f [06 + x¢07 + hi0g + (1 — m¢) hidg + 1610 + 1] 1611]

ug

where s; measures house size in period t and:

o x; are fixed or time varying attributes (including marital status and ages
plus education of both spouses) along with previous fertility outcomes.

o m; € {0,1} is marital status with m; = 1 indicating married.

o [f €[0,1] is female labor supply in t where [} € (0,1] iff I = 1.
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Model

Budget constraint

@ Assume future spot prices and interest rates are known.
@ Denote by:

Wt household financial wealth at the beginning of period t.

¥t income from real wages paid to the female for work in period t.
yt other income in period t.

it the period t interest rate.

R(st, g¢) rent by tenants.

H(st, g¢) the house price, which depends on house size, quality and
aggregate factors.

@ Defining gross flows before consumption as:
Ye =ye+ye— (1= h) R(st, q:) — heH(st, gr)
the law of motion for disposable household wealth is:

(1+ it)il Wiba < Wity —
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Model Fit

One period forecasts

@ To check the model fit we:

@ solve the optimal decision rule model for the estimated parameters.
@ approximate PSID sample with an artificial population.
© simulate the artificial population one period forward using the first step.

@ Note there is only one set of time dummies in the model, for
estimating the base wage rate.
@ The model simulates the life cycle quite well but predicts:

too much house ownership at both ends of the lifecycle.

homes too small at beginning of life cycle and too large at the end.
a slight U bend in labor force participation not in the data.

too many births in the household early in the lifecycle.

@ The model also simulates calender time averages quite well, especially
the trends, but predicts:

e families are too large.
e home ownership occurs too early and homes are too big.
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Female Labor Supply, Fertility and Home Ownership

Figure 5 from Khorunzhina and Miller
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Female Labor Supply, Fertility and Home Ownership

Figure 6 from Khorunzhina and Miller
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Structural Estimates
Table 2 of Khorunzhina and Miller (2021)
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Structural Estimates

Utility from first home purchase

@ The utility of purchasing a first house is:

increasing in lagged (female) employment and education.
declining in births, even more so when crossed with work.
concave increasing with the number of children.

declining with the age of the youngest child.

lower for nonwhites, singles, reinforced by an interaction term.
increasing in husband's age but decreasing in his education.

o Conditional on purchasing a home, utility from a larger home:

is concave increasing.

increases with age, but declines with her education.

declines with age of husband but increasing in his education.
greater for nonwhites and singles.

increases with the number of children beyond one.

increases with the size of previous home.

declines with amount of time spent at work.
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Structural Estimates

Lifetime utility from giving birth

@ The benefits of having another child decline with

age.

age of the youngest child.
education.

being employed.

house size.

owning a home the previous period.

@ The benefits of having another child are greater for:

o white if married.
e nonwhite if not married.
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Structural Estimates

Fixed utility cost of participation and utility from leisure time

@ The current utility of leisure is concave increasing in leisure, and also
increasing in past leisure, consistent with previous studies.

@ The estimates pertaining to the effects of race, marriage education
and family composition are also in line with previous work:

increasing in marriage, especially for nonwhites.

declining in age.

increasing in education.

higher for nonwhites.

increasing in family size and declining in the age of the youngest child.

@ Homeowning and house size increase the benefit from leisure.
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Counterfactuals

The problem of predicting the future

o If the time series process is stationary, the probability distribution
characterizing the future is embodied in the past.

@ Stationarity is not an attractive assumption when there is
technological progress and secular demographic shifts.

@ Except in special cases we cannot infer probability distributions
characterizing the future from the data on nonstationary time series.

@ We can nevertheless solve for hypothetical economies in which the
unknown nonstationary processes generating the data are replaced
with time series processes we specify.

@ This study inoculates the counterfactual analysis against the
unbalanced (PSID) sample and buffering from aggregate effects by
comparing two steady state economies.

@ Here we compare the long term differences of permanent shifts; we
could also compute transitions from one steady state to the other.
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Counterfactuals

Two steady state economies

@ One benchmark stationary economy somewhat resembles the (PSID)
economy in 1971. We:
e generate an artificial population of 23 year olds that approximates the
population distribution of that age group within the PSID.
o set their preference parameters to our estimates.
o fix the wage premium from education, housing prices, and the interest
rate at the 1971 values.
e successively apply the optimal rule for 25 years to attain a steady state
economy (when supplemented by immigration).
o Coincidentally the aggregate statistics for this benchmark stationary
economy are remarkably close to the corresponding analogues:
o for the PSID in 1971,
e and for the U.S. economy at large at that time.
@ The other benchmark economy replaces the 1971 wage rate, housing
prices, and interest rate with their 1991 values, but leaves the
demographic composition unchanged.
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Counterfactuals

Changing wages, education, home ownership prices and interest rates

@ We compare the benchmark 1971 stationary economy with a
stationary economy where:

@ base wages increase to the 1991 level (almost double their 1971 level):
=—>first home purchase postponed, labor force participation increases,
births fall.

@ education attainment increases by 1.5 years:

—first home purchase brought forwards slightly, labor force
participation increases, births fall.

© housing prices increase by 15 percent:
=—>first home purchase postponed, labor force participation slightly
increases, births barely affected.

@ the interest rate increases from 4.88% (1971) to 5.87% (1991):
—first home purchase brought forwards, reduces labor force
participation falls, births increase.
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Counterfactuals

Table 4 of Khorunzhina and Miller (2021)

COUNTERFACTUAL SIMULATION RESULTS

Average age al LEP{%)

Firstchild ~ First homeownership Before age 35 After age 35

Benchmark in 1971 ny 280 i 67
Benchmark in 1991 B3 18 N i

A Wage asin 1991 b 03 §7 &
B. Education level as in 1991 n1 13 bl 67
(. House prices as in 191 09y 84 n 68
D. Interest rate as in 1991 n3 10 n 55
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Technical Details

State variables

@ The household directly controls some state variables, including:

o W, current financial wealth.
o (bt,...,bt_18) family composition.
o hj (first) home ownership.

@ The other state variables include:

o st house size, a Markov process with transition density f (s¢|st—1)
when the household rents, and when household owns, sy = s;_1.

o i ; €[0,1] female lagged labor supply.

e @: aggregate variables for housing prices.

o Y: wage rates.

e B; current price of a bond in t paying one consumption unit each
period into perpetuity.

e D fixed demographics for each woman including age and education.

@ Summarizing the state variables are (z;, W;) where:

Zy = (D, Bt, qt, Yt, bt: . bt_]_g, Atv St, lt—].)
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Technical Details

Conditional choice probabilities (CCPs) and the irrelevance of wealth

In period t the household:

o observes (z;, W;) and chooses ct,
o then observes €; = (eo¢, ..., €7¢), and takes action j, a (bt, It, ht)
combination if hf = 0 or a (b, d¢) combination if h} = 1.

o Denote by (b2, 12, h?) and (b?, [?) the discrete choices that along
with the optimal consumption choices, ¢/, solve the household's
problem.

o Integrating over € let Pj; (z;, W;) denote the probability the optimal
choice at year t conditional on (z;, W;) is j.

@ The theorem below implies Pj; (z, W;) does not depend on W;.
o We write the CCPs as pji (z:) = Pjt (z:, W;) for all W.

@ It follows from assuming an interior solution for consumption given
exponential utility.
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Technical Details

Consolidating the notation

@ Define yj;, gross flows before consumption, as:
Vi =yt +y: — (1 —h) R(st, qe) — heH(st, q¢)

for choice j matching (by, I+, hy).
o Let aj (z;) denote choice specific log utility:
lth (Zt) = htU? + btuf -+ /tU{,
o Finally let zt(i)s denote the value of the state vector at t + s from
following the decision sequence (dj, do,t+1, - .., do,t+s) applied to z.
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Technical Details

Representation theorem (Gayle, Golan and Miller, Econometrica 2015)

@ The optimal discrete choices maximize:
: )
Y d [P)’jt —wje (zt) — (Br — 1) In A (2)1) + ejt}
j=0

where:

o At (zt) is an index of household capital defined as:

. _1
Z pjt Zt lXJt zt) ‘D_y_/t]/Bt E; |: ﬁejt/Bt:| At+1 (ZE‘QI)I Bt

0 0 l/BT+1
At (zra) =1 7 %ie (Zg ))

o Note A; (z:) > 0 and A (z:) | as yje T (higher income & lower rent).
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Technical Details

Identification (Arcidiacono and Miller, J. of Econometrics 2020)

@ The parameters are identified given a pdf for €; = (€t ..., €7¢) and
normalizing constants for each (t, z;).

@ We assume €j; is independently and identically distributed as a TIEV
with location and scale parameters (0, 1).

@ It is well known that in this case:

In [Pjt (z¢)

Pot (Zt)

Ar+1 (Zt({F)l)
Ats1 (4@1)

@ The model exhibits finite dependence: if any two choices j and k are
both followed by the zero choice for as long it it takes for a child to
grow up, the state variables are equalized, implying:

Aty (4@18) = Att1 (Zt(i)ls)

} = p (yjt — yor) —aje — (Br — 1) In
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Technical Details

Finite dependence (Arcidiacono and Miller, Quantitative Economics 2019)

o Estimation is based on successively telescoping
In [At+1 <zt(ﬂr)1> /At+1 (4@1)] into the future out to T = 18.
e Foreachje {1,..., 7} and t € {1,..., T} we prove:

In [Pjt (z¢)

Pot (Zt)

] =0 (Yjr — Yor) — &t

pos (2

@ This is a linear estimation problem (with a closed form solution):

o Obtain cell (or smoothed kernel) estimators for pj; (zt).
e Use a minimum distance estimator for the (9, Y. 6, p) vector.
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Concluding Remarks

What is missing from the model?

@ Household capital and production is given short shift:
e Marriage is exogenous and males are appendages to females.
e The local public goods nature of home ownership is ignored.
e Household appliances and processed food reduced the value of
domestic labor, and hence homeownership.

@ There is no role for wealth:
e because of the exponential utility assumption.
o PSID data on wealth is poor (for this period).
o Market failure never occurs:

o We study a period of relative stability in the real estate industry.

e Homes are collateral, mitigating the effects of short term liquidity.

e What about the subprime mortgage market, a contributing factor to
the housing crash of 20087

@ The counterfactuals are computed in partial equilibrium:

e The supply of new homes by the construction industry is ignored.
e The demand for homeownership from single males is missing.
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Concluding Remarks

Why was the American Dream delayed?

@ Rising housing prices partly explains why homeownership was
postponed.

@ Two other factors played an indirect role:

@ Female wage rates increased substantially over this period.
@ Females became more educated.

@ Time spent at home:

e increases the value of homeownership.
e is an input in raising children.
@ These two factors increased the opportunity of raising children and
staying home, reducing fertility and the value of homeownership.

@ It remains to be seen whether future research incorporating the factors
mentioned on the previous slide will overturn these basic findings.

Miller (Structural Econometrics) Lecture 4 October 2026 36 / 36



