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Abstract

Choo and Siow (2006b) (CS here after) proposed an empirical implementation of the

Becker-Shapley-Shubik transferable utility model of marriage matching. When com-

puting counterfactual experiments, CS and its generalization have taken the standard

approach of first estimating the structural parameters before computing the counter-

factual experiments. In this paper, we show that for the CS and some related models,

certain types of counterfactual experiments are identified without estimating the struc-

tural parameters. Our new approach of identifying the counterfactuals reformulates

the CS style model into a system of equations with the ratio of counterfactual to ob-

served equilibria as unknowns. This system of equations are free from the structural

marital gain parameters. These models in equilibrium all generate marriage matching

functions with two properties - the structural parameters enter multiplicatively and the

functions are homogenous of degree k. We formalize our model and show existence and

uniqueness of equilibrium for our approach. We illustrate our framework by analyzing

the impact of the elimination of the Social Security Student Benefit Program in 1982

on college attendance and the marriage market.

1 Introduction

One of the reasons researchers build and estimate structural models is to perform counter-

factual experiments. In the context of the marriage market, researchers are often interested

in how the marriage distribution change in response to a change in the number of available
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single individuals. These policy changes are assumed to leave the marriage surplus param-

eters unchanged.1In this paper, we explore the identification of the counterfactual marriage

distribution under such policy experiments in the Choo and Siow (2006b) (CS here after)

style marriage matching models. We show a previously undocumented property for these

type of models. Specifically we show these types of counterfactual experiments are identified

without estimating the structural parameters.

CS proposed an empirical implementation of the Becker-Shapley-Shubik transferable util-

ity model of marriage matching. It adopts the discrete choice framework with additively

separable utilities and only requires that the researcher observes aggregate matches by dis-

crete types or classes of individuals. The highly tractable model generates a simple closed

form estimator for the marital surplus parameters. These structural parameters are non-

parametrically identified from a single cross section of aggregate matches. A number of

papers have proposed generalizations to this framework, they include Galichon and Salanié

(2012), Chiappori et al. (2015), Choo (2015), Graham (2013), Graham (2011), Fox (2008)

and Dupuy and Galichon (2014) among others. When computing counterfactual experi-

ments, CS and these generalization have taken the standard approach of first estimating the

structural parameters before computing the counterfactual experiments. This estimation

strategy implicitly assumes that the identification of the counterfactual experiment requires

the identification of the structural parameters.

The CS style marriage matching functions have two distinct properties. These functions

are homogenous of degree k and the structural parameters enter multiplicatively. These two

properties allows the counterfactual equilibrium to be computed from the intersection of a

ray from the origin and the accounting constraints of the marriage market. This computation

doesn’t require knowledge about the structural parameters.2 Besides the CS model, other

commonly used marriage matching models also share this property. These include Menzel’s

(2015) non-transferable utility model with discrete characteristics, Chiappori et al.’s (2015)

1For example, Choo and Siow (2006a) looked at how the arrival of the babyboomers had affected the mar-
riage and cohabitation distribution by age in Canada, Persson (2015) investigates how the announcement of
the dissolution of survivorship benefits affected the marriages of widows in Sweden, and Gayle and Shephard
(2016) looks at how tax changes affected labour supply, time allocation decisions within households and the
marriage distribution

2This is akin to computing new consumption bundles under new price schedules when preferences are
homothetic.
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heteroskedastic transferable utility model and Choo’s (2015) dynamic marriage matching

model. Our new approach reformulates the CS style model into a system of equations with

the ratio of counterfactual to observed equilibria as unknowns. This system of equations are

free from the structural marital gain parameters. We formalize our approach and characterize

the identification of the counterfactual distribution as an equilibrium to a system of nonlinear

equations that is free from structural parameters. We prove existence and uniqueness of the

equilibrium outcome and use the algorithm proposed in Galichon et al. (2016) to compute

the equilibrium.3

We illustrate our framework by analyzing the impact of the elimination of the Social

Security Student Benefit Program in 1982 on college attendance and the marriage market.

In the United States, the Social Security Student Benefit Program established in the 1965

Congress provided financial aid for children of deceased, disabled or retired workers to attend

college.4 The elimination of this benefit program is one of the largest policy change in college

students’ financial aid in the United States. A number of papers have shown that this policy

change had a significant causal effect on reducing students’ college attendance and completion

among eligible students. Our goal in this empirical application to use our approach to

compute the counterfactual marriage distribution in 1987/88 had the Social Security Student

Benefit Program not been eliminated using the CS model. Using causal effect estimates from

the education literature, and our estimates of aid eligibility computed from the 1986 Current

Population Survey, we construct a counterfactual distribution of available single men and

women by age and education. We show that in this counterfactual scenario, there would have

been around 17,000 fewer marriages among high school graduates and 10,000 more marriages

among college graduates in 1987/88. Interestingly, marriages between college educated men

and high school educated women would also increase by around 4000 while the change for

marriages between college educated women and high school educated men is negligible.

The remainder of the paper is organized as follows. In Section 2, we introduce our

approach of identifying the counterfactual distribution using the CS model. Section 3 for-

3In the case of the CS model, we use the results from Decker et al. (2013), to show that this system of
strictly convex equations has a unique solution in the ratio of counterfactual to observed equilibria.

4Recipients need to be not married and enrolled in college fulltime. The financial aid is provided up until
the semester the recipient turns 22 years of age.
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malizes our approach by outlining a model together with the necessary assumptions and

showing existence and uniqueness for this class of models. In Section 3.1, we consider a sim-

ple (2× 2) example which illustrates our identification strategy intuitively. Section 4 applies

our approach to other commonly used marriage matching models in the literature. Section

5 illustrates our approach by investigating the the impact of the elimination of the Social

Security Student Benefit Program in 1982 on college attendance and the marriage market.

Section 6 concludes. All details about the data construction and proofs of our main result

are left to the Appendix.

2 Identification of Counterfactuals in the CS model

We first illustrate our idea by using the CS matching model. Then in the next section, we

will formalize our approach to more general matching models.

Consider a society consisting of men and women who are horizontally differentiated by

their observable types, which are assumed to be discrete and finite. The type of men is

indexed by i ∈ I ≡ {1, · · · , I} and the type of women is indexed by j ∈ J ≡ {1. · · · , J}.

A single type i man g maximizes his utility by choosing between matching with a woman

of one type belonging to J or remaining single. His decision problem is represented by,

maxj∈{0,J} {Ui0g, Uijg}, where Ui0g is his utility from remaining single and Uijg (for all j ∈ J )

is the utility g gets from choosing a type j woman. Notice that Uijg is specific to person

g and depends only on the type of matched woman. The utility from remaining single is

normalized to be Ui0g = εi0g, an idiosyncratic taste shock from remaining single. His utility

from marrying with a type j woman is given by Uijg = αij − τij + εijg, where αij is the

type-specific systematic utility of a type i man from choosing a type j woman, εijg is the

idiosyncratic taste shocks from marrying a type j woman, and τij is the transfer that a type

i man makes to a type j woman. Single women face a similar decision problem with utilities

having a similar structure as that of single men. The primary difference is that a type j

women who matches with a type i men receives the transfer, τij. At equilibrium, the transfer

τij should adjust to equalize the demand of type i men for type j women with the supply of

type j women to type i men.
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CS showed that if the idiosyncratic taste shocks are drawn from i.i.d. Type I Extreme

Value distribution, the equilibrium number of matches between type i men and type j women

is given by a marriage matching function of the form,

µij(µi0, µ0j; πij) = exp [πij/2]
√
µi0µ0j, ∀ i ∈ I, j ∈ J , (1)

where µi0 and µ0j are the equilibrium numbers of type i men and type j women who choose

to remain single respectively; πij = αij + γij is the total systematic matching utility to an

(i, j) married couple where γij is the type-specific systematic utility type j women gets from

matching with a type i man. The matching equilibrium can then be defined by the following

system of equations with µi0 for all i ∈ I, and µ0j for all j ∈ J , as unknowns.

µi0 +
∑
j∈J

µij(µi0, µ0j; πij) = mi, ∀ i ∈ I, (2)

µ0j +
∑
i∈I

µij(µi0, µ0j; πij) = fj, ∀ j ∈ J . (3)

mi and fj are the number of type i men and j women in the population respectively. The

system of equations (2) and (3) are accounting equations stating that the equilibrium num-

bers of matches and individuals who choose to remain single should equal the number in

the population for each type agents. Once we solve for the (I + J) equilibrium unknowns,

(µi0, µ0j), using the (I + J) system of equations, the equilibrium numbers of (i, j) marriages

µij, is given by the matching function (1).

Consider now a counterfactual policy that changes the population vectors of men and

women to m′i and f ′j. The goal in counterfactual analysis is to compute the new equilibrium

marriage distribution, µ′ij, µ
′
i0, and µ′0j, under the new counterfactual population distribution,

m′i and f ′j. CS proposed the standard approach used in the structural econometrics literature.

We first estimate the model primitives (the total systematic matching utilities, πij) using

the observed marriage distributions, µij, µi0, and µ0j, and then compute the new equilibrium

µ′ij, µ
′
i0, and µ′0j under the counterfactual population vectors (m′i, f

′
j) using the equilibrium

conditions (1)-(3). Decker et al. (2013) and among others have shown that the equilibrium

to the CS model exists and is unique.
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Consider a new alternative approach of constructing the counterfactual equilibrium that

does not require the estimation of the model primitives, πij. Equation (1) clearly holds for

all (i, j) pair types at both the observed and counterfactual equilibria. Consider taking a

ratio of equation (1) at the counterfactual equilibrium (µ′ij, µ
′
i0, µ

′
0j) relative to the observed

equilibria (µij, µi0, µ0j). We will also refer to the ratio of counterfactual to observed equilibria,

or change in a variable. This yields a parameter free equation for every (i, j) pair,

µ̂ij =
√
µ̂i0µ̂0j, (4)

where ‘hat’ denotes the change in a variable, that is x̂ ≡ x′/x. This equation states that the

changes in equilibrium (i, j) matches depends only on the changes in the equilibrium number

of type i men and type j women who choose to remain single and not on the systematic

marital gains, πij.

Similarly, both the actual and counterfactual matching equilibria must satisfy the model

restrictions given by equations (2)-(3). Consider first taking a ratio of equations (2) and (3)

evaluated at the counterfactual equilibrium (µ′i0, µ
′
0j) relative to the same equations evaluated

at the observed equilibrium (µi0, µ0j) and then substituting in equation (4). This yields a

new system of equations in terms of changes in the numbers of men and women who choose

to remain single,

pi0µ̂i0 +
∑
j∈J

pij
√
µ̂i0µ̂0j = m̂i ∀i ∈ I, (5)

q0jµ̂0j +
∑
i∈I

qij
√
µ̂i0µ̂0j = f̂j, ∀j ∈ J , (6)

where the parameters pi0 = µi0/mi and pij = µij/mi are the observed equilibrium prob-

abilities that i type men remain single and marry with type j women respectively, and

q0j = µ0j/fj and qij = µij/fj are the probabilities type j women remain single and marrying

type i men, respectively. The new system of equations is also free of model primitives, the

systematic marital gains, πij. Applying Theorem 1 of Decker et al. (2013), this new system

of equations also has a unique real positive solution in the changes in unmarried men and

women, (µ̂i0, µ̂0j) for all types i ∈ I and j ∈ J . The new counterfactual equilibrium mar-
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riage distribution, (µ′i0, µ
′
0j, µ

′
ij) can be computed accordingly using the definition, x̂ ≡ x′/x

and equation (4).

Our approach highlights a previously undocumented new property of of the CS model,

that ratios in the equilibrium numbers of unmarried men and women can be inferred from

the observed matching equilibrium using the system of equations given by equations (5) and

(6), which themselves are free of the model primitives. In the next section, we formalize our

new approach and provide the conditions where our result holds. We also consider other

important matching models where our approach applies.

3 Identification of Counterfactuals in Marriage Match-

ing Models

In this section, we formalize the ideas behind our identification strategy. We also provide

some intuitions underlying our results and show how our strategy applies to some important

matching models in the literature. We provide the conditions for the existence and uniqueness

of the counterfactual equilibrium. While many matching models differ substantially in their

modelling setups,5 these models typically generate an equilibrium matching function. As

such, instead of putting structure on utilities of agents, we consider the matching function

as a primitive of our model. We begin by defining restrictions on the matching functions.

Consider a model setup that the equilibrium delivers a matching function for heterosexual

matches between horizontally differentiated men and women.6 We maintain the same defini-

tion for µij, µi0, µ0j, mi and fj as discussed earlier. Let m ≡ (mi)i∈I and f ≡ (fj)j∈J denote

the observed population vectors of available men and women, respectively. µ ≡ (µij)i∈I,j∈J

refers the observed matching distribution, µ0 ≡ (µi0, µ0j)i∈I,j∈J denotes the vector of ob-

served men and women who choose to remain single and π ≡ (πij)i∈I,j∈J denotes the matrix

of model primitives of matching surpluses for all matches in the system.

Consider a general matching function, Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j); πij) for all i ∈
5For example, CS and other extensions assumes the transferable utility framework while Menzel (2015)

assumes a non-transferable utility structure
6We put no restriction on how matches are generated. Instead we take the equilibrium matching function

as the model primitive.
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I and j ∈ J , where Θ(i, j) =
(
µ
θ(i,j,1)
10 , .., µ

θ(i,j,I)
I0

)′
is an I×1 vector of power functions of the

equilibrium number of single men, Ω(i, j) =
(
µ
ω(i,j,1)
01 , .., µ

ω(i,j,J)
0J

)′
is a J × 1 vector of power

functions of the equilibrium number of single women, Υ(i, j) =
(
m
υ(i,j,1)
1 , ..,m

υ(i,j,I)
I

)′
is an

I × 1 vector of power functions of available men, Λ(i, j) =
(
f
η(i,j,1)
1 , .., f

η(i,j,J)
J

)′
is a J × 1

vector of power functions of available women. The parameters, θ(i, j, k), ω(i, j, r), υ(i, j, k),

and η(i, j, r) ∈ R for all i, k ∈ I and j, r ∈ J are assumed to be known in advance. The

matching function Mij(·) maps the equilibrium number of endogenously determined number

of unmatched single men and women, µ0, and the exogenously given numbers of available

men and women (m,f) to the numbers of matched couples, µij,
7 that is

µij = Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j);πij), ∀ i ∈ I, ∀ j ∈ J . (7)

It is also worth noting that Θ(i, j) and Ω(i, j) are functions of endogenous quantities µ0 while

Υ(i, j) and Λ(i, j) are functions of predetermined quantities, m and f . These equilibrium

quantities must also satisfy the following accounting equations given by

µi0 +
∑
j∈J

µij = mi, ∀ i ∈ I, (8)

µ0j +
∑
i∈I

µij = fj, ∀ j ∈ J . (9)

We can now define a matching function equilibrium by substituting equations (7) into

equations (8) and (9). Since the matching models has been reformulated in terms of the

matching function Mij(·), accordingly the matching equilibrium can also be characterized

by the matching function equilibrium defined by,

Definition 1. A matching function equilibrium is a solution of the following equation systems

7All our examples of matching models discussed in the next section can be formalized as match-
ing functions in this format. For example, in the CS model, Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j);πij) =
exp[πij/2]

√
µi0µ0j , θ(i, j, i) = 1, ω(i, j, j) = 1 and all other θ(i, j, ·), ω(i, j, ·), υ(i, j, ·), and η(i, j, ·) are zeros.
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with unknowns µi0 and µ0j,

µi0 +
∑
j∈J

Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j);πij) = mi, ∀ i ∈ I, (10)

µ0j +
∑
i∈I

Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j); πij) = fj, ∀ j ∈ J. (11)

We now make two assumptions about the matching function, Mij(·). Assumption 1

restricts it to be multiplicatively separable in the matching surpluses.

Assumption 1. The matching function can be written as, Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j); πij) =

f(πij)Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j)) for any real values πij and f(πij) > 0.

The function Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j)) refers to Mij(·) when πij = 1. Assumption

2 further restricts Mij(·) to be a homogeneous function. More formally:

Assumption 2. The matching function Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j); πij) is homoge-

neous of degree k ∈ Z in µ0,

The matching function in the CS model, given in equation (1) is homogeneous of degree

one, while the matching function in Menzel (2015), µij = exp [πij]µi0µ0j is homogeneous of

degree 2.8

Consider now an exogenous policy change that changed the population vectors (m,f)

while leaving the model primitives, π, unchanged. We denote the new population vectors

under the counterfactual policy by m′ and f ′, and the corresponding matching distributions

by (µ′,µ′0). To obtain the counterfactual matching distributions (µ′,µ′0), the standard

approach (as in CS) is to first identify and estimate the model primitives, π, using the

observed matching distribution. Given an estimate of π, we can calculate the counterfactual

matching distributions under the new population vectors m′ and f ′ by using equations (10)

and (11).

Our new approach consists of two steps. In the first step, Assumptions 1 and 2 allow the

ratio of the matching function evaluated at the counterfactual equilibrium relative to the

8It is well known that a monotonic transformation of a homogenous function is a homothetic function.
Therefore, in a graph on the space of (µi0, µ0j), the matching number in any equilibrium µij will lie in a line
from the origin.

9



observed equilibrium to be free of model primitives. In the second step, we substitute this

ratio of matches into the system of accounting equations (10)-(11) generating equations in

terms of ratios of unmarrieds at the counterfactual equilibrium relative to the observed

equilibrium. This new system of equations in terms of ratios of unmarried at the two

equilibria is also free of model primitives, π. We show that this new system has a unique

solution in terms of the ratio of unmarrieds. We subsequently use this equilibrium ratio of

unmarrieds to calculate the changes in the matching distributions between the observed and

counterfactual equilibria. We now formally present these two steps.

Recall the notation on the changes of any variables: x̂ ≡ x′/x. Assume that (m,f) are

exogenously given9. Consider taking the ratio of the matching function (7) at the counter-

factual equilibrium (µ′,µ′0,m
′,f ′), relative to the observed equilibrium (µ,µ0,m,f). The

ratio of (i, j) matches is given by,

µ̂ij =
Mij(Θ

′ (i, j); Ω′ (i, j); Υ′(i, j); Λ′(i, j); πij)

Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j);πij)

=
f(πij)Mij(Θ

′ (i, j); Ω′ (i, j); Υ′(i, j); Λ′(i, j))

f(πij)Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j))

=
Mij(Θ

′ (i, j); Ω′ (i, j); Υ′(i, j); Λ′(i, j))

Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j))
. (12)

The vectors Θ′(i, j), Ω′(i, j), Υ′(i, j), and Λ′(i, j) refer to the corresponding unprimed vec-

tors evaluated at new counterfactual equilibrium (µ′,µ′0,m
′,f ′). The second equality comes

from Assumption 1. Let Φ(·) be defined by,

Φ(a, b, c, d) ≡
I∏

k 6=a

µ
θ(i,j,k)
k0

J∏
r 6=b

µ
ω(i,j,r)
0r

I∏
l 6=c

m
υ(i,j,l)
l

J∏
s 6=d

f η(i,j,s)s . (13)

Notice that Φ(·) is a function of observed quantities (m,f ,µ0). We divide the numerator

and denominator in equation (12) by each element of the vectors Θ(i, j), Ω(i, j), Υ(i, j), and

Λ(i, j). Since Mi,j(·) is a homogeneous function, the ratio of counterfactual (i, j) marriages

9Some models allow for the supplies of available men and women, (m,f) to be endogenously determined.
For example, Choo (2015), also solves for an equilibrium supply of available men and women consistent with
the matching equilibrium. In Section ?? of the Appendix, we outline our procedure for the model in Choo
(2015) where the number of available men and women are endogenously determined.
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to the observed (i, j) marriages is then given by,

µ̂ij =
Mij(Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j))

Mij(T(i, j);W(i, j);V(i, j);N(i, j))
, ∀ i ∈ I, j ∈ J . (14)

where
(
Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j)

)
are vectors of functions of (µ̂0, m̂, f̂), and

(
T(i, j);

W(i, j); V(i, j); N(i, j)
)

are vectors of functions of purely observed quantities (µ0,m,f).

Specifically, the vectors

Θ̂(i, j) =
( µ̂

θ(i,j,1)
10

Φ(1, 0, 0, 0)
,

µ̂
θ(i,j,2)
20

Φ(2, 0, 0, 0)
, . . . ,

µ̂
θ(i,j,I)
I0

Φ(I, 0, 0, 0)

)
,

Ω̂(i, j) =
( µ̂

ω(i,j,1)
01

Φ(0, 1, 0, 0)
,

µ̂
ω(i,j,2)
02

Φ(0, 2, 0, 0)
, . . . ,

µ̂
ω(i,j,J)
0J

Φ(0, J, 0, 0)

)
,

Υ̂(i, j) =
( m̂

υ(i,j,1)
1

Φ(0, 0, 1, 0)
,

m̂
υ(i,j,2)
2

Φ(0, 0, 2, 0)
, . . . ,

m̂
υ(i,j,I)
I

Φ(0, 0, I, 0)

)
,

Λ̂(i, j) =
( f̂

η(i,j,1)
1

Φ(0, 0, 0, 1)
,

f̂
η(i,j,2)
2

Φ(0, 0, 0, 2)
, . . . ,

f̂
η(i,j,J)
J

Φ(0, 0, 0, J)

)
,

and

T(i, j) =
( 1

Φ(1, 0, 0, 0)
,

1

Φ(2, 0, 0, 0)
, . . . ,

1

Φ(I, 0, 0, 0)

)
,

W(i, j) =
( 1

Φ(0, 1, 0, 0)
,

1

Φ(0, 2, 0, 0)
, . . . ,

1

Φ(0, J, 0, 0)

)
,

V(i, j) =
( 1

Φ(0, 0, 1, 0)
,

1

Φ(0, 0, 2, 0)
, . . . ,

1

Φ(0, 0, I, 0)

)
,

N(i, j) =
( 1

Φ(0, 0, 0, 1)
,

1

Φ(0, 0, 0, 2)
, . . . ,

1

Φ(0, 0, 0, J)

)
,

where only Θ̂(i, j) and Ω̂(i, j) are functions of endogenously determined µ̂0. Equation (14)

shows that µ̂ij can be written as a function of unknowns (µ̂0, m̂, f̂) and observed (µ0,m,f)

without the model primitives, πij, for all i ∈ I and j ∈ J .

We next introduce µ̂ij into the system accounting equations (10) and (11) and ex-

press them in terms of ratios of counterfactual quantities relative to observed quantities,
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(µ̂ij, µ̂0, m̂, f̂). This generates the following system of equations,

pi0µ̂i0 +
∑
j∈J

pij
Mij(Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j))

Mij(T(i, j);W(i, j);V(i, j);N(i, j))
= m̂i, ∀i ∈ I, (15)

q0jµ̂0j +
∑
i∈I

qij
Mij(Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j))

Mij(T(i, j);W(i, j);V(i, j);N(i, j))
= f̂j, ∀j ∈ J . (16)

This system of I + J nonlinear equations has I + J unknowns µ̂i0 and µ̂0j for all i ∈ I and

j ∈ J . If a unique solution in µ̂i0 and µ̂0j to this system of equations exist, we can then

accordingly solve for the unique numbers of agents who choose to remain single under the

counterfactual equilibrium using µ′i0 = µ̂i0µi0 and µ′0j = µ̂0jµ0j. Hence, this would imply that

the counterfactual matching equilibrium is uniquely identified from the observed matching

equilibrium without knowing the model primitives.

The final issue left for our approach to work is to show that the system of equations

(15) and (16) indeed has a unique solution in µ̂i0 and µ̂0j for all i ∈ I and j ∈ J . Galichon

et al. (2016) showed the existence and uniqueness of the matching function equilibrium in

Definition 1. We extend their approach to our case and show that the solution of µ̂i0 and

µ̂0j for all i ∈ I and j ∈ J satisfying (15) and (16) exists and is unique. To do so, we need

to make further restrictions on the matching function Mij(·), given by Assumption 3.

Assumption 3. For every pair (i, j) with i ∈ I and j ∈ J ,

(i) Map Mij: (Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j))→ Mij(Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j)) is con-

tinuous.

(ii) Map Mij: (Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j))→Mij(Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j)) is weakly

isotone in the vectors of functions in terms of the endogenous ratios of singles in counter-

factual and observed equilibria (Θ̂(i, j); Ω̂(i, j)), meaning if Θ̂(i, j) ≤ Θ̂(i, j)′ and Ω̂(i, j) ≤

Ω̂(i, j))′, then

Mij(Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j)) ≤Mij(Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j)).
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(iii) For any Θ̂(i, j) > 0, denoting any element in vector Ω̂(i, j) by a,

lim
a→0+

Mij(Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j)) = 0.

For any Ω̂(i, j), denoting any element in vector Θ̂(i, j) by b,

lim
b→0+

Mij(Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j)) = 0.

Under Assumption 1, 2, and 3, there exists a unique solution of µ̂i0 and µ̂0j for all i ∈ I

and j ∈ J satisfying the system of equations (15) and (16). The result is formally stated in

Theorem 1.

Theorem 1. Under Assumptions 1, 2, and 3, there exists a unique solution of the nonlinear

equations system defined by (15) and (16) with I+J unknowns µ̂i0 and µ̂0j for all i ∈ I and

j ∈ J .

Proof. See Appendix.

The proof first shows the existence of a solution of µ̂i0 and µ̂0j, and followed by the uniqueness

of the solution. Our existence result borrows heavily from Galichon et al. (2016). The authors

proposed a computational algorithm which converges to the solution of equations (15) and

(16). For uniqueness, we rewrite equations (15) and (16) as a demand system and show that

it is an inverse antitone. This allows us to apply the uniqueness result in Berry et al. (2013).

Using Theorem 1, we summarize our main result in Proposition 1.

Proposition 1. Under Assumptions 1, 2, and 3, the new matching equilibrium µ′ satisfying

the equilibrium conditions (7)-(9) under some counterfactual population vectors, m′ and f ′,

are identified without knowing the model primitives, the matching surpluses.

Proposition 1 exploits that the fact that both the observed and counterfactual matching

equilibria must satisfy the equilibrium conditions (7)-(9). This restriction allows us to trans-

form these equilibrium conditions in terms of ratios of the counterfactual relative to the

observed equilibria which are free of the model primitives. By circumventing the need to

13



estimate model parameters, our approach has the computational advantage of when per-

formimg counterfactual analysis especially in models where the estimation and identification

of the model primitives are challenging.

3.1 An Intuitive (2× 2) Example

We now illustrate the intuition in Proposition 1 by using a simple example with two types

of men and two types of women.10 Denote the two types of men and women by i ∈ {1, 2}

and j ∈ {1, 2}, respectively. Let (µ∗i0, µ
∗
0j, µ

∗
ij) denote the observed matching distributions

for i ∈ {1, 2} and j ∈ {1, 2}. Consider a change in the population vectors from (mi, fj) to

(m′i, f
′
j) driven by an exogenous counterfactual policy. We will show that the new matching

distributions in equilibrium, denoted by (µ
′∗
i0, µ

′∗
0j, µ

′∗
ij), for all i ∈ {1, 2} and j ∈ {1, 2}, are

fully determined from the observed matching distributions (µ∗i0, µ
∗
0j, µ

∗
ij).

We will focus our discussion on how (µ
′∗
11, µ

′∗
10, µ

′∗
01) are determined. Using a graph in

(µ10, µ01) space, notice that µ
′∗
11, µ

′∗
10, and µ

′∗
01 are determined by the intersection of two

lines induced by the properties of the matching function and the accounting equations,

respectively. Assumptions 1 and 2 restricts any matching equilibrium number to lie on a

ray from the origin. The second line is traced out by using the accounting equations (7)-(9).

The remaining unknowns, (µ
′∗
12, µ

′∗
10, µ

′∗
02), (µ

′∗
21, µ

′∗
20, µ

′∗
01), and (µ

′∗
22, µ

′∗
20, µ

′∗
02), are determined

in the same fashion.

Figure 1 illustrates how (µ
′∗
11, µ

′∗
10, µ

′∗
01) are determined. Since the matching function

is homogenous in terms of the numbers of men and women being single, both the observed

matching number (µ∗11, µ
∗
10, µ

∗
01), and the counterfactual matching number (µ

′∗
11, µ

′∗
10, µ

′∗
01) must

lie in a ray from the origin. This ray is determined from two points, the origin and the

observed (µ∗11, µ
∗
10, µ

∗
01)) without knowing the model primitives. The accounting equations

10Restricting ourselves to just two types of men and women allows us to graphically represent our identi-
fication strategy. The same intuition also applies to the case with more than two types of agents.
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Figure 1: Intuition on Identification in a (2× 2) Example.
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′
,f

′
)

(7)-(9) trace out the second line. Using these accounting equations, we can solve for µ
′∗
10,

11

µ
′∗
10 = φ̃1(µ

∗)µ
′∗
01 + φ̃1(µ

∗)φ̃2(m
′
,f
′
), (18)

where φ̃1(µ
∗) = µ∗10/(µ

∗
10 + µ∗20 − µ∗02) is a function of observed matching numbers, and

φ̃2(m
′
,f
′
) = m

′
1 − f

′
1 + m

′
2 − f

′
2 is a function of the new population numbers. Since the

counterfactual matching number (µ
′∗
11, µ

′∗
10, µ

′∗
01) must satisfy the homogeneity property and

the accounting constraints, it will lie on the intersection of the two lines. This simple (2×2)

example illustrates that the new counterfactual equilibrium is determined without knowing

the model primitives.

11The counterfactual matching numbers satisfying the accounting conditions give that

µ
′∗
10 − µ

′∗
01 = m

′

1 − f
′

1 +m
′

2 − f
′

2 − (µ
′∗
20 − µ

′∗
02). (17)

Both observed and counterfactual matching equilibrium numbers must lie in a Ray Line from the origin,
which gives us

µ
′∗
20

µ
′∗
02

=
µ∗20
µ∗02

,
µ

′∗
10

µ
′∗
02

=
µ∗10
µ∗02

.

Substituting them into equation (17) yields (18).
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4 Application to other Marriage Matching Models

In this section, we show that our approach applies to some important matching models in

the literature. In spite of the contrasting model setup, the equilibrium in each of these

examples delivers a matching function that satisfies the conditions of Proposition 1. We

first show that our approach applies to Menzel (2015)’s static matching model with non-

transferable utility when observed types of agents are discrete. Our approach also applies to

the dynamic marriage framework developed by Choo (2015). This is a transferable utility

dynamic matching model where agents type evolve endogenously and agent’s opportunity

to match is dynamic. Lastly, our approach applies to the heteroskedastic version of the CS

model developed by Chiappori et al. (2015). This extension allows for heteroskedasticity

in the idiosyncratic taste. The authors used this model to investigate the marital college

premium.

4.1 Menzel (2015)’s Matching Model with Discrete Characteris-

tics

Menzel (2015) proposes a static matching model with non-transferable utility where the

number of market participants grows large. The author provides conditions under which the

limit of the equilibrium matching distribution is related to the joint systematic utilities of

matched partners as the number of market participants grows to the limit. This relationship

is used to identify and estimate the model primitives, (that is, the joint systematic utilities

of matched partners,) from the observable matching distributions. While Menzel (2015)’s

results apply to markets with both discrete and continuous observed types of agents, our

approach applies to the case in which agents’ types are discrete.

Consider a matching market with a large number of women and men. The observed

discrete type of men and women are denoted by i ∈ I and j ∈ J , respectively. The numbers

of men with type i and women with type j are denoted by mi and fj, respectively. If a man

g of type i matches with a woman h of type j, the man and woman receive utilities given by

αij + εgh, and γij + ηgh, (19)
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respectively. If they choose to be single, their utilities are assumed to be

max
k∈H
{εg0,k}, and max

k∈G
{η0h,k}, (20)

respectively where G and H are the respective individual sets of men and women. The

idiosyncratic shocks εgh, ηghj, εi0,k, and η0j,k are independently drawn from Type I Extreme

Value distributions. Unlike the CS model where the idiosyncratic shock depends only on the

type and not the identity of the spouse, the idiosyncratic shock in Menzel (2015)’s model

depends on the identity of the matched partners. Menzel (2015) assumes market outcomes

are pairwise stable such that no potential match can make any two partners better off. Let

ug and uh denote the equilibrium utility of man g and woman h respectively. They are given

by,

ug = max

(
max
h∈H
{αij + εgh : vh ≤ γij + ηgh} ,max

k∈H
{εi0,k}

)
, (21)

vh = max

(
max
g∈G
{γij + ηgh : ug ≤ αij + εgh} ,max

k∈G
{ηi0,k}

)
. (22)

Menzel (2015) shows that if the idiosyncratic shocks are i.i.d. Type I extreme distribu-

tions, the equilibrium number of matches between different types of agents goes to a limit

matching function,12

µij = exp(αij + γij)µi0µ0j (23)

when the numbers of available men and women grow large. The model primitive is the joint

utilities of matched partners, πij = αij + γij. These joint utilities are sufficient to determine

the equilibrium matching distributions.

12It is easy to check that the matching function given by (23) is a special case of
Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j);πij) with θ(i, j, i) = 1, ω(i, j, j) = 1 and all other θ(i, j, ·), ω(i, j, ·),
υ(i, j, ·), and η(i, j, ·) are zeros.
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The matching distribution must also satisfy the accounting conditions,

µi0 +
∑
j∈J

µij = mi, ∀ i ∈ I (24)

µ0y +
∑
i∈I

µij = fj, ∀ j ∈ J . (25)

Now consider an exogenous policy shock that leaves the model primitives constant but

changes the number of available men and women, from (m,f), to (m′,f ′). Our goal is to

calculate the new matching distributions µ′ under the new population. It is easy to verify

that the matching function (23) satisfies Assumptions 1, 2 and 3 of Proposition 1. The

matching surpluses, πij = αij + γij, clearly enter the the matching function linearly with

µi0 and µ0j entering multiplicatively. The matching function is homogeneous of degree two.

The matching function is also continuous and weakly isotone in (µi0, µ0j). Therefore, taking

the ratio of equation (23) evaluated at the observed and counterfactual equilibria gives the

change in the number of matches between different types of men and women,

µ̂ij = µ̂i0µ̂0j, (26)

which is free of the model primitives. Next, we take the ratio of equations (24) and (25)

evaluated at the observed and counterfactual equilibria and then substitute (26) into them,

this gives us

pi0µ̂i0 +
∑
j∈J

pijµ̂i0µ̂0j,= m̂i ∀i ∈ I,

q0jµ̂0j +
∑
i∈I

qijµ̂i0µ̂0j,= f̂j, ∀j ∈ J .

By Proposition 1, we can solve the above system of equations and obtain the unique values

µ̂i0 and µ̂0j and then µ̂ij. Finally we can calculate µ′i0, µ
′
0j and µ′ij accordingly.

4.2 The Dynamic Marriage Matching Model (Choo (2015))

Choo (2015) proposes an overlapping generations behavioural model of the marriage market.

18



The model extends the static transferable utility CS model to a dynamic setting where single

individuals can forgo matching today with the hope of finding a better match in the future.

It employs the dynamic discrete choice framework of Rust (1987) while maintaining much

of the structure and assumptions of the static CS model.13 Choo (2015) rationalizes a

new marriage matching function where the marital surplus parameter now depends on the

numbers of unmatched individuals today and in the future. The marital surplus parameters

measure the discounted utility from being married today (till death of at least one spouse)

relative to remaining single (for that same time span). The number of unmatched individuals

today and in the future captures the opportunity cost of committing to marriage and forgoing

the opportunity to participate in the marriage market.

We illustrate our approach of identifying the new counterfactual equilibrium in Choo

(2015)’s dynamic marriage matching model assuming that the counterfactual experiment

does not affect the probability of divorce and the state transition probability of being single

in the future.14 This assumption, albeit strong allows us to reformulate the identification

problem into a system of nonlinear equations. If we relax this assumption, our approach

of reformulating the identification problem by taking ratios of the equilibrium condition no

longer generates a system of equations that is free from the structural parameters.15

Consider a stationary society in discrete time populated by overlapping generations of

adults. Adults are horizontally differentiated by age only and live for Z periods irrespective

of their gender.16 Ages of men and women are denoted by i ∈ I = {1, 2, · · · , Z} and j ∈ J =

{1, 2, · · · , Z}, respectively. The vectors of available single men and womenm = (m1, ...,mZ)′

13Choo (2015) maintains the additive separability and conditional independence assumptions introduced
in the seminal dynamic discrete choice model of Rust (1987).

14Choo (2015) makes the simplifying assumption that the divorce rate while heterogenous is exogenous. In
the empirical application, divorce is assumed to vary by the ages of the couple and the duration of marriage.
When using the dynamic model for counterfactual policy analysis, we need to confront the question of how
the counterfactual experiment affects the probability of divorce. Counterfactual experiments such as those
that varies the number of available single individuals would affect the outside option from marriage and very
likely change the divorce rate. This in turn affects the state transition probability of when a single agent
would be single again in the future. This is a question that Choo (2015) left unanswered.

15Suppose the counterfactual policy changes the divorce rate from δ to δ′. Aside from changing the state
transition probability of being single in the future, this will also change the utility from being locked in a
marriage which is part of the structural parameter in the dynamic model. Hence taking ratios of the pre and
post-policy equilibrium condition no longer generates a system of equations that is free from the structural
parameters.

16In the empirical application of Choo (2015), the author allows for age differential mortality that is gender
specific.
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and f = (f1, ..., fZ)′ are assumed to be exogenously given.17 At the beginning of each period,

each single adult chooses among Z + 1 mutually exclusive actions a ∈ {0, 1, · · · , Z}, where

a = 0 represents remaining single. A decision to marry locks a single individual to a stream

of within marriage utilities until the marriage dissolves either through divorce or the death

of his (or her) spouse. Divorce occurs at an exogenous rate of δ and divorced individuals re-

enters the marriage market next period as a one-period-older individual. The choice to marry

commits an individual to a one-off transfers, τij specific to the age pair (i, j) of individuals

matching. β is the time discount factor. T (i, j), refers to the duration of an (i, j) match. It

captures the maximum length of a match before one of the spouses passes away at the age

of Z.

When the idiosyncratic taste shocks are i.i.d.Type I Extreme value distributions, Choo

(2015) derives the following marriage matching function for equilibrium marriages given by18

µij = exp

[
πij
2

][
mifj

] 1
2
T (i,j)−1∏
k=0

[
µi+k0
mi+k

µ0j+k

fj+k

] 1
2
[β[1−δ]]k

, ∀ i ∈ I, ∀ j ∈ J . (27)

The equilibrium marriage matching must also satisfy the accounting constraints

µi0 +
Z∑
j=1

µij = mi, ∀ i ∈ I, (28)

µ0j +
Z∑
j=1

µij = fj, ∀ j ∈ J . (29)

Now consider a policy shock that changes the number of available men and women,

from (m,f), to (m′,f ′) while leaving the marital surplus matrix, π and the divorce rate

δ unchanged. It is easy to verify that the matching function (27) satisfies Assumptions

1, 2 and 3 of Proposition 1. The matching surpluses πij clearly enter the the matching

function linearly with µi0 and µ0j entering multiplicatively. The matching function is also a

homogeneous function. The matching function is also continuous and weakly isotone in µ0.

17Our application to this model can be easily extended to endogenous population case which is provided
in the Appendix.

18This matching function is a special case of Mij(Θ(i, j); Ω(i, j); Υ(i, j); Λ(i, j);πij) with θ(i, j, r) = 0 for
r < i and r > T (i, j)− 1, θ(i, j, i) = 1 for r > i, ω(i, j, r) = 0 for r < j and r > T (i, j)− 1, ω(i, j, j) = 1 for
r > j, υ(i, j, i) = η(i, j, j) = 1, and all other υ(i, j, ·), and η(i, j, ·) are zeros.
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Therefore, we take a ratio of the equilibrium matching patterns before and after the policy.

This yields the following equation without the marital surplus,

µ̂ij =

[
m̂if̂j

] 1
2
T (i,j)−1∏
k=0

[
µ̂i+k0
m̂i+k

µ̂0j+k

f̂j+k

] 1
2
[β[1−δ]]k

, ∀ i ∈ I, ∀ j ∈ J . (30)

Taking a ratio of equations (28) and (29) evaluated at observed and counterfactual equilibria

and substituting equation (30) give us the following system of nonlinear equations,

m̂i = pi0µ̂i0 +
J∑
j=1

pij

[
m̂if̂j

] 1
2
T (i,j)−1∏
k=0

[
µ̂i+k0
m̂i+k

µ̂0j+k

f̂j+k

] 1
2
[β[1−δ]]k

, ∀i ∈ I, (31)

f̂j = q0jµ̂0j +
I∑
i=1

qij

[
m̂if̂j

] 1
2
T (i,j)−1∏
k=0

[
µ̂i+k0
m̂i+k

µ̂0j+k

f̂j+k

] 1
2
[β[1−δ]]k

, ∀j ∈ J , (32)

with 2Z unknowns (µ̂i0, µ̂0j). After solving for (µ̂i0, µ̂0j), we can derive the changes in

matching distributions from (30), and then µij, µi0, and µ0j accordingly.

4.3 The Heteroskedastic CS Model

Chiappori et al. (2015) extend the CS model to allow the scale parameters of the Type I

Extreme Value distribution to vary by the types of agents. The authors use the extended

model to empirically investigate changes in the U.S. marital college premium between 1943

and 1972. The authors also provide a test for heteroskedasticity using multiple cohorts data

in the marriage markets. They show that the estimation of the scale parameters is a crucial

part of the identification process.19 Our approach applies to this heteroskedastic version of

the CS model when the scale parameters are predetermined or previously estimated.

Let the scale parameter for type i and j be denoted by σi and σj, respectively. The

utilities of a male individual g from remaining single and marrying to a type j woman are

19Galichon and Salanié (2012) showed that the scale parameters are not identified using a single cross-
sectional data, but can be identified using multiple cross-sectional data.
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now respectively given by

Ui0g = σiεi0g,

Uijg = αij − τij + σiεijg,

respectively where εi0g and εijg are drawn from i.i.d Type I Extreme Value distribution. The

utilities for women have a similar structure. The utilities a type j woman h receives from

remaining single or marrying with a type i man are given by

Vj0h = σjη0jh,

Vijg = γij − τij + σjηijh,

respectively. Both η0jh and ηijh are also drawn from an i.i.d Type I Extreme Value distribu-

tion.

Chiappori et al. (2015) show that the marriage matching function in this heteroskedastic

model is given by,

µij = exp

[
πij

σi + σj

]
µ

σi
σi+σj

i0 µ

σj
σi+σj

0j , (33)

where πij = αij+γij, is the total systematic utilities of agents from marriage. The equilibrium

marriage matching must also satisfy the accounting constraints:

µi0 +
∑
j∈J

µij = mi, ∀ i ∈ I,

µ0j +
Z∑
i∈I

µij = fj, ∀ j ∈ J

Now consider a policy shock that changes the numbers of available men and women,

from (m,f), to (m′,f ′) without changing the model primitives, π. Again, our goal is to

calculate the new matching distributions under the new counterfactual population (m′,f ′).

It is easy to verify that the matching function given by (33) satisfies Assumptions 1, 2

and 3 in Proposition 1. First, the matching surpluses, πij = αij + γij, enters into the
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matching function linearly with µi0 and µ0j entering multiplicatively. Second, like the CS

matching function, the heteroskedastic matching function of Chiappori et al. (2015) is also

homogeneous of degree one, i.e., constant return to scale. Lastly, it is easy to check that it

also satisfies the conditions in Assumption 3. Therefore, when the scale parameters σi for

i ∈ I and σj for j ∈ J are predetermined or already estimated,20 our approach applies and

the new matching distribution is identified without estimating the matching surpluses, πij.

Applying our approach, the counterfactual equilibrium can be solved from the following

system of equations with unknowns µ̂i0 and µ̂0j,

pi0µ̂i0 +
J∑
j=1

pijµ̂
σi

σi+σj

i0 µ̂

σj
σi+σj

0j = m̂i, ∀i ∈ I, (34)

q0jµ̂0j +
I∑
i=1

qijµ̂
σi

σi+σj

i0 µ̂

σj
σi+σj

0j = f̂j, ∀j ∈ J . (35)

µ̂ is then computed from

µ̂ij = µ̂
σi

σi+σj

i0 µ̂

σj
σi+σj

0j . (36)

The counterfactual matching distribution can be calculated accordingly from µ
′
ij = µijµ̂ij,

µ
′
i0 = µi0µ̂i0, and µ

′
0j = µ0jµ̂0j.

5 Empirical Application - The 1982 Elimination of the

Social Security Student Benefit Program

We apply our approach to investigate how the elimination of the Social Security Student

Benefit Program in 1982 has affected the the age-education marriage distributions in 1987/88.

20From multiple cross sections from different marriage markets, we can run the simple regression to estimate
the scale parameters

lnµij = exp

[
πij

σi + σj

]
+

[
σi

σi + σj

]
lnµi0 +

[
σj

σi + σj

]
lnµ0j ,

ln
µij
µ0j

= exp

[
πij

σi + σj

]
+

[
σi

σi + σj

]
lnµi0.
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Under the 1939 Amendments to the Social Security Act, the children of deceased, disable,

and retired Social Security beneficiaries could receive the Social Security payment until

they reach the age of 18. In 1965, these payments were extended to 22 years old children

still enrolled as full-time college students. The social security student benefits were paid

to eligible college students as monthly lump sums. The benefits were extremely generous

especially considering the cost of public four-year colleges and universities at that time.21 In

the peak year of 1977, there were about 900, 000 benefit recipients. In the peak pay-out year

of 1981, about $2.4 billion were paid as student benefits.22

In 1981, Congress voted to eliminate the Social Security Student Benefits Program from

1982 onwards.23 Since then, the number of student benefit recipients and the program spend-

ing had dropped dramatically. As shown in Figures 2, the number of student beneficiaries

dropped from around 760 thousands in 1981 to 84 thousands recipients in 1986. The num-

ber of college student beneficiaries is estimated to drop from about 600 thousands in to 66

thousands recipients in 1986.24 The amount paid to eligible student reduced immediately

after the elimination of the program in 1981 (see Figure 3). The average monthly payment

fell substantially from about $196 million in 1981 to $26 million in 1986.

Except for the introduction of the Pell Grant program in early 1970’s and the various G.I.

bills, in the United States, the elimination of the Social Security Student Benefit program

is the largest policy change in financial aid for college students. The impact of this policy

on students’ college attendance and completion has been well studied in the literature. Dy-

narski (2003) found that the elimination of the program has large significant causal effect

on students’ college attendance and completion. It is well known that education is a pri-

mary attribute in the marriage market. The marriage matching distribution has important

21The average annual benefit in 1980 paid to the child of deceased parent was $6, 700 while the average
tuition and fees for public four-year colleges and universities is $1, 900.

22These statistics are obtained from ‘Research Note #11: The History of Social Security Student Benefits
published by the Historian’s Office’

23According to the ‘Social Security Administration Research Note #11’, “Benefits paid to post-secondary
students ages 18-21 are to be phased-out; The phase-out is to be completed by April 1985; Benefits to
elementary and/or secondary school students older than 18, are to end in August 1982.”

24We do not have access to annual share of college student beneficiaries. According to a 1977 Social
Security Administration survey, about 79% student beneficiaries are in post-secondary institutions.
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Figure 2: Number of Social Security Beneficiaries and College Student Beneficiaries
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Source: Social Security Administration Research Note #11. We plotted the number of college student
beneficiaries as 79% of the total annual number of beneficiaries. A 1973 SSA survey found that 79% of
student beneficiaries were in colleges or universities.

Figure 3: Average Monthly Benefit Payment
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implications on fertility and population growth, labor-force participation of women, income

inequality, etc.. It is therefore important to understand how the 1982 elimination of the

Social Security Student Benefit program affects the marriage matching distribution through
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its impact on students’ college attendance and completion.

We attempt to answer this question by constructing the counterfactual marriage distri-

bution for 1987/88 had the Social Security Student Benefit program not been eliminated and

compare it with the observed 1987/88 marriage matching distribution using the benchmark

CS model. Since the underlying CS model is static, we need to choose a specific year for our

analysis. The year 1987/88 is sufficiently far along after the policy change to allow those

most affected by the policy to reach a marriageable age. The elimination of aid in 1982

would most likely affect the then and soon-to-be high school seniors. It will also affect those

individuals attending college and those who were considering going to college in the near

future. 25

For this exercise, we require three data inputs:

i) the number of available single men and women by age and education had the financial

aid program not been eliminated, (m,f)

ii) the number of available single men and women by age and education as a result of the

elimination of the financial aid program, (m′,f ′) and

iii) the flow of new marriages by age and education as a result of the elimination of the

financial aid program, µ′.

Using these inputs, our empirical framework allows us to construct the counterfactual mar-

riage distribution, µ, i.e. the marriage distribution by age and education had the financial

aid program not been eliminated in 1981.

Data on the flow of new marriages as a result of the policy change (that is, item iii)) is

constructed using the 1987/88 Vital Statistics marriage records obtained from the National

Bureau of Economic Research data website.26 Before 1989, the Vital Statistics tracks new

marriages by educational attainment for 22 reporting states.27 However, from 1989 onwards,

25The year 1988 also happens to be the last year for which we have access to educational attainment
of newly weds. We also wanted to minimize the effect of others educational policy that came into effect
towards the end of the 1980s that would have confounded our results, such as ‘The Emergency Immigration
Education Act’ of 1984.

26Like in CS, the flow of new marriages in constructed by taking a two year average of the new marriages
in 1987 and 1988. This helps reduce the number of marriage pairs with zero new marriages.

27These 22 states include California, Connecticut, Hawaii, Illinois, Kansas, Kentucky, Louisiana, Maine,
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information on educational attainment of newly weds are no longer recorded. Our analysis

will focus on these 22 reporting states. We construct item ii), the number of available single

men and women as a result of the policy change using the 1986 U.S. Current Population

Survey (CPS) for these 22 reporting states. More details about the data construction is

provided in Section 7.3 in the Appendix.

Table 1: Numbers of Available Single Male and Female
in millions from the 1986 CPS for the 22 reporting states

Male Female
High school or less (HS) 8.79 10.41

(63.3) (65.3)
College (Col) 4.24 4.72

(30.5) (29.6)
Graduate school (GS) 0.86 0.81

(6.2) (5.1)
Total 13.88 15.94

Percentage of total in parenthesis

Individuals are differentiated by their age and educational attainment. We have three

levels of educational attainment - high school diploma or less, some years of college or college

degree, and graduate school. Where convenient, we will refer to these 3 groups with the ab-

breviation HS, Col and GS respectively. Table 1 provides count statistics for our sample of

single individuals by education for the period after the policy change. These are constructed

by taking the average of unmarried individuals from the twelve CPS monthly surveys in

1986. There are around 16 million single women and around 14 million single men between

the ages of 16 and 75 in our sample from the 22 reporting states. The number of available

single men and women drops dramatically by education. Around 63% of single men and 65%

of single women has qualification up to a high school diploma. Only around 30% of single

men and women have some years in a college or a college degree and only 6% of single men

and 5% of single women have post-college qualification.

Mississippi, Missouri, Montana, Nebraska, New Hampshire, New York, North Carolina, Rhode Island, Ten-
nessee, Utah, Vermont, Virginia, Wisconsin and Wyoming.
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Table 2: Number of Marriages by Education in thousands
from the 1987/88 Vital Statistics for the 22 reporting states

Female
High School College Graduate School

Male
High School 573.96 167.71 11.89
College 153.47 303.81 35.31
Graduate School 15.60 60.03 41.54

Table 5 tabulates the 1987/88 marriage distribution by education groups for the 22

reporting states. There is an average of 1.36 million marriages over this two years period.

As evident from the table, there is strong assortative matching by education groups. With

the exception of men with graduate school qualification, each of the remaining 5 groups of

single men and women are most likely to marry a spouse of the same educational attainment.

Men with graduate school qualification are more like to marry college educated than graduate

school educated women. This pattern does not hold for graduate school educated women.28

Our methodology requires data on m and f , the supply of single men and women had

the student benefit program not been eliminated (that is, item i) above). Since this counter-

factual is unobserved to the econometrician, we use the estimates from Dynarski (2003) to

construct these counterfactual changes in available single men and women. Using data from

the CPS, Dynarski (2003) proxies the benefits eligibility by the death of a parent during the

individual’s childhood. The author employs the difference-in-differences framework to ana-

lyze the impact of the elimination of the Social Security Student Benefit program on college

attendance and completion. Let the causal effect on college attendance and completion be

denoted by ρ and δ respectively. Dynarski (2003) finds that eliminating the financial aid

program reduces the probability of attending college by about γ = 24.3% and the probability

of completing any year of college by δ = 0.161 for the eligible students.

Since these estimates are for eligible students and we do not observe actual benefit re-

cipients in our data, we need to also compute the fraction of the population who are eligible

for these benefits. Using the similar approach as in Dynarski (2003), we proxy the propor-

28With age ranging from 16 to 75 years and the 3 education groups, we have 180 types (or age-education
combination) of both men and women. Since individuals who are younger than 21 years of age rarely com-
pleted graduate school education, we exclude individuals younger than 21 with graduate school qualification.
This reduces the number of types from 180 to 175 for both men and women.
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tion of age i benefit eligible individuals, ρi, by the fraction of age i individuals whose father

are deceased, retired or disable in their cohort from the 1980 U.S. census. We assume that

individuals are in high school till they are 18 and a college degree takes 4 years.

Consider now a counterfactual setting where the financial aid program had not been

eliminated. For 18 years old high school seniors in 1986, these individuals would have been

14 years old and in high school in 1982 when the program was eliminated. Our estimates

suggest that an additional ρ18γ proportion of high school graduates would have attended

college had the program not been eliminated. As for 19 years old in 1986, ρ18γ fraction

of these individuals would have attended college when they were 18 years old and ρ19δ of

them would not have dropped out of college that year. Hence, an additional (ρ18γ + ρ19δ)

of the 19 years old high school graduates would have attended college 1986. We repeat this

calculation for individuals aged between 18 and 25 years old in our 1986 supply of single

men and women. Table 3 tabulates the calculations of changes to the population of single

high school graduate by age in the counterfactual settings.

Table 3: Effect on single pool had the Student Benefit program not been Eliminated.

Age in 82 Age in 86 Aid Effects
14 18 ρ18 · γ
15 19 ρ18 · γ + ρ19 · δ
16 20 ρ18 · γ + ρ19 · δ + ρ20 · δ
17 21 ρ18 · γ + ρ19 · δ + ρ20 · δ + ρ21 · δ
18 22 ρ18 · γ + ρ19 · δ + ρ20 · δ + ρ21 · δ
19 23 ρ19 · δ + ρ20 · δ + ρ21 · δ
20 24 ρ20 · δ + ρ21 · δ
21 25 ρ21 · δ

Table 4 compares the observed number of single men and women between the ages of

18 and 22 with the counterfactuals computed using the procedure just outlined. While the

estimated causal effect in Dynarski (2003) were statistically significant on those eligible for

the benefits, the overall effect of the program elimination on the number of single men and

women remains modest on account of the small fraction of eligible individuals in the popula-

tion. Our calculation suggest that the number of college graduated men and women between

the ages of 18 and 22 would have increased by approximately 98,300 and 81,200 respectively.
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This represents an increase of around 7% and 5.5% more college educated men and women

aged between the ages of 18 and 22 respectively.

Table 4: Available Number of Single men and women between ages 18 and 22 (millions)

Male
CPS in 1986 Counterfactual Policy % Change

High school or less 2.518 2.364 -6.12%
College 1.232 1.368 12.50%

Female
CPS in 1986 Counterfactual Policy % Change

High school or less 2.052 1.930 -5.90%
College 1.280 1.401 9.47%

Figure 4 graphs the observed and counterfactual available single men and women by

age in 1986. In the counterfactual scenario where the aid program wasn’t eliminated, we

expect there to be more available single College graduates and fewer available single high

school graduates. As expected, our calculations creates a wedge between the observed and

counterfactual number of available single individuals between the ages of 18 and 25.

Table 5 tabulates the changes to the marriage distribution in the counterfactual setting

where the Social Security Benefit Program had not been eliminated in 1982. We will use

the convention HS-Col to refer to marriages between men with high school qualification and

women with a College degree. The high degree of positive assortative matching means that

the number of HS-HS marriages would fall by around 6800 matches while Col-Col marriages

increase by around 3300. The biggest increase is seen among Col-HS marriages which in-

crease by around 3500 compared to the very modest increase of only 350 marriages among

HS-Col marriages. This is probably a reflection of social norms of men preferring spouses

who are not more educated than themselves which would be embedded in the preference

parameters.

Figure 5 graphs the changes in the marriage distribution for the four education pairs

by age. Figure 5(a) and 5(d) show the changes for HS-HS and Col-Col pairs respectively.

Consistent with the numbers reported in Table 5, Figure 5(a) shows that continuing the
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Figure 4: Changes in available HS and Col single men and women

Table 5: Changes in Number of New Marriages by Education

Female
High School College Grad. School

High School -16760.5 (-2.9%) 107.6 (0.06%) -61.4 (-0.5%)
Male College 3977.6 (2.6%) 9909.3 (3.2%) 197.6 (0.5%)

Grad. School 13.8 (0.09%) 345.1 (0.6%) -12.8 (0.03%)

Social Security Benefit Program would have decreased the number of HS-HS marriages for

all age pairs. Strong positive assortative matching by age also means that the biggest decrease

is experienced by similar age young couples. The decrease becomes smaller as the age gap

between husbands and wives increase. We see a similar but opposite effect amongst Col-Col

marriages. The continuation of the financial aid program would have increased the number

of new Col-Col marriages in 1987/88. The biggest increase would occur among similarly
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Figure 5: Changes in to marriage distribution by education

aged yound couples.

Figure 5(b) graphs the changes for new HS-Col marriages. Unlike the changes in HS-HS

and Col-Col marriages, the CS model predicts that the increase in more single college gradu-

ates and decrease in High-School graduates would benefit young men and disadvantage older

men with High-School qualification. More specifically, marriages for young men between the

ages of 18 to 21 with High-School qualification would increase. However the model also

predicts that marriages for men with High School qualification older than 21 years old would

fall. As for changes in new Col-HS marriages, Figure 5(b) suggests an overall increase for

all age pairs. The biggest increase is experienced by young single women with high school

qualification.
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6 Conclusion

In the context of marriage models, researchers are often interested in how the marriage

distribution change in response to a change in the number of available single individuals.

These policy changes are assumed to leave the marriage surplus parameters unchanged. We

show that for a certain class of marriage matching models, the counterfactual distribution in

these policy experiments are identified without estimating the structural parameters. Some

commonly used marriage matching models such as the CS model, Menzel (2015), Galichon

and Salanié (2012) and Choo (2015) falls into this class of models. These models have

two distinct properties: the structural parameters enters the marriage matching function

multiplicatively and the matching function is homogeneous of degree k. We illustrate our

framework by analyzing the impact of the elimination of the Social Security Student Benefit

Program in 1982 on college attendance and the marriage market.
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7 Appendix

7.1 Proof of Theorem 1

Theorem 1. Under Assumptions 1, 2 and 3, there exists a unique solution of the nonlinear

equations system defined by (15) and (16) with I+J unknowns µ̂i0 and µ̂0j for all i ∈ I and

j ∈ J .

Proof. We first show the existence of a solution of µ̂i0 and µ̂0j, and followed by the unique-

ness of the solution. For the existence result, we borrow heavily from Galichon et al. (2016).

The authors propose a computational algorithm which converges to the solution of equations

(15) and (16). For uniqueness, we reformulate the changes in matching equilibrium defined

by (15) and (16) as a demand system and show that it is inverse antitone. This allows us to

apply the uniqueness result in Berry et al. (2013).

Existence: Following Galichon et al. (2016), we propose the following computational

algorithm,

• Step 0: Fix the initial value of µ̂0j at µ̂0
0j = f̂j/q0j for all j ∈ J and µ̂i0 at µ̂0

i0 = m̂i/pi0

for all i ∈ I.

• Step 2t + 1: Keep µ̂2t
0j for all j ∈ J fixed. Solve µ̂2t+1

i0 of µ̂i0 for all i ∈ I sequentially

such that the equality

pi0µ̂i0 +
∑
j∈J

pij
Mij(Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j))

Mij(T(i, j);W(i, j);V(i, j);N(i, j))
= m̂i

holds. For example, solve µ̂2t+1
10 given µ̂2t

i0 for i > 1; solve µ̂2t+1
20 given µ̂2t+1

10 and µ̂2t
i0 for

i > 2; solve µ̂2t+1
30 given µ̂2t+1

10 , µ̂2t+1
20 and µ̂2t

i0 for i > 3; and so on.

• Step 2t+ 2: Keep µ̂2t+1
i0 for all i ∈ I fixed. Solve µ̂2t+2

0j of µ̂0j for all j ∈ J sequentially

such that the equality

q0jµ̂0j +
∑
i∈I

qij
Mij(Θ̂(i, j); Ω̂(i, j); Υ̂; Λ̂(i, j))

Mij(T(i, j);W(i, j);V(i, j);N(i, j))
= f̂j
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holds. For example, solve µ̂2t+2
01 given µ̂2t+1

0j for j > 1; solve µ̂2t+1
02 given µ̂2t+1

01 and µ̂2t
0j

for j > 2; solve µ̂2t+1
03 given µ̂2t+1

01 , µ̂2t+1
02 and µ̂2t

0j for j > 3; and so on.

The algorithm terminates when supj∈J |µ̂2t+2
0j − µ̂2t

0j| < ε, where ε is a picked smaller positive

number.

We now show that for every t, µ̂2t
0j and µ̂2t+1

i0 are well defined in (0,+∞) and µ̂2t
0j is a

decreasing sequence bounded below 0, which will converge to the solution satisfying (15) and

(16). Consider step 2t+ 1. For each i ∈ I, we sequentially solve for µ̂i0 using

pi0µ̂i0 +
∑
j∈J

pij
Mij(Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j))

Mij(T(i, j);W(i, j);V(i, j);N(i, j))
= m̂i. (37)

Given Assumption 3, Mij(Θ̂(i, j); Ω̂(i, j); Υ̂(i, j); Λ̂(i, j)) is continuous and nondecreasing

function in µ̂i0. Therefore, m̂i is continuous and an increasing function in µ̂i0. It tends to 0

when µ̂i0 → 0 and tends to +∞ when µ̂i0 → +∞. Hence µ̂2t+1
i0 is well defined and belongs

to (0,+∞). Let us denote the mapping from the vector of µ̂2t+1
0· ≡ (µ̂01, · · · , µ̂0J) to all µ̂i0

by

µ̂2t+1
i0 = Fi(µ̂2t+1

0· ), ∀i ∈ I. (38)

Under Assumption 3-(ii), Fi for all i ∈ I is antitone, meaning that if there exists two vectors

such that µ̂2t
0j ≤ ˜̂µ2t

0j for all j ∈ J , Fi(˜̂µ2t
0j) ≤ Fi(µ̂2t

0j) for all i ∈ I. Similarly, consider step

2t+ 2, we obtain that µ̂2t+2
0j for all j ∈ J is well defined in (0,+∞), and we denote

µ̂2t+2
0j = Qj(µ̂2t+1

·0 ), ∀j ∈ J , (39)

where µ̂·0 ≡ (µ̂10, · · · , µ̂I0). Similarly Qj for all j ∈ J is also antitone. Connecting the

mappings (38) and (39) gives µ̂2t+2
0· = Q◦F(µ̂2t

0·), where Q◦F is isotone. We also know that

µ̂2
0j ≤ f̂j/q0j = µ̂0

0j from µ̂2t+2
0· ≤ Q ◦ F(µ̂2t

0·). Hence (µ̂0
0·, µ̂

2
0·, · · · , µ̂

2t+2
0· , · · · ) is a decreasing

sequence, bounded from below by 0. Therefore, µ̂2t+2
0· converges. Let ¯̂µ0· denote its limit

under the algorithm, and let ¯̂µ·0 = Q(¯̂µ0·). We then have ¯̂µ0· and ¯̂µ·0 is a solution to the

system of equations (15) and (16).
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Uniqueness: For the uniqueness, we first follow Galichon et al. (2016) and reformate

the change in equilibrium defined by (15) and (16) as a demand system and show the

demand mapping is inverse antitone using the results in Berry et al. (2013), which implies

the uniqueness. The main idea is to reformulate the changes function as a demand system.

Let Z = I∪J be the set of all types of agents, which is called the set of goods in this section.

We also denote the demand shifter all for goods by xi = µ̂i0,∀i ∈ I, and xI+j = −µ̂0j,∀j ∈ J .

Using the equations (15) and (16), we define the map29

σi(x) = pi0xi +
∑
j∈J

pij
Mij(Θ̃(i, j); Ω̃(i, j); Υ̂(i, j); Λ̂(i, j))

Mij(T(i, j);W(i, j);V(i, j);N(i, j))
= m̂i ∀i ∈ I, (40)

σj(x) = f̂j + q0jyj −
∑
i∈I

qij
Mij(Θ̃(i, j); Ω̃(i, j); Υ̂(i, j); Λ̂(i, j))

Mij(T(i, j);W(i, j);V(i, j);N(i, j))
, ∀j ∈ J . (41)

Following Berry et al. (2013), we also define the demand of a zero good by

σ0(x) = 1−
∑
i∈I

xi −
∑
j∈J

xI+j (42)

= 1 +
∑
i∈I

m̂i −
∑
j∈J

f̂j −
∑
i∈I

pi0xi −
∑
j∈J

q0jxI+j. (43)

Let Z0 = Z ∪ {0} denote the full set of all goods. The demand vector is then denoted by

σ(x) = (σ0(x), (σi(x))i∈I , (σj(x))i∈J ). (44)

Berry et al. (2013) showed that if a demand mapping satisfies three assumptions, it is

inverse antitone. We now show that under Assumption 3, the mapping σ(x) defined above

satisfies three assumptions in Berry et al. (2013). First, Assumption 1 in that paper is met

29The vectors,

Θ̃(i, j) =
( x

θ(i,j,1)
1

Φ(1, 0, 0, 0)
,

x
θ(i,j,2)
2

Φ(2, 0, 0, 0)
, . . . ,

x
θ(i,j,I)
I

Φ(I, 0, 0, 0)

)
Ω̃(i, j) =

( x
ω(i,j,1)
I+1

Φ(0, 1, 0, 0)
,

x
ω(i,j,2)
I+2

Φ(0, 2, 0, 0)
, . . . ,

x
ω(i,j,J)
I+J

Φ(0, J, 0, 0)

)
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because σ(x) is defined on the the Cartesian product of I + J dimensional real value <I+J .

Second, σk(x) is weakly decreasing in xk′ for k′ 6= k because Mij(·) is weakly isotone. Third,

σ0(x) given by (43) is strictly decreasing with xk for k ∈ Z. Thus, Assumptions 2 and 3 in

Berry et al. (2013) are met by the mapping σ(x). By applying the results in Berry et al.

(2013), we have that σ(x, y) is inverse antitone, that is if σ(x′) ≤ σ(x), then x′ ≥ x. Finally,

assume if there exists two solutions x∗ and x∗′ satisfying σ(x∗) = σ(x∗′) = 0. Since σ(x) is

inverse isotone, both inequalities x∗ ≥ x∗′ and x∗ ≤ x∗′ hold. Thus x∗ = x∗′. The uniqueness

is then proved.

7.2 Endogenous Population of Dynamic Marriage Matching Model

(Choo (2015))

When we allow that available population supplies to be endogenous, only the numbers of

available men and women at age one, (m1, f1), are exogenous and all other available numbers,

(m2, · · · ,mZ), (f2, · · · , fZ), are endogenously determined in the system. In this case, Choo

(2015) shows that the equilibrium matching distribution not only satisfies the matching

function,

µij = exp

[
πij
2

][
mifj

] 1
2
T (i,j)−1∏
k=0

[
µi+k0
mi+k

µ0j+k

fj+k

] 1
2
[β[1−δ]]k

, ∀ i ∈ I, ∀ j ∈ J , (45)

, and accounting constraints,

µi0 +
Z∑
j=1

µij = mi, ∀ i = 1 · · · , Z, (46)

µ0j +
Z∑
j=1

µij = fj, ∀ j = 1 · · · , Z, (47)

but also satisfies the following dynamic constraints,

mk+1 =

mk −
∑Z−1

j=1 (1− δ)µkj, if k = 1,

mk −
∑Z−1

j=1 (1− δ)µkj +
∑k−1

i=1

∑Z−1
l=1 (1− δ)k−iδµil, if k > 1,

(48)
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fk+1 =

fk −
∑Z−1

i=1 (1− δ)µik, if k = 1,

fk −
∑Z−1

i=1 (1− δ)µik +
∑k−1

j=1

∑Z−1
l=1 (1− δ)k−jδµl,j, if k > 1,

(49)

which determines (m2, · · · ,mZ), (f2, · · · , fZ).

Now consider a policy shock that changes the number of available men and women at age

one, from (m1, f1), to (m′1, f
′
1) while leaving the marital surplus matrix, πij and the divorce

rate δ constant. Our goal is to derive the new equilibrium matching distribution µ under

the new numbers of available men and women, (m′1, f
′
1). As before, we take a ratio of the

equilibrium matching patterns before and after the policy. This yields the following equation

without the marital surplus,

µ̂ij =

[
m̂if̂j

] 1
2
T (i,j)−1∏
k=0

[
µ̂i+k0
m̂i+k

µ̂0j+k

f̂j+k

] 1
2
[β[1−δ]]k

, ∀ i ∈ I, ∀ j ∈ J. (50)

Taking a ratio of equations (46) and (47) evaluated at observed and counterfactual equilibria

and substituting (50) give us the following system of nonlinear equations,

m̂i = pi0µ̂i0 +
J∑
j=1

pij

[
m̂if̂j

] 1
2
T (i,j)−1∏
k=0

[
µ̂i+k0
m̂i+k

µ̂0j+k

f̂j+k

] 1
2
[β[1−δ]]k

, ∀i ∈ I, (51)

f̂j = q0jµ̂0j +
I∑
i=1

qij

[
m̂if̂j

] 1
2
T (i,j)−1∏
k=0

[
µ̂i+k0
m̂i+k

µ̂0j+k

f̂j+k

] 1
2
[β[1−δ]]k

, ∀j ∈ J. (52)

However, now m̂i and f̂j for i > 1 and j > 1 are also unknowns in current setting. Thus,

we are not able to solve 2(2Z − 1) unknowns with 2Z equations. Fortunately, it is easy

to rewrite the dynamic constraints for deriving the equations in terms of the changes and

observed numbers.

m̂k+1 =


mk
mk+1

m̂k − 1
mk+1

∑Z−1
j=1 (1− δ)µ̂kjµkj, if k = 1

mk
mk+1

m̂k − 1
mk+1

∑Z−1
j=1 (1− δ)µ̂kjµkj + 1

mk+1

∑k−1
i=1

∑Z−1
l=1 (1− δ)k−iδµ̂ilµil, if k > 1.

(53)
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f̂k+1 =


fk
fk+1

f̂k − 1
fk+1

∑Z−1
i=1 (1− δ)µ̂ikµik, if k = 1

fk
fk+1

f̂k − 1
fk+1

∑Z−1
i=1 (1− δ)µ̂ikµik + 1

fk+1

∑k−1
j=1

∑Z−1
l=1 (1− δ)k−jδµ̂l,jµl,j, if k > 1

(54)

Equations (53) and (54) provide additional 2(Z − 1) equations. Therefore, equations

(51)-(54) provide us 2(2Z−1) equations, which can be used to solve 2Z unknowns, (µ̂i0, µ̂0j)

and 2Z − 2 unknowns, (m̂i, f̂j) for i > 1 and j > 1 After solving for (µ̂i0, µ̂0j) and (m̂i, f̂j),

we can derive the changes in matching distributions from (50), and then µij, µi0, and µ0j for

i ∈ I and j ∈ J , and mi and fj for i > 1 and j > 1 accordingly.

7.3 Data Construction

As discussed in the main text, we require three data inputs to implement our approach:

i) the number of available single men and women by age and education had the financial

aid program not been eliminated, (m,f)

ii) the number of available single men and women by age and education as a result of the

elimination of the financial aid program, (m′,f ′) and

iii) the flow of new marriages by age and education as a result of the elimination of the

financial aid program, µ′.

The flow of new marriages as a result of the policy change µ′ (item iii) above) is collected

from the Vital Statistics in 1987/88 obtained from the National Bureau of Economic Research

data website. The Vital Statistics recorded the education and age of married couples until

1988 for 22 reporting states. The 22 reporting states include California, Connecticut, Hawaii,

Illinois, Kansas, Kentucky, Louisiana, Maine, Mississippi, Missouri, Montana, Nebraska, New

Hampshire, New York, North Carolina, Rhode Island, Tennessee, Utah, Vermont, Virginia,

Wisconsin, Wyoming.

The number of available single men and women by age and education after the policy

change, (m′,f ′) (item ii) above are constructed from the Integrated Public-Use Microdata

(IPUMS hereafter) files of the U.S. CPS data. The sample used in this study is the monthly
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data in 1986. In order for the CPS data to match the marriage data from the Vital Statistics,

our sample comprise of only individuals from the 22 states reporting states. We take an

average of 12 monthly CPS surveys for the 22 matching states in 1986 to construct the

yearly available population vectors.

The age range studied is between 16 and 75 years old. The education information is

obtained from the variable “EDUC” in the US CPS data. The education attainment is divided

into three groups: high school graduate or less, some years of college or college graduate,

more than college. There are 180 possible age-education combinations from the 60 age

groups and 3 education levels. We exclude 5 groups - these are individuals who are less

than 21 years of age with more than college education. This leaves us with 175 types of

men and women. The variable “marst” in IPUMS CPS data provides us with marital status

information. It distinguishes an individual either married, separated, divorced, widowed

or never married/single. We consider separated, divorced, widowed, never married/single

individuals as available single individuals in the marriage market and calculated the number

of available men and women for each type by adding the weight from each sample in the

dataset.
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