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Introduction and summary

Many people would argue that U.S. elementary and 
secondary public schools need to improve, and they 
would like to see U.S. students perform better in in-
ternational comparisons. In addition, many people 
would like to do more to close the achievement gaps 
within the U.S. between lower-income and minority 
students and their counterparts. These concerns are 
shared by parents, employers, policymakers, and  
society more generally. There is less agreement on 
the root causes of the problems and how best to tackle 
them. For example, while some would argue that  
insufficient funding is the primary factor, others 
would say that this is not supported by the evidence, 
since per pupil spending has increased faster than 
achievement, as reflected in scores on the National 
Assessment of Educational Progress (NAEP).1

One strategy for improving school performance 
that has received a lot of attention by all those inter-
ested in education policy is increased competition. The 
idea is that just as competition can enhance efficiency 
and value in the marketplace for goods more generally, 
it can do the same for education. Namely, if schools 
must compete for students, then they will take steps 
to ensure that the educational experiences they offer 
are valued by parents and students. The primary mech-
anism proposed by those who favor more competition 
in elementary and secondary education in the public 
sector is an education voucher—a coupon redeemable 
for a maximum dollar amount per child if spent to at-
tend a private school. In this way, voucher programs 
remove the monopoly power of local public schools. 
Instead of having to attend a neighborhood public 
school, students can use the voucher to attend a pri-
vate school.

In the 2007–08 school year, roughly 55,000 stu-
dents in three states—Florida, Ohio, and Wisconsin—
and the District of Columbia were using publicly 

funded education vouchers to attend private schools 
(as well as other higher-performing public schools);2 
see table 1. Several other states have considered 
voucher programs, and some private organizations 
have helped create privately funded voucher opportu-
nities. But are voucher programs effective? Do they 
improve the educational outcomes of the students 
who use them and do they improve the quality of the 
public schools? In this article, we review the existing 
empirical evidence on the impact of school vouchers 
on student achievement.3 After reviewing the research, 
we conclude that expectations about the ability of 
vouchers to drastically improve student achievement, 
at least as measured by test scores, should be tempered 
by the results of the studies to date. That said, many 
questions remain. For example, no studies have ex-
amined the longer-run impact of vouchers on outcomes 
such as graduation rates, college enrollment, and fu-
ture wages. Similarly, the research designs for identi-
fying the potential impacts on students who remain in 
the public schools are far from ideal. Finally, we have 
little understanding of whether vouchers would repre-
sent a cost-neutral alternative to our current system of 
public education provision at the elementary and sec-
ondary school levels.
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In the next section, we discuss the theoretical 
reasons for why education vouchers should improve 
student achievement followed by a discussion of the 
empirical approaches used for identifying the effects 
of vouchers. We then review the best evidence from 
studies of publicly and privately financed school 
voucher programs on the short-run impact on student 
achievement, discuss the evidence on the potential 
impact on students who remain in the public schools, 
consider additional voucher outcomes, and conclude.

Why should competition improve our 
educational system?

The idea of injecting competition into the public 
school system is not new; for example, Milton Friedman 
(1962) argued in the early 1960s for separating the  
financing and provision of public schooling by issuing 
education vouchers. The rationale behind school 
vouchers is that competitive markets allocate resources 
more efficiently than do monopolistic ones and that 
public schools in the U.S. have “monopoly” power 
because children are assigned to attend their local 
neighborhood school. Parents can always choose to 
send their children to a private school, but that means 
paying for schooling twice—once through property 
taxes (for the public schooling they are not using) and 
again through private school tuition. If parents had 
more publicly funded options for their children’s school-
ing—once they had selected a residential location—
then schools would have to compete for students. Further, 
more options may improve the match between the  
educational interests and needs of students and their 
schools. Importantly, schools in this model would 
have an incentive to improve in the areas valued by 
parents. Thus, if parents select schools based on their 
academic quality, then schools will compete for stu-
dents by providing better academics; alternatively,  
if parents value religious education or sports, then 
one would expect to see schools compete to serve 
these interests.

There are two hypothesized ways by which in-
creased school choice would improve student educa-
tional outcomes. The first is a “direct” effect for those 
students who actually exercise choice. Assuming that 
students would only choose to attend a school other 
than their neighborhood school if that school were aca-
demically better (or a better match), then the academic 
achievement of students who opt for a different school 
should improve relative to what their performance 
would have been had they stayed in the neighborhood 
public school. In addition, there is an “indirect,” or 
“general equilibrium,” effect on students remaining 
in the public schools. Competition should induce the 

public schools to improve in an effort to attract (or re-
tain) students. Thus, not only should the achievement 
of those who choose to attend private schools in-
crease, but so should the achievement of those who 
do not choose as well. In other words, competition 
should increase the efficiency of public schools. Of 
course, expansion of the private sector is a critical 
component of increasing competition. Without new 
school entries and/or increases in the size of current 
private schools, vouchers would have limited ability 
to increase choice.

Many empirical studies find that students in  
private schools have higher educational achievement 
levels than those in public schools.4 The findings 
from such studies are presented by voucher advocates 
as prima facie evidence that vouchers would improve 
student achievement for all. Namely, voucher advo-
cates argue that private schools outperform public 
schools because their existence depends on providing 
a good product. Educational vouchers are intended to 
make public schools compete in this same way; so, 
only schools (either public or private) providing a good 
product would survive. However, this literature is not 
conclusive because of the difficulty (described later) 
in identifying the impact of schools on student achieve-
ment. Not surprisingly, critics argue that the observed 
superiority of private schools in these studies arises 
because the students who attend private schools differ 
from the students who attend public schools rather 
than because private schools are more effective than 
public schools.5 If the observed relative superiority of 
the private sector is due more to the particular back-
ground characteristics of its students than the greater 
effectiveness of its schools, the achievement of current 
public school students would not necessarily improve 
in private schools. 

While the debate continues on whether private 
schools, in general, are better at educating children 
than are public schools, researchers have since turned 
to more direct evidence on the impact of vouchers by 
studying actual school voucher programs. We begin 
with an overview of the challenges of testing whether 
vouchers improve student outcomes before reviewing 
the evidence to date.

Empirical approaches to studying  
school vouchers

To study whether educational outcomes in the 
presence of vouchers are better than educational out-
comes in the absence of vouchers, ideally, one would 
begin with a group of students and educate them for  
a period of time under the current public school system. 
At the end of the period, one would assess various 
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TaBlE 1

Description of publicly funded voucher programs in 2007–08

	 	 Number	of
	 	 scholarship	
	 Start	of	 students	in	
Voucher	program	 program	 2007–08	 Other	information

EdChoice Scholarship 2006 6,580 Students are eligible to apply if they currently attend or will be 
Program (Ohio)   entering an EdChoice-designated public school in the upcoming
   year or if they currently attend a charter school but would other-
   wise be assigned by the school district to an EdChoice-desig-
   nated school. 

   There is currently a maximum of 14,000 scholarships that can 
   be awarded across the state, and there are no income require-
   ments to receive a scholarship. If more than 14,000 students 
   apply, then students who are renewing their scholarships followed
   by students who are at or below 200 percent of the poverty level
   receive priority.

   The program pays the minimum of a school’s tuition or $4,375 
   per student from kindergarten through eighth grade and $5,150 
   per student from ninth through 12th grades.

Cleveland Scholarship and 1996–97 6,017 Any student living within the boundaries of the Cleveland
Tutoring Program (Ohio)   Metropolitan School District (CMSD) and entering kindergarten 
   through eighth grade is eligible to apply. Low-income students are 
   given priority, and scholarships are awarded by lottery drawings. 
   A student is not eligible to apply once he or she has entered high 
   school, although scholarships have been made available to pro-
   gram participants once they reach high school. 

   All children currently attending Cleveland Metropolitan Schools  
   in kindergarten through 12th grade are eligible for the tutoring 
   program. 

   The scholarship program pays either 75 percent or 90 percent 
   of a school’s tuition (depending on family income) not exceeding 
   $3,450 for the 2007–08 school year.

A+ Opportunity Scholarship 2000 1,305   Students are eligible for the A+ Opportunity Scholarship Program
Program (Florida)  in public through the highest grade of their public school if their school is 
  schools  currently “failing” (graded an F) for its second year in a four-year
  (see next column) period. The scholarships could continue into high school if the
   high school was assigned a grade below C. 

   The program made an average scholarship payment of $4,206 
   per student in 2005–06.

   These scholarships (vouchers) for private schools were declared
   unconstitutional by the Florida Supreme Court in January 2006.
   Thereafter students could no longer use these vouchers to 
   attend participating private schools; they are, however, still able 
   to use the vouchers to attend higher-graded public schools.

outcomes for the students and administer a test, the 
results of which would perfectly reflect what the stu-
dents know. Then one would turn back time so that 
the same group of students was reverted to their con-
ditions at the beginning of the experiment. That is, the 
students would be the same age, have the same living 
conditions, and so on. This time, one would educate 
the students in a system with education vouchers. At 
the end of the same period of time, one would again 
assess the students’ outcomes and what they know. 
The difference between the students’ outcomes under 
the current and voucher systems would isolate the im-
pact of vouchers because vouchers would be the only 
difference at the beginning of each experimental peri-
od.6 If implemented on a small scale, this experiment 

would allow one to estimate the direct effect of 
vouchers; if implemented on a large scale, this would 
uncover the potential effects on all students, including 
those who remain in the public schools.

Obviously, such an evaluation is not possible. 
So, to study the direct effect of vouchers, researchers 
must rely on comparing the achievement (or other 
outcomes) of students who were offered a voucher 
(or actually used a voucher to attend a different school) 
with the outcomes of students who were denied a 
voucher, were ineligible for a voucher, or remained in 
the public schools for other reasons.7 The empirical 
challenge is that the outcomes of the nonvoucher stu-
dents may not provide a valid approximation of what 
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TaBlE 1 (ConTInuEd)

Description of publicly funded voucher programs in 2007–08

   
McKay Scholarships for 1999–2000 19,439 To be eligible for this program, students must have been part of 
Students with Disabilities   the Florida public school system for at least one year, have been
Program (Florida)   counted in the prior school year’s October and February enroll-
   ment surveys, and have an individual education plan. 

   For the 19,439 students currently enrolled, there has been a total 
   payment amount of $99,212,622.04 so far for the 2007–08 school 
   year. There was a total payment amount of $119,092,631.54 
   across the state for the 2006–07 school year, assisting 18,273 
   students. Scholarship amounts are awarded on an individual basis.

Milwaukee Parental Choice 1990 18,882 Milwaukee Parental Choice Program students have family incomes 
Program (Wisconsin)   at or below 175 percent of the federal poverty level ($35,843 for 
   a family of four in 2007–08). Once a student is in the program, 
   family income may rise to 220 percent of the federal poverty level 
   ($45,057 for a family of four in 2007–08). The voucher was worth 
   a maximum of $6,501 in 2007–08.

DC Opportunity Scholarship 2004 1,903 Eligibility requirements give preference to students in kindergarten
Program (District of Columbia)   through 12th grade who are eligible for free or reduced lunch  
   and who are enrolled in public schools that fail to make sufficient 
   yearly progress as defined by the No Child Left Behind Act. 

   The program offers scholarships for up to $7,500 to cover the 
   costs of tuition, fees, and transportation for students to attend 
   participating DC private schools. Scholarships are renewable for 
   up to five years as long as students remain eligible and in good
   academic standing at their private schools.

Sources: Ohio Department of Education, http://EdChoice.ohio.gov and www.ode.state.oh.us/gd/gd.aspx?page=2&TopicRelationID=672; Florida 
Department of Education, www.floridaschoolchoice.org; Wisconsin Legislative Fiscal Bureau, www.legis.state.wi.us/lfb/Informationalpapers/29.pdf; 
Washington Scholarship Fund, www.washingtonscholarshipfund.org; and Wolf et al. (2007).

	 	 Number	of
	 	 scholarship	
	 Start	of	 students	in	
Voucher	program	 program	 2007–08	 Other	information

would have happened to the voucher students had they 
not been offered or used a voucher. The voucher stu-
dents may not have done as well (or as poorly!) as the 
nonvoucher students in the absence of the voucher 
program because their individual characteristics differ 
substantially. For example, the students with parents 
who are very educationally focused and motivated may 
be more likely to apply for a school voucher, and yet 
these students may have done better than their non-
voucher classmates even in the absence of the voucher 
program because of their higher level of parental sup-
port and encouragement. Unless the research design 
can take these individual characteristics fully into ac-
count, the estimated impact of vouchers will not likely 
generate the true impact of vouchers on student achieve-
ment (in statistical terms the estimated impact will be 
“biased”). As a result, researchers have relied on ana-
lytical strategies that attempt to control for all differ-
ences between the two groups of students, observed 
and unobserved. 

The first strategy is to control for students’ achieve-
ment (typically a test score) prior to using the school 
voucher in order to adjust for nonschool factors (such 

as having educationally focused parents or low family 
income) that affect this achievement and that might also 
be correlated with a student’s likelihood of applying 
for a voucher. This strategy amounts to comparing the 
change in achievement of students before and after par-
ticipation in the voucher program with the change in 
achievement of students who did not participate in the 
program. The assumption that must hold for this esti-
mate to generate the true (unbiased) effect of vouchers 
is that there are no other differences that would explain 
changes in the test scores between the two groups of 
students except for the use of a voucher. Although this 
approach has some appeal, one might reasonably be 
concerned that students who were not doing well (or 
were doing very well) in the public schools were 
more interested in a different schooling experience 
and that prior test scores do not perfectly reflect aca-
demic “ability,” achievement, or motivation.

A second, more compelling strategy to generate 
estimates of the effect of vouchers on student outcomes is 
to use a random assignment design. In this “experimen-
tal” research design, students are randomly assigned 
to either a “treatment group” that is offered a school 
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voucher or a “control group” that is not. In this case, 
there are no differences in the observed or unobserved 
individual characteristics, on average, between the 
two groups because the offer of a voucher was deter-
mined not by one’s family’s income or motivation, 
but purely by the flip of a coin. As a result, one need 
not control for other student characteristics. Properly 
implemented, such a strategy is viewed as the “gold 
standard” for estimating a causal relationship between 
vouchers and student outcomes. In practice, however, 
nonrandom differences can emerge between the treat-
ment and control groups to the extent that the research-
ers conducting the study are not able to adequately 
follow up with both groups of students. 

A simple comparison of the outcomes of students 
in the treatment group (those offered vouchers) and 
those in the control group (those not offered vouchers) 
will generate a true (unbiased) estimate of the impact 
of being offered a voucher on student outcomes—a 
parameter known as the “intention to treat” in the re-
search literature. This impact reflects two factors that 
are important for proper evaluation of a voucher pro-
gram: the rate at which students who are offered a 
voucher actually use one and the relative achievement 
of students in private schools. As such, the intention 
to treat has two appealing properties: It is the only 
unambiguously true (unbiased) estimate that one can 
obtain using typical statistical methods, such as ordi-
nary least squares regression, and it reflects the over-
all potential gains from offering the vouchers as a 
policy (since those who are offered vouchers cannot 
be compelled to use them). 

Many are also interested in whether students who 
actually use vouchers experience academic gains as a 
result—an effect known as the “treatment on the treated” 
among researchers. Because actual use of a voucher 
is not randomly determined, analysts must resort to 
nonexperimental methods to generate consistent esti-
mates of the treatment-on-the-treated gains by those 
who actually use vouchers to attend private school. A 
common approach is to use an instrumental variables 
strategy: Whether a student was randomly offered a 
voucher is used as an instrumental variable for the 
student attending a private school. This type of analy-
sis would generate a consistent estimate of whether 
the schools that the voucher students attended were 
more, less, or equally as effective as the schools that 
the nonvoucher students attended.

Evidence on the direct impact of school 
vouchers on students

In the U.S., two types of school voucher programs 
have been studied—those financed by the government 
(publicly funded school vouchers) and those provided 

by the private sector (privately funded school vouch-
ers). From a public policy perspective, the evidence 
from publicly funded programs is most relevant as 
these programs incorporate some of the design features 
that might be built into a larger school voucher pro-
gram, such as limitations on which students are eligible 
to receive a voucher and the provision or reimburse-
ment of transportation (if any at all). That said, some 
of the most compelling evidence (from a methodologi-
cal perspective) comes from the privately funded 
vouchers, so we review that evidence here as well. We 
begin with evidence from publicly funded programs.

We translate the estimated impacts for all of the 
programs into “standardized effect sizes” (σ) in order 
to compare estimates across studies. In particular, the 
estimated difference in test scores between voucher 
and comparison (nonvoucher) students has been di-
vided by the standard deviation of the test score from 
a national sample of students. The reason for dividing 
by the standard deviation is to account for the fact that 
studies have used different tests to assess the students. 
The problem is that an assessment of whether a gain 
is “big” or “small” depends on the shape of the under-
lying distribution of the test. Thus, for example, a five-
point gain using a test that has a narrow bell shape  
(a small standard deviation) implies a larger gain in 
student learning than does an eight-point gain using  
a test that has a wide bell shape (a large standard de-
viation). Thus, researchers “standardize” the test score 
gain by the spread of the distribution to account for 
its underlying shape and often report “effect sizes”  
in standard deviation units. 

Once standardized, however, one must still judge 
whether an estimated effect size is large or small. Re-
cently, Hill et al. (2007) attempted to review effect sizes 
from many studies of educational interventions. While 
they caution that it is only valid to compare effect sizes 
when using comparable populations, contexts, and in-
terventions, as well as the outcomes being measured, 
they report that effect size estimates from randomized 
studies average 0.33σ for elementary schools, the typi-
cal grade level for the studies of voucher programs 
we review here.

Table 1 (pp. 4–5) briefly describes publicly fund-
ed voucher programs in the U.S. Since the launch of 
the Milwaukee Parental Choice Program in Wisconsin 
in the early 1990s, several other publicly financed 
voucher programs have been started, including one in 
Washington, DC, in which the vouchers are allocated 
on a randomized basis. Not only is the Milwaukee 
Parental Choice Program one of the oldest publicly 
funded voucher programs in the U.S., it has also been 
subject to numerous studies. The program is open to 
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low-income students who may use a voucher to attend 
any participating school (including religious schools) 
worth approximately $6,501 in the 2007–08 academ-
ic year. Nearly 19,000 students and 120 schools par-
ticipated that academic year. 

Most of the studies regarding potential achieve-
ment impacts of the Milwaukee program were con-
ducted when the program had only been in operation 
for about four years and vouchers could only be used 
at nonreligious schools. At that time, about 12 schools 
and 800 students participated. Because the schools 
participating in the program were required to take all 
students who applied and to randomly select among 
applicants in the event of oversubscription, researchers 
had two potential comparison groups available—un-
successful applicants and a random sample of low- 
income students from the Milwaukee Public Schools. 
Using both comparison groups, Rouse (1998) reports 
mixed results of the “direct” effect of the program: 
She estimates intent-to-treat effect sizes ranging from 
0.06σ to 0.11σ in math and from –0.03σ to 0.03σ in 
reading, although the impacts in reading are never 
statistically different from zero, meaning that the dif-
ference may have arisen by chance.8

 Evidence from the Cleveland Scholarship and 
Tutoring Program (CSTP) suggests even smaller im-
pacts on student outcomes. The voucher program is 
open to all students living within the boundaries of 
the Cleveland Metropolitan School District, with pref-
erence given to students in low-income families.9  
Students are permitted to use the vouchers at both 
nonreligious and religious schools. (The tutoring pro-
gram provides tutors to interested students from kin-
dergarten through 12th grade.) The CSTP data allow 
researchers to identify three groups of applicants: 
voucher recipients who use the voucher, voucher re-
cipients who do not use the voucher, and nonrecipi-
ents.10 Additionally, Cleveland Metropolitan School 
District and test score data are available for a (non-
random) sample of public school students.11

Analyzing data from the cohort of students who 
entered kindergarten in 1997, Belfield (2007) compares 
voucher winners and rejected applicants with the avail-
able sample of Cleveland public school students. He 
also estimates the effect of attending private school 
by comparing voucher users with the rejected appli-
cants. In the third year of the program (when the co-
hort is in second grade), he finds that voucher winners 
scored significantly lower in math (–0.08σ) and lower 
in reading (–0.05σ) than those in the public school sam-
ple. Further, he finds that voucher users scored signif-
icantly lower in both math and reading (–0.11σ and 
–0.13σ, respectively) than the rejected applicants.12  

In the fifth year of the program (when the cohort was 
in fourth grade), the results are more mixed with esti-
mated effects ranging from –0.08σ in math to 0.07σ 
in reading for the effect of using a voucher, but neither 
estimate is statistically different from zero.13 

While the studies of both Milwaukee and Cleveland 
attempt to construct valid comparison groups and 
thereby identify causal impacts of the voucher programs 
on student outcomes, all of them rely on observation-
al data and therefore may not fully account for pre-
existing differences between the voucher and comparison 
groups. This leads to biased estimates of the impact 
of vouchers. In the case of Milwaukee, the bias could 
be either positive (in that the students who participat-
ed in the voucher program were more motivated) or 
negative (in that the random sample of low-income 
students in the public schools was too advantaged rel-
ative to the voucher participants). While Rouse (1998) 
attempts to determine the extent of any such bias (and 
concludes it is likely minimal), it remains an untest-
able assumption. Belfield (2007) is subject to the 
same general research design concern.14

This methodological concern could, in theory,  
be addressed in the study of the relatively new  
DC Opportunity Scholarship Program (DC OSP)  
in Washington, DC, which is being evaluated using  
a random assignment program design.15 In the first  
two years of the program (2004 and 2005), 2,038  
eligible public school students participated in the  
lotteries; 1,387 of them were awarded scholarships,  
and the remaining 921 students became the “control 
group.” Wolf et al. (2007) estimate that after one 
year, intent-to-treat effect sizes for the first two cohorts 
of students ranged from –0.01σ to 0.08σ in math and 
from –0.01σ to 0.03σ in reading. After two years, 
Wolf et al. (2008) report that the impacts ranged from 
–0.02σ to 0.01σ in math and from 0.05σ to 0.08σ in 
reading. Not only do these ranges include negative 
impacts but none of them are statistically different 
from zero at the 5 percent level.  

Thus far, the evidence from the publicly funded 
voucher programs suggests, at best, mixed improve-
ment among either students who were selected for a 
voucher (the intent to treat) or students who used a 
voucher (the treatment on the treated). The largest es-
timates, from the Milwaukee Parental Choice Program, 
suggest potential (intent-to-treat) gains of 0.11σ in 
math and gains of 0.14σ for those who actually use a 
voucher to attend a private school; most of the other 
estimates are much smaller or even negative. Howev-
er, with the exception of the studies on the DC OSP, 
the studies suffer from potentially unsatisfactory 
comparison groups. As such, we now turn to evidence 
from the privately funded programs.
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Although a fairly recent U.S. General Accounting 
Office (2002) report found 78 privately funded voucher 
programs to review, only a handful have been subject 
to any evaluation.16 Three privately funded voucher 
programs—based in New York City; Dayton, Ohio; 
and Washington, DC—had randomized study designs, 
making them the best suited for rigorous evaluation. 
As in the publicly funded DC OSP, the privately funded 
programs in each city had greater numbers of appli-
cants than vouchers available; therefore, applicants 
were randomly selected to receive or not to receive a 
voucher offer. For the New York City program (School 
Choice Scholarships Foundation), for example, the 
number of applicants was so large that the “control 
group” is made up of a random sample of applicants 
not selected to receive a voucher. We briefly describe 
each of the privately funded voucher programs with a 
randomized study design in table 2. 

Across all three cities, Howell, Peterson, et al. 
(2002) find that using a voucher has no overall im-
pact on student test scores. Indeed, after three years 
the estimated impact of attending a private school is 
only 0.02σ. Similarly, both Mayer et al. (2002) and 
Krueger and Zhu (2004) report very small impacts  
(at most a 0.06σ impact for using a voucher) in any 
year for the program in New York City, and none of 
the estimates are statistically distinguishable from zero. 

Nevertheless, a widely publicized result from 
these privately funded programs is that there may have 
been differences across subgroups of students. Indeed, 
Howell, Peterson, et al. (2002) and Mayer et al. (2002) 
report statistically significant positive effects of private 
school attendance on test scores for African American 
students alone. Also, after three years, those African 
American students who used a voucher are estimated 
to have experienced a 0.23σ gain in achievement 
across the three cities; those African American students 
who used a voucher from the New York City program 
are estimated to have gained 0.26σ.17

However, these results are not robust. In their re-
analysis of the data from the New York City program, 
Krueger and Zhu (2004) report that the results by race 
are particularly sensitive to two analytical decisions. 
First, Krueger and Zhu include all students, whereas 
Mayer et al. (2002) include baseline test scores in all 
of their specifications, which leads them to exclude 
the students who were missing baseline test score in-
formation; most of the excluded are first grade students 
who were not administered a baseline test. Because 
students were randomly chosen to receive or not to 
receive a voucher, baseline characteristics such as test 
scores should have been identical for the two groups 
(on average). The primary reason for including baseline 

characteristics would be to improve the precision of 
the estimates. However, Krueger and Zhu find very little 
difference in the precision of the estimated impact of 
vouchers when using the larger sample without base-
line test scores. As a result, they argue that the gain in 
terms of statistical precision is not great enough to war-
rant the cost in terms of not generating estimates that 
are representative of the original target population.

The second substantive difference between the 
studies is how the researchers define a student’s race. 
Mayer et al. (2002) identifies a student as African 
American if the mother’s race is reported as African 
American and non-Hispanic (irrespective of the race 
or ethnicity of the father). Krueger and Zhu (2004) use 
alternative identifications. They identify a student as 
African American if either parent is African American 
and non-Hispanic; also, in their definition of African 
American, they include the group of students whose 
parents responded “other” to the survey but indicated 
that they (the parents) were “black” in the open-ended 
response. With the larger sample and the broadest 
identification of students as African American, Krueger 
and Zhu report that the estimated impact of being  
offered a voucher (intent-to-treat impact) for African 
American students falls to 0.05σ after three years and 
the estimated impact of using a voucher (treatment on 
the treated) falls to 0.03σ; neither estimate is statisti-
cally different from zero. 

In sum, there is little evidence of overall improve-
ment in test score outcomes for students offered an 
education voucher from privately funded voucher 
programs. Although there may be evidence that some 
subgroups of students benefit from being offered a 
voucher, the evidence is not robust to sensible alter-
native ways of constructing the analysis sample. In 
addition, the results of these experiments may not be 
valid for thinking about the average benefits of offer-
ing vouchers to all students. Namely, all participants 
in the experiment—both voucher recipients and non-
recipients—had expressed an interest in vouchers.

Evidence of public school response  
to competitive pressure

As we have emphasized, the studies discussed 
previously are based on relatively small voucher pro-
grams such that there was likely little competitive pres-
sure to which the public sector would have responded. 
As such, the estimates are primarily of the direct ef-
fect of vouchers for those who use them. However, 
the true prize of a voucher system—or any significant 
increase in the competitive pressure experienced by 
the public schools—is overall improvement in the 
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Description of privately funded voucher programs

	 	 Number	of
	 	 scholarship	
	 	 students	in	
	 Evaluation	 program
Voucher	program	 period	 evaluation	 Other	information

School Choice Scholarships 1997–99 1,200 Students were eligible to apply if they were entering first through 
Foundation (New York City, NY)   fifth grades, currently attending a public school, and qualified for 
   the National School Lunch Program.  
   The program began in 1997, paid up to $1,400 annually, and 
   initially guaranteed three years of receipt. The scholarships were 
   later extended beyond the initial three years.

Parents Advancing Choice 1998–99 530 Students in kindergarten through 12th grade whose family income 
in Education, or PACE   was less than 200 percent of the federal poverty line were eligible.
(Dayton, OH)   (Students currently enrolled in private school were eligible for the 
   program but not included in the evaluation. The evaluation focuses 
   on students in the first through seventh grades at baseline.)

   At most, the scholarship was worth $1,200 or 60 percent of 
   tuition, whichever was less. However, voucher awards were smaller
   for higher-income families. The program began in 1998, and while 
   the evaluation followed students for only two years, PACE continued
   to award new scholarships through 2008. In 2008 the average 
   scholarship is worth $1,800, and students are guaranteed a 
   scholarship for at least four years.

Washington Scholarship Fund 1998–2001 1,000 Students entering kindergarten through eighth grade whose family 
(Washington, DC)   income was less than 270 percent of the federal poverty line were 
   eligible. (Students currently enrolled in private school were eligible 
   for the program but not included in the evaluation. The evaluation 
   focuses on students in the first through seventh grades at baseline.)

   At most, the scholarship was worth $1,700 or 60 percent of tui-
   tion, whichever was less. However, voucher awards were smaller
   for higher-income families. The voucher program began in 1993 
   and continued to offer scholarships in 2008. In 2008–09, the 
   scholarships are worth up to $3,000 per child each year.

Sources: Howell, Wolf, et al. (2002); Parents Advancing Choice in Education, www.pacedayton.org; and Washington Scholarship Fund,  
www.washingtonscholarshipfund.org.

performance of the affected education system. Unfor-
tunately, to develop a study that would generate unbi-
ased estimates of any such systemic impacts is extremely 
difficult. One cannot simply compare the outcomes of 
students who use a voucher (or who were offered a 
voucher) to the outcomes of students who remained 
in the public schools (either by choice or from “bad 
luck” in a lottery) as this would likely underestimate 
the general equilibrium impact. The problem is that, 
in theory, the public schools should improve in response 
to the increased competition and this improvement 
should be reflected in the achievement of the public 
school students. As a result, the control (or compari-
son) students would not adequately represent what 
would have happened to the voucher students in the 
absence of the voucher program. 

Rather, one would ideally gather a large group of 
education “markets” (assuming that any general equi-
librium impacts remain within a market and there are 

no spillovers to others) and randomly assign some 
markets to a treatment group—in which the students 
would be eligible for school vouchers—and randomly 
assign the remaining markets to a control group—in 
which there would be no vouchers. After some period 
of time, the researcher would then compare the aver-
age outcomes of students in the voucher markets with 
those of students in the control markets. A simple 
comparison of the outcomes would yield an unbiased 
estimate of the general equilibrium impact of vouch-
ers because, on average, the markets would have been 
similar ex ante. While such an experiment is possible 
in theory, in practice it would be extremely difficult to 
implement mostly because it would require the coordi-
nation and cooperation of so many different stake-
holders. As a result, researchers have turned to other 
research designs to try to get an estimate of the poten-
tial impact of a large-scale voucher program.
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Evidence from the expansion of the Milwaukee 
Parental Choice Program

After the experimental phase of the Milwaukee 
Parental Choice Program ended in 1995, the program 
was expanded to allow for a maximum of 15 percent 
of the public school enrollment; further, in 1998 the 
Wisconsin Supreme Court ruled that the vouchers 
could be used in religious schools. These two events 
led to a dramatic increase in participation in the pro-
gram by both students and schools. In fact, the pro-
gram was so popular that in 2006, participation was 
expanded to 22,500 voucher students. Researchers 
have attempted to analyze these last two expansions 
to estimate the potential impact of a large-scale voucher 
program on student achievement in the public sector 
(see Hoxby, 2003; Carnoy et al., 2007; and Chakrabarti, 
2008). While some of the details differ, the basic 
strategy of all three studies is to attempt to identify 
those schools within the Milwaukee Public School 
District that face differing competitive pressure be-
cause of the mix of income levels among their stu-
dents. (Those schools with a high proportion of 
low-income students who are eligible for the voucher 
program presumably face more competitive pressure 
than those with a low proportion of low-income stu-
dents who are eligible.) The basic strategy of all three 
studies also identifies observably comparable districts 
elsewhere in Wisconsin in which there are no public-
ly funded vouchers. The following would be evidence 
of a positive impact of competition on school efficien-
cy, as reflected in student test scores: Disproportion-
ate gains among students attending schools facing 
competitive pressure compared with their peers at 
schools within Milwaukee facing relatively little 
pressure and at schools outside of Milwaukee (facing 
no pressure from vouchers).

All three studies find evidence that with the ex-
pansion of the voucher program in 1998, student per-
formance improved in the first few years, especially 
in schools that were most likely to be affected by the 
increased competition. For example, Hoxby (2003) 
estimates that the fourth grade test scores of students 
attending schools likely facing the most competitive 
pressure improved by 0.12σ per year in math and by 
0.07σ per year in reading relative to students attend-
ing comparison schools outside of Milwaukee. 

While interesting, these results must be interpreted 
as being only suggestive. The identifying assumption 
is that there are no unobserved changes before and after 
the voucher program was implemented when compar-
ing the schools with many voucher-eligible students to 
schools with few or no voucher-eligible students. 
However, within the Milwaukee Public School District, 

all schools were potentially affected by the vouchers. 
Further, outside of the Milwaukee Public School  
District, the demographic composition of the schools 
is quite different (specifically, the students are less 
likely to be minority and more likely to come from 
wealthier families) such that it is not clear researchers 
can adequately account for differences between the 
students. In addition, Carnoy et al. (2007) present some 
results that are not consistent with a simple interpre-
tation that performance in the Milwaukee public 
schools improved because of increased competition. 
For example, they also find that there was little im-
provement after 2002 despite the fact that interest  
in the voucher program increased (as proxied by the 
number of applications). Further, they find no evi-
dence of a general equilibrium impact when they em-
ploy other direct measures of competition (such as 
the number of nearby private schools or the relative 
number of voucher applications from a school). 

Evidence from Florida’s A+ Opportunity  
Scholarship Program

In order for a voucher program to spur improve-
ment within the public schools, there need not be a 
substantial number (or proportion) of students who 
use a voucher to attend a private school. Rather, if 
public school administrators perceive there is the po-
tential that the students will do so, they may have an 
incentive to improve the education in their schools. 
Thus, researchers have attempted to gain some in-
sight into the potential response of public schools to 
increased competitive pressure a second way: by study-
ing the schooling outcomes of students attending 
schools that were under the “threat” of becoming voucher- 
eligible—that is, schools with a high probability of 
their students becoming eligible to use a voucher.  
Researchers have done so by taking advantage of the 
design of Florida’s school accountability system— 
its A+ Plan for Education. Specifically, since 1999, 
schools in Florida are given a grade of A through F, 
largely depending on the performance of the students. 
Schools that receive high grades and are improving 
receive bonuses. In contrast, low-performing schools 
(graded either D or F) are subject to increased admin-
istrative oversight. (These poor performers are also 
provided with some additional financial assistance.) 
In addition, if a school received an F in two out of 
four years and had an F in the current year, students 
became eligible for vouchers called Opportunity 
Scholarships.18 While the other features of Florida’s 
A+ Plan for Education remain in effect, the voucher 
program was declared unconstitutional by the Florida 
Supreme Court in January 2006. Thereafter students 
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could no longer use a voucher to attend a participat-
ing private school; they are, however, still able to use 
a voucher to attend a higher-graded public school.

Under Florida’s A+ Plan for Education, school 
grades are determined by assigning “grade points” 
based on student test score performance.19 Grades are 
then assigned based on whether the school is above 
or below the predetermined cut points for each of the 
letter grades. Arguably, schools earning just above the 
number of grade points needed to receive an overall 
grade of D are no different than schools receiving just 
below the number of grade points needed to receive  
a D grade. As a result, many of the schools that re-
ceived an F grade are quite similar to many of those 
that received a D grade. Figlio and Rouse (2006), 
West and Peterson (2006), Rouse et al. (2007), and 
Chiang (2008) therefore compare student outcomes 
from schools earning D and F grades while control-
ling for the number of grade points earned so that 
they can recover the causal effect of the policy on  
educational achievement. 

All of the papers find that test scores of students 
improve following a school’s receipt of an F grade. 
For example, Rouse et al. (2007) and Chiang (2008) 
report gains ranging from 0.12σ to 0.14σ in math and 
about 0.10σ in reading. Further, these two studies also 
find evidence that the improvements persist even once 
the students leave the voucher-threatened school, partic-
ularly in math. In addition, Rouse et al. (2007) report 
finding evidence that the F-graded schools responded 
in educationally meaningful ways. For example, fol-
lowing receipt of an F grade, schools were more like-
ly to focus on low-performing students, lengthen the 
amount of time devoted to instruction, and increase 
resources available to teachers. As such, these studies 
may provide some evidence that increased competi-
tive pressure can generate some improvement in pub-
lic schools.20

One should note, however, that the F-graded schools 
in Florida were also stigmatized as “failing” (one of 
the intents of the public announcements of the grades). 
So another possibility is that the stigma of being iden-
tified as a failing school (and perhaps the subsequent 
parental pressure to make changes) led the schools to 
improve. As such, one cannot strictly distinguish a 
“voucher effect” from a “stigma effect.” That said, 
Figlio and Rouse (2006) indirectly assess the impact 
of stigma by comparing student achievement follow-
ing the implementation of Florida’s A+ Plan for  
Education—which enlisted both the threat of vouch-
ers and stigma—with student achievement following 
the placement of schools on a critically low perform-
ers list in 1996, 1997, and 1998 that involved public 

stigma but no threat of vouchers. They estimate that 
the student gains in reading were nearly identical un-
der the two regimes and were actually larger in math 
following placement on the critically low performers 
list, suggesting that the relative improvements among 
the low-performing schools may have been due more 
to stigma than to the threat of vouchers.

There is some evidence from the expansion of 
the Milwaukee Parental Choice Program and from 
the threat of vouchers created by Florida’s A+ Plan 
for Education suggesting that the achievement of stu-
dents attending schools facing increased competition 
improves. However, the research strategies do not al-
low one to definitively rule out other explanations for 
the improvements. As such, we conclude that the jury 
is still out on the potential for vouchers to spur public 
schools to improve.

other potential social gains from vouchers

There may be other reasons why providing school 
vouchers may be appealing from a public policy stand-
point. One might argue in favor of vouchers as a way 
to increase equity by giving poor families more op-
portunities to choose private schools over their neigh-
borhood public schools. Also, based on parents’ reports 
for the publicly funded DC voucher program (DC 
OSP), the schools that are chosen (private schools) 
may be safer. Parents of students offered a voucher 
reported a significantly lower level of perceived school 
danger than parents of students not offered a voucher.21

In a related fashion, student achievement may 
not be the only criterion by which to judge the success 
of voucher programs. If school choice means that par-
ents are more satisfied with the education their children 
are receiving and if voucher programs are no more 
expensive than our current system, then a voucher 
program may be a cost-neutral way to increase social 
welfare. Importantly, one consistent finding in this lit-
erature is that voucher parents report being more sat-
isfied with their current schooling than do nonvoucher 
parents. For example, in the DC OSP, parents of stu-
dents offered a voucher gave their children’s schools 
a significantly higher overall grade on a five-point 
scale (grades A through F) and were significantly more 
likely to give their children’s schools a grade of A or B. 
Further, they reported significantly greater satisfaction 
with their children’s schools on all aspects asked, in-
cluding location, class sizes, discipline, academic 
quality, and the racial mix of the students (Wolf et al., 
2007). These results have generally been reported for 
other voucher programs, such as those in New York 
City (Mayer et al., 2002) and Milwaukee (Witte, 
Sterr, and Thorn, 1995).22
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Yet, the potential net improvement in social wel-
fare depends on both the general equilibrium effects 
of vouchers and the cost advantage over current pub-
lic schools—two issues that are not well understood. 
While small-scale voucher programs indicate that 
parents offered a voucher are more satisfied with their 
children’s schools than those not offered a voucher,  
a large-scale voucher program might result in some 
parents who are more satisfied and some who are less 
satisfied. In order for social welfare to be increased 
with a cost-neutral voucher program, the gains to the 
parents who benefit must be large enough to out-
weigh the losses to parents who do not benefit.

In addition, there is not much information about 
whether a well-developed voucher program would, 
indeed, be cost-neutral. On its face an education voucher 
system should be no more expensive than the current 
system as the state (or some other public entity) 
would simply send a voucher check to participating 
schools for each participating child rather than to the 
local public school or district. However, if truly im-
plemented on a large scale, there may be other, less 
obvious costs that would depend critically on the ac-
tual design of the program. Levin and Driver (1997) 
caution that, depending on a number of factors, the 
cost of a voucher system could actually exceed those 
of the current geographically based system. These 
factors include the transportation of children to and 
from school, recordkeeping, and the monitoring of 
student enrollment. Two additional concerns are how 
a program deals with students currently attending pri-
vate schools and how disputes are adjudicated (par-
ticularly if there are differing voucher amounts). 
While Levin and Driver’s estimates are rough, based 
on hypothetical voucher programs and crudely esti-
mated costs, their analysis suggests, at a minimum, 
that we should not assume a voucher program would 
be cost-neutral. Further, there may be large costs as-
sociated with the transition to a voucher system that 
should be considered.

Finally, the studies to date necessarily focus on 
short-run effects of vouchers when in fact there may 
be longer-run impacts on high school graduation,  
college enrollment, or even future earnings. For ex-
ample, Altonji, Elder, and Taber (2005a) study the ef-
fect of Catholic education on a variety of outcomes 
and find little evidence that Catholic schools raise 
student test scores. At the same time, their results 
suggest that Catholic schools increase the probability 
of graduating from high school and potentially the 
probability of enrolling in college. These longer-run 
effects have yet to be credibly examined in studies of 
school vouchers.

Conclusion

The best research to date finds relatively small 
achievement gains for students offered education 
vouchers, most of which are not statistically different 
from zero, meaning that those gains may have arisen 
by chance. Further, the very little evidence about the 
potential for public schools to respond to increased 
competitive pressure generated by vouchers also sug-
gests that one should remain wary that large-scale im-
provements would result from a more comprehensive 
voucher system.

So why has it been so difficult for researchers to 
observe large improvements in student achievement 
with school vouchers in the U.S.? One explanation 
may be that schools already compete for students 
through residential choice such that the public sector 
does not operate as poorly as perceived by many.  
Another explanation may be that the education sector 
does not meet the conditions for perfect competition 
(Garner and Hannaway, 1982). For example, infor-
mation on school quality may be costly and difficult 
for parents to obtain, so having more choice may gen-
erate less additional competitive pressure on schools 
than one would expect in a perfect information envi-
ronment. Further, education is not a homogenous 
good. Therefore, while competition for students may 
make schools more responsive to parents, this may  
be achieved through changes in other areas of school 
life, such as religious education or sports, rather than 
academic achievement. 

Despite the heretofore lackluster empirical find-
ings, the theoretical rationale behind school vouchers 
remains compelling: If parents choose schools based 
on academic performance and if we allow them more 
choice, then the schools will need to improve academi-
cally in order to attract students. In addition, others 
have endorsed vouchers to promote greater equity:  
If rich families have the means to opt out of the public 
school system, should not poor families have a simi-
lar opportunity? It is perhaps for these reasons—com-
bined with frustration that other approaches to improve 
the U.S. education system have proven weak or futile—
that school vouchers remain high on the agenda for 
many policymakers.23 However, expectations about 
the ability of vouchers to drastically improve student 
achievement, at least as measured by test scores, 
should be tempered by the results of the studies to 
date, and arguments for vouchers as a cost-neutral  
alternative should be subject to more careful analysis 
of the full costs.
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NOTES

1The National Assessment of Educational Progress is the only na-
tionally representative and continuing assessment of what students 
in the U.S. know and can do in various subject areas, such as math-
ematics and reading. The commissioner of education statistics, who 
heads the National Center for Education Statistics in the U.S. 
Department of Education, is responsible by law for carrying out 
the NAEP project; for further details, see http://nces.ed.gov/ 
nationsreportcard/. See also Hoxby (2003).

2The Florida A+ Opportunity Scholarship Program—a publicly funded 
voucher program initially created for students to attend private 
schools—was declared unconstitutional by the Florida Supreme 
Court in January 2006. After this ruling, students could no longer 
use the voucher to attend a participating private school; they are, 
however, still able to use the voucher to attend a higher-rated pub-
lic school. For further details, see the discussion on the Florida A+ 
Opportunity Scholarship Program later in the text and in table 1.

3A less efficient public sector and a less competitive (public school-
ing) environment may explain the larger impacts of school vouch-
ers that have been estimated in other countries, such as Columbia 
(see, for example, Angrist et al., 2002). In the U.S., elementary and 
secondary public schooling has largely depended on local financ-
ing, meaning that choice between local school districts may already 
generate strong competitive pressure. As a result, there may be less 
potential for vouchers to generate large efficiency gains (see, for 
example, Barrow and Rouse, 2004). 

4See, for example, Coleman, Hoffer, and Kilgore (1982a, 1982b); 
Evans and Schwab (1995); Neal (1997); and Altonji, Elder, and 
Taber (2005b). 

5See, for example, Goldberger and Cain (1982), Cain and 
Goldberger (1983), and Altonji, Elder, and Taber (2005a).

6Of course, even if vouchers improved outcomes in the long run, 
there might be a transition period in which the full benefits were 
not realized. A more complex version of this hypothetical experi-
ment would be needed to identify both the transitional costs and 
long-run effects of a voucher program.

7Ironically, this also means that this literature bears striking similarity 
to that of the differential effectiveness of private and public schools.

8The range reflects estimates from different model specifications. 
Other studies using these early data from Milwaukee include  
Witte (1997) and Witte, Sterr, and Thorn (1995), as well as Greene, 
Peterson, and Du (1999). Using only the sample of low-income 
students from the Milwaukee Public Schools as a comparison group, 
Witte (1997) and Witte, Sterr, and Thorn (1995) estimate no impact 
of the program on student achievement. Greene, Peterson, and Du 
(1999) only use the unsuccessful applicants as a comparison group 
and estimate a positive impact in both math and reading. See Rouse 
(1998) for further discussion of the differences between the studies.

9The voucher is also progressive in that it pays 90 percent of tuition 
up to $3,450 for those with family income below 200 percent of 
the poverty line and only 75 percent of tuition up to $3,450 for 
those from families earning above 200 percent of the poverty line. 
The original program paid tuition up to a maximum of $2,250 
(Metcalf et al., 1998). The Cleveland Metropolitan School District 
changed its name from the Cleveland Municipal School District  
in 2007.

10The nonrecipient group potentially contains both students who 
did not win the voucher lottery and students not entered into the 
lottery due to the preference given to students from low-income 
families (Metcalf, 2001). 

11The public school sample was generated by using the first grade 
classmates of voucher recipients who did not use their voucher, as 
well as the first grade classmates of program applicants who were 
not awarded a voucher (Metcalf, 2001).

12Although Belfield (2007) only reports results for the third and 
fifth years of the program, he notes that the results are similar for 
the fourth year when the cohort was in third grade.

13Belfield (2007) finds a statistically significant –0.06σ difference 
in math between voucher winners and the public school sample. 

14In addition, Belfield (2007) includes some measures in his empir-
ical specifications that are arguably outcomes of the voucher pro-
gram, namely, class size and teacher’s years of experience. That 
said, his results are largely similar when these controls are excluded. 

15See Wolf et al. (2007) for more details. Students attending low-
performing public schools were given a better chance of winning 
the lottery. Although private school students were eligible for the 
vouchers, they were excluded from the study.

16The U.S. General Accounting Office’s legal name became the 
U.S. Government Accountability Office on July 7, 2004. For fur-
ther details, see www.gao.gov/about/namechange.html.

17In contrast, Howell, Peterson, et al. (2002) estimate a negative 
impact for African American students after three years in the pri-
vately funded voucher program in Washington, DC, although the 
impact is not statistically different from zero. Results for the third 
year of the privately funded programs apply only to those in 
Washington, DC, and New York City because the Dayton, Ohio, 
program was evaluated for only two years. 

18Currently Florida has two other voucher programs as well: an in-
come tax credit for corporations to fund vouchers for low-income 
students and the McKay Scholarship for Students with Disabilities 
Program. Greene and Winters (2008) study the impact of the McKay 
Scholarships on the achievement gains of students with disabilities 
who remain in the public schools. Because their estimation strategy 
identifies the general effect of vouchers by using students whose 
disability status changes, the extent to which these results general-
ize to overall improvements in the public schools is unclear.

19Literally speaking, school grades were not assigned using “grade 
points” before 2002 when Figlio and Rouse (2006) studied the sys-
tem. Nevertheless, their strategy is quite similar in spirit.

20A statistical issue with which all of the researchers wrestle is 
whether the disproportionate gains by students in the F-graded 
schools resulted from mean-reverting measurement error or reflect-
ed actual changes in response to Florida’s A+ Plan for Education. 
Mean-reverting measurement error occurs when gains the year af-
ter a school scores unusually low—and is thereby labeled as F— 
reflect the measurement error in test scores. That is, the test scores 
of students might have increased in many of the F-graded schools 
even in the absence of Florida’s education plan simply because 
they were transitorily low in the prior year. The reliance on a re-
gression discontinuity design (one that compares the D-graded and 
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automobile makes and models appeal to different cli-
enteles and that these clienteles have heterogeneous 
risk profiles and accident rates. As a result, insurers 
routinely price automotive insurance based on auto 
make and model. Also, before mortgage lenders origi-
nate loans, typically they have information on the un-
derlying assets (for example, a house) as well as the 
borrowers’ personal characteristics. Thus, informa-
tion about the underlying assets often plays a role in 
determining mortgage contract rates. Given the cur-
rent practices in the auto insurance market and mort-
gage market, the question naturally arises as to 
whether incorporating information on automobile 
make and model would help third party lenders refine 
their loan pricing models. Specifically, if we assume 
that the choice of auto make and model reveals individ-
ual financial (or credit) risk behavior of the borrower, 
what does this tell us about the borrower’s propensity 
to prepay or default on his loan?

Studying individual risk behavior in the auto loan 
market may be important for investors, as well as lend-
ers. Over the years, a growing percentage of the stock 
of automobile debt has been held in “asset-backed  
securities.” Pricing these contracts is complicated by 

Introduction and summary

Automobiles, meaning cars and light trucks, are the most 
commonly held nonfinancial assets among Americans. 
In 2001, the share of families that owned automobiles 
was over 84 percent—higher than the share that owned 
primary residences at 68 percent. Further, automobile 
ownership statistics are fairly stable across various 
demographic characteristics, such as income, age, race, 
employment, net worth, and homeownership. So how 
do we pay for all these automobiles? Roughly three-
quarters of automobile purchases are financed through 
credit, and loans for automobile purchases are one of 
the most common forms of household borrowing.1  
In 2003, debt outstanding on automobile loans was 
over $1,307 billion.2 According to past studies on 
auto sales, third party financing (direct loans) accounts 
for the largest portion of the automobile credit market, 
with dealer financing (indirect loans) second and 
leasing third.3

What are the risks that lenders in the automobile 
market face? The first, most obvious risk is default—
that is, the person who took out a loan to buy a car or 
truck fails to pay it back. A second significant risk for 
lenders in this market is prepayment risk—that is, the 
car or truck purchaser pays off the loan early, reduc-
ing the lender’s stream of interest payments. (Hereafter 
we use the terms automobiles, autos, and cars, as well 
as vehicles, interchangeably.) 

At present, the third party auto loan market relies 
on a “house rate” for pricing loans, such that all qual-
ified borrowers with similar risk characteristics pay 
the same rate. The lender does not rely on any infor-
mation about the automobile’s make and model to 
price the loan. Rather, the lender simply underwrites 
the loan based on the borrower’s credit score and re-
quired down payment.4 This contrasts with current 
practices in the auto insurance market and the mort-
gage market. Auto insurers have long recognized that 
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the borrower’s options to default and prepay, which 
are distinct but not independent. Thus, one cannot 
calculate accurately the economic value of the default 
option without simultaneously considering the finan-
cial incentive to prepay. 

In perfectly competitive markets, we expect well-
informed borrowers to make decisions about whether 
to pay their auto loans early or late (or on time) in a 
way that increases their wealth. For example, individ-
uals can increase their wealth by defaulting on an auto 
loan when the market value of the auto debt equals or 
exceeds the value of the automobile. Alternatively, 
individuals can prepay their auto loan to take advan-
tage of declining interest rates.5

In this article, we use a competing risks frame-
work to analyze the prepayment and default options 
on auto loans, using a large sample of such loans.  
To the best of our knowledge, there are two other 
studies, Heitfield and Sabarwal (2003) and Agarwal, 
Ambrose, and Chomsisengphet (2007), that provide 
competing risks models of default and prepayment  
of automobile loans. 

Here, we document several interesting patterns. 
For example, a loan on a new car has a higher proba-
bility of prepayment, whereas a loan on a used car 
has a higher probability of default. In addition, we 
find that a decrease in the credit risk of an auto loan hold-
er, as measured by the FICO (Fair Isaac Corporation) 
score, lowers the probability of default and raises the 
probability of prepayment. We also find that an in-
crease in the loan-to-value ratio (LTV) increases the 
probability of default and lowers the probability of 
prepayment. An increase in income raises the proba-
bility of prepayment, whereas a rise in unemployment 
increases the probability of default. And a decrease in 
the market rate (the three-year Treasury note rate) in-
creases both the probabilities of prepayment and de-
fault. These findings are roughly in line with what we 
would expect.

Interestingly, we also find that loans on most  
luxury automobiles have a higher probability of pre-
payment, while loans on most economy automobiles 
have a lower probability of default. This indicates that 
consumer choices regarding automobile make and 
model provide information about the probabilities of 
default and prepayment, even holding traditional risk 
factors (FICO score, LTV, and income) constant. 

In the next section, we describe our data. Then, 
we discuss our methodology and describe the regres-
sion results from the model for auto loan prepayment 
and default. 

Data 

The proprietary data that we analyze are from a 
large financial institution that originates direct auto-
mobile loans.6 We focus on direct loans in this article 
because this is the market where lenders compete.  
Direct loans are issued directly to the borrower, and 
indirect loans are issued through the dealer. In the case 
of indirect loans, financial institutions have agreements 
with automobile dealerships to provide loans at fixed 
interest rates. However, they have to compete with 
automobile finance companies that can provide the 
loans at a much cheaper rate, even if they have to 
bear a loss on the loans. For example, a General  
Motors Corporation (GM) finance company can af-
ford to take a loss on the financing for a GM automo-
bile while making a profit on the automobile sale. 
Hence, financial institutions cannot compete in the 
market for indirect automobile loans. 

 Our original sample consists of over 24,384  
direct auto loans. Auto loans are issued with four-year 
and five-year maturities as well as fixed rates. We ob-
serve the performance of these loans from January 
1998 through March 2003, such that a monthly re-
cord of each loan is maintained until the automobile 
loan is either paid in full (at loan maturity), prepaid, 
defaulted, or stays current. Certain accounts are 
dropped from the analysis for the following reasons: 
Loans were originated after March 2002; loans were 
written for the financial institution’s employees; and 
loans were associated with fraud or with stolen auto-
mobiles. We also drop loans that were paid in full. In 
addition, once the loan has been defaulted or has been 
prepaid, subsequent monthly records are removed 
from the data set. Finally, we have a total of 20,466 
loans with 4,730 prepayments (23.11 percent) and 
534 defaults (2.61 percent) during the study period.7

Loan characteristics include automobile value, 
automobile age, loan amount, LTV, monthly payments, 
contract rate, time of origination (year and month), 
and payoff year and month for prepayment and de-
fault. We also have access to the automobile make, 
model, and year. Finally, we know whether the loan 
was issued toward the purchase of a used or new au-
tomobile. Borrower characteristics include credit score 
(FICO score),8 monthly disposable income, and bor-
rower age. The market rate used in this analysis is the 
three-year Treasury note rate. We also include the un-
employment rate in the county of residence of the 
borrower. A majority of the loans originated in eight 
northeastern states—Connecticut, Maine, Massachusetts, 
New Hampshire, New Jersey, New York, Pennsylvania, 
and Rhode Island. 
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TaBlE 1

Summary statistics for auto loans at origination,
1998–2003

	 75	 	 25
	 percent	 	 percent
	 level	 Median	 level

Blue book value (dollars) 22,125 17,875 14,875
Loan amount (dollars) 20,544 14,027 10,547
Monthly payment (dollars) 318 229 158
Annual percentage rate 9.75 8.99 8.49
Monthly income (dollars) 5,062 3,416 2,357
FICO score 761 723 679
Loan-to-value ratio (percent) 92.86 78.47 70.90
Unemployment rate (percent) 5.40 4.50 2.60
Owner age (years) 50 40 31
Auto age (years) 7 4 1
Loan age (months) 50 54 59

Notes: Blue book value means an auto’s market value. FICO score means Fair Isaac 
Corporation score, which is a credit score with a range of 300–850 (see note 8 for 
further details).

TaBlE 2

Summary statistics for loans on all, used, and new autos
at origination, 1998–2003

 All	 Used	 New
	 autos	 autos	 autos

Blue book value (dollars) 17,875 14,283 28,382
Loan amount (dollars) 14,027 10,624 24,583
Monthly payment (dollars) 229 193 324
Annual percentage rate 8.99 9.00 8.74
Monthly income (dollars) 3,416 3,333 3,665
FICO score 723 722 726
Loan-to-value ratio (percent) 78.47 74.37 87.18
Unemployment rate (percent) 4.50 4.50 4.50
Owner age (years) 40 39 40
Auto age (years) 4 6 0
Loan age (months) 54 52 60

Notes: All values are medians. Blue book value means an auto’s market value.  
FICO score means Fair Isaac Corporation score, which is a credit score with a  
range of 300–850 (see note 8 for further details).

Next, table 2 compares these median 
statistics on all auto loans with the median 
statistics for loans on used cars, as well as 
loans on new cars. The median FICO 
scores are 722 and 726 for loans on used 
and new vehicles, respectively. The medi-
an LTV ranges from 74 percent for loans 
on used automobiles to 87 percent for loans 
on new automobiles. Finally, the median 
loan amount is about two and a half times 
for new cars as compared with that for 
used cars. These statistics reveal the dif-
ferences between the borrowers who buy 
new and used automobiles. Despite these 
differences, the credit risk characteristics 
between the borrowers for new versus 
used autos are not significantly different, 
as reflected by the similar FICO scores.

Table 3 presents the distribution of 
loans on used and new automobiles by 
loan outcome. The first row shows the 
number of loans that are current at the 
end of the sample period—that is, those 
that are not defaulted or prepaid. While 
20 percent of loans on used autos and  
32 percent of loans on new autos are pre-
paid, only 2.77 percent of loans on used 
vehicles and 2.13 percent of loans on new 
vehicles are defaulted.10 Overall, 75 per-
cent of all loans are originated for used 
cars and 25 percent are originated for new 
ones. The descriptive statistics show that 
a higher percentage of borrowers who 
have loans for new automobiles prepay, 
while a slightly higher percentage of bor-
rowers who have loans for used automo-
biles default. 

Table 4 presents the distribution of 
the auto loans across the various states. 
Thirty-three percent of the loans originat-

ed in New York, 22 percent in Massachusetts, and  
1 percent in Florida, while 3 percent originated across 
the 41 states (and the District of Columbia) not listed 
individually in the table.

Table 5 presents the distribution of the loan origi-
nation by quarter. Since most U.S. and European au-
tomobile manufacturers typically introduce the new 
versions of their established models (as well as brand 
new models) in the third quarter, 41 percent of all auto 
loans in the sample originated in that quarter. Next, 
26 percent of the loans originated in the first quarter. 
The earned income tax credit (EITC) refunds, which 

Table 1 presents summary statistics for all loans. 
The median loan amount is $14,027, with a median 
LTV of 78 percent and a median annual percentage 
rate (APR) of 8.99 percent. The median FICO score 
is 723 in our sample, which also happens to be the 
national median score in 2005 (see note 8). The median 
monthly disposable income is $3,416. Finally, the median 
owner, loan, and car ages are 40 years, 54 months, and  
4 years, respectively. The blue book value (the car’s 
market value)9 at loan origination ranges from $4,625 
to $108,000. These statistics are comparable with the 
overall statistics for a typical auto loan portfolio. 
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TaBlE 3

Loans on all, used, and new autos, by loan outcome, 1998–2003

	 All	autos	 Used	autos	 New	autos	
	 Number	 Percentage	 Number	 Percentage	 Number	 Percentage

Good accounts 15,202 74.28 11,843 77.20 3,359 65.54
Prepayment 4,730 23.11 3,073 20.03 1,657 32.33
Default 534 2.61 425 2.77 109 2.13
Total 20,466 100.00 15,341 100.00 5,125 100.00

Note: Good accounts are loans that are current at the end of the sample period—that is, those that are not defaulted or prepaid. 

TaBlE 4

Auto loans, by state, 1998–2003

State	 Number	 Percentage

Connecticut 3,256 15.91
Florida 199 0.97
Maine 782 3.82
Massachusetts 4,418 21.59
New Hampshire 1,099 5.37
New Jersey 2,536 12.39
New York 6,669 32.59
Pennsylvania 296 1.45
Rhode Island 643 3.14
Other states and 
 District of Columbia 568 2.78
Total 20,466 100.00

Note: The percentage column does not total because of rounding.

TaBlE 5

Loan originations for all, used, and new autos, by quarter, 1998–2003

	 All	autos	 Used	autos	 New	autos	
	 Number	 Percentage	 Number	 Percentage	 Number	 Percentage

First quarter 5,289 25.84 4,034 26.30 1,255 24.49
Second quarter 3,714 18.15 3,157 20.58 557 10.87
Third quarter 8,478 41.42 6,053 39.46 2,425 47.32
Fourth quarter 2,985 14.59 2,097 13.67 888 17.33
Total 20,466 100.00 15,341 100.00 5,125 100.00

Note: The percentage columns may not total because of rounding.

typically become available to recipients in the first 
quarter, might help explain why 26 percent of the 
loans originated then.11 Finally 18 percent of all auto 
loans originated in the second quarter, and 15 percent 
originated in the fourth quarter.12 Since a majority of 
the loans in our sample are for used car purchases, 
this suggests that consumers even tie their used auto-
mobile buying decisions to the introduction of the 
new automobiles. This is evident from the distribution 
of the loans for used car purchases by quarter. The dis-
tribution is fairly similar to that of the loans for new 
car purchases. Finally, table 6 provides a distribution 

of the auto loans by auto make. Loans on Chevy  
automobiles constitute the largest percentage, and 
those on Jaguar and Porsche automobiles constitute 
the smallest shares. 

Variables
In our regression results for default and prepay-

ment, the dependent variable can take on the follow-
ing values: Current = 0, prepay = 1, and default = 2. 
We regress this variable against a variety of indepen-
dent variables that control for the economic environ-
ment as well as various borrower risk factors.

We first isolate variables to capture the prepay-
ment option. To approximate the prepayment option, 
we follow the approach outlined in Calhoun and Deng 
(2002) and construct an auto loan prepayment premi-
um that is defined as PPOptiont–6 = (rct–6 – rmt–6 )/(rmt–6), 
where rct–6 is the coupon rate on the existing auto loan 
and rmt–6 is the three-year Treasury note rate.13 We ex-
pect PPOptiont–6 to be positively related to prepay-
ment behavior—that is, consumers are more likely to 
prepay and trade in their cars with the decline in the 
prevailing three-year Treasury note rate relative to the 
original loan coupon rate. 

To determine the impact of differences in auto  
depreciation rates on loan termination probabilities, 
we estimated the depreciation schedule for each auto 
manufacturer based on the five-year market values  
for autos reported by the National Automobile Dealers  
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TaBlE 6

Auto loans, by auto make, 1998–2003
	 	
Auto	make	 Number	 Percentage
 
Acura 608 3.0
Audi 270 1.3
BMW 538 2.6
Buick 475 2.3
Cadillac 573 2.8
Chevy 2,097 10.2
Chrysler 390 1.9
Dodge 1,342 6.6
Geo 467 2.3
General Motors 449 2.2
Honda 1,919 9.4
Hyundai 125 0.6
Infinity 218 1.1
Isuzu 157 0.8
Jaguar 78 0.4
Jeep 1,591 7.8
Lexus 187 0.9
Lincoln 283 1.4
Mazda 400 2.0
Mercedes-Benz 722 3.5
Mitsubishi 433 2.1
Nissan 1,674 8.2
Oldsmobile 386 1.9
Plymouth 358 1.7
Pontiac 628 3.1
Porsche 75 0.4
Rover 147 0.7
Saab 286 1.4
Saturn 293 1.4
Subaru 340 1.7
Toyota 1,963 9.6
Volkswagen 994 4.9
Total 20,466 100.0

Notes: BMW means Bayerische Motoren Werke (Bavarian Motor 
Works). The percentage column does not total because of rounding.

cars will vary based on the idiosyncratic driving hab-
its of the borrowers. 

Based on these estimated changes in car prices, 
we construct the monthly loan-to-value ratio (CLTV). 
We expect the monthly loan-to-value ratio to be posi-
tively related to default probability because the high-
er depreciation in the auto value (holding other things 
constant) serves to increase the loan-to-value ratio. 
Given the significant depreciation in auto value upon 
purchase, many borrowers have an auto loan balance 
greater than the current car value. Thus, including CLTV 
allows for a direct test for the link between auto quality 
and credit performance. That is, if an auto manufac-
turer produces a disproportionate number of low- 
quality cars, then the secondary market value for the 
manufacturer’s cars will reflect this lower quality.

In addition to changes in the auto value relative 
to the debt burden, we also capture changes in bor-
rower credit constraints via the time-varying borrow-
er credit score (FICO). Borrower credit history is one 
of the key determinants of auto loan approval. Thus, 
we expect the FICO score to be negatively related to 
default probability, implying that borrowers with 
lower current FICO scores are more likely to default 
on their auto loans.14

Local economic conditions may also affect bor-
rower loan termination decisions. For example, bor-
rowers facing possible job losses are more likely to 
default because they may be unable to continue mak-
ing loan payments. We use the county unemployment 
rate (Unemployment), updated monthly, as a proxy 
for local economic conditions; the unemployment 
rate is for the county of residence of the borrower.  
Finally, we include a series of dummy variables that 
denote the borrower’s location (state) to control for 
unobserved heterogeneity in local economic conditions. 

We also control for other variables, such as the 
age of the borrower, state-specific effects, account 
seasoning (time since loan origination), and calendar 
time effects. Lastly, we also control for the make, 
model, and year of the automobile. It is well docu-
mented that different auto makes and models have 
different depreciation functions, so an auto make 
dummy will help isolate the auto make’s specific  
depreciation. For example, Aizcorbe, Corrado, and 
Doms (2000) and Corrado, Dunn, and Otoo (2003) 
use fixed effects models by assigning dummy vari-
ables for each automobile make, which can be used 
as a proxy for the measurement of the physical char-
acteristics of the automobile make. Since the charac-
teristics of an automobile are fixed, the dummy 
variables capture the cross-sectional variation in the 
auto’s market values. 

Association (NADA) on its website (www.nada.com). 
For example, to determine the average expected de-
preciation for Subaru cars, we collected the estimated 
market value during the fall of 2003 for Subaru’s base-
level Forester, Impreza, and Legacy models from the 
1998 model year through the 2002 model year. This 
provides a rough estimate of the yearly change in val-
ue for a base-level model experiencing an average 
driving pattern (as determined by the NADA). For each 
model, we then calculate the simple yearly deprecia-
tion experienced by the base car model (without con-
sidering possible upgrades or add-ons), and we average 
the expected depreciation by manufacturer. Unfortu-
nately, given the heterogeneous nature of the models 
from year to year, we are unable to match all models 
to a set of used car values. Thus, we assumed that all 
models for each manufacturer follow a similar depre-
ciation schedule. Obviously, our valuation algorithm 
is only an approximation, since the values of individual 
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Methodology

Using a loan-level model, we empirically evaluate 
the effect of market changes in interest rate exposure 
on prepayment risk for an automobile loan portfolio. 
We also do this for the effect of liquidity constraints—
as measured by FICO scores—and the effect of unem-
ployment on default risk. Previous empirical prepayment 
and default models using loan-level data are typically 
based on techniques of survival analysis (originally 
used in biological studies of mortality).15 Kalbfleisch 
and Prentice (1980) and Cox and Oakes (1984) pro-
vide a classic statistical treatment of the topic. For 
further details, see the appendix. 

Since our primary purpose is to determine how 
borrower consumption decisions can affect loan per-
formance, we follow Gross and Souleles (2002) and 
separate xj into components representing borrower 
risk characteristics, economic conditions, and con-
sumption characteristics. Specifically, we assume that

 
1) ′ = + + + +x State risk econ carj j t i it it itβ β τ β β β β0 1 2 3 4 ,  
 
where τt represents a series of dummy variables cor-
responding to calendar quarters that allow for shifts 
over time in the propensity to default or prepay; Statei 
represents a series of dummy variables corresponding 
to the state of residence of the borrower; riskit repre-
sents a set of borrower characteristics, including cred-
it score, that reflect the lender’s underwriting  
criteria; econit is a set of variables capturing changes 
in local economic conditions; and carit is a set of  
variables identifying information concerning the type 
of car purchased. 

Empirical results

We look at the results from the competing risks 
model that capture the determinants of auto loan pre-
payment and default. Table 7 presents the results.16 
We control for state dummies, loan age, owner age, 
and quarter time dummies. 

The results (estimated coefficients) in the first 
column of data show that the probability of default is 
higher in the first, second, third, and fourth quarters 
of 2000. However, the probability of default is lower 
in the first and second quarters of 1999. Also, the re-
sults in the fourth column show the probability of pre-
payment is higher in the first, second, third, and fourth 
quarters of 2002, but the probability of prepayment is 
lower in the fourth quarter of 2000. These results high-
light the effects of macroeconomic conditions on default 
and prepayment probabilities. Because of weakening 
macroeconomic conditions in 2000, there were more 
defaults and fewer prepayments. However, with dropping 

interest rates and subsequent attractive automobile  
offers—some of which featured no closing costs, zero 
percent financing, and no down payment—prepayment 
and trade-in rates in 2002 were much higher. These 
results are consistent with the literature on consumer 
durable goods purchases, transactions costs, and liquidi-
ty constraints.17

Next, we look at the automaker control variables. 
The competing risks model contains 31 dummy vari-
ables denoting the various automakers. The estimated 
coefficients provide interesting insights into the pre-
payment and default behavior of the borrowers with 
respect to the makes of the automobiles they eventu-
ally purchase. Specifically, we find that loans for 
most luxury automobile makes, such as Lexus, BMW, 
and Cadillac, have a higher probability of prepayment, 
while loans for most economy automobile makes, such 
as Geo, Buick, and Honda, have a lower probability of 
default. It is interesting that some luxury automobiles 
(for example, Jaguar and Saab) have higher probabili-
ties of default and prepayment. This implies that cer-
tain luxury automobiles have a premium in the used 
car market; luxury vehicles in the used car market are 
preferred by liquidity-constrained consumers. 

We interpret the results from the ninth and tenth 
rows (Owner age and Owner age2 ) of table 7, and find 
that younger borrowers (those below the median age of 
40) have a higher probability of default than the older 
borrowers (those at the median age of 40 and above). 
We also find that the older borrowers have a higher prob-
ability of prepayment than their younger counterparts. 
The results also confirm that younger borrowers are 
liquidity constrained and thus more likely to own a 
used automobile. Account seasoning (time since loan 
origination) increases both the probabilities of default 
and prepayment—our interpretation of the results 
from the eleventh and twelfth rows (Loan age and 
Loan age2) of table 7. These results are intuitive.

Finally, we look at some of the important deter-
minants of default and prepayment as indicated by 
the option value theory. First, the results show that 
the auto loan prepayment premium (PPOptiont–6) is 
positive and statistically significant for the probability 
of prepayment and also, surprisingly, for the proba-
bility of default. The first result indicates that the 
higher the difference between the auto loan rate and 
the market rate is, the higher the probability of pre-
payment and trade-in. Again, this result is consistent 
with the literature on consumer durable goods pur-
chases. A trade-in at lower interest rates both lowers 
the monthly payments out of disposable income and 
increases the share of durable goods in household 
wealth. However, it is a little surprising that a bigger 
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TaBlE 7

Competing risks model of auto loan termination through default and prepayment

	 Default	 Prepayment

	 Coefficient	 Standard	 	 Coefficient	 Standard	 	
	 value	 error	 p	value	 value	 error	 p	value

Intercept 6.8050 0.6265 0.0001 –5.3690 0.3243 0.0001
New auto dummy –0.0261 0.0113 0.0224 0.0540 0.0258 0.0331
Monthly incomet0  /1,000 –0.0200 0.0170 0.3608 0.0280 0.0072 0.0001
FICOt–6 –0.0166 0.0004 0.0001 0.0010 0.0003 0.0001
Unemploymentt–6 0.2262 0.0783 0.0039 0.1613 0.0414 0.0001
CLTVt–6 1.0110 0.2958 0.0006 1.4485 0.1338 0.0001
Paymentt–6 0.0002 0.0001 0.0166 0.0002 0.0000 0.0001
PPOptiont–6 0.2917 0.0754 0.0001 0.0419 0.0178 0.0380
Owner age –0.0941 0.0137 0.0001 –0.0338 0.0066 0.0001
Owner age2 0.0009 0.0002 0.0001 0.0003 0.0001 0.0001
Loan age 0.0316 0.0147 0.0311 0.1293 0.0083 0.0001
Loan age2 –0.0013 0.0002 0.0001 0.0023 0.0002 0.0001

1999:Q1 dummy –0.4023 0.2131 0.0591 0.1148 0.0796 0.1492
1999:Q2 dummy –0.5659 0.2080 0.0065 0.0029 0.0803 0.9714
1999:Q3 dummy 0.0793 0.1726 0.6459 0.1267 0.0761 0.0962
1999:Q4 dummy 0.1832 0.1722 0.2876 –0.1608 0.0825 0.0514
2000:Q1 dummy 0.3297 0.1727 0.0562 –0.0198 0.0824 0.8100
2000:Q2 dummy 0.3799 0.1782 0.0331 0.9646 0.0695 0.0001
2000:Q3 dummy 0.4669 0.1892 0.0136 0.0047 0.0905 0.9586
2000:Q4 dummy 0.5381 0.1905 0.0047 –0.3303 0.1005 0.0010
2001:Q1 dummy 0.1727 0.2017 0.3919 –0.1096 0.0983 0.2650
2001:Q2 dummy 0.3351 0.1927 0.0821 0.0978 0.0942 0.2989
2001:Q3 dummy 0.1187 0.1909 0.5340 –0.0554 0.0990 0.5755
2001:Q4 dummy 0.2523 0.1711 0.1402 0.4236 0.0842 0.0001
2002:Q1 dummy 0.1721 0.1588 0.2784 0.1738 0.0933 0.0625
2002:Q2 dummy –0.0476 0.1628 0.7701 0.2261 0.0967 0.0194
2002:Q3 dummy 0.2841 0.1579 0.0720 0.3618 0.0891 0.0001
2002:Q4 dummy 0.1600 0.1567 0.3072 0.4911 0.0863 0.0001

Connecticut dummy –0.3784 0.1035 0.0003 –0.5174 0.0505 0.0001
Florida dummy 0.3926 0.2116 0.0636 –0.2428 0.1551 0.1175
Maine dummy –0.3781 0.1885 0.0449 –0.1795 0.0846 0.0339
New Hampshire dummy –0.7172 0.1870 0.0001 –0.1575 0.0677 0.0200
New Jersey dummy –0.4121 0.1482 0.0054 –0.1850 0.0672 0.0059
New York dummy 0.1724 0.1406 0.2201 –0.2060 0.0785 0.0087
Pennsylvania dummy –0.5487 0.4691 0.2421 –0.2002 0.1775 0.2595
Rhode Island dummy 0.0493 0.1593 0.7570 –0.2028 0.0962 0.0350

Acura dummy –0.4570 0.2379 0.0547 0.0951 0.1089 0.3828
Audi dummy –1.7109 0.7163 0.0169 0.3795 0.1553 0.0145
BMW dummy –0.1186 0.2486 0.6334 0.4202 0.0969 0.0001
Buick dummy –1.0463 0.4209 0.0129 –0.1134 0.1158 0.3272
Cadillac dummy 0.2226 0.2694 0.4087 0.3811 0.1233 0.0020
Chevy dummy –0.1028 0.1296 0.4275 0.1509 0.1586 0.3241
Chrysler dummy –0.1220 0.3140 0.6976 0.2540 0.2335 0.3121
Dodge dummy 0.3696 0.1240 0.0029 0.1048 0.0691 0.1295
Geo dummy –1.3232 0.7141 0.0639 –0.2126 0.2185 0.3305
General Motors dummy –0.1937 0.2665 0.4672 0.2865 0.2008 0.3234
Honda dummy –0.3666 0.1407 0.0092 –0.0533 0.0686 0.4369
Hyundai dummy –0.4782 0.4664 0.3052 –0.1337 0.2423 0.5812
Infinity dummy –0.4485 0.4590 0.3286 0.3301 0.1558 0.0404
Isuzu dummy 0.2555 0.2619 0.3292 –0.0585 0.1777 0.7419
Jaguar dummy 1.1264 0.5201 0.0303 0.7451 0.3425 0.0296
Jeep dummy –0.0876 0.1508 0.5615 0.0910 0.0711 0.2008
Lexus dummy 0.0036 0.2906 0.9902 0.6604 0.1302 0.0001
Lincoln dummy 0.5613 0.2093 0.0073 0.1187 0.1241 0.3388
Mazda dummy 0.1673 0.1734 0.3344 –0.1009 0.1149 0.3798
Mercedes-Benz dummy 0.3848 0.1656 0.0201 0.0950 0.0908 0.2953
Mitsubishi dummy 0.0848 0.1833 0.6437 0.1854 0.0998 0.0633
Nissan dummy –0.1012 0.1368 0.4596 –0.0020 0.0730 0.9779
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TaBlE 7 (continued)

Competing risks model of auto loan termination through default and prepayment

Oldsmobile dummy 0.0114 0.2588 0.9647 –0.0152 0.1196 0.8988
Plymouth dummy –0.1911 0.2723 0.4828 –0.0039 0.1213 0.9744
Pontiac dummy 0.4209 0.1408 0.0028 0.0680 0.0933 0.4665
Rover dummy 0.4033 0.5117 0.4306 0.2235 0.2367 0.3451
Saab dummy 0.6634 0.2367 0.0051 0.3294 0.1153 0.0043
Saturn dummy –0.3285 0.2982 0.2707 –0.0927 0.1454 0.5235
Subaru dummy –0.5246 0.3898 0.1784 0.0388 0.1343 0.7726
Toyota dummy –0.0780 0.1376 0.5707 –0.1041 0.0688 0.1305
Volkswagen dummy –0.1601 0.1741 0.3579 0.1278 0.0759 0.0922

Log likelihood ratio 1,389          
Number of accounts 20,466 534     4,730  

Notes: FICO score means Fair Isaac Corporation score, which is a credit score with a range of 300–850 (see note 8 for further details). LTV means 
loan-to-value ratio. BMW means Bayerische Motoren Werke (Bavarian Motor Works). Porsche is excluded from the regression analysis because there 
are no defaults on loans for Porsches in the sample.

	 Default	 Prepayment

	 Coefficient	 Standard	 	 Coefficient	 Standard	 	
	 value	 error	 p	value	 value	 error	 p	value

difference in the loan rate and the market rate also in-
creases the probability of default. One possible expla-
nation is that liquidity-constrained consumers, who have 
bad credit risk profiles, are priced out of the low mar-
ket rates, but the option to default remains valuable.  

Monthly payments, or the debt service burden 
(Paymentt–6), are also positively related to both the 
probability of prepayment and probability of default. 
We expect that a higher debt service burden for li-
quidity-constrained consumers could lead to a higher 
probability of default; however, it could also lead to  
a higher probability of prepayment for consumers 
who do not have liquidity constraints.18 Monthly in-
come (Monthly incomet0) is negatively related to de-
fault but positively related to prepayment. This result 
is consistent with theory. The county unemployment 
rate (Unemploymentt–6) is positively related to both 
the probabilities to default and prepay. Once again we 
expect a higher unemployment rate to lead to a higher 
default probability, but higher unemployment could 
also lead some to prepay and cash out equity from 
their automobiles. These results are largely consistent 
with Heitfield and Sabarwal (2003).

Next, we look at the monthly loan-to-value ratio 
(CLTVt–6) , the FICO score (FICOt–6) , and the new 
auto indicator. All three of these are measures of li-
quidity constraints. As expected, liquidity-constrained 
consumers are more likely to have a high LTV and a 
low FICO score, and they are more likely to buy used 
automobiles. The results show that the FICO score is 
negatively related to default probability, LTV is posi-
tively related to default probability, and the new auto 
indicator is negatively related to default probability. 

Moreover, a higher FICO score and a new auto indi-
cator lead to a higher probability of prepayment, and 
a higher LTV leads to a higher probability of prepay-
ment. (Heitfield and Sabarwal [2003] do not control 
for LTV, FICO, automobile age, automobile make, and 
income, so we cannot compare our results with theirs.) 

Marginal effects
Table 8 presents the marginal effect of a borrower 

owning a new automobile on prepayment and default 
rates of auto loans over a 30-month period. This table 
also shows the marginal effects of changes in FICO 
score, LTV, auto loan prepayment premium, income, 
and county unemployment rate on the prepayment 
and default rates of automobile loans over a 30-month 
span. The results show that a borrower owning a new 
automobile reduces the probability of default by as 
much as 15 percent but raises the probability of pre-
payment by 13 percent. An increase of 20 points in 
the FICO score lowers the probability of default by 
12 percent but raises the probability of prepayment by 
8 percent. These results suggest that an increase in the 
credit risk profile or an ease in liquidity constraints 
reduces one type of hazard (default) but increases  
another type of hazard (prepayment). A 5 percent 
drop in LTV reduces the probability of default by  
4 percent but increases the probability of prepayment 
by 7 percent. This would indicate that a drop in LTV 
raises the overall wealth of the household. Next we 
note that a 10 percent increase in income raises the  
probability of prepayment by 8 percent. These results 
are consistent with the theoretical literature on  
consumer durable goods purchases and liquidity  
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Marginal effects on auto loan termination through default  
and prepayment over a 30-month period

		 Default	 Prepayment
 (percent) (percent)

New auto  –15 13

FICO score increase by 20 points –12 8

Loan-to-value ratio 
  decrease by 5 percent –4 7

Auto loan prepayment premium
  increase by 1 percent 3 6

Income increase by 10 percent 0 8

County unemployment rate 
  increase by 1 percent 9 3

Notes: FICO score means Fair Isaac Corporation score, which is a credit score with 
a range of 300–850 (see note 8 for further details). For details on the calculation of 
the auto loan prepayment premium, see p. 20. The county unemployment rate  
is for the county of residence of the borrower.

constraints (Eberly, 1994). A 1 percent increase in the 
county unemployment rate significantly increases the 
probability of default by as much as 9 percent. This is 
a fairly striking result and suggests that liquidity con-
straints can significantly increase default rates. Finally, 
a 1 percent decrease in the market interest rate in rela-
tion to the auto loan annual percentage rate—that is,  
a 1 percent increase in the auto loan prepayment pre-
mium—increases prepayment probability by 6 percent. 
The results also suggest that the decrease in the market 
rate will increase the probability of default by 3 percent. 
One possible explanation for these results could be 
that liquidity-constrained consumers may not be able 
to get favorable interest rates on their loans. 

Conclusion

Automobiles are highly visible consumption goods 
that are often purchased on credit. In this article, we 
use a unique proprietary data set of individual auto-
mobile loans to assess whether borrower consumption 
choice reveals information about future loan perfor-
mance. Given that individual self-selection is evident 
in the automobile market (as in the auto insurance 
market and the mortgage market), a natural question 
arises as to whether this self-selection also reveals in-
formation about the consumer’s propensity to prepay 
or default on an auto loan. We adopt the competing 
risks framework to analyze these auto loan prepayment 

and default risks empirically, using a 
sample of 20,466 individual loans that 
were issued toward the purchases of both 
new and used automobiles. 

Our results can be summarized as 
follows. A loan on a new car has a higher 
probability of prepayment, whereas a loan 
on a used car has a higher probability of 
default. A decrease in the credit risk of a 
loan holder, as measured by the FICO 
score, lowers the probability of auto loan 
default and raises the probability of pre-
payment. An increase in the LTV increas-
es the probability of default and lowers 
the probability of prepayment. An increase 
in income raises the probability of pre-
payment, whereas a rise in unemploy-
ment increases the probability of default. 
A decrease in the market rate (the three-
year Treasury note rate) increases both the 

probabilities of prepayment and default. And perhaps 
most interestingly, we also find that loans on most lux-
ury automobiles have a higher probability of prepay-
ment, while loans on most economy automobiles have 
a lower probability of default. 

Clearly, this study has some limitations. We are 
only looking at direct auto loans that were originated, 
for the most part, in Northeast states by a single lend-
er. However, our results imply that lenders could im-
prove the pricing of automobile loans by considering 
the type of car collateralizing the loan. Although the 
use of auto make/model information in loan pricing is 
probably not feasible because of the multitude of make/
model combinations, the results from this study suggest 
that controlling for differences in default and prepay-
ment patterns based on broader auto types (for example, 
luxury versus economy) could improve loan pricing.
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1Aizcorbe, Kennickell, and Moore (2003), pp. 16–17, 19; Aizcorbe, 
Starr, and Hickman (2003) report that in 2001 over 80 percent of 
new vehicle transactions were financed through loans or leases.

2See the Federal Reserve’s G.19 statistical release  
(www.federalreserve.gov/releases/g19/Current). While this release 
also includes debt on mobile homes, education, boats, trailers, or 
vacations, a vast majority of the debt is on automobiles.

3For example, based on a sample of auto sales in southern California 
between September 1999 and October 2000, Dasgupta, Siddarth, 
and Silva-Risso (2003) report that 24 percent of the transactions 
were leased, 35 percent were financed through auto dealers, and 
the remaining 40 percent were most likely financed from third  
party lenders (credit unions or banks). 

4For example, a borrower with an acceptable credit score may be 
offered a loan up to $20,000 conditional on making a 5 percent 
down payment. Thus, if the borrower purchases an $18,000 car,  
the lender provides a $17,100 loan.

5Over the years, several studies using loan-level data have investi-
gated the economic drivers of default and prepayment risks on  
residential mortgages. See Kau et al. (1992, 1995); Deng (1997); 
Deng and Quigley (2002); Deng, Quigley, and Van Order (2000); 
Pavlov (2001); Calhoun and Deng (2002); and Ambrose and 
Sanders (2003).

6We obtained the sample and permission to use it for our article 
from a large financial institution under the condition that we keep 
the institution’s identity confidential.

7In our sample, prepayment is defined as an account that pays off 
the loan in full before loan maturity, while a default is defined as 
60 days past due. We tried alternative definitions for both prepay-
ment ($2,000, $3,000, and $4,000) and default (90 days past due). 
However, the results are qualitatively the same. Since financial  
institutions try to repossess the automobile once the account is  
60 days past due, our definition is consistent with current practice. 

8FICO scores have a range of 300–850. In 2005, the median FICO 
score was 723 (see www.businessweek.com/magazine/content/ 
05_48/b3961124.htm). Typically, a FICO score above 800 is con-
sidered very good, while a score below 620 is considered poor. As 
reported on the Fair Isaac Corporation website (www.myfico.com), 
there is a 400-basis-point interest rate spread for a 15-year home 
equity loan between borrowers with FICO scores above 760 and 
those with scores below 580; those with the higher FICO scores 
obtain a loan with a lower interest rate. 

9The Kelley Blue Book, produced by the Kelley Blue Book 
Company Incorporated, has become so authoritative and popular 
that the term “blue book value” has become synonymous with a 
car’s market value. 

10According to the American Bankers Association (ABA), the na-
tional delinquency rate of 30 days past due for all direct automobile 
loans was 2.4 percent in 2002. This statistic is consistent with the 
default rates in table 3. It is interesting to note that the delinquency 
rate for indirect automobile loans was around 1.9 percent in 2002. 
The lower delinquency rates for indirect loans can be explained as 
follows. The ABA does not report the loan performance information 
for auto finance companies and financial institutions that compete 
in the indirect loans market and that have very stringent origination 
guidelines. This highlights the point that a study on automobile de-
faults should distinguish between direct and indirect loans. 

11Goodman-Bacon and McGranahan (2008) document that EITC 
eligible households receive over 80 percent of the EITC payments, 
which averaged $2,113 in 2004, in the first quarter of the year. 
They also show that these households tend to spend a sizable por-
tion of their EITC refunds on automobile purchases.

12The distributions of loan origination for both new and used auto-
mobiles are similar.

13We lag the three-year Treasury note rate by six months to avoid en-
dogeneity. We also conduct  similar analyses with both five-year 
and one-year Treasury note rates; the results are qualitatively simi-
lar. In fact, we lag all other variables by six months as well.

14In a separate regression, we also include the square terms of 
CLTV and FICO to control for any nonlinearity in explaining 
the prepayment and default rates. These results are not reported  
in this article.

15These techniques have also found frequent application in industrial 
engineering failure time studies.

16We conducted an exhaustive robustness test by including quadratic 
specifications for the various risk variables, discrete dummies for 
some of the continuous variables, and log transformations. Though 
the results are not reported, they are qualitatively similar.

17Accordingly, about half of the households adjust their durable 
stock to a target share of their total wealth and then allow it to de-
preciate until it reaches a critical share of wealth; at this point they 
purchase a new durable good so that the stock once again equals 
the target share of wealth (Attanasio, 1995; and Attanasio, Goldberg, 
and Kyriazidou, 2000).

18Heitfield and Sabarwal (2003) find debt service coverage to be 
positively related to default but negatively related to prepayment.

NOTES
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APPENDIX

In automobile loan termination analysis, we consider 
that loans “die” prior to scheduled maturity from either 
default or prepayment. Survival data consist of not only 
a response variable that measures the duration of a par-
ticular event but also a set of independent variables that 
may explain duration of a particular event. We use dura-
tion models to analyze the underlying distribution of the 
failure time variable and to assess the effect of various 
explanatory variables of the failure time. Duration mod-
els estimate the probability of a particular terminating 
event of the real world. Hazard models are a type of du-
ration model that deals with events that may happen at 
various times in the future. 

Let prepayment or default be the termination events 
of an automobile loan. A loan given in period t0 has dif-
ferent probabilities of prepayment and default in one 
year, two years, … , t years. In duration analysis, we are 
interested in describing the probability distribution of 
observed automobile loan duration across an individual 
loan. The basic idea behind the hazard model is that it 
estimates the conditional probabilities of prepayment 
and default at time t, assuming payments are being made 
from loan inception up to time t – 1, conditional on the 
baseline hazard as well as other factors affecting the 
prepayment and default behavior of the auto owner. 
Hence, we include explanatory variables for factors that 
could affect the probabilities of prepayment and default, 
such as LTV and FICO score. 

Let τ be a random variable describing time to exit 
(in months since origination) due to prepayment or de-
fault. Let p(τ < t) = F(t), ∀t ≥ 0 be the distribution func-
tion of τ at time t. Let f(t) = dF/dt be the probability den-
sity function for τ. Then, we can define the hazard func-
tion (the probability of a loan terminating) at time t  
with the following equation:
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represents a differential equation in t with the following 
solution,
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This gives the survivor function, F t( ), and the distribu-
tion function, F t F t( ) ( ),= −1  of τ in terms of the haz-
ard function, h(t). From equations A1 and A2, we obtain 
the unconditional density function of τ:
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The parametric specification of the hazard function (log-
logistic functional form) is as follows. Substituting 
equation A3 into equation A1 yields: 
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From equation A2, we have

A6
1

1 1
) ( )

( )
.

/
F t

t
=

+ λ γ

 
And from equation A3, we have
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Covariates are introduced in the model by setting 
λ β= − ′exp( ),x where x is a matrix of independent vari-
ables (FICOt–6, CLTVt–6, PPOptiont–6, Unemploymentt–6, 
etc.) and β is a vector of parameters to be estimated.  
Gamma (g) is an ancillary parameter also estimated from 
the data. Estimation is by maximum likelihood allowing  
for right-side censoring and left-side truncation. 
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How the U.S. economy resembles a (very) big business
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Research. The application using data from General Electric 
Company’s 2006 annual report is for illustrative purposes 
only. In no way does it constitute an endorsement of that 
company or its management.

Introduction and summary

This article offers a perspective on analyzing the growth 
of the U.S. economy by treating the economy as a very 
large firm. A well-functioning economy maximizes 
households’ well-being rather than firms’ profits, so 
policymakers’ objectives and motivations are not as 
clear-cut as those of company chief executives. Still, 
as in any business, identifying areas of weakness and 
relative strength in the economy is inherently valuable 
in guiding decision-making. 

I present basic tools for measuring different busi-
ness lines’ contributions to the U.S. economy’s growth. 
Then, I extend the economy-as-business analogy by 
using the same tools to measure the exposure of a large 
conglomerate to macroeconomic risks. While these 
tools are often used to evaluate the strengths and weak-
nesses of the economy with the goal of recommending 
appropriate monetary policy, they can also be used by 
profit-maximizing firm managers to better understand 
macroeconomic risks to firm performance.

If we consider the U.S. economy to be a large en-
terprise, how do we measure its performance? First, 
what does our company look like? This very fictional 
national firm employs all of the workers in the U.S. 
economy; owns all machinery, structures, and other 
productive assets; and returns its profits to its share-
holders (the American public). The national firm also 
makes machinery, structures, and materials for its 
own account to add to its productive capacity. The 
national firm has two customers: the national family 
(to which every U.S. resident belongs) and a con-
glomerate government that encompasses local, state, 
and federal governments.  

The following two key macroeconomic concepts 
allow assessment of a particular sector’s contribution 
to overall economic growth as well as its sustainabili-
ty: the fundamental national product accounting 
identity and the contributions to growth formula. 

These concepts can provide similar insights into a 
firm’s performance, capturing the contribution of a 
particular product line (or group of product lines) to 
the firm’s growth and the likely sustainability of that 
contribution.     

Applying these concepts to the U.S. economy re-
veals that macroeconomic risks arise primarily from 
sectors such as nonresidential fixed investment (busi-
ness investment) that change substantially from quar-
ter to quarter and also account for a moderately large 
fraction of economic activity. Sectors of the economy 
that are responsible for a large fraction of national in-
come, such as expenditures on nondurable goods and 
services, and whose growth changes relatively little 
from quarter to quarter represent small risks to over-
all economic activity. Other sectors, such as new home 
construction, with unstable but relatively small sales 
also represent small risks to growth. With these re-
sults in hand, I can assess an individual firm’s growth, 
and the macroeconomic risks to it, by measuring what 
fraction of the firm’s sales corresponds to particular 
sectors of the overall economy.  

After developing this methodology, I go on to 
apply it. The first application is to a fictional hair salon 
that has exposure to only one sector of the U.S. econ-
omy, personal consumption expenditures on services. 
The second application is to a real conglomerate, General 
Electric Company (GE). This application makes use 
of publicly available data and is purely for illustrative 
purposes. A serious evaluation of any particular  
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company would require much more data than em-
ployed here.

In the next section, I present basic concepts from 
national income and product accounting, which divides 
the U.S. economy’s production into different business 
lines. (Readers already familiar with the definitions of 
gross domestic product, or GDP, and its major com-
ponents might wish to skip this section.) In the follow-
ing section, I develop the contributions to growth 
formula and use it to understand business cycle risks 
to the U.S. economy. Then I develop and analyze mac-
roeconomic benchmarks for the fictional hair salon 
and for General Electric Company. 

National income and product accounting

Macroeconomic policy requires quantifying the 
economic benefits accruing to the nation’s residents 
over a given interval of time. In the United States, the 
U.S. Bureau of Economic Analysis (BEA) provides 
one set of such measures with its national income and 
product accounts (NIPA) data. These measure the val-
ue of market-based transactions for goods and servic-
es produced during the time of interest. For business 
cycle analysis, the time of interest is typically a cal-
endar quarter (January through March, April through 
June, and so on). The fundamental national product 
accounting identity decomposes the total value of 
goods and services produced in the nation into dis-
tinct expenditure components. The NIPA data report 
these for each calendar quarter.

Figure 1 is taken from a BEA spreadsheet con-
taining the NIPA data. This is the equivalent of a quar-
terly sales report for a very large firm. The top line of 
data gives the quarterly history of GDP, which is de-
fined to equal 

n The value of all final goods purchased by house-
holds and governments, plus 

n The value of all capital machinery and structures 
purchased by producers, plus 

n The value of goods added to inventories less the 
value of goods sold from inventories, plus 

n The value of exports minus imports. 
With one exception (detailed later), these purchases 
are all market transactions. All sales from businesses 
to households or governments contribute to GDP, but 
this definition excludes business-to-business transac-
tions unless the recipient uses the purchase to augment 
productive capital or inventories. This exclusion rule 
ensures that no firm’s subcontracting decisions (make 
or buy) have a direct impact on GDP.

The spreadsheet’s remaining lines (in figure 1) 
report the expenditure components of GDP. There are 
four major components, personal consumption expen-
ditures (line 2), gross private domestic investment 
(line 6), net exports of goods and services (line 13), 
and government consumption expenditures and gross 
investment (line 20). The spreadsheet reports each 
major component’s constituent minor components be-
neath it. The definitions of these components and 
their relationships with each other can be best under-
stood by examining the national product accounting 
identity, which expresses gross domestic product as 
the sum of these components. The national product 
accounting identity comes from the income statements 
of the three very hypothetical institutions mentioned 
previously—an extended national family to which ev-
ery U.S. resident belongs; a national conglomerate 
firm owned by this family that is responsible for the 
production of all goods and services exchanged in the 
market; and a conglomerate government that com-
bines federal, state, and local governments.

The national family
I represent the national family’s income for quar-

ter t with Vt. The BEA divides the national family’s 
uses of after tax income (Vt – Tt) into personal con-
sumption expenditures (Ct) and private savings (St).

1) Ct + St = Vt – Tt.

Setting Ct above Vt – Tt requires the national family to 
set St < 0. That is, consumption in excess of current in-
flows requires spending from assets or going into debt. 

The BEA further subdivides personal consump-
tion expenditures into three categories that are some-
what ambiguous but nevertheless useful: expenditures 
on services, nondurable goods, and durable goods. 
That is,

2) .C C C Ct t
S

t
N

t
D= + +

Lines 3, 4, and 5 of the spreadsheet in figure 1 report 
these three categories. Examples of services are hotel 
room rentals, movie theater admissions, and haircuts. 
Services also include rent paid for the occupation of 
residences. The BEA adds to this the implied rent paid 
by homeowners to themselves, so a family’s choice 
between homeownership and renting has no impact 
on Ct

S.1 Food, fuel, and any other goods expected to 
last less than three years are nondurable goods; all other 
goods, except for housing, are durable. Automobiles 
and furniture are the most important examples. Dura-
ble goods purchases resemble saving because their 
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ownership enhances the family’s well-being currently 
and in the future. However, the BEA’s conventions 
expense them just like purchases that have no persis-
tent impact on the family.

All income not spent is, by definition, saved. An 
individual family can save by depositing funds in a 
bank, by purchasing a house (new or pre-existing), by 
acquiring stocks and other publicly traded securities, 
or by directly lending to another household. Whether 
these actions contribute to national saving depends on 
whether another individual family’s decisions directly 
offset them. When one family purchases a pre-existing 
home from another family, the selling family’s asset 
reduction offsets the buying family’s asset accumula-
tion. Similarly, one family’s mortgage borrowing off-
sets the lending family’s saving. In both cases, the net 
contribution to the national family’s saving is zero.  

In contrast, a family’s purchase of a newly built 
home does contribute to the national household’s  
savings because the transaction’s counterparty (the 
construction firm) is not part of the national family. 
Similarly, foreign-financed mortgage borrowing re-
duces national saving.

The fact that many of the transactions by which 
individual households save are offset by other house-
holds’ reduced saving must be kept in mind when con-
sidering how the national household can save. Aside 
from the purchase of new durable goods, the national 
family has four means of saving from its current in-
come to improve its future: purchasing a new home 
or improving an existing one, investing in the conglom-
erate firm, investing abroad, or purchasing any avail-
able conglomerate government debt. The BEA calls 
the first vehicle residential investment. This directly 

FIGURE 1

Data from the national income and product accounts

Notes: This figure shows the national income and product accounts spreadsheet as one would view it on the U.S. Bureau of Economic Analysis 
website. Quarterly data currently run from 1947 through 2008, though only 2007 and 2008 data are viewable here. These are the most recent  
data, available as of May 29, 2008.   
Source: U.S. Bureau of Economic Analysis, National Income and Product Accounts of the United States.
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enhances the economy’s productive capacity by aug-
menting the stock of residential structures. The effects 
of investing in the conglomerate firm can be more subtle 
because one family purchasing the firm’s stock from 
another family makes no contribution to national sav-
ing. The national family only saves when purchasing 
the conglomerate firm’s securities at a public offering.

International investing is intimately entangled 
with international trade. Countries trade goods and 
services to pursue productive efficiency through com-
parative advantage and to consume goods and services 
that may not be available domestically. Let Xt and Mt 
stand for the values of exports and imports. When Xt 
exceeds Mt , we say that the nation runs a trade sur-
plus. In this case, the national family is saving by ex-
tending credit to foreigners in return for Xt – Mt ,  the 
exports that foreigners did not pay for with an offset-
ting import. Conversely, if Xt falls short of Mt ,  then 
the country runs a trade deficit. The national family 
must cover this either by redeeming previously accu-
mulated IOUs from foreigners or by issuing new 
IOUs of its own. Either way, the resulting reduction 
in wealth equals Mt – Xt .

The national family’s final saving vehicle is the 
purchase of bonds issued by the conglomerate govern-
ment. The government can use the proceeds of a house-
hold’s purchase to either repurchase bonds held by 
another household (so that the national family’s hold-
ings of government debt remain unchanged), or the 
government can use the proceeds to undertake current 
expenditures. Suppose (counterfactually) that only 
American households hold the conglomerate govern-
ment’s debts and that all such debts are bonds that ma-
ture in one quarter.2 If Bt–1 is the face value of bonds 
purchased by the national household in the previous 
quarter, Bt is the face value of bonds purchased in the 
current quarter, and Rt is the interest rate on these 
bonds, then the national household’s net investment 
in government debts equals Bt / Rt – Bt–1.

Bringing these four savings vehicles for the na-
tional household together allows us to write national 
private savings as

3 1) / .S I Q X M B R Bt t
R

t t t t t t= + + − + − −

Here, It
R and Qt represent residential investment and 

the national family’s net equity purchases. An individ-
ual household’s total saving could have other contri-
butions such as the accumulation of other households’ 
debts. However, these all cancel when adding all 
households’ savings to arrive at the national family’s 
saving. Equation 3 only contains those contributions 
that do not cancel and represent true national saving.

The conglomerate government
Next, consider the conglomerate government, 

which collects taxes Tt from the national family and 
combines these with the net proceeds from the sale of 
government debt to pay for its current expenditures. 
Economists divide these into two categories, transfers 
and purchases. A transfer is the granting of funds to 
an individual with limited restrictions on their use. 
The federal government’s largest transfer programs 
are Social Security, Medicare, and Medicaid. A gov-
ernment purchase is an exchange of funds for a spe-
cifically contracted good or service. For example, the 
salaries of government employees and the purchase 
of weapons systems are government purchases. Use 
At and Gt to represent the value of transfers and pur-
chases by all governments so that the requirement 
that governments’ uses of funds equal their sources of 
funds can be written as

4) At + Gt + Bt–1 = Tt + Bt /Rt.

Just as with the national family, transfers from 
one government to another (for example, federal grants 
to states) do not count toward Tt . When the conglom-
erate government’s choices of At ,  Gt ,  and Tt require 
Bt to exceed Bt–1, we say that the government is run-
ning a deficit.

The national firm
The final institution to consider is the national 

firm, which produces all goods and services in the 
economy.3 Its assets equal all productive machinery 
and structures in the country, along with the invento-
ries of completed goods and any work in progress, and 
its sole liability is its equity. To produce, it employs 
members of the national family to operate its produc-
tive machinery and maintain its structures. Any single 
business seeking to purchase machinery, structures, 
or materials faces a make-or-buy decision. By defini-
tion there is no other (domestic) firm to sell anything 
to the national firm, so it must fulfill all of its materials 
and capital needs with its own production. 

The national firm’s funds come from the sale  
of goods and services and from issuing new equity. 
Let Yt equal the value of all goods and services pro-
duced (both for external customers and the national 
firm’s own account), and use Kt

I to represent the  
value of that production in inventory on the last day 
of quarter t. Goods in inventory sometimes lose their 
value. For example, food can spoil. For this reason, 
inventories held from quarter t – 1 to quarter t lose  
a fraction of their value. We call this the inventory 
loss rate and denote it with lt. The national firm’s 
sales combine receipts from sales of goods produced 
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within the quarter with sales from goods sold out of 
inventory, Y K l Kt t

I
t t

I− + −( ) −1 1.
The national firm’s funds from equity issuance 

are equal to the national family’s net purchases of  
equity discussed previously, Qt. Nothing prevents the 
national firm from repurchasing its shares, in which 
case Qt < 0. Assume for simplicity that the national 
firm returns all profits to its shareholders through such 
share repurchases so that this use of funds is repre-
sented as a negative source. The national firm’s other 
two uses of funds are the purchase of machinery and 
structures on its own account, It

B, and payment of its 
wage bill, Wt Nt .  Here, Nt is the number of hours 
worked by its employees and Wt  is their average 
hourly wage. The national firm’s sources and uses of 
funds must equal each other, so

5 1 1) .Y K l K Q W N It t
I

t t
I

t t t t
B− + −( ) + = +−

The BEA calls It
B business fixed investment and calls 

K l K It
I

t t
I

t
S− −( ) ≡−1 1  net inventory accumulation. 

Lines 7 and 12 of the spreadsheet in figure 1 (p. 31) 
report these. They both contribute to the economy’s 
future productive capacity. 

The national product accounting identity
Profits from the national firm that are not reinvested 

enter the national family’s budget as a negative value 
for Qt. Similarly, the redemption of foreigners’ IOUs 
enters the national family’s budget as a negative value 
for Xt – Mt. Thus, the correct measure of income in 
equation 1 sums the other two sources of income for 
the national family, labor income (which must equal 
the national firm’s wage bill) and transfers from the 
conglomerate government:

6) Vt = Wt Nt + At.

The pieces required to assemble the fundamental 
national product accounting identity are now in place. 
To do so, use equations 2, 3, 4, and 6 to replace Ct , St, 
Tt , and Vt in equation 1. Then, eliminate Wt     Nt from the 
resulting equation using the expression for the national 
firm’s profit in equation 5. Canceling terms that appear 
on both sides of the equation and isolating Yt on the 
right-hand side yields the desired identity.

7

1

)

.

C C C I I X M

K l K G Y

t
N

t
S

t
D

t
R

t
B

t t

t
I

t t
I

t t

+ + + + + −

+ −( ) + =−

The right-hand side equals the value of the national 
firm’s output, gross domestic product. The left-hand 
side sums the values of its distinct uses: the three 
consumption expenditures, residential investment, 
business fixed investment, net exports, and inventory 
accumulation. The BEA creates the expenditure side 
of the NIPA data by statistically estimating each item 
in equation 7 separately. The BEA’s estimate of GDP 
equals this sum.

There are three features of equation 7 worth noting. 
First, the national family’s receipt of transfers from 
the government appears nowhere because transfers 
appear in both Vt and Tt.  That is, increasing govern-
ment transfer programs makes no direct contribution 
to national income. (Keynesian macroeconomic theo-
ries assert that such transfers raise income indirectly 
by reducing savings and encouraging present con-
sumption. Whether this is indeed the case is the sub-
ject of much ongoing research.) Second, the national 
family’s investments in government bonds contribute 
to both St and Tt with opposite signs, so they also can-
cel in equation 7. This is because Gt represents the 
conglomerate government’s use of national income. 
Raising the national family’s investments in govern-
ment bonds merely allows the conglomerate govern-
ment to lower current taxes. This implies that a temporary 
tax decrease financed with government debt has no 
direct impact on national income.4 Finally, note that 
the national family’s purchases of the national firm’s 
stock (Qt) contribute nothing to total national saving 
because the corresponding increases in the national 
firm’s liabilities cancels them. However, the national 
firm’s tangible investments It

B( )  remain.

National income shares

A contributor to macroeconomic policy requires 
familiarity with how the national family earns and 
spends its income. To help build this, table 1 reports 
the average values for the national product accounting 
identity’s components relative to GDP decade by de-
cade from the end of the Korean War (1953:Q4) through 
the most recent data released by the BEA (2008:Q1). 
Personal consumption expenditures represent the ma-
jority of GDP in all decades, and this share has climbed. 
The share of all personal consumption expenditures 
combined equaled about 62 percent through the 1950s, 
1960s, and 1970s. In the 1980s, it climbed slightly to 
64 percent, and this climb continued through the 1990s. 
For the current decade, personal consumption expen-
ditures account for about 70 percent of GDP. Nondu-
rable goods’ expenditure share fell steadily from the 
1950s through the 1990s (from 30.2 percent to 20.3 
percent) and has since leveled off, while purchases of 
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TaBlE 1

Shares of gross domestic product

 Personal consumption expenditures  Fixed investment

 Nondurable   Durable    Net Government
Date range goods Services goods Residential Nonresidential Inventory exports purchases
 ( - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - percent - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - )

1953:Q4–1959:Q4 30.2 23.9 8.6 5.3 9.5 0.4 0.3 21.8
1960:Q1–1969:Q4 27.1 26.3 8.4 4.6 9.8 1.0 0.6 22.1
1970:Q1–1979:Q4 25.0 28.8 8.6 4.9 11.1 0.7 –0.2 21.0
1980:Q1–1989:Q4 22.7 33.4 8.3 4.4 12.1 0.4 –1.8 20.6
1990:Q1–1999:Q4 20.3 38.5 8.2 4.1 10.9 0.5 –1.3 18.8
2000:Q1–2008:Q1 20.1 41.4 8.4 5.2 10.7 0.2 –4.8 18.8

Source: Author’s calculations based on data from the U.S. Bureau of Economic Analysis, National Income and Product Accounts of the United States.

durable goods have remained constant at about 8.5 per-
cent. This implies that the well-documented growth 
of consumer services has accounted for more than all 
of the growth in personal consumption expenditures. 
Its share of GDP expenditures has nearly doubled 
from the 1950s through the current decade.

The national family directly augments domesti-
cally sited productive capacity with its residential, 
nonresidential, and inventory investments. Over the 
sample period (1953:Q4–2008:Q1), residential in-
vestment has accounted for 4.8 percent of GDP. The 
post-war boom in the 1950s drove this to 5.3 percent. 
This share fell off during the 1960s, rose again in the 
1970s to nearly 5 percent, and then fell during the 
1980s and 1990s. For the current decade, it nearly 
equals its value for the 1950s. In this sense, residen-
tial investment is currently of unusual importance for 
the macroeconomy. Nonresidential investment repre-
sented 10.7 percent of GDP over the sample period. 
This share climbed from the 1950s through the 1980s 
(from 9.5 to 12.1 percent) and then fell to its approxi-
mate average level for the 1990s and the current de-
cade. Unlike most other expenditure shares, it is 
possible for investment in inventories to be negative 
if inventories are sold faster than they can be replen-
ished. However, the average inventory investment 
over the sample period was positive at 0.5 percent of 
GDP. This share varied considerably from decade to 
decade but always remained at or below 1 percent.

The final two expenditure shares are net exports 
and government purchases. It is well known that the 
United States ran small trade surpluses in the imme-
diate post-Korean War decades, which then turned  
to somewhat larger trade deficits. The current trade 
deficit (4.8 percent of GDP) is a distinctive feature  
of the present macroeconomic situation. Government 

purchases represented 21.8 percent of GDP in the 
1950s, and this grew slightly in the 1960s. Thereafter 
this share fell in two distinct steps, from the 1960s to 
the 1970s and from the 1980s to the 1990s. For the 
current decade, government purchases’ share of GDP 
equals 18.8 percent.

Some growth accounting

The national product accounting identity paves 
the way toward an accounting for the national firm’s 
growth. The BEA spreadsheet in figure 1 (p. 31)  
displays the values of product categories in dollars.  
A dollar is only worth what it will buy, and inflation 
has diminished that purchasing power on and off over 
the entire post-Korean War period. Macroeconomic 
policymakers account for this by examining inflation-
adjusted GDP. Its construction begins with a measure 
of the dollar’s purchasing power, Pt.  Dividing Yt by 
this yields real GDP; that is, yt = Yt  /Pt. The BEA pro-
duces several measures of Pt  . By construction, these 
equal one on average over the year 2000. The corre-
sponding real GDP is measured in year 2000 dollars. 
Measuring Pt is not straightforward because there are 
literally millions of transaction prices. If inflation 
made these all move in lock step with each other, 
then Pt could be constructed using the growth rate  
of any one of them. In fact prices do not move together 
nearly so perfectly. Properly measuring Pt in this case 
requires accounting for each transaction’s share of 
expenditures and for the changes in expenditure 
shares these price changes induce. A complete de-
scription of how the BEA constructs Pt is beyond the 
scope of this article, but appendix A gives an over-
view of the procedure.

Real GDP measures the national firm’s growth. For 
each decade from the 1950s through the present, figure 2 
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plots its value relative to the first observed value in 
that decade. Clearly, economic growth dominates 
these observations. Although the economy contracted 
twice in the 1950s, first immediately after the Korean 
War and again in late 1957 and early 1958, real GDP 
at the end of the decade was 20 percent higher than at 
the close of the war (as shown by the difference be-
tween 1.20 and 1.00 in panel A). The 1960s also 
started with a mild contraction, but growth equaled a 
spectacular 50 percent for the decade. The 1970s and 
early 1980s saw substantially greater ups and downs 
in real GDP, but growth for both decades was about 
35 percent. Real GDP contracted at the beginning of 
the 1990s, but growth for the decade equaled that for 
the 1970s and 1980s. The beginning of the current 
decade also got off to a slow start, but growth thus far 
equals 21 percent. This essentially equals the growth 
performance in the post-Korean War 1950s.

The quarter-to-quarter fluctuations in the pace of 
economic growth make up the business cycle. The 
national family’s long-run well-being depends most 
of all on economic growth. Because growth rates 
compound, even a slightly higher long-run growth 
rate can dramatically improve the national family’s 
welfare. The observed business cycle fluctuations 
would be a small price to pay for that, so one might 
conclude that the business cycle has little importance: 
Macroeconomic policy should focus on maintaining  
a high level of growth and let the business cycle take 
care of itself. Unsurprisingly, this view has little cur-
rency among policymakers because it presumes that 
economic growth can be separated from the business 
cycle. The frequency with which severe contractions 
of GDP result in decades of stagnant or negative 
growth, as in the United States during the 1930s or 
Japan during the 1990s, suggests that this conclusion 
is overly hopeful. If we suppose instead that the econ-
omy’s business cycles sometimes impact its growth 
performance, then business cycle policy in those 
times is growth policy.

A macroeconomic policymaker seeking to under-
stand the business cycle needs to know how the na-
tional firm’s various product lines contribute to it.  
For this, the contributions to growth formula is help-
ful. This writes the growth rate of GDP as contribu-
tions from the growth of the components on the 
left-hand side of the national product accounting 
identity (equation 7). If there were no inflation, we 
could derive this formula by dividing both sides of 
the identity by Yt–1, subtracting one from both sides, 
and rearranging:
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The left-hand side has only GDP growth, while 
the right-hand side sums the growth rates of each 
GDP component multiplied by its share of expendi-
tures in the previous quarter. Each of these products 
is the contribution of an expenditure to GDP growth. 
The formula shows that the influence of a given ex-
penditure on overall GDP growth involves both its 
own movement and its share of GDP. If two expendi-
tures have the same percentage reduction, then the 
one with the smaller expenditure share will lower 
GDP less. Of course, abstracting from inflation sets a 
lot of macroeconomic reality to the side. Accounting 
for inflation changes the contributions to growth for-
mula in two ways: The expenditures’ growth rates are 
adjusted using expenditure-specific measures of infla-
tion, as well as slightly modified expenditure shares. 
The basic insights of equation 8 remain: An expendi-
ture’s contribution to growth equals the product of its 
percentage growth rate and its expenditure share. 
(Appendix B presents the derivation of the contribu-
tions to growth formula that accounts for inflation.)

Applying the contributions to growth formula to 
the post-Korean War NIPA data yields figure 3. Each 
of its eight panels (one for each component of GDP) 
plots the contribution to GDP growth from one ex-
penditure component. The shaded areas mark reces-
sions as defined by the National Bureau of Economic 
Research’s (NBER) business cycle dating committee. 
These are periods of sustained GDP contraction. The 
most recent one began in March 2001 and ended in 
November 2001. 

The first impression from examining figure 3 is 
that none of the expenditure components present par-
ticularly large risks to GDP growth individually ex-
cept for inventory investment. Its contribution to growth 
can move wildly from quarter to quarter, but it does 
not completely account for fluctuations in GDP 
growth by itself. The other expenditure components’ 
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FIGURE 2

Real gross domestic product

A. 1950s

C. 1970s D. 1980s

B. 1960s

E. 1990s F. 2000s

1960:Q1 1965:Q1 1969:Q4

1980:Q1 1985:Q1 1989:Q4

2000:Q1 2005:Q1 2008:Q1

1953:Q4 1959:Q4

1970:Q1 1975:Q1 1979:Q4

1990:Q1 1995:Q1 1999:Q4

1.20

1.36

0.99

1.21

1.00

1.00

1.00

1.38

0.98

1.50

1.35

0.98

Notes: Each panel plots the value of real gross domestic product scaled by its value in the first quarter plotted in that panel. Each  
vertical axis marks the highest and lowest values in that panel.
Source: Author’s calculations based on data from the U.S. Bureau of Economic Analysis, National Income and Product Accounts  
of the United States.
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FIGURE 3

Contributions to real gross domestic product growth

A. Personal consumption expenditures  
    on nondurable goods ( )Ct

N     
    percentage points

C. Personal consumption expenditures  
    on durable goods ( )Ct

D

    percentage points

D. Residential investment ( )It
R

    percentage points

B. Personal consumption expenditures  
    on services ( )Ct

S

    percentage points

E. Business fixed investment ( )It
B

    percentage points

F. Inventory investment ( )It
S

   percentage points

G. Net exports (Xt – Mt)
    percentage points

H. Government spending (Gt)
    percentage points

Notes: Each panel plots the component’s contribution to real gross domestic product growth from 1954:Q1 through 2008:Q1. Each 
vertical axis marks the respective component’s minimum and maximum values as annual growth rates in percentage points, and each 
horizontal axis marks the date at which it achieved its minimum value. The panels’ vertical scales are the same, so one can compare 
the contributions’ movements visually. The shaded areas mark recessions as defined by the National Bureau of Economic Research.
Source: Author’s calculations based on data from the U.S. Bureau of Economic Analysis, National Income and Product Accounts of  
the United States.

3.65
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–1.48
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3.49
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–3.69
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–3.72
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1982:Q3

–3.31

8.25
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–8.26
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1954:Q2

–3.37
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contributions move much less over time. 
The contributions from personal con-
sumption expenditures on nondurable 
goods and on services both evolve 
smoothly, and government purchases’ 
contribution appears to be similarly sta-
ble. The contribution from personal con-
sumption expenditures on durable goods 
moves more (as expected because the na-
tional household can easily delay these 
purchases), but it also does not come 
close to replicating GDP over any sus-
tained period. The same is true for resi-
dential investment, business fixed 
investment, and net exports.

If no particular sector’s contributions 
pose a great risk to GDP growth individu-
ally, then GDP fluctuations must arise 
from correlated small risks. That is, even 
if any given sector can contribute at most 
1 percentage point to GDP growth, four 
such sectors all achieving this maximum 
rate simultaneously can raise GDP growth 
by 4 percentage points. This is exactly 
what happened during the second quarter 
of 1978, when annualized GDP growth 
achieved its maximum observed value of 
15.45 percentage points. In that quarter, 
business fixed investment’s contribution 
also hit its maximum value in the sample, 
3.89 percentage points. The contributions 
from other spending on the other two capital goods 
categories (personal consumption expenditures on du-
rable goods and residential investment) were also sub-
stantially above their averages in that quarter (2.87 
percentage points and 1.08 percentage points versus 
averages of 0.45 percentage points and 0.12 percent-
age points).

Figures 4 and 5 reinforce and refine the point that 
risks common to expenditure categories drive most 
changes of GDP growth. Figure 4 sums the three cap-
ital goods categories’ contributions to growth, and 
figure 5 sums the contributions of personal consump-
tion expenditures on nondurable goods and services. 
Both figures also plot real GDP growth. Taken together, 
the three capital goods categories contribute substan-
tially to changes in GDP growth. For example, in 
1980:Q2 their contribution to growth equaled –10.2 
percentage points, while the actual GDP growth rate 
equaled –8 percentage points. It is interesting to note 
that the contribution of personal consumption expen-
ditures on nondurable goods and services hit its mini-
mum value (–2.0 percentage points) in the same 

quarter; so, there are apparently risks that hit all expen-
diture categories. However, the typical movements of 
the personal consumption expenditures contribution 
are much smaller than those coming from capital goods.

Figures 3, 4, and 5 together show that the most 
substantial risks to GDP growth come from common 
movements in expenditures on capital goods. Factors 
that are more specific than that have never substan-
tially driven the business cycle. For example, the on-
going slump in residential investment presents only 
very small risks to GDP growth if the slump is con-
fined to that sector alone, but it can substantially in-
fluence the overall economy if spillover effects cause 
other sectors to contract.

assessing a firm’s macroeconomic risks

The analysis in the preceding sections sets the stage 
for assessing a given business’s exposure to macro-
economic risk. This proceeds in two steps: Correct 
the company of interest’s recent sales growth for in-
flation, and construct a counterfactual benchmark 
growth rate for a company with the same distribution 

FIGURE 4

Contribution to real gross domestic product growth from 
expenditures on capital goods

percentage points

7.66

1980:Q2

–10.16

 Real gross domestic product growth
 Contribution to growth from expenditures on capital goods

Notes: This figure plots the combined contribution of the three capital 
goods categories—personal consumption expenditures on durable goods, 
business fixed investment, and residential investment—to real gross 
domestic product growth from 1954:Q1 through 2008:Q1. The vertical 
axis marks the contribution’s minimum and maximum values as an annual 
growth rate in percentage points, and the horizontal axis marks the date 
at which it achieved its minimum value. The shaded areas mark recessions 
as defined by the National Bureau of Economic Research. 
Source: Author’s calculations based on data from the U.S. Bureau  
of Economic Analysis, National Income and Product Accounts of the 
United States.
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of sales across NIPA categories but with 
each product’s sales growth perfectly 
synchronized to the growth of its corre-
sponding NIPA category. The first step 
determines the influence of category-spe-
cific inflation on the business’s growth, 
and the second allows us to examine the 
influence of macroeconomic risks on sim-
ilarly positioned businesses in the past.

Hair salon
Before I implement this assessment 

for a large conglomerate firm, I begin  
by considering how to do this for a fiction-
al firm with a single product: haircuts.  
Table 2 reports revenues for a fictional 
hair salon for four years. Most hair salons 
receive revenues from both cutting and 
styling services and the retail sale of hair 
care products. To keep this example sim-
ple, suppose that this salon’s revenues 
come entirely from cutting and styling. 
These expenditures contribute to personal 
consumption expenditures on services 
(line 5 in the spreadsheet of figure 1 on  
p. 31). Table 2’s third line reports the 
NIPA price index for this category, and its 
fourth line gives the ratio of the first to 
the third lines (multiplied by 100). This 
equals the salon’s revenues in year 2000 
dollars. This simple inflation adjustment 
brings the salon’s revenue growth down 
by an average of 3.4 percentage points. Over the 
three years given, the salon’s real growth equals  
2.9 percent. Since the salon’s revenues all come from 
the sale of services, the real growth rate of personal 
consumption expenditures on services is a relevant 
macroeconomic benchmark. For these years, this  
always equaled 2.7 percent. The analysis of panel B 
of figure 3 (p. 37) implies that this firm is then ex-
posed to very little macroeconomic risk.

General Electric Company
Assessing macroeconomic risk for a single- 

product business requires little more than looking up 
the correct price index and real growth rate from the 
NIPA data. For a conglomerate firm selling multiple 
products, the inflation adjustment and the construc-
tion of a macroeconomic benchmark use the macro-
economic tools discussed previously. I illustrate this 
here with an application to publicly available data for 
one firm, General Electric Company. Like many other 
firms, General Electric reports sales and profits for 
several operating segments. Each of these groups  

FIGURE 5

Contribution to real gross domestic product growth from 
nondurable consumption expenditures

percentage points

5.38

–2.04

1980:Q2

 Real gross domestic product growth
 Contribution to growth from nondurable consumption expenditures

Notes: This figure plots the combined contribution of the two nondurable 
consumption categories—personal consumption expenditures on non-
durable goods, as well as on services—to real gross domestic product 
growth from 1954:Q1 through 2008:Q1. The vertical axis marks the 
contribution’s minimum and maximum values as an annual growth rate 
in percentage points, and the horizontal axis marks the date at which 
it achieved its minimum value. The shaded areas mark recessions as 
defined by the National Bureau of Economic Research. 
Source: Author’s calculations based on data from the U.S. Bureau  
of Economic Analysis, National Income and Product Accounts of the 
United States.

together lines of business with similar customers.  
In its 2006 annual report, General Electric breaks its 
performance down into six operating segments. 

n GE Infrastructure contains the production and 
sales of big-ticket capital items, such as electric 
generators and jet aircraft engines. It also encom-
passes the sale of services (including financial ser-
vices) to the capital items’ purchasers. 

n GE Commercial Finance provides financial servic-
es to firms to finance the purchases of major capi-
tal assets. 

n GE Money provides financial services to 
consumers. 

n GE Healthcare produces diagnostic equipment and 
software. 

n NBC Universal produces entertainment program-
ming (and thereby advertising revenue). 

n GE Industrial produces white goods (major house-
hold appliances such as refrigerators and stoves), 
consumer hardware, and some specialty plastics. 
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Revenues and performance of a fictional hair salon

 2007 2006 2005 2004

Revenues (dollars) 1,200 1,125 1,050 1,000
Nominal revenue growth (percent) 6.6 7.1 5.0
Price index for services 124.58 120.73 116.73 112.93
Revenues (2000 dollars) 963.24 931.83 899.51 885.50
Real revenue growth (percent) 3.4 3.6 1.6
Growth of macroeconomic 
  benchmark (percent) 2.7 2.7 2.7

For General Electric, table 3 displays the rele-
vant data. This table from its 2006 annual report lists 
each operating segment’s sales (in U.S. dollars) for five 
years (2002–06). Just as with the macroeconomic data, 
I begin with each segment’s share of total revenue, which 
table 4 lists for 2004. Consistent with GE’s industrial 
origins, the GE Infrastructure and GE Industrial segments 
account for more than half of the company’s revenues. 
Consumer services (GE Money and NBC Universal) 
account for just less than 20 percent, and the remaining 
25 percent of revenues come from the GE Commercial 
Finance and GE Healthcare segments.

The segments’ shares allow the calculation of their 
contributions to growth. In equation 8, I wrote the 
rate of GDP growth (in dollars) as the share-weighted 
average of its expenditure components’ growth rates. 
Just so, we can write GE’s growth rate as the share-
weighted average of its segments’ growth rates. Table 5 
reports this decomposition of growth for 2005 and 
2006. This calculation used segment growth rates  
adjusted for the effects of those acquisitions and di-
vestitures mentioned in the 2006 annual report’s man-
agerial discussion of these figures. Overall revenue 
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General Electric Company’s operating revenues 

Operating segment 2006 2005 2004 2003 2002

 ( - - - - - - - - - - - - - - - - - - - - - - - - - - -  millions of dollars - - - - - - - - - - - - - - - - - - - - - - - - - - )

GE Infrastructure 47,429  41,803  37,373  36,569  40,119 
GE Commercial Finance 23,792 20,646 19,524 16,927 15,688
GE Money  21,759 19,416 15,734 12,845 10,266
GE Healthcare 16,562 15,153 13,456 10,198 8,955
NBC Universal 16,188 14,689 12,886 6,871 7,149
GE Industrial  33,494 32,631 30,722 24,988 26,154

Total segment revenues 159,224 144,338 129,695 108,398 108,331
Corporate items and eliminations 4,167 3,618 4,596 5,023 3,636
Consolidated revenues  163,391  147,956  134,291  113,421  111,967

Note: Data are for General Electric Company and its consolidated affiliates. 
Source: General Electric Company, 2006 Annual Report: Invest and Deliver, p. 53.

growth was similar for GE in those two years at  
9.0 percent and 9.6 percent.

Inflation adjustment
The straight decomposition of revenue growth  

in table 5 ignores the effects of inflation. If inflation 
affects the prices of all goods equally, then taking  
account of inflation would only lower the measured 
growth of total revenues and leave each segment’s 
relative contribution unchanged. Of course inflation 
affects some goods more than others. For example, 
the prices of capital goods (measured with the price 
index for business fixed investment) actually fell in 
both 2005 and 2006. In this more realistic case, ac-
counting for inflation proceeds in two steps:

n Assign a GDP expenditure category to each seg-
ment; and

n Combine the NIPA price indexes for these catego-
ries with the segments’ revenue histories in the 
contributions to growth formula in appendix B to 
calculate each segment’s contribution to the com-
pany’s real revenue growth.
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Contributions to General Electric Company’s 
nominal revenue growth, by operating segment

Operating segment 2006 2005
 (percent) (percent) 

GE Infrastructure 3.9 3.4
GE Commercial Finance 2.2 0.6
GE Money 1.0 1.4
GE Healthcare 1.0 0.7
NBC Universal 1.0 1.4
GE Industrial 0.5 1.5
Total segment revenues 9.6 9.0

Note: For these calculations, each segment’s growth was adjusted 
for the effects of acquisitions and divestitures mentioned in the 
2006 annual report’s managerial discussion.
Source: Author’s calculations based on data from General Electric 
Company, 2006 Annual Report: Invest and Deliver, p. 53.

TaBlE 4

Share of General Electric Company’s revenues,
by operating segment, 2004

Operating segment      Percentage of revenues

GE Infrastructure 33.7
GE Commercial Finance 15.6
GE Money 11.9
GE Healthcare 9.4
NBC Universal 6.3
GE Industrial 23.1

Source: Author’s calculations based on data from General Electric  
Company, 2006 Annual Report: Invest and Deliver, p. 53.
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National income and product accounts (NIPA) price indexes
for General Electric Company’s operating segments

Operating segment NIPA price index

GE Infrastructure Business fixed investment, equipment  
 and software

GE Commercial Finance Gross domestic product

GE Money Personal consumption expenditures,  
 services

GE Healthcare Business fixed investment, equipment  
 and software

NBC Universal Personal consumption expenditures

GE Industrial Gross domestic product

Note: These are the author’s subjective choices of NIPA price indexes for General 
Electric’s operating segments.

Choosing which GDP expenditure’s price  
index should be used for a given segment can  
be straightforward when a segment’s sales 
directly contribute to GDP. In the case of 
General Electric, GE Healthcare and  
GE Infrastructure both contribute to busi-
ness fixed investment of equipment and 
software and GE Money’s revenues are 
part of personal consumption expenditures 
on services. The sales of General Electric’s 
other segments do not arithmetically con-
tribute to GDP because they sell goods and 
services that other producers use to create 
products for sales to final consumers. For 
example, NBC Universal sells advertising. 
Firms use this to enhance the value of the 
products they sell to consumers, so it con-
tributes in that way to personal consump-
tion expenditures. General Electric’s other 
segments sell products to consumers and 

producers in multiple NIPA expenditure categories. 
Without detailed information on those segments’ sales, 
the best measure of their prices is the price index for 
GDP as a whole. Table 6 summarizes my choices of 
price indexes for General Electric’s segments.

Table 7 reports the segments’ contributions to in-
flation-adjusted revenue growth given these price in-
dex choices. Just as with the contributions in table 5, 
these use acquisition-adjusted growth rates. Overall 
inflation was just over 3 percent for both 2005 and 
2006, but adjusting GE’s revenues for inflation knocks 
only 2 percentage points off of overall revenue growth 
(compare the last lines in tables 5 and 7). This reflects 
their heavy concentration in capital investment goods 
where inflation tends to be lower. To see this, note that 
GE Infrastructure and GE Healthcare together do not 
account for any of the 2 percentage point adjustment 
(their values are the same in both tables 5 and 7).

Macroeconomic benchmarks
The final step in evaluating GE’s exposure to 

macroeconomic risk is the construction of a relevant 
benchmark growth series. Here, I offer two such 
benchmarks. They both answer the question, How 
would the economy have evolved if the mix of prod-
ucts produced were always identical to GE’s mix? 
Their point of difference is the moment in time when 
the product mix is measured. The first benchmark 
uses the contributions to growth formula to continu-
ously account for the company’s changing orienta-
tion. The second holds the product mix fixed at the 
most recent year’s values. The first is more useful for 
gauging past performance, and the second can be 
used to ask how the company would have fared in the 
past had it been configured as it is in the present.
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Contributions to General Electric Company’s 
inflation-adjusted revenue growth,

by operating segment

Operating segment 2006 2005
 (percent) (percent)

GE Infrastructure 3.9 3.4
GE Commercial Finance 1.7 0.1
GE Money 0.5 0.9
GE Healthcare 1.0 0.7
NBC Universal 0.7 1.1
GE Industrial –0.2 0.7
Total segment revenues 7.6 6.9

Note: For these calculations, each segment’s growth was adjusted 
for the effects of acquisitions and divestitures as described in  
the text.
Sources: Author’s calculations based on data from the U.S. Bureau 
of Economic Analysis, National Income and Product Accounts of the 
United States; and General Electric Company, 2006 Annual Report: 
Invest and Deliver, p. 53.

The first macroeconomic benchmark arises from 
the following calculation: Apply the contributions to 
growth formula to General Electric with the NIPA ex-
penditure category listed in table 6 replacing each 
segment’s real growth rate. This measures how reve-
nues would have grown if each of GE’s segments had 
tracked its NIPA counterpart exactly. The result will 
differ from overall GDP growth because GE does not 
produce a representative variety of all goods and ser-
vices. Table 8 reports the result of this calculation, 
and its comparison with table 7 is instructive. The 
macroeconomic benchmark grew 4.1 percent in both 
2005 and 2006, which is substantially below General 
Electric’s actual real growth rates of 6.9 percent and 
7.6 percent. The GE Infrastructure segment accounts 
for nearly 2 percentage points of this “overperformance” 
in both years. Three other segments grew faster than 
their NIPA counterparts in both years—GE Money, 
GE Healthcare, and NBC Universal. Together, they 
account for 1.5 and 0.9 percentage points of GE’s 
higher growth in 2005 and 2006. There were only 
two cases where a GE segment contributed less to 
growth than its NIPA counterpart: GE Commercial 
Finance in 2005 and GE Industrial in 2006.

General Electric differs from the nation’s econo-
my in several respects. It has extensive operations 
and sales abroad. It specializes in submarkets within 
NIPA expenditure categories. For example, medical 
equipment, aircraft engines, and generators are only 
three of the thousands of capital goods produced in 
the U.S. Developments in these specific markets that 
are out of General Electric’s control can nevertheless 
disproportionately affect its performance. For these 
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Macroeconomic counterfactual contributions 
to General Electric Company’s inflation-adjusted 

revenue growth, by operating segment

Operating segment 2006 2005
 (percent) (percent)

GE Infrastructure 1.7 1.7
GE Commercial Finance 0.4 0.4
GE Money 0.4 0.3
GE Healthcare 0.6 0.6
NBC Universal 0.3 0.3
GE Industrial 0.7 0.7
Total segment revenues 4.1 4.1

Note: For these calculations, each segment’s growth was adjusted 
for the effects of acquisitions and divestitures as described in  
the text.
Sources: Author’s calculations based on data from the U.S. Bureau 
of Economic Analysis, National Income and Product Accounts of the 
United States; and General Electric Company, 2006 Annual Report: 
Invest and Deliver, p. 53.

reasons, the comparison of tables 7 and 8 only starts 
the conversation about General Electric’s performance 
relative to its macroeconomic benchmark. Continuing 
the conversation requires information on market- 
specific developments and operational performance 
that lies beyond the scope of this article.

The first benchmark accounts for the business’s 
changing product mix, using the contributions to 
growth formula, but this accounting might actually 
obscure the information needed for macroeconomic 
risk assessment. For example, consider a business 
that once produced mostly consumer services but has 
recently expanded into residential investment. The 
first macroeconomic benchmark for it fluctuated little 
in recent recessions, but it would be a mistake to con-
clude that it has little exposure now to risk. To address 
this issue, we can calculate a second macroeconomic 
benchmark that holds the operating segments’ shares 
at their most recently observed values. Figure 6 plots 
this for General Electric. For comparison’s sake, the 
figure also plots overall real GDP growth. 

Examining the two series during NBER-dated  
recessions (the shaded periods) is instructive. A com-
pany oriented as GE is now would have been highly 
sensitive to macroeconomic risk. The most recent  
recession (in 2001) was concentrated in precisely the 
industries GE serves, so its macroeconomic bench-
mark growth rate was well below zero for about two 
years. During this period, overall real GDP growth 
was negative for only two quarters. Although the 
most recent recession’s heavy concentration in busi-
ness fixed investment was exceptional, the compari-
son of the second macroeconomic benchmark with 
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1This is the only case in which the BEA attempts to measure the 
value of a service produced in the home.

2 Of course, foreign governments and institutions hold substantial 
U.S. government debt. Within this simple framework, I can repre-
sent these financial investments by supposing that the national 
household issues IOUs to foreigners to finance the purchase of 
government debt. Thus, the convenient restriction that only U.S. 
households hold government debt entails no important loss of 
generality.

3For expositional simplicity only, this discussion presumes that the 
conglomerate government has no employees and engages in no 
production of its own. In reality, the BEA adds the values of gov-
ernment employees’ salaries to Gt.

4This assumes that the tax decrease has no effect on the national 
household’s incentive to work, which is the case when the tax is 
collected like a poll tax. In the United States, much tax revenue 
comes from taxing labor income. Lowering such a tax and financ-
ing the shortfall with debt can temporarily expand income, but 
even this might not serve the household’s interests.

5For any sequence of observations x1, x2, … , xT ,  the mean and  
standard deviation are defined as x x x x TT= + + +( )1 2

... / and  
... .σ = −( ) + −( ) + + −( )x x x x x xT1

2
2

2 2ˆ If all of the observations
are identical, then the standard deviation equals zero. Differences 
between the observations raise the standard deviation, so it is a 
measure of dispersion.

NOTES

FIGURE 6

Macroeconomic benchmark growth for  
General Electric Company

percentage points

5.19

–3.96
1954:Q1 2008:Q1

 Real gross domestic product growth
 Macroeconomic benchmark growth 

Note: The benchmark was constructed using 2006 General Electric operat-
ing segment shares and the assignment of operating segments to national 
income and product accounts’ price indexes in table 6. 
Sources: Author’s calculations based on data from the U.S. Bureau of 
Economic Analysis, National Income and Product Accounts of the United 
States; and General Electric Company, 2006 Annual Report: Invest and 
Deliver, p. 53.

real GDP growth during earlier reces-
sions yields the same conclusion. The 
company’s concentration in industries 
with customers who can easily delay 
their purchases leaves it substantially  
exposed to macroeconomic risk.

To quantify GE’s exposure, we can 
calculate the standard deviation of its 
macroeconomic benchmark growth and 
compare it with the standard deviation  
of GDP growth.5 For the period plotted, 
the macroeconomic benchmark’s stan-
dard deviation equals 1.22 percent, while 
that for GDP growth is 0.91 percent. 
Thus, the benchmark is approximately 
33 percent more sensitive to business  
cycle fluctuations than is the economy  
as a whole.

Conclusion

This article presented two basic tools 
for measuring business cycle fluctuations, 
the national product accounting identity 
and the contributions to growth formula, 
and applied them to evaluate a particular 
conglomerate’s exposure to macroeco-
nomic risk. The application was illustra-
tive only because it omitted factors such 
as the scope of the company’s interna-
tional operations and sales that are important for that 
company. The macroeconomic benchmarks presented 
here can only start a conversation about a business’s 

place in the larger economy. Finishing it and moving 
on to action requires more information and the sub-
jective judgment of those whose wealth is at stake.
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APPENDIX A. INFLATION ACCOUNTING

Observations of the national income and product account-
ing identities’ components reveal how the value of goods 
and services measured in dollars evolves, but erosion  
of the dollar’s purchasing power makes these measures 
insufficient for tracking economic growth. The BEA fills 
this gap with measures of how the prices of goods in 
each product category change.

If each category had only one good (or service)  
for sale, then accounting for inflation would be simple. 
Let Xt represent the nominal value of some expenditure 
component, and let Pt give the dollar-denominated price 
for its single good or service. For example, if the category 
in question was nondurable goods and the only good in 
that category was bananas, then Pt would equal the dol-
lar price of one pound of bananas and Xt /Pt would equal 
the pounds of bananas purchased in the quarter, also 
called the quarter’s real expenditure. The real expendi-
ture’s growth rate is

A1 11

1

) .G
X

P

P

Xt
t

t

t

t

= −−

−

Of course, there are hundreds of thousands of distinct 
goods or services that contribute to any given expendi-
ture category. Nevertheless, the BEA constructs the real 
growth rate of each expenditure category by using equa-
tion A1. For this, it replaces Pt with an index of prices for 
goods in the category. Constructing such an index when 
there are only two goods in the category suffices to illus-
trate the principles involved. Suppose that personal con-
sumption expenditures on nondurable goods covers only 
apples and oranges. Use Pt

A and Pt
O  for their dollar prices 

(per pound) and Qt
A and Qt

O for the number of pounds sold. 
Two German economists, Étienne Laspeyres and Hermann 
Paasche, offered solutions to the problem of combining 
these data to measure how the price of fruit changed between 
the previous and current quarters. Laspeyres proposed 
measuring Pt / Pt–1 with a weighted average growth of 
individual goods prices. Each weight equals the expen-
diture share on that good in the base period.
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The second expression makes clear that Laspeyrest 
equals the cost of acquiring the previous quarter’s pur-
chases at the current quarter’s prices relative to their 
cost in the original quarter. Paasche’s alternative sugges-
tion is to measure the cost of the current quarter’s pur-
chases relative to the same purchases made at the previ-
ous quarter’s prices.

A3
1 1

) .Paaschet
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t
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t
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t
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t
O

P Q P Q

P Q P Q
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Both of these suggestions measure the growth of 
prices, which is all that equation A1 requires. They both 
realistically weight prices based on the national family’s 
actual purchase decisions, but both of them rely an arbi-
trary selection of the date at which we measure their 
purchases. To avoid this arbitrariness, the BEA measures 
the rate of change with the geometric average of the 
Laspeyres and Paasche measures. This idea was origi-
nally due to Irving Fisher:

A4) Fisher Laspeyres Paaschet tt = × .

The expressions for Laspeyrest and Paaschet can 
both be easily extended to the case with more than two 
goods. With these in hand, the BEA constructs Pt by 
setting its value in the first quarter of the data to one and 
setting its values for later quarters recursively with

Pt = Fishert Pt  –1. 

To make the series more easily interpretable, the 
BEA finishes by multiplying by 100 and dividing by the 
average value of Pt during a base year (which is cur-
rently 2000). The resulting series indicates how many 
dollars it requires in any given quarter to buy the same 
goods and services that $100 could purchase in 2000. 
The BEA labels this the real expenditure series corre-
sponding to Xt. In this article, I use xt ≡ Xt /Pt to represent 
this real series. For example, c c ct

N
t
S

t
D, , and  respectively 

equal real personal consumption expenditures on nondu-
rable goods, services, and durable goods.

Of course, we can apply the Fisher deflation proce-
dure to create real values of each national product compo-
nent. Before working with these, a note of caution regarding 
addition is in order. There are two conceivable ways of 
calculating the real values of all personal consumption 
expenditures. First, one could create a Fisher price index 
based on all goods in personal consumption expenditure 
(call it Pt

C ) and then calculate c C C C Pt t
N

t
S

t
D

t
C= + +( ) / .  

Second, one could simply add the components’ real  
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values, c c ct
N

t
S

t
D+ + .  Will these answers equal each oth-

er? Yes, if no two goods or services in personal con-
sumption expenditures have prices that change relative 
to each other. In the two-good example used previously, 
this requires that the number of oranges the national 
family must sacrifice in order to acquire one more apple 
cannot change with time: P P P Pt

A
t
O

t
A

t
O

− − =1 1/ / .  In this 
very special case, the Laspeyres, Paasche, and Fisher 
price indexes all equal each other; and all prices grow in 
lock step. Outside of this very special case, the two cal-
culations of real personal consumption expenditures will 
differ. By construction, the first calculation uses the 
Fisher price index. The second calculation can only be 
useful as a possible shortcut to the first. It is not, so we 
dispose of it. This illustrates a general principle: The 
real analogues of the components in the national product 
accounting identity do not sum to real income except in 
the base year.

Calculating the exact Fisher-deflated real analogue 
to a sum of two product components requires applying 
the Fisher procedure to the original price and quantity 
observations from both components. Of course, the BEA 
does not provide these, so a useful (and accurate) ap-
proximation to this exact calculation is to apply the 
Fisher procedure to the components themselves. For 
example, to calculate approximate real personal con-
sumption expenditures on nondurable goods and ser-
vices, replace Q Q P Pt

A
t
O

t
A

t
O, , , and  in equations A2 and 

A3 with c c P Pt
N

t
S

t
C

t
CN S

, , , .and Since the BEA reports real 
personal consumption expenditures as well as the real 
expenditures for each of its three components, it is pos-
sible to assess how well this “chain-addition” procedure 
works. The approximate real personal consumption ex-
penditure differs from its exact counterpart by at most 
3/100 of a percentage point over the post-Korean War 
sample period.

APPENDIX B. CONTRIBUTIONS TO GROWTH

By construction, GDP sums the national family’s expen-
ditures in the various categories. To gain a greater under-
standing of the sources of growth, one might wish to 
decompose GDP growth into the expenditures’ distinct 
contributions. Suppose that the only two goods pro-
duced in the nation are apples and oranges, so that 
Y P Q P Qt t

A
t
A

t
O

t
O= + .   

Definition 1

The contribution of expenditures on apples to the 
growth of GDP from quarter t – 1 to quarter t equals

100 1 1 1× −( )− − −P Q P Q Yt
A

t
N

t
A

t
A

t/ ,

the reduction of the GDP growth rate that would have 
occurred if the national family had left its expenditures 
on apples unchanged from quarter t – 1 to quarter t and 
income from some source adjusted simultaneously so 
that the national product accounting identity continues 
to hold good.

The contribution of expenditures on oranges is de-
fined analogously, and summing them yields 100 ×  
(Yt – Yt–1)/Yt–1, the growth rate of nominal GDP.

Nominal GDP growth convolves real economic expan-
sion with price inflation, so calculating the various con-
tributions to it reveals little about the expansion of the 
national family’s real purchasing power. For this reason, 
we might be more interested in the impact on real GDP 
growth of holding the quantity of apples fixed. We can 
call this the growth impact of real apple expenditures.

Definition 2

The growth impact of apple expenditures from 
quarter t – 1 to quarter t equals the actual growth rate 
of real GDP minus the growth rate recalculated after 
replacing Qt

A’s value with Qt
A
−1’s value.

We can make the same calculation for real orange 
expenditures, but these two growth impacts will not  
sum to the growth of real GDP. This reflects the incon-
venient truth noted previously that the sum of real expen-
ditures does not equal the real expenditure on the sum 
unless P P P Pt

A
t
O

t
A

t
O/ / .= − −1 1  Hence, the growth impacts of 

apple and orange expenditures—while potentially inter-
esting—cannot serve as the basis for an accounting of 
real GDP growth.

The single exception to the general proposition that 
the sum of real expenditures does not equal the real  
expenditure on the sum offers us the possibility of defining 
contributions to growth by artificially imposing that all rela-
tive prices remain the same. Use P P P Pt

A
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− −
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1 1
*, , , and

to denote these alternative (counterfactual prices) that 
satisfy P P P Pt
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∗ ∗ ∗=1 1/ / .  What values should we 

assign them? Consider
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These satisfy the restriction that relative prices do not 
change, and either quarter’s nominal GDP calculated 
with them equals its original value. To show this, start 
with the definition of nominal GDP for quarter t – 1 with 
the alternative prices. Substituting the alternative prices 
definitions and manipulating yields

Y P Q P Q
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Next, replace P Q P Qt
A

t
A

t
O

t
O

− −+1 1  with πt
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tY −1  to get
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The definition of πt
F  implies that π πt

L
t
F/ = π πt

L
t
P/ ,  

so the right-hand side equals Yt–1. A parallel argument 
shows that Y Yt t

∗ = ,  so changing to the alternative prices 
leaves nominal GDP growth unchanged. The Laspeyres, 
Paasche, and Fisher price indexes constructed with these 
prices and the original quantities all equal πt

F, so replac-
ing the alternative prices also leaves real GDP growth 
unchanged. All of this leads to the following definition.

Definition 3

The contribution of real apple purchases to real 
GDP growth equals

P Q Q

Y
t
A

t
A

t
A

t

−
∗

−

−

−( )1 1

1

.

This added to the analogously defined contribution 
of real orange purchases does sum to real GDP growth.

This equation defines the contributions to growth 
when two components contribute to GDP, but the same 
approach also works with a larger number of compo-
nents: Average a category’s price index in quarter t – 1 
with its value in quarter t divided by πt

F, divide by 
1+ π πt

L
t
P/ , and use this for Pt

A
−

∗
1 in definition 3.

REFERENCE
General Electric Company, 2007, 2006 Annual  
Report: Invest and Deliver, Fairfield, CT.


	frbchi_econper_2008q3
	frbchi_econper_2008q3_p002



